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Abstract

Background: Chronic pain presents a significant treatment challenge, often leading to frustration for both patients and therapists
due to the limitations of traditional methods. Research has shown that synchronous visuo-tactile stimulation, as used in the rubber
hand experiment, can induce a sense of ownership over a fake body part and reduces pain perception when ownership of the fake
body part is reported. The effect of the rubber hand experiment can be extended to the full body, for example, during the full-body
illusion, using both visuo-tactile and cardiovisual signals.

Objective: This study first aimed to evaluate the usability and accuracy of a novel, mobile virtual reality (VR) setup that displays
participants’ heartbeats as a flashing silhouette on a virtual avatar, a technique known as the cardiovisual full-body illusion. The
second part of the study investigated the effects of synchronous cardiovisual stimulation on pain perception and ownership in 20
healthy participants as compared with asynchronous stimulation (control condition).

Methods: The setup comprised a head-mounted display (HMD) and a heart rate measurement device. A smartphone-based
HMD (Samsung Galaxy S8+) was selected for its mobility, and heart rates were measured using smartwatches with
photoplethysmography (PPG). The accuracy of 2 smartwatch positions was compared with a 5-point electrocardiogram (ECG)
standard in terms of their accuracy (number and percent of missed beats). Each participant underwent two 5-minute sessions of
synchronous cardiovisual stimulation and two 5-minute sessions of asynchronous cardiovisual stimulation (total of 4 sessions),
followed by pain assessments. Usability, symptoms of cybersickness, and ownership of the virtual body were measured using
established questionnaires (System Usability Scale, Simulator Sickness Questionnaire, Ownership Questionnaire). Pain perception
was assessed using advanced algometric methods (Algopeg and Somedic algometer).

Results: Results demonstrated high usability scores (mean 4.42, SD 0.56; out of 5), indicating ease of use and acceptance, with
minimal side effects (mean 1.18, SD 0.46; out of a possible 4 points on the Simulator Sickness Questionnaire). The PPG device
showed high heart rate measurement precision, which improved with optimized filtering and peak detection algorithms. However,
compared with previous work, no significant effects on body ownership and pain perception were observed between the synchronous
and asynchronous conditions. These findings are discussed in the context of existing literature on VR interventions for chronic
pain.

Conclusions: In conclusion, while the new VR setup showed high usability and minimal side effects, it did not significantly
affect ownership or pain perception. This highlights the need for further research to refine VR-based interventions for chronic
pain management, considering factors like visual realism and perspective.

(JMIR Serious Games 2024;12:e52340)   doi:10.2196/52340

KEYWORDS

immersive virtual reality; embodiment; pain management; chronic pain; full-body illusion; cardiovisual illusion; pain; virtual
reality; pilot study; development; mobile virtual reality; mobile; virtual environment; usability; heart rate; mobile phone
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Introduction

Background
Chronic pain is a major global health care problem [1], affecting
about 20% of people worldwide. Approximately 40% of all
medical visits are due to chronic pain [2], resulting in annual
treatment costs upward of US $600 billion annually in the
United States alone [3]. In addition, chronic pain is related to
decreased well-being, psychological distress, and high levels
of psychiatric comorbidity [4]. Treatment of chronic pain is
challenging, and pharmacological approaches are often limited
by side effects [5]. Regarding the importance of chronic pain
as a major health problem, there is an urgent need for
noninvasive, well-tolerated, and easy-to-use alternative treatment
options. Besides obvious pharmacological and invasive
treatments, there are numerous other physical, psychological,
or social approaches that traditionally include psychotherapy,
physical therapy, massages, or acupuncture [6,7]. Others have
used biofeedback, including heart rate variability–based
biofeedback in order to treat chronic pain [8,9]. Another new
and promising approach may be the use of virtual reality (VR)
[10-12] as a method to enable new forms of treatment.

Multisensory Body Representation and Pain Perception
Based on the findings of an association between chronic pain
and abnormal central representation of the body schema and in
pain perception [13], several studies showed an association
between the experimental manipulation of the body schema
using multisensory inputs and pain reduction in patients with
chronic pain [14-16]. The term body schema refers to the brain’s
continuous representation of the position and movement of the
body parts in space by integrating multisensory body related
information (eg, visual, tactile, and motor) in order to create a
coherent perception of one’s own body [17]. The probably
best-known experiment about the manipulation of the body
schema using multisensory stimulation is the so-called rubber
hand illusion [18]. In the rubber hand illusion experiment,
ownership (eg, the degree to which we identify with a given
body part) over a fake hand is induced when the participants
see it being touched in synchrony with their own physical hand.
It is believed that the rubber hand illusion is based on the faulty
cross-modal integration of visual (where the participant sees
the touch) and sensory (where the participant feels the touch)
information into a coherent body schema [18]. Others have
highlighted the importance of sensory suggestibility [19] and
the characteristics required for the rubber hand illusion to occur
[20]. The principle of the rubber hand illusion was successfully
extended to the full-body illusion by Lenggenhager and
colleagues [21], using VR in order to display tactile stimulation
of the participants’ backs synchronously with the visual
stimulation of a virtual body. Similar to the rubber hand illusion
[14], a change in the perception of pain in healthy participants,
as well as in patients with chronic pain, was found in several
studies using the full-body illusion [15,22,23], suggesting that
the identification with a virtual body induces an analgesic effect
for the physical body. However, the currently proposed setup
has a major drawback in that it necessitates a second person to
perform visuo-tactile stimulation. So in the context of
home-based telerehabilitation, there is the urgent need for a

method that induces body ownership without the need of another
person’s presence.

Recent studies found a way to bypass this problem by using
interoceptive biosignals (eg, heartbeat). They were able to
induce the full-body illusion, showing the participants a
cardiovisual stimulation of a virtual body in VR, with a
silhouette flashing around the virtual body in synchrony to the
participant’s heartbeat (so-called cardiovisual full body illusion)
while participants were not able to (consciously) relate the
flashing of the silhouette to the heartbeat [24,25]. Cardiovisual
changes influencing self-identification have been linked to
altered neural activity in specific brain regions, including the
bilateral operculum and parietal somatosensory cortex [25,26].
Moreover, transient changes in neural responses to heartbeats,
known as heartbeat-evoked potentials, have been observed in
the posterior cingulate cortex and insula during alterations in
bodily self-consciousness induced by the full-body illusion [27].

Evaluation of a New Mobile VR Setup
We developed a setup based on the cardiovisual full-body
illusion that later could be implemented in the treatment of
patients with chronic pain affecting the whole body (eg,
fibromyalgia), and not just a body part (eg, complex regional
pain syndrome and neuropathic pain after spinal cord injury
[15,16]).

In this pilot study, our primary goal was to evaluate an
easy-to-use, telerehabilitation-friendly, mobile setup, that
reduces the setup complexity significantly by using a stand-alone
head-mounted display (HMD) for the visualization and a
smartwatch to detect the heartbeats using photoplethysmography
(PPG). We hypothesized that participants report a high level of
usability and a low number of side effects, allowing for the
setup to be tested in a larger randomized clinical trial.

As a secondary outcome, the level of ownership with the virtual
body and pain perception were assessed using a randomized
within-subject design. We hypothesized that synchronous
cardiovisual stimulation results in higher ownership ratings of
the virtual body and lower pain perception as compared with
asynchronous cardiovisual stimulation.

Methods

Participants
A total of 20 healthy volunteers were recruited at the University
of Bern by word of mouth between April 2021 and January
2022. Inclusion criteria were volunteers aged ≥18 years old,
those capable of judgment, those willing to participate in the
study (by signing the informed consent form), and those able
to follow the study protocol. The exclusion criteria of nonclinical
participants were based on self-declaration: no presence of
psychosis or major depression with suicidal risk; no history of
alcohol or drug abuse; no inability to follow the procedures of
the study, for example, due to language problems; no inability
to wear an HMD; and no signs of arrythmia, such as atrial
fibrillation. As the primary focus of this pilot study was to assess
the usability of the device, we aimed for 20 participants, as this
number has been shown to be sufficient for usability testing
[28].
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Ethical Considerations
The study was conducted in accordance with the latest version
of the Declaration of Helsinki [26]. The study protocol,
including statistical methods, quality control, and data
protection, was approved by the Ethical Committee of the canton
of Bern, Switzerland (registration number 2019‐01515). All
participants were instructed about the study procedure, and an
informed consent form was obtained. This resulted in an
anonymized dataset, where all identifiable data are archived
separately. Study data were collected and managed using
REDCap (Research Electronic Data Capture; Vanderbilt

University) electronic data capture tools hosted at ARTORG
Center for Biomedical Engineering Research [29]. The
participants were not financially compensated for taking part
in the study.

Setup

Overview
In Figure 1, the participant is shown with the apparatus. It
consists of 2 components: an HMD to visualize the virtual
environment and a smartwatch to measure the pulse waves. The
2 devices communicate via the Bluetooth protocol.

Figure 1. Participant of the study during stimulation wearing an HMD and 2 smartwatches (in red) to measure the heart rate, as well as the
electrocardiogram. ECG: electrocardiogram; HMD: head-mounted display.
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Head-Mounted Display
The type of used HMD to render the virtual environment is a
combination of a smartphone and a holder. The headset itself
has two lenses used to focus on the phone screen and a strap to
allow fixation on top of the user’s head. Taken together, with
the smartphone used as screen, the final resolution is 1480×1440
pixels per eye, the frame rate is 60 Hz, and the field of view is
96 degrees. For our experiment, we used the GearVR and a
Samsung Galaxy S8+ smartphone.

Smartwatch
The device used is a commercially available smartwatch (Polar
M600, Polar Electro Oy), where the raw signal of the pulse

wave is measured using PPG at a sampling frequency of 134
Hz. Blood pulse waves are filtered and extracted on the
smartwatch (Figure 2). If a pulse wave is detected, the watch
sends a signal to the HMD that triggers the appearance of a
translucent silhouette around the avatar (synchronous condition).
During the asynchronous condition, the translucent silhouette
was shown asynchronously to the patients’ heartbeat at a
frequency equal to either 80%, 90%, 110%, or 120% of the
actual heart rate (shuffling mode). For details of the protocol,
see the section “Study Protocol.”
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Figure 2. Smartwatch app to start the stimulation, which showed the heart rate suggested by the smartwatch and the calculated heart rate, as well as
the pulse wave and where a peak was detected.

Virtual Environment

Room
The virtual environment consists of an average-sized (5×6 m),
light-flooded room with big, partially curtain-covered windows

to see outside. In the room, there is some furniture and a
gender-matched avatar sitting on a chair, looking at the wall
(Figure 3). The participants are placed in the center, so they see
the avatar’s back without being tempted to focus on the furniture
or other distractors.
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Figure 3. Participants’ frontal view of the virtual environment: room and avatar with the flashing silhouette.

Avatar
The 3D avatar is surrounded by a colored and partly translucent
silhouette that flashes in synchrony or asynchrony with the
heartbeat (see the section “Study Protocol” for details). The
flashing is implemented by changing the color of the silhouette
between invisible and bright light. When flashing, it immediately
changes to the brightest appearance and then slowly fades back
to translucent.

Study Protocol

Overview
We used a randomized within-subject design in order to test the
level of ownership with the virtual body and pain perception.
The study was performed at the ARTORG Center for
Biomedical Engineering Research, University of Bern. The test
supervisor started the experiment by selecting the

gender-matched avatar on the smartphone app. The participants
were blinded to the intervention; for example, they did not know
that the flashing was synchronous or asynchronous with their
heartbeat.

We recorded 2 blocks of 5-minute synchronous stimulation and
2 blocks of 5-minute asynchronous stimulation (total of 4
blocks) in a randomized order and measured pain perception
and pain threshold each time before and directly after the
intervention (pain intensity [Algopeg and Somedic electronic
algometer]). Unrestricted randomization was achieved using
Research Randomizer [30] (generated by RO for each
participant). Pain perception was always tested first with the
Algopeg and then directly with the Somedic algometer (order
not changed between blocks). There was a break of 3 minutes
between each block.
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Algopeg
The pressure was applied on the right and left ear lobe and the
right and left middle finger, respectively, for 10 seconds each
and was invariable. Measurements were done consecutively.
The participant was asked to indicate the pain intensity on a
numerical rating scale, on which 0 stands for “no pain” and 10
stands for “the most intense pain imaginable.” Since pain
subjectively increases during the 10-second stimulation, the
participants were explicitly asked about the intensity of pain
they perceived at the end of the test (ie, at 10 seconds).

Somedic Algometer
The pain pressure detection threshold was measured with a
standard electronic algometer by bilateral testing on the middle
fingers consecutively (for details, see section on Pain Pressure
Detection Threshold). A steadily increasing pressure (50 kPa
for 1 s) was applied, thus checking for the threshold at which
nonpainful perception of pressure changes to painful perception
in response to the gradually increased pressure. The participant
had to press a button as soon as the pressure sensation
subjectively turned into pain. Thereupon, the algometer froze
the value on the display. The procedure was repeated 3 times
and the average value was used for data analysis.

Also, ownership of the avatar was assessed for the synchronous
and asynchronous condition. At the end of the procedure,
acceptance and usability was assessed for the whole
experimental setup (see section on ownership). The whole study
procedure lasted about 45 minutes. The study methods, protocol
and measurements were not changed throughout the study.

Outcome Measurements

Usability
For measuring the acceptance and usability, as well as negatie
symptoms, a combination of the System Usability Scale (SUS)
[31] and the Simulator Sickness Questionnaire (SSQ) [32] was
used. This merged questionnaire was asked once after each
condition. The SUS items are based on a 5-point Likert scale,
ranging from strongly disagree (1) to strongly agree (5). We
used 3 items from the SUS (I thought the system was easy to
use; I think that I would like to use this system frequently; I felt
very confident using the system). The SSQ items are based on
a 4-point Likert scale, ranging from none to slight, moderate,
and severe. We used 7 items from the SSQ (general discomfort;
stomach awareness; sweating; headache; eye strain; nausea;
dizziness).

Algorithm Validation
To test the reliability of the algorithm, the PPG signal from the
device and from the reference electrocardiogram (ECG) was
compared. The ECG system had clinical-grade quality and a
sample frequency of 240 Hz. Even though the ECG-signal was
not perfectly clean all the time due to minor motion, breathing,
or sweating artifacts, we managed to detect beats in the ECG
signal and annotated them as ground truth. On both signals, the
peak-to-peak intervals and how many beats were missed were
analyzed at the same time. The number of missed beats was
simply counted visually by checking for gaps between the

peak-to-peak intervals from the PPG signal and the reference
ECG-signal.

Pain Sensitivity
Analgesic effects were assessed by pain sensitivity using the
Algopeg and the Somedic electronic algometer [33].

Algopeg
The algometric measurement method to detect hyperalgesia was
carried out by means of a pressure pain provocation test [33].
For this type of algometry, we used a standardized peg with a
clamping force of exactly 10 N at an extension of 5 mm (Type
Algopeg, size 78×10 mm, polypropylene and nickel, spring
reinforced in Switzerland; Annette Kocher, Inselspital Bern).
High numerical rating scale values correspond to high pain
intensity [34]. The mean values for the right and left ear lobe
and the right and left middle finger were calculated and used
for statistical analysis.

Pain Pressure Detection Threshold (Somedic Electronic
Algometer)
The pain pressure detection threshold was measured with a
standard electronic algometer (Somedic Type II, size

161×170×30 mm, probe of 1 cm2; Somedic Production AB).
The electronic algometer was calibrated following the standard
protocol as recommended by the manufacturer [35] and set to
deliver. Low thresholds correspond to high pain sensitivity [34].
The mean value for the right and the left middle finger was
calculated.

Positive values refer to an increase of pain sensitivity (Algopeg)
but a lower pain threshold (Somedic), respectively. The
difference of the pre- and postintervention measurement for
synchronous and asynchronous stimulation was calculated and
averaged over the two repetitions.

Ownership for the Virtual Body
We assessed ownership for the virtual body using a 7-item
questionnaire adapted from Aspell et al [24]. The participants
were be asked to indicate how much they agreed with each item
using a 7-point Likert scale ranging from 0 (complete
disagreement) to 6 (complete agreement). The questions were,
for example, “During the experiment, there were times when…I
felt as if the virtual body was my body,” “...it felt as if my real
body was drifting toward the front,” and “...it seemed as if the
flashing semi-transparent template was my heartbeat.”

Statistical Analyses
All questionnaire data were tested for normality
(Kolmogorov-Smirnov test of normality) and, if normal, were
analyzed using a 1-sided (1-tailed) t test for dependent means
or with the Wilcoxon signed rank test. As the quality metric for
the algorithm, the root mean square error between corresponding
time intervals was calculated over the length of the recordings
and over all participants. The significance level was at P<.05.
Data were analyzed using RStudio (Posit PBC).
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Results

Demographics
In total, 20 participants (9 male and 11 female) took part in the
study. The age ranged from 22 to 29 years. None of them
reported prior VR experience.

All the volunteers assessed for the study were eligible. All
participants received the intended treatment and finished the
study. The data of all participants were included in the analysis.

Usability
The results of the SUS were normally distributed and show very
high usability and acceptance. The mean value of 4.424 (SD
0.56) was significantly higher than the midpoint of the scale
(P<.001; median 4, IQR 4-5). The results regarding side effects
measured using the SSQ show minimal to no adverse effects
(mean 1.175, SD 0.46; P<.001; median 1, IQR 1-1). For details,
please refer to Table 1.

Table . Items from merged questionnaire (System Usability Scale and Simulator Sickness Questionnaire).

Score, median (IQR)Score, mean (SD)Itemsa

5 (4-5)4.54 (0.52)(1) I thought the system was easy to use

4 (4-5)4.36 (0.67)(2) I think that I would like to use this system
frequently

4 (4-5)4.36 (0.5)(3) I felt very confident using the system

1 (1-1)1 (0)(4) General discomfort

1 (1-1)1 (0)(5) Stomach awareness

1 (1-1.5)1.45 (0.93)(6) Sweating

1 (1-1)1.09 (0.3)(7) Headache

1 (1-1.5)1.27 (0.46)(8) Eye strain

1 (1-1)1 (0)(9) Nausea

1 (1-1)1 (0)(10) Dizziness

aItems 1-3 are from the System Usability Scale, based on a 5-point Likert scale (1=strongly agree; 5=strongly disagree). Items 4-10 are from the Simulator
Sickness Questionnaire, based on a 4-point Likert scale (ranging from none to slight, moderate, and severe).

Algorithm Validation
For the validation of the custom peak detection algorithm, its
output, meaning the raw list of heartbeat intervals, was compared
with the corresponding RR-peak distances (=time) of the ECG
reference. Root mean square error between the measured and
reference peak-to-peak intervals over all recordings and all
participants resulting in 3.4% (SD 2.9%) for the wristwatch and
2% (SD 1.5%) for the watch at the upper arm. This means that
the detection algorithm was off in 3.4% and 2% of the cases,
respectively. As a second quality measure, we counted the
numbers of missed beats of our custom algorithm compared
with the ECG reference. Over all participants, more than 6500
beats were detected. The watch located at the upper arm missed
only 1 beat, whereas the watch located at the wrist missed 8.

Pain Sensitivity
The results from both Algopeg and Somedic were normally
distributed.

Algopeg
The mean change of the pain intensity rating at the finger before
and after the synchronous condition was −0.018 (SD 0.29, see
Table 2). The mean change of the pain intensity rating at the
finger before and after the asynchronous condition was −0.08
(SD 0.22). The changes in the two conditions were statistically
not significant different (P=.24) (Table 2).

The mean change of the pain intensity rating at the ear before
and after the synchronous condition was 0.13 (SD 0.74). The
mean change of the pain intensity rating at the ear before and
after the asynchronous condition was −0.01 (SD 0.46). The
changes in the two conditions were statistically not significant
different (P=.25).

JMIR Serious Games 2024 | vol. 12 | e52340 | p.16https://games.jmir.org/2024/1/e52340
(page number not for citation purposes)

Knobel et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Results from the Algopeg and Somedic algometers.

P valueValuesMeasure, location, and condition

Algopeg, mean (SD)

.24Finger

–0.018 (0.29)Synchronous

–0.08 (0.22)Asynchronous

.25Earlobe

0.13 (0.74)Synchronous

–0.01 (0.46)Asynchronous

Somedic, mean (SD)

.29Finger

–5.23 (29)Synchronous

–9.39 (18)Asynchronous

.58Ownership, median (IQR)

0 (0-1.5)Synchronous

0 (0-1.5)Asynchronous

Somedic
The mean change of the pain threshold detection at the finger
before and after the synchronous condition was −5.23 (SD 29).
The mean change of the pain intensity rating at the finger before
and after the asynchronous condition was −9.39 (SD 18). The
changes in the 2 conditions were statistically not significant
(P=.29).

Ownership
Ratings for ownership (data were not normally distributed) were
both low during the synchronous condition and the asynchronous
condition (median in both conditions 0). No significant
difference was found between the synchronous and
asynchronous conditions (Wilcoxon signed rank test Z=1.007,
P=.59).

Discussion

Principal Findings
Our primary goal was to evaluate the reliability of an easy-to-use
and mobile VR setup based on the cardiovisual full-body illusion
that later could be implemented in the treatment of patients
enduring chronic pain. The evaluation included the investigation
of the usability and side effects of the new setup as well as the
validation of the reliability of the used algorithm. Second, we
wanted to test whether synchronous cardiovisual stimulation
results in a systematic change of ownership and pain perception
in healthy participants. The main finding of this study was that
while the VR setup demonstrated high usability and minimal
side effects, it did not significantly affect ownership or pain
perception.

Regarding the reliability of the used algorithm, we show that
the detection of the heartbeat is very reliable and that no relevant
deviation of the interpulse-interval compared with the RR
interval of ECG was found. Due to its configuration with the

sharp edges of the QRS complex, the beat detection in ECG is
rather simple [36]. However, the detection of the peak of the
blood pulse wave with the same reliability is particularly
complicated when live detection, as in the described setup, is
required. Due to the position of the PPG measuring sensor being
located further apart from the heart (arm and wrist) and wireless
communication being slower, compared with the earlier setup
using a stationary ECG [24], an additional delay between
measuring the peak and displaying it in the HMD is introduced.
The ECG measures electric activity and thereby detects the beat
even before it reaches the baroreceptors in the periphery. It thus
gains some time that can be used for computational
time-consuming signal analysis and processing and still show
the heartbeat in synchrony with the pulse wave in the periphery.
In the new mobile setup, the blood pulse waves in the periphery
are used. Thus, less time is available for processing to keep the
synchrony between the felt heartbeat and the displayed avatar
reaction. The delay introduced by wireless communication and
peak detection is around 50 ms, meaning there is a small and
constant lag between the pulse wave and the shown beat in the
HMD.

In line with the first aim, we found very high usability and no
relevant side effects (eg, sickness, oculomotor problems, and
disorientation). The results are comparable with the findings of
Gerber and colleagues [37]. The presented results are an
important prerequisite for the future use of the implemented
VR setup in patients even without the help of an experimenter
(eg, by patients with a chronic pain condition). Thus, we
evaluated the tool to be a reliable, easy-to-use VR setup for the
cardiovisual full-body illusion, showing a high level of usability
and good tolerance in healthy participants.

The second goal of our study was to investigate the effect of
the cardiovisual full-body illusion on ownership and pain
perception. We were not able to demonstrate any effect of
synchronous cardiovisual stimulation on ownership of the virtual
avatar and pain perception. While the pain pressure detection
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threshold was measured on a continuous scale, ownership and
pain intensity were rated on an ordinal scale (Likert scale and
numeric rating scale). It can be speculated that a continuous
scale would have been more sensitive in order to assess changes
of ownership and pain intensity. However, we note that the
assessment of the pain pressure detection threshold on a
continuous scale did not yield statistically significant results.

Comparison to Prior Work
While some studies using visuo-tactile stimulation showed a
reduction of pain perception in healthy participants [23] and
patients with chronic pain [14,15], others did not find any effect
of synchronous visuo-tactile stimulation on pain threshold during
the rubber hand illusion [38]. In a recent review,
Matamala-Gomez and colleagues [12] pointed out that this
might be due to the different setups used in the studies. They
propose using immersive VR for embodiment of a virtual body,
in order to modulate body representation and change pain
perception in healthy and clinical populations. Moreover, a
previous study has shown that the effectiveness of bodily
illusions for pain reduction depends on the visual perspective,
for example, the use of a first-person perspective on the virtual
body (not a third-person perspective, as in our setup), in order
to elicit an analgesic effect [39]. Thus, the absence of ownership
and lack of modulation of pain perception in our study might
also be related to the use of the third-person perspective.

Also, Solcà et al [16] found that synchronous cardiovisual
stimulation reduced pain ratings and improved motor limb
function in patients with a chronic regional pain syndrome but
not in healthy participants. Thus, this setup needs to be tested
further in patients with chronic pain disorders.

Previous studies investigating the effect of cardiovisual
stimulation in healthy participants used a video-based setup
[24,25]. While we did not directly compare a video-based setup
with the computer-generated VR setup using a generic 3D avatar
in this study, we speculate that the computer-based VR setup
has significant drawbacks if it comes to visual fidelity and visual
realism (eg, whether the virtual body resembles the body of the
participant). It has been shown that top-down processes, such
as visual identity, might influence the rubber hand illusion [40]
and the full-body illusion or related paradigms. This is in line
with a previous study comparing a video-generated and
computer-generated VR setup [41] where no effect on
self-location and illusory experience of ownership of more than
one body was found in the latter.

Limitations
First, the sample size of our study was rather small and only
included healthy and young participants. This also did not allow
us to perform a subgroup analysis. Therefore, it would be
interesting to test an improved setup in a larger group of older
patients with chronic pain within a randomized clinical trial.

Second, the lack of visual fidelity and realism in the avatar
might have influenced the results. Although previous studies
suggested that the realism is less important, we cannot comment
on this as we did not test this in our study.

Third, the use of a third-person perspective rather than a
first-person perspective may have affected the effectiveness of
the bodily illusion. Attempts to mitigate these limitations
included optimizing the filtering and peak detection algorithms
to improve measurement precision.

Fourth, our study was limited to a laboratory setting, and the
results may not directly translate to real-world clinical
environments.

Finally, it would have been interesting to measure the perceptual
drift, for example, if ownership over a virtual body results in
dislocation of the perceived self-location from the physical body
to the virtual body [21,24,42]. However, given that our study
was not able to induce ownership with the virtual body, we do
not think that measuring the perceptual drift would have been
meaningful in this pilot study. Also, participants already had to
be tested for pain threshold and sensitivity as well as ownership
right after the manipulation. Therefore, an additional drift
measurement seemed not to be feasible or a priority to us at the
conception of the study.

Conclusions and Future Directions
In conclusion, we were able to evaluate a new mobile VR setup
that theoretically would allow for the treatment of patients with
chronic pain in a home-based telerehabilitation setting. While
the setup shows high usability and reliability and seems to be
well tolerated, no significant effect regarding the level of
ownership with the virtual avatar and modulation of pain
perception in healthy young participants could be demonstrated
in this study.

Future research should focus on improving the visual fidelity
and realism of the virtual avatar and testing the setup with a
first-person perspective. In addition, larger and more diverse
samples, including older patients with chronic pain, should be
included to better understand the potential of this VR
intervention.
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Abstract

Background: Patients with breast cancer endure high levels of psychological and physical pain. Virtual reality (VR) may be
an acceptable, safe intervention to alleviate the negative emotions and pain of patients with cancer.

Objective: We aimed to test the long-term effects of VR on psychological distress and quality of life (QOL) with traditional
care in Chinese patients with breast cancer. We also explored the intervention mechanism and the acceptability of VR.

Methods: A total of 327 eligible participants were randomly assigned to a VR intervention group or a control group. The Distress
Thermometer, QLQ-C30 (Quality of Life Questionnaire version 3.0), and Virtual Reality Symptom Questionnaire were assessed
at baseline, postintervention (3 mo), and follow-up (6 mo). Analysis followed the intention-to-treat (ITT) principle. The generalized
estimating equations model was used to analyze the longitudinal data, and the PROCESS macro was used to analyze the mediating
effect.

Results: Compared with the control group, patients with breast cancer in the VR group had lower distress scores (P=.007), and
higher health-related QOL scores (physical, role, emotional, cognitive, and social functioning) after 6 months (P<.05). Psychological
distress had mediating effects on the longitudinal association between VR and the health-related QOL (indirect effect=4.572‐6.672,
all P<.05).

Conclusions: VR intervention technology may help reduce distress and improve QOL for patients with breast cancer over time.
By incorporating a mediating analysis, we showed that the QOL benefits of VR intervention was manifested through positive
effects on psychological distress risk factors.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000035049; https://www.chictr.org.cn/showproj.html?proj=53648

(JMIR Serious Games 2024;12:e53825)   doi:10.2196/53825

KEYWORDS

virtual reality; breast neoplasms; quality of life; psychological distress; longitudinal studies

Introduction

Breast cancer is a common malignant tumor throughout the
world [1]. With the progress of detection and treatment
technology, the survival rate of patients with breast cancer has
been greatly improved. However, increasing numbers of studies
have also paid attention to the adverse psychological and
physiological sequelae caused by breast cancer surgery or
chemotherapy [2,3]. Patients with cancer are at several times
the risk of psychological disorders due to lack of normal life,

communication, and interaction [4-6]. Other symptoms related
to chemotherapy such as nausea, vomiting, and anorexia are
frequently reported [7]. These may affect treatment compliance
and quality of life (QOL). From 2020, COVID-19 has been
spreading around the world. In the process of fighting the
pandemic, the normal operations of the hospitals were affected
[8]. The postponement of re-examinations for some patients
with cancer, interregional hospitalization, and self-isolation
have all increased patients’ emotional distress [9]. In addition,
patients have less access to the outside world and have lost
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normal social interactions. Psychological needs are even less
satisfied, with considerably increased loneliness [10]. Without
timely intervention and treatment, a poor mental state might
cause tumor progression and deterioration [11].

Virtual reality (VR) is a 3D virtual scene that simulates reality,
generated by a computer. It immerses the user in a virtual
environment by using specific human-machine interfaces, such
as a head-mounted display, a set of wired gloves, a position
tracker or other controllers to experience a sense of presence or
immersion [12]. Specifically, it is an artificial environment that
is experienced through sensory stimuli such as images and
sounds provided by a computer. In this environment, our
behavior can partially determine our feelings [13]. In recent
years, especially in the health system, the emergence of this
technology provided patients with a safe environment for
intervention and treatment [14-17]. Its effectiveness stemmed
from the fact that patients could focus on pleasant or interesting
stimuli rather than unpleasant symptoms [18]. These techniques
were generally categorized as distraction interventions. By using
head-mounted devices, VR immersed patients in
computer-generated views while engaging various senses,
providing a comprehensive stimulus that helped isolate patients
from the hospital environment [19].

Previous studies have confirmed that the VR interventions could
alleviate chemotherapy pain and enhance the QOL for patients
with cancer [20]. However, research on the mediating
mechanisms between VR and QOL remains limited. Among
the potential mediating mechanisms, the most widely accepted
hypothesis was that VR improves emotional states. Patients
who experienced less anxiety, more fun, and more positive
emotional valence during VR distraction were more likely to
report subjective pain reduction [21]. Specifically, when patients
experienced more enjoyment, painful treatments became more
tolerable [22], potentially enhancing their self-efficacy and,
consequently, improving their QOL [22,23]. These studies
suggested that the relationship between VR and the QOL in
patients with cancer might have been mediated by emotional
regulation. Therefore, it is necessary to verify the effectiveness
and obtain the best clinical practice evidence.

Some studies on VR had some limitations, for example, most
of the trials lacked a control group [23,24], and the sample size
was small (n<50) [25-27]. Owing to the lack of repeated
exposure and long-term follow-up results [28-30], it has not
been adequately established whether the effects of VR could
endure for longer timespans beyond the usage of the device.
Our main objective was to explore the long-term effects of VR
in reducing distress and some chemotherapy symptoms, as well
as improving the QOL for patients with breast cancer in China.
Moreover, we further explored whether or not psychological
distress mediated the effect of VR interventions on the
health-related QOL.

Methods

Study Design and Setting
This study was a single-blinded randomized controlled trial,
and was registered in the Chinese Clinical Trial Registry

(registration ChiCTR2000035049). Patients were randomly
assigned (1:1) to the VR group and control group by block
randomization with varying block sizes of 4. The random
sequence was generated using the Random Allocation Software
(version 23; IBM Corp) by a graduate student who was not
involved in the intervention or data collection. Sequentially
numbered, opaque, sealed envelopes were prepared by the
student. Before the first chemotherapy (baseline, T0), all the
participants completed the informed consent form and a baseline
questionnaire. Afterward, the second and third questionnaires
were completed in the third month (post intervention, T1) and
the sixth month (follow-up, T2), respectively. The content of
the measurement includes both physical symptoms and
psychological and emotional aspects.

Participants
This study was conducted in the Cancer Hospital of China
Medical University, which is a public cancer treatment center
in northeastern China, from April 2020 to March 2021. The
selection criteria were as follows: (1) a confirmed diagnosis and
treatment of breast cancer for the first time, and a plan to
undergo chemotherapy; (2) aged 18 to 79 years; and (3)
complete cognition, normal reading ability, and barrier-free
communication. The exclusion criteria were as follows: (1)
doctors assessed life expectancy to be less than 6 months, (2)
patients with emotional illness, and (3) patients who were
receiving other forms of psychotherapy. All participants
provided informed consent.

Sample Size
The sample size was calculated using the G*Power (version
3.1; Heinrich-Heine-Universität Düsseldorf) program. Based
on a 2-sided significance level of .05, an effect size of 0.6 for
distress outcome [31], the 2-arm parallel trial power of 0.80,
and a 35% attrition rate, a minimum of 130 participants per
group was needed.

Intervention Content and Frequency
The VR device consists of 2 parts: a headset (VIVES110) and
a hand controller. Our team developed 3 virtual environments
in total for participants to choose freely, and embedded a voice
guidance system in the device to help participants relax. Patients
could complete explorations such as walking through the forest,
walking on the beach, and sightseeing at sea, or relaxation
training according to the voice guidance (Figure 1). The
intervention trial was a 12-week VR training. The nurses guided
participants to wear the device during chemotherapy intervals
or during breaks, and to participate for 15‐20 minutes 1 to 2
times a week in the hospital. All participants had to have at least
12 interventions before T1. After each VR intervention,
participants reported whether they had possible adverse
symptoms. The participants in the control group only underwent
chemotherapy as per the treatment plan in the hospital, and
refrained from beginning any VR treatment.
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Figure 1. (A) shows how a virtual reality (VR) device was used during the intervention; (B) shows one of the screen captures from the VR experiences.

Measurements

Demographic and Clinical Information
Participants completed a standardized self-report in the first
round of questionnaires, including age, residence, marital status,
education level, employment status, and disease stage.

Distress
The Distress Thermometer (DT) [32] is a single-item, self-report
measure of psychological distress. The DT has an 11-point range
from 0 (no distress) to 10 (extreme distress). Patients were asked
to choose the number that best describes how distressed they
have been in the past week.

Health-Related QOL
The QOL of the patients with cancer was measured using the
Chinese-language translation of the validated European
Organization for the Research and Treatment of Cancer
QLQ-C30 (Quality of Life Questionnaire version 3.0) [33]. The
QLQ-C30 includes a global health status or QOL scale [QL],
5 functional scales (physical [PF], role [RF], emotional [EF],
cognitive [CF], and social [SF]), 3 symptom scales (fatigue,
pain, and nausea and vomiting), and 6 single-item symptom
scores. All scale scores range from 0 to 100, with a high score
on the functional scales indicating a high level of functioning
and a high score on the symptom scales indicating greater
severity of individual symptoms.

Motion Sickness
The Virtual Reality Symptom Questionnaire (VRSQ), which
was developed by Ames et al [34] in 2005, was used. After the
VR intervention, the VRSQ was completed to evaluate the

possible symptoms of motion sickness that may occur in a VR
environment. The questionnaire assessed 8 general physical
side effects (general discomfort, fatigue, boredom, drowsiness,
headache, dizziness, concentration difficulties, and nausea) and
5 visual effects (eye fatigue, eye pain, blurred vision, and
difficulty focusing). The score ranges from 0 to 6, indicating a
degree of symptoms from none to very severe.

Data Analysis
The analysis for this study was performed using IBM SPSS
Statistics software (version 23). Appropriate descriptive statistics
were used to summarize the characteristics and outcome
variables of the participants. The t test, chi-square test, and the
Wilcoxon signed-rank test were used to evaluate between-group
differences. The intention-to-treat (ITT) principle was adopted
for outcome analysis [35]. A generalized estimating equations
(GEE) model is an extension of the quasi-likelihood method
and is often used to analyze longitudinal data [36]. The
characteristic of this data is the correlation between the multiple
observation points for the same individual, which cannot be
processed by the general linear model. The GEE model can
solve the correlations between longitudinal data, as well as
missing data. In this study, the GEE model was used to evaluate
the effects of VR intervention on the changes of QOL and
distress scores of patients with breast cancer at various time
points (T0, T1, and T2). All statistical tests involved were
2-sided with the level of significance set at 0.05.

We used mediation analysis to investigate the relationship
between the VR intervention at T0 and the health-related QOL
at T2, with the psychological distress at T2 as a mediator (Figure
2). A mediator variable was defined as a third variable that
changed the association between an independent and dependent
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variable [37]. It provided additional insight into information
about the causal links between 2 strongly associated variables.
The PROCESS macro with model 4 was used and, to ensure
the stability of the path coefficient estimates, the analysis for
the mediation model was supplemented with 5000 bootstrap

replications. The significance of the indirect effect was examined
by the bias-corrected 95% CI after bootstrapping. An indirect
effect was considered statistically significant if the 95% CI did
not include 0.

Figure 2. Hypothesized mediation model (a, b, and c′=unstandardized regression coefficients): indirect effect=a×b; direct effect=c′, total effect c=sum
of indirect and direct effects=a×b+c′.

Ethical Considerations
This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics
Committee of the Liaoning Cancer Hospital & Institute
(reference 20200301-2). Each participant provided written
informed consent to take part in the study. For the images with
a participant' face and body (Figure 1), the author had obtained
permission to publish in the study.

Results

Recruitment
As shown in the CONSORT (Consolidated Standards of
Reporting Trials) flow diagram (Figure 3; see checklist in

Multimedia Appendix 1), 500 participants were screened for
eligibility. Among these patients, 120 were excluded because
they did not meet the criteria, and 53 declined to participate
because of lack of time or interest, or for no specific reasons.
Ultimately, 327 participants were recruited, although 97
participants failed to complete the reassessment at T1 or T2,
and 18 participants did not have enough interventions. The T1
and T2 attrition rates were 25% and 14%, respectively, and the
overall attrition rate was within our acceptable range. We
compared the baseline characteristics between those who
completed the study and those who dropped out from the study,
and there were no significant differences (Multimedia Appendix
2).
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Figure 3. CONSORT diagram. CONSORT: Consolidated Standards of Reporting Trials; VR: virtual reality.

Demographics and Clinical Characteristics
The participants’ average age at diagnosis was 54.3 (SD 9.58)
years, and of whom 216 (66.1%) were residents of a city, 198
(60.6%) had below middle school–level education, 267 (81.7%)
were married, and 294 (89.9%) had no family history of cancer.

More than half of the participants had an annual personal income
of less than CN ¥20,000 (US $2838.61). In total, 263 (80.4%)
participants had cancer at stage I or II. At the baseline, there
were no differences between the 2 groups in either
sociodemographic or clinical variables (Table 1).
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Table . Demographic and clinical characteristics of participants by group at baseline.

StatisticsControl (n=164)VRa (n=163)Total (N=327)Variables

P valuet test or chi-square
(df)

.090.852b (325)55.2 (9.7)53.6 (9.4)54.3 (9.6)Age (years) at diagnosis, mean (SD)

.160.659c (1)Residence, n (%)

102 (62.2)114 (69.9)216 (66.1)City

62 (37.5)49 (30.1)111 (33.9)Country

.991.001c (2)Education, n (%)

99 (60.4)99 (60.7)198 (60.6)Below middle
school

40 (24.4)39 (23.9)79 (24.2)High school

25 (15.2)25 (15.3)50 (15.3)University or above

.980.130c (1)Marital status, n (%)

134 (81.7)133 (81.6)267 (81.7)Married

30 (18.3)30 (18.4)60 (18.3)Single, widowed,
or divorced

.840.349c (2)Work, n (%)

92 (56.1)78 (47.9)170 (52.0)Yes

54 (32.9)54 (33.1)108 (33)Retired

18 (11)31 (19)49 (15)No

.181.963c (1)Menopause, n (%)

105 (64.0)92 (56.4)197 (60.2)Yes

59 (36)71 (43.6)130 (39.8)No

.201.699c (1)Family history of cancer, n (%)

13 (7.9)20 (12.3)33 (10.1)Yes

151 (92.1)143 (87.7)294 (89.9)No

.302.422c (2)Annual personal income (1 CN ￥=0.14 US $)

96 (58.5)85 (52.1)181 (55.4)<20,000

54 (32.9)67 (41.1)121 (37)20,000‐50,000

14 (8.5)11 (6.7)25 (7.6)>50,000

.171.366b (325)24.9 (3.3)24.4 (3.4)25.6 (10.4)BMI (kg/m2), mean (SD)

.513.869c (3)Cancer stage, n (%)

54 (32.9)46 (28.2)100 (30.6)I

79 (48.2)84 (51.5)163 (49.8)II

23 (14)25 (15.3)48 (14.7)III

8 (4.9)8 (4.9)16 (4.9)IV

aVR: virtual reality.
bt test.
cChi-square.

Outcome Variables at Baseline
Overall, there was no significant difference between the 2 groups
in each scale score at baseline (P<.05). In total, 245 (74.9%)

patients scored ≥4 on the DT and had psychological distress.
At the same time, participants in both groups reported low QOL
at T0. Detailed scores are shown in Table 2.
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Table . Mean scores of the outcome variables for intervention and control groups across study time points and the baseline comparisons.

Comparison of groups at T0T2 (6 months),

mean (SD)

T1 (3 months),

mean (SD)

T0 (baseline),

mean (SD)

Outcome variables and

group

P valuet test (df)

Participants (n)

111125164Control

101121163VRa

.191.306 (325)DT b

4.27 (2.21)4.63 (1.91)5.15 (2.35)Control

3.01 (1.96)3.27 (1.81)4.83 (2.05)VR

.40−0.843 (325)QL c

54.12 (18.15)55.12 (19.58)46.87 (24.28)Control

62.87 (22.10)60.56 (17.95)48.93 (19.49)VR

.70−0.392 (325)PF d

65.93 (20.71)65.54 (22.57)63.54 (23.08)Control

80.20 (18.70)72.63 (19.01)64.54 (23.22)VR

.79−0.271 (325)RF e

68.31 (22.51)66.33 (26.35)62.91 (30.74)Control

79.70 (24.56)70.31 (27.35)63.80 (29.14)VR

.27−1.108 (325)EF f

62.91 (26.07)58.66 (24.03)63.92 (19.14)Control

79.62 (19.49)74.76 (18.58)66.36 (20.60)VR

.20−1.281 (325)CF g

67.40 (26.52)65.18 (24.51)71.85 (21.57)Control

81.02 (20.42)81.11 (17.91)74.95 (22.17)VR

.08−1.776 (325)SF h

59.34 (21.55)54.13 (26.18)57.42 (27.27)Control

72.94 (21.72)63.97 (25.12)62.88 (28.35)VR

aVR: virtual reality.
bDT: Distress Thermometer.
cQL: global health status or quality of life scale.
dPF: physical functioning.
eRF: role functioning.
fEF: emotional functioning.
gCF: cognitive functioning.
hSF: social functioning.

Effects of VR Interventions

Effects on Distress
As shown in Figure 4 and Table 3, compared with T0, DT scores
in the VR group gradually decreased at T1 and T2 (T1: mean

3.27, SD 1.81; T2: mean 3.01, SD 1.96), and this change was
significantly different from that in the control group, as indicated
by the interaction term of group×T1 (β: −1.049, 95% CI −1.635
to −0.445; P=.001) and group×T2 (β: −.947, 95% CI −1.635 to
−0.258; P=.007).
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Figure 4. Mean scores of distress in the virtual reality and control groups at the 3 time points of data collection. VR: virtual reality.
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Table . Generalized estimating equation models for the comparison of outcomes across time between the control and intervention groups.

Regression coefficientsOutcome
variables

Group×T2Group×T1T2bT1aGroup

P valueβ (95% CI)P valueβ (95% CI)P valueβ (95% CI)P valueβ (95% CI)P valueβ (95% CI)

.007−.947
(−1.635,
−0.258)

.001−1.049
(−1.635,
−0.445)

.002−.872
(−1.417,
−0.326)

.03−.513
(−0.972,
−0.053)

.19−.318
(−.794,
0.158)

DTc

.066.698
(−0.147,
13.543)

.303.388
(−3.023,
9.799)

.787.247
(2.452,
12.042)

.0018.242
(3.346,
13.137)

.402.052
(−2.704,
6.808)

QLd

.00113.261
(5.434,
21.087)

.116.087
(−1.396,
13.570)

.412.397
(−3.343,
8.138)

.492.008
(−3.731,
7.747)

.691.003
(−3.999,
6.006)

PFe

.0210.491
(1.419,
19.563)

.503.084
(−5.873,
12.041)

.115.409
(−1.149,
11.966)

.313.43
(−3.220,
10.081)

.79.897
(−5.575,
7.370)

RFf

<.00114.271
(7.084,
21.459)

<.00113.661
(6.991,
20.332)

.74−1.011
(−6.891,
4.870)

.05−5.259
(−10.603,
0.084)

.272.437
(−1.861,
6.735)

EFg

.00610.525
(2.953,
18.096)

<.00112.83
(5.928,
19.733)

.15−4.45
(−10.566,
1.666)

.02−6.668
(−12.323,
−1.014)

.203.099
(−1.629,
7.827)

CFh

.048.132
(0.479,
15.785)

.034.378
(−3.725,
12.482)

.481.922
(−3.434,
7.278)

.30−3.239
(−9.473,
2.887)

.085.465
(−0.547,
11.476)

SFi

aT1: the third months of intervention.
bT2: the sixth months of follow-up.
cDT: Distress Thermometer.
dQL: global health status or quality of life scale.
ePF: physical functioning.
fRF: role functioning.
gEF: emotional functioning.
hCF: cognitive functioning.
iSF: social functioning.

Effects on Health-Related QOL
As shown in Figure 5, the VR group showed a great
improvement in the global health status scale at T1 and T2 but,
when compared with the control group, statistical significance
was not reached (group×T1: P=.30 and group×T2: P=.06). In
terms of functional subscales, significant differences between
the changes in the 2 groups were observed in the PF and RF

scales at T2 (P=.001 and .02), and in the EF, CF, and SF scales
at both T1 and T2 (P<.05; Table 3). At the same time, we also
analyzed the other symptom subscales. Nausea and vomiting,
appetite loss, dyspnea, and other symptoms of participants in
the VR group were also significantly improved at different time
points with respect to T0 (P<.05), as shown in Multimedia
Appendices 3 and 4.
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Figure 5. Mean scores on each dimension of quality of life in the virtual reality and control groups between the 3 time points of data collection. VR:
virtual reality.

Results of the Mediating Analysis
According to the GEE model, the VR group had significantly
greater improvement in distress compared with the control group
across the preintervention and postintervention time points. The
differential changes between the 2 groups supported the further
exploration of the mediating roles. Table 4 shows that

psychological distress had a significant indirect effect on the
global health status in the participants of the VR group (indirect
effect=6.245; 95% CI 2.965, 10.282). Similarly, the effects of
VR on 5 health-related functional subscales were also mediated
by improving psychological distress (indirect
effect=4.572‐6.672, P<.05).

Table . Mediation analysis results for the virtual reality effects on health-related quality of life via distress. The virtual reality intervention group at T0
was set as the independent variable (X), the global health status and 5 functioning subscales at follow-up T2 were set as dependent variables (Y), and
the distress at T2 as a mediator (M). * P<.05.

95% CIabdc’cbbaaVariables

2.965-10.2826.245*2.506−4.938*−1.265*QLe

2.645-8.7255.480*8.784*−4.333*−1.265*PFf

2.226-8.0224.810*6.578−3.803*−1.265*RFg

3.553-10.0046.672*10.037*−5.275*−1.265*EFh

2.320-7.2664.572*9.052*−3.615*−1.265*CFi

2.080-7.9194.711*8.886*−3.724*−1.265*SFj

aa: the direct effect of X on M.
bb: the direct effect of M on Y when X is controlled.
cc : the direct effect of X on Y when M is controlled.
dab: the indirect effect of X on Y through M.
eQL: global health status or quality of life scale.
fPF: physical functioning.
gRF: role functioning.
hEF: emotional functioning.
iCF: cognitive functioning.
jSF: social functioning.

Cybersickness Symptoms
Some cybersickness symptoms related to VR were analyzed
through VRSQ. Data showed that in the first month of
intervention, the frequency of patients with each symptom was
less than 20% (32/163; Multimedia Appendix 5).

Discussion

Principal Findings
This study demonstrated that VR technology may help reduce
distress and improve the health-related QOL of patients with
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breast cancer over time. By incorporating a mediation analysis,
we showed that the QOL benefits of VR are manifested through
its positive effects on psychological distress risk factors.

Psychological distress is a common side effect of cancer
treatment. In 2018, a cross-sectional study completed by our
team showed that 56.5% of cancer survivors had psychological
distress and scored ≥4 on the DT [38]. However, the outbreak
of COVID-19 aggravated the emotional distress of patients with
cancer. In this study, the proportion rose to 74.9% (245/327)
and it was necessary to take appropriate intervention measures
to reduce the psychological pressure. VR allows patients to be
completely engaged in an immersive environment, which may
help distract them from noxious stimuli, thereby relieving
psychological stress [19,28]. In our study, the distress level was
significantly reduced in the VR group compared with the control
group (undergoing usual care). This longitudinal effect did not
disappear over time, suggesting that the effect of VR was not
simply due to the novelty of the experience [22]. Yang et al
[39] proposed a 4-layer theoretical framework of a potential
VR intervention for mental health. Based on the hypothesis,
VR delivers predictability in an unpredictable environment, and
helps patients cope with their stress, evokes emotion, and diverts
attention [40].

VR has shown promise in improving health status among
patients with breast cancer [41]. Reynolds et al [30] reported
that participants with metastatic breast cancer who were
subjected to VR experiences showed clinically significant
decreases in fatigue, stress, and pain during the trial and at
follow-up. However, many studies focus on the efficacy of
in-the-moment distraction from treatment, and the long-term
effects of VR are still missing. Some of our preliminary findings
are encouraging. The longitudinal effects of VR could be
sustained at least for 6 months. At the same time, these positive
effects were not only shown in the dimensions of PF and EF of
QOL, but also in the dimensions of RF, CF, and SF, and even
some chemotherapy side effects such as vomiting and insomnia
were improved and relieved to varying degrees. This was also
a comprehensive assessment of the effects of VR on QOL. In
addition to the clear effect on pain management [42,43], this
study also provided more possibilities for VR in improving
patients’ QOL and chemotherapy tolerance. In the future, VR
may be considered for incorporation into the clinical setting to
provide a convenient, attractive, and easily applied intervention.

The psychological and physiological fields are the most
commonly studied areas for VR [26,44]. In our study, we
focused on relatively stable hospitalized patients undergoing
chemotherapy rather than surgical patients. We agree with
Espinoza et al [45] that VR technology shifted patients’attention
to the selected scene track, and reduced their attention to pain
or anxiety. However, presumably this distraction effect did not
occur in the days after the removal of the device, and so could
not fully explain the maintenance of VR. Our other important
finding was that psychological distress could play a mediating
role in the VR-QOL interaction, which provides an explanation
for the persistence of VR. Psychological factors play an
important role in the development and regression of tumors
[46]. Generally speaking, a good state of psychological health

can stimulate a number of body functions and significantly boost
the effectiveness of the chemotherapy [47]. Our results
confirmed once again that improved mood can promote positive
health outcomes and QOL. Several design characteristics of our
VR system, such as guided relaxation and soothing music,
support the mediation theory of positive mood. These
observations further suggest that the intervention mechanism
of VR is multifactorial, being mediated by attentional, cognitive,
and emotional effects [48].

Owing to the specificity of the disease, the impact of the
COVID-19, and the long study period, some participants
dropped out of the study, and the overall attrition rate reached
35%, which was similar to previous studies [31] and within our
estimated range. However, among the lost participants, only 18
patients were lost due to the substandard intervention frequency,
accounting for less than 16%. At the same time, the VR
equipment we used was comfortable to wear, and the designed
scenes were natural. We also assessed the possible side effects
of VR devices through the VRSQ scale, but all symptoms
occurred at a frequency of less than 20%, which was considered
negligible [49]. These findings are important and demonstrate
that VR intervention can be a viable and acceptable treatment
for patients with breast cancer [30].

Limitations
Although this study had several strengths and extended the
literature on the use of VR, it was not without limitations. First,
loss of muscle strength leading to a decrease in limb
functionality is also a common complication seen in breast
cancer survivors. This VR system did not incorporate exercise
rehabilitation training such as improving patients’ upper limb
mobility, so the research on the effects of VR was incomplete.
Second, although we designed 3 intervention scenarios, and
required each patient to achieve multiple VR interventions, we
did not further analyze the impact of the duration and frequency
of interventions, and did not verify the effect of repeated VR
exposure. Third, this study assessed the effects of VR through
self-reported measures, but because the participants,
investigators, and nurses were unlikely to be blind, this could
have introduced bias into some of the results. In future,
physiological indicators (such as stress-related molecules or
brain waves) can be used to monitor changes and evaluate the
effects of VR.

Conclusions
This study found that VR has the potential to sustainably relieve
the level of distress and improve the QOL in women with breast
cancer. Importantly, the positive results were sustained for at
least 6 months. Furthermore, reducing emotional distress was
identified as one of the possible mechanisms by which VR
affects QOL. As physicians, it is our duty to participate in the
development of these innovations to meet the clinical need for
effective nonpharmacologic adjuncts, especially for patients
with cancer or during special times such as the pandemic. We
suggest that future research should be carried out in multiple
centers and medical institutions to verify the effectiveness with
other cancer treatments and to explore more possibilities for
VR interventions.
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Abstract

Background: Public health education plays a crucial role in effectively addressing infectious diseases such as COVID-19.
However, existing educational materials often provide only foundational information, and traditional group education faces
challenges due to social distancing policies.

Objective: Addressing these gaps, our study introduces a serious game called “Flattening the Curve.” This interactive experience
immerses learners in the role of quarantine policy managers, offering unique insights into the effects and challenges of social
distancing policies.

Methods: The development of the game adhered to the SERES framework, ensuring a scientifically designed foundation. To
achieve its learning objectives, the game incorporated learning and game mechanics including an agent-based infection model,
a social distancing policy model, and an economic model, which were developed based on previous literature. After defining a
broad concept of scientific and design foundations, we used a participatory design process. This study included 16 undergraduates
and took place over one semester. Participants played the game, gave feedback, and answered surveys. The game was improved
based on participants’ feedback throughout the process. Participants’ feedback was analyzed based on the Design, Play, and
Experience framework. Surveys were conducted before and after the activity and analyzed to assess participants’ evaluation of
and satisfaction with the game.

Results: The game successfully achieved its learning objectives, encompassing a comprehensive understanding of infectious
disease characteristics; the disease transmission process; the necessity and efficacy of quarantine policies and their delicate balance
with economic factors; and the concept of flattening the curve. To achieve this, the game includes the following: (1) an agent-based
infection model based on the modified Susceptible-Exposed-Infectious-Hospitalized-Recovered (SEIHR) model with five infectious
disease scenarios; (2) a quarantine policy model with social distancing, travel control, and intensive care unit management; and
(3) an economic model that allows users to consider the impact of quarantine policies on a community’s economy. In response
to participatory design feedback, the game underwent meticulous modifications, including refining game systems, parameters,
design elements, the user interface, and interactions. Key feedback included requests for more scenarios and engaging yet simple
game elements, as well as suggestions for improving the scoring system and design features. Notably, concerns about the fairness
of the outcome evaluation system (star rating system), which could incentivize prioritizing economic activity over minimizing
casualties, were raised and addressed by replacing the star rating system with a progress-based vaccine development system.
Quantitative evaluation results reflect participants’ positive assessments of the game through the learner-centric approach.

Conclusions: The serious game “Flattening the Curve,” developed through a participatory design approach, emerges as a
valuable tool for public health education, particularly concerning social distancing policies. The game and its source code are
openly accessible online, enabling widespread use for research and educational purposes.

(JMIR Serious Games 2024;12:e54968)   doi:10.2196/54968

KEYWORDS

online learning; serious game; simulation; quarantine policy; social distancing policy; game; public health education; infectious
diseases; learner-centric
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Introduction

Background
Since December 2019, the COVID-19 pandemic has profoundly
impacted global society, affecting numerous domains such as
daily life, health care, and education, among others. In an effort
to mitigate the impacts of COVID-19, governments worldwide
have implemented a range of social distancing measures,
including compulsory mask wearing, curfews, stay-at-home
orders, and lockdowns. However, the implementation of these
policies has led individuals to experience economic, social, and
psychological loss, resulting in diminished trust in their
respective governments [1,2]. This sense of loss and eroded
trust are fueling public rejection of social distancing policies
and even leading to active defiance of governments. Indeed,
several countries experienced increased public protests due to
the social distancing policies [3-5].

People’s noncompliance with social distancing policies can be
attributed to various reasons. Previous research suggests that
these reasons include a lack of knowledge about infectious
disease and health, misunderstanding, and misinformation about
mitigation policies [6-9]. To effectively prevent and control the
transmission of infectious diseases such as COVID-19,
adherence to public health policies, including quarantine
measures, is crucial. Additionally, fostering public
comprehension of the necessity and rationale underpinning these
policies is of paramount importance [3].

To achieve these objectives, effective communication with the
public and the provision of education aimed at enhancing the
general public’s understanding of policy validity and scientific
knowledge are necessary. Currently, educational resources
pertaining to infectious diseases predominantly focus on
health-related information and individual behaviors, while the
development of materials designed to foster comprehension of
national- or community-level social distancing policies remains
insufficient. Moreover, the majority of training materials employ
a unilateral instructional approach, relying on simplistic
documents, images, and videos. These conventional methods
generally prove inadequate in fostering public empathy toward
the policy-related challenges confronted by quarantine officers.
On the other hand, game-based learning using serious games is
known to increase education effectiveness and learning
motivation through the interactive and participatory nature of
games [10-12].

Due to the COVID-19 pandemic, the demand for health and
safety education has increased, and many researchers have
developed and used serious games for COVID-19–related
education. The primary education topics include COVID-19
knowledge [13-15] or infection prevention behaviors and
perceptions [10,15-18]. Since serious games are suitable for
distance education and e-learning (posing less of a concern in
terms of infection), they are an educational method that has
been in the spotlight for many researchers in the pandemic era,
coinciding with an increase in online education [19-22].

Earlier studies found that game-based learning could result in
higher knowledge acquisition [12,23] and, more importantly,

that games could make their players motivated and satisfied
[11,23]. Digital game–based learning enabled by serious games
can make a learning environment more active, engaging, and
immersive, which is important for effective learning [24].
However, most game-based health and safety education focused
on teaching safe behavior, knowledge, and adequate use of
personal protective equipment to prevent COVID-19 infection.
The transfer of mere knowledge has limitations in imparting an
understanding of why compliance with quarantine policies is
necessary and how the policies work. Therefore, by using
existing education, learners were not properly motivated to go
beyond personal safety behaviors and comply with quarantine
policies. A serious game for quarantine policy education will
be a fundamental driving force for the public to learn why the
social distancing policy must be followed rather than just how
to comply with it.

Objective
The objective of this study was to address a critical gap in
existing educational resources for quarantine policies by
developing an engaging and interactive learning tool. To achieve
this objective, the game incorporates scientifically designed
game-based learning mechanics including an agent-based
infection model, a social distancing policy model, and an
economic model. Furthermore, a participatory design (PD)
process was conducted, with this learner-centric approach
enhancing the educational effectiveness of the game. This study
endeavors to enhance public understanding of quarantine
policies by disseminating the developed serious game through
web platforms, thereby promoting informed decision-making
and adherence to quarantine measures.

Methods

General Study Design
To effectively deliver quarantine policy education addressing
infectious diseases to the public, we developed a serious game
named “Flattening the Curve” (FTC). The serious game used
in this study was designed in a form that could motivate learners’
interest while conveying scientific facts. The game was
developed using the SERES framework [25]. The SERES
framework is a 5-step framework for developing health care
serious games. It has been applied to the development of various
health care serious games and gamified e-learning materials.

In addition to using the SERES framework, the game was
developed through a PD process to enhance the engagement
and motivation of the learners [26,27]. PD is a research method
in which users directly or indirectly participate in the design
process and compose and interpret the design together with
designers, researchers, and developers [28,29]. From an
educational point of view, PD promotes learners’ active
engagement through motivation and internalization of concepts
[30,31].

The design process was conducted as part of the undergraduate
disaster management course at the Ulsan National Institute of
Science and Technology, which was taught by the corresponding
author during the second semester of 2021. Participants
participated from the 2nd to the 15th week of the semester. To
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recruit participants, the authors explained to the participants the
study’s purpose, overall process, and tasks to be performed.
The authors offered them the opportunity to participate in this
activity as part of their coursework. All students voluntarily
agreed to participate in the study.

This PD process reflected the iterative game design process,
including design, prototype, and playtest [32]. Participants’
comments and suggestions were analyzed and applied to the
game using the 4 layers of the Design, Play, and Experience
(DPE) framework [33]. During the PD process, participants
answered two surveys, in the 3rd week and 14th week,
respectively. Participants’ key feedback and related
implementation are presented in the Results section, and the
details of the survey instrument are also presented in Multimedia
Appendix 1.

Ethical Considerations
This study was reviewed by the Institutional Review Board at
the Ulsan National Institute of Science and Technology and
was determined to be exempt (UNISTIRB-21‐58C). Due to
the COVID-19 pandemic and the shift to remote learning,
obtaining written informed consent was difficult. Therefore,
verbal consent was obtained from all participants prior to their
involvement in the study. All collected data were deidentified.
There was no penalty for students who did not participate in
part or all of the activity. Participants did not receive monetary
compensation. However, to encourage active participation,
participants who performed well in the activity were awarded
extra credit for the course. This compensation was announced
after all students had agreed to participate in the study, to ensure
that the incentive did not coerce participation.

Scientific Foundations
The game was developed for people of all ages to facilitate an
understanding of quarantine (social distancing) policies.
Emphasis was placed on ensuring that the in-game explanations
are easily comprehensible for players of all ages.

Understanding how and why a policy is important can lead to
behavior changes in learners [34,35]. According to theories of

human behavior related to safety and health, such as the Health
Belief Model, the perceived benefits expected from engaging
in certain behaviors can impact an individual’s behaviors [36].
In other words, a thorough understanding of how quarantine
policy benefits individuals and our society can influence an
individual’s compliance with policies. Thus, the primary
learning objective of the game was for users to develop an
understanding of the core concept of quarantine
policies—“flattening the curve”—and recognizing the need for
a balanced adjustment between preventive measures and
economic consequences. Figure 1 illustrates the concept of
flattening the curve, demonstrating how implementing social
distancing measures can flatten the curve and consequently
reduce the fatality rate [37]. In the absence of proper protective
measures, the number of patients could easily overwhelm the
health care system’s capacity, resulting in inadequate treatment
for some. Therefore, the point of flattening the curve is to ensure
that more patients receive proper treatment, ultimately reducing
the fatality rate [38]. Within the simulation, changes in the
transmission pattern of infectious diseases can be observed
according to policy implementation.

The game mechanics should be designed based on proper
scientific foundations. Several models were suggested to predict
the spread of the epidemic and the effect of social distancing
policy [39-41] (Figure 2). Kermack and McKendrick [42] first
proposed the Susceptible-Infectious-Recovered (SIR) model to
explain the spread of infections transmitted from person to
person through mathematical approaches. SIR is the most
fundamental infectious disease model, consisting of Susceptible,
Infectious, and Recovered or Removed compartments. Anderson
and May [43] introduced the SEIR model, which includes an
additional Exposed condition (latent period or incubation
period). SEIHR is a model that extends the SEIR model by
incorporating an isolated (Hospitalized) condition [40]. Further,
Yang et al [41] suggested another modified version of SEIR:
SEMCR, which divided the infectious stage into mild (M) and
critical (C) cases. Patients in the critical stage have a higher
probability of death.
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Figure 1. An illustration of the concept of “flattening the curve.” Slowing the spread of infection is essential to ensure that people have easier access
to treatment, while also allowing time to gradually increase the capacity of the health system.

Figure 2. Flowcharts of epidemic models, edited from previous studies [39-41]. C: critical; D: dead; E: exposed or latent period; H: hospitalized; I:
infectious; M: mild; R: recovered; S: susceptible.

In the FTC game, we applied a modified epidemic model by
integrating SEIHR [40] and SEMCR models [41] to distinguish
between mild and critical cases and also include the hospitalized
condition.

Based on the modified epidemic model, the game was designed
to model various well-known infectious diseases, such as
COVID-19 (Delta and Omicron variants), measles, and Ebola
virus. Major characteristics of diseases, such as reproduction
number and mortality rate, were adjusted based on statistical
data [44-50]. Characteristics of COVID-19 variants were based

on statistics provided by the Korea Disease Control and
Prevention Agency [51]. The implemented infectious disease
transmission model has been consulted and verified by a medical
expert.

Social distancing is a public health strategy that aims to reduce
the spread of infectious diseases [52]. It involves maintaining
physical distance from others, avoiding large gatherings, and
minimizing contact with individuals who are sick.

Researchers have employed various methods to implement
social distancing in epidemic models. Social distancing is
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typically achieved by increasing the physical distance between
people or reducing the number of physical contacts between
individuals [41,53,54]. Agarwal et al [55] utilized daily
movement rates to predict the number of deaths per day to
evaluate the effectiveness of COVID-19 social distancing
policies. Miksch et al [53] used location factors to make social
distancing decrease the number of visitors to specific places
such as schools and workplaces.

However, many educational materials related to infectious
diseases have not adequately addressed the economic damage
caused by the infectious diseases and the corresponding
quarantine policies. Various social, health, and sanitary policies
to prevent the spread of infectious diseases have been found to
bring about negative economic impacts [56]. In the case of the
United States, government measures such as business closures
and restrictions on economic activities to slow the spread of
diseases led to a record high in unemployment claims [57].
Therefore, we built economic elements into the game to help
players learn about the economic impacts of quarantine policies.

Design Foundations
The general design of the serious game was established
according to Winn’s DPE framework [33]. At the initial stage
of game development, we decided what types of learning and
game mechanics should be included in the game based on the
previous literature [58-60]. The game genre was decided to be
a simulation, as its learning mechanism focuses on constructivist
learning principles [60], which posit that learning draws upon
prior knowledge to alter existing schema [61]. Using
simulations, students have more opportunities to learn by doing,
discover interesting infectious disease problems, and gain
indirect experience in dealing with public health issues in the
real world [62].

Design requirements considered the platform and accessibility
to potential learners. The game was developed using JavaScript
and published through a web page to be accessible to anyone.
Following the players’ feedback, visual enhancements were
implemented to enhance the game’s appeal to a younger
audience.

Results

Design of the Serious Game
The game was developed as a turn-based strategic simulation
game, with each turn corresponding to one week. In our
interactive serious game, learners become a quarantine policy
manager of a community. At the end of each week, users are
allowed to choose appropriate quarantine measures. The spread
of the epidemic is visualized on the game screen during the
following week, and on weekends, users can check the status
of the epidemic, apply quarantine measures, and continue on
to the next turn. Players are provided with a budget necessary
for implementing quarantine policies, which replenishes at the
end of each month (every 4 weeks). The budget amount depends
on the level of economic activity, as indicated by gross domestic
product (GDP).

The objective of the gameplay is to minimize both casualties
and economic damage until vaccine development is complete.
Since the vaccine development speed depends on both the
number of healthy people and GDP, faster vaccine development
can be an indicator of a successful quarantine response.

To slow down the spread of disease, players should develop
their own response strategies with various policies. These
policies can be adjusted or changed on a weekly basis and each
has its own advantages in reducing the spread of the disease.
However, it is important for players to find a cost-effective
combination of policies, as some have drawbacks (eg, social
distancing policies may hinder economic activity, while policies
such as travel control or increasing intensive care unit [ICU]
capacity may require significant economic investments).

The game comprises 3 main panels: the simulation panel,
information panel, and status panel (Figure 3). In the simulation
panel, individuals are represented as round dots that move
randomly. The color of each dot indicates its condition based
on the modified SEIHR model. The information panel displays
essential details about infectious diseases, such as the latent
period, infectious period, infection rate, and severity. It also
shows the number of people in each infectious stage, categorized
according to the modified SEIHR model. The bottom of the
panel features a graph illustrating overall disease trends.
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Figure 3. Interface of the final version of the Flattening the Curve game. (A) Simulation panel: visualizes the agent’s movements within the game
environment. (B) Information panel: displays the current epidemic situation. At the end of each week, this panel also presents the weekly report. (C)
Status panel: provides a summary of the key information. This panel also includes speed control and pause functions to allow players to adjust the pace
of the game. GDP: gross domestic product; ICU: intensive care unit.

At the end of each week, the information panel transforms into
the weekly report panel (Figure 4). Within the weekly report
panel, there are two subtabs: Trends and Policy. The Trends tab
includes tables and graphs that present the number of infections,
critical cases, and deaths, as well as GDP, for the current week,

providing a comparison with the previous week. This feature
assists users in understanding more nuanced infection trends.
In the Policy tab, players can implement age-based social
distancing policies, implement travel control measures, and
enhance ICU capacity.

Figure 4. Subtabs in the weekly report panel. (A) Trends tab. (B) Policy tab. GDP: gross domestic product; ICU: intensive care unit.
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The status panel at the bottom consistently displays key
information, including the current date, number of infections,
ICU capacity, death toll, GDP, and budget status.

We made some important basic assumptions that make the game
more explicit and learning oriented. These assumptions are
carefully designed to ensure that the game retains its inherent
learning capabilities and is sufficiently representative of the real
world without becoming too complex. The assumptions are as
follows.

1. Fixed population: there are 1000 people in the simulation
at the start, with no population change due to death, birth,
or migration outside of the epidemic.

2. Simplified interactions: a “contact” has occurred when dots
overlap each other on the simulation panel.

3. Fixed border: the game world is assumed to have fixed
rectangular boundaries and is divided into four in-game
districts, whose geographic and social conditions are
identical. This exists to determine the coverage of social
distancing policies. There are no spatial features such as
specific locations, workplaces, or homes.

4. Simplified economy: GDP is only influenced by how much
people move around during the week. If social distancing
policies are tightened or the number of deaths is high,
people move around less, so the budget that the player
receives decreases.

5. Simplified policy: quarantine policies, including the
allocation of ICU beds, come into effect instantly, without
any waiting or grace periods. In-game citizens do not raise
objections to policies.

Application of the Scientific Foundation

Overview
The ultimate objective of the game is to comprehend the concept
of flattening the curve, necessitating an understanding of
infectious disease characteristics and control policies. There are
5 learning objectives in the game to achieve this. Figure 5
demonstrates a visualization of the learning objectives covered
in the developed game.

The first learning objective focuses on understanding the
characteristics of infectious diseases. The game incorporates
characteristics of infectious diseases, such as the incubation
period, transmission probability, and fatality rate. With the
modified SEIHR model, the game simulates detailed infection
and progression pathways. This interactive approach allows
learners to gain insights into the distinct features and stages of
various infectious diseases through gameplay of various
scenarios.

The second learning objective involves understanding the
process of disease transmission within society. The game takes
the form of a city management simulation, effectively portraying
the process of disease transmission as people move within the
city.

Building upon these objectives, the third learning objective
emphasizes the necessity and efficacy of quarantine policies.
During gameplay, learners are expected to actively participate
in the implementation of quarantine policies in response to
changing circumstances, thus developing a comprehensive
understanding of the need for and effectiveness of policies.

The fourth learning objective addresses the balancing act
between disease control policies and economic factors,
illustrating the practical challenges of policy implementation.
To convey the practical consequences of implementing
quarantine policies, the game introduced economic concepts
such as GDP and a budget, underscoring the imperative to strike
a balance between epidemic control measures and economic
considerations.

By building upon these 4 learning objectives, learners will
eventually understand the concept of “flattening the curve” and
gain the knowledge and skills to effectively manage infectious
diseases.

All these learning objectives were delivered by scientifically
designed game modules. The following sections describe how
the modules were implemented in the game.
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Figure 5. Learning objectives and corresponding game elements in the game. FTC: flattening the curve; GDP: gross domestic product; ICU: intensive
care unit.

Infection Model
The modified SEIHR model implemented in the game consists
of distinct stages: Susceptible (S), Exposed (E, latent period),
Infected (I), Hospitalized (H), Recovered (R), and Dead (D)

(Figure 6). When a noninfected agent (S) contacts a symptomatic
agent (E2 or I1), they enter the latent period (E) based on
infection probability. After a certain duration, the infection
progresses to symptomatic mild stage (I1).
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Figure 6. In-game description of the modified SEIHR model. ICU: intensive care unit; SEIHR: Susceptible-Exposed-Infectious-Hospitalized-Recovered.

In the earlier exposed phase (E1), agents do not have symptoms
and are not infectious. Over time, they change to an exposed
state with infectiousness (E2). Infected individuals are
categorized into 2 groups based on the severity of symptoms.
Mild patients (I1) can infect others and eventually recover (R)
after a designated period. Some patients may advance to severe
cases (I2) based on predefined probabilities linked to disease
characteristics and age. If an ICU is available, severe patients
can be isolated (H) and recover (R); if ICU isolation is not
possible, these patients face mortality (D). The initial ICU bed
capacity is limited and treatment in the ICU takes a considerable
amount of time. Therefore, players are prompted to use their
budget to expand ICU capacity. The ages and severity rates of

agents in the game are distributed similarly to real-world
statistics based on relevant data provided by the Korea Disease
Control and Prevention Agency [51] (Table 1).

In addition, we have incorporated various infectious disease
scenarios to facilitate a natural understanding of disease
characteristics. Table 2 shows the latent and infection period,
average infection rate, and morbidity of each disease
implemented in the game. The included infectious diseases are
COVID-19 and its variants (Delta and Omicron), measles, and
the Ebola virus. This allows coverage of a spectrum of infectious
diseases, ranging from those with low mortality rates and high
infection rates to representative diseases with higher mortality
rates and slower transmission.

Table . Population distribution and severe morbidity by age group (based on COVID-19, the default scenario).

Age range (years)

≥8070‐7960‐6950‐5940‐4930‐3920‐2910‐190‐9

251318161313108Distribution,
%

54542713.43.73.71.61.61.6Morbidity,
%
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Table . Infectious disease scenarios and major characteristics.

Morbidity, %Infection rate, %Infection period (days)Latent period (days)Disease type

I1 to I2cI1 to RbS to E1a

1254‐5193‐4COVID-19

14134‐5193‐4COVID-19 (Delta vari-
ant)

3584‐5193‐4COVID-19 (Omicron
variant)

5523‐4181‐2Ebola

0172‐3173‐4Measles

aS to E1: Susceptible to Exposed (earlier, noninfectious stage).
bI1 to R: Infectious (mild case) to Recovered.
cI1 to I2: Infectious (mild case) to Infectious (critical case).

Quarantine Policy Model
Every 7 days, players can choose an appropriate quarantine
policy based on the current status of disease spread. In the game,
social distancing, travel control, and ICU expansion policies
are implemented.

Social distancing policies are implemented based on the
“containment and closure” category policies, according to the
COVID-19 government response tracker from Oxford [63].
This category includes measures such as school closures,
workplace shutdowns, cancellation of public events, restrictions
on gatherings, public transport closures, stay-at-home orders,
limitations on movement between cities or regions, and
restrictions on international travel. As simplified by participants’
feedback, the game only incorporates school closures (affecting
those under 20 years), workplace shutdowns (affecting those
between 20 and 50 years), and lockdowns (affecting all age
groups). Although social distancing policies effectively control
the spread of infectious diseases, they inevitably reduce overall
public mobility, leading to a decrease in economic activity. This
can constrain budgets for other control measures and potentially
slow vaccine development. Consequently, players must carefully
consider the long-term trade-offs when implementing social
distancing strategies.

With the travel control policy, players can build walls at the
boundaries of selected areas to prevent travel across those
boundaries. This effectively restricts people within a zone from
traveling to another zone, but it requires a weekly budget to
maintain the walls. Furthermore, the policy has been designed
to not entirely restrict travel between zones in order to
accommodate for the restrictions of the real-world travel control
policy. As a result, the effectiveness of the policy may vary
depending on the pattern of infection spread. This requires
players to carefully consider the spatial distribution of infections
and strategically implement this policy to optimize timing and
location to maximize impact.

ICU expansion permanently increases the number of available
ICU beds through budget spending. The concept of flattening
the curve is implemented through this. Players should slow the
spread of infectious diseases through quarantine measures while

continuously investing in ICUs to increase medical capacity
and reduce deaths [64]. Expanding ICU capacity is crucial but
expensive. As disease transmission stabilizes and ICU demand
declines, some additional beds may become underutilized. This
highlights the need for players to consider the long-term
cost-effectiveness of such investments.

Economic Model
Although quarantine policies prove effective in curtailing the
spread of infectious diseases, they carry the side effect of
impeding economic activities [56,57]. To enhance learners’
understanding of how quarantine policies impact a community’s
economy, we integrated a GDP-based economic module into
the game. Economic activity within the game was designed to
be correlated with the movement speed of agents, setting GDP
as the total accumulation of economic activities over a week
(ie, the sum of movement distances). The movement speed of
each agent is contingent on factors such as age group, quarantine
policies, and the prevailing infection situation. The economically
active population aged 20‐59 years moves at a faster pace than
other age groups, with mild patients experiencing a 10%
reduction in movement speed and severe patients being unable
to move until recovery.

GDP functions as an indicator gauging the overall level of local
economic activity, and players are allocated a budget each month
proportional to the GDP of the preceding 4 weeks. This budget
is essential for implementing travel control policies and
expanding ICU capacity. Users face dilemmas, pondering
whether to accept economic losses through stringent social
distancing policies to slow the spread of infection or to mitigate
economic damage through lenient social distancing policies
while securing crucial budgets for augmenting ICU capacity.

Game Development With PD
To enhance participants’ engagement and motivation when
playing the serious game, we employed PD and analyzed learner
feedback based on the DPE framework [33]. All 16 students in
the class took part in the PD process. Throughout the activities,
participants played the game, shared their experiences and
opinions, and provided recommendations, which were mostly
incorporated into the final version. Following the DPE
framework, participants’ feedback was categorized according
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to subcomponents of serious game design: learning, storytelling, gameplay, and user experience (Table 3).

Table . Participants’ key feedback and related implementation examples.

In-game implementationUser feedback by Design, Play, and Experience layers

Learning

Game parameters such as default movement
speed, maximum impact of social distancing
policies, and amount of budget were adjusted to
achieve optimal game balance.

• Users can understand the dynamics of dis-
ease spread through visual simulations.

• Learning about the differences in disease
spread patterns based on virus characteris-
tics.

• Understanding the necessity and effective-
ness of various public health policies.

• Balancing adjustments are needed (eg, en-
hancing the effectiveness of social distanc-
ing policies).

Storytelling

Implementation of various infectious diseases
beyond COVID-19.

More scenarios are desired.

Addition of a vaccine development system to
replace the scoring system.

Immersion in the narrative is hindered by the star
rating system.

Gameplay

Introduction of a 4-zone travel control system.New systems like locations and behavior patterns
are needed.

Simplification of policy user interface.There are too many elements requiring complex
intervention.

User experience

Design rework and implementation of a speed
control feature.

User interface and design improvements are
needed.

Pop-ups for budget system and implementation
of Key Facts.

Lack of guidance on how to use the game (need
for a tutorial) and need to add feedback elements
like alerts and pop-ups.

In the learning component, participants generally agreed that
the game enabled them to learn the intended learning objectives.
However, in the initial version, feedback arose regarding the
game’s balance, causing issues like uncontrollable spread of
disease or overly strong social distancing effects. To address
these problems and enhance learning, efforts were made to
balance the game, including lowering default agent movement
speed and reducing the maximum impact of social distancing
policies on movement speed.

Regarding the storytelling component, even though there was
no direct narrative or story in the game, participants immersed
themselves in the game by adopting the background narrative
of being the “public health manager.” Feedback suggested
enhancing the narrative, leading to the introduction of various
types of infectious disease scenarios that players could select
at the beginning of the game.

In addition, the initial version of the game ended when the
infectious disease was eradicated, and game results were rated
on a 10-star scale based on cumulative confirmed cases (up to
1 star), deaths (up to 4), economic activity levels (up to 3), and
remaining budget (up to 2). However, this star rating system
impeded the players’ empathy and made gameplay time too

long. Further, a fairness issue [65] arose as players prioritized
economic activity over managing deaths to gain more stars. To
solve these problems, a new clear condition (vaccine
development) was introduced. The progress of vaccine
development increases each week based on the number of
survivors without severe symptoms and the amount of GDP.
Players can expedite vaccine development by focusing on
minimizing casualties and economic damage. The final version
of the game ends when the vaccine development progress
reaches 100% or a year passes.

Regarding the gameplay components, participants mainly
proposed new features such as events in new locations,
gatherings, and activities in specific areas of the game. However,
considering the potential excessive influence of these features
on the game’s outcomes, seen as too random, we have
introduced a new social distancing policy, the travel control
system (Figure 7). In the later stages of the PD process, after
more game features had been implemented, opinions regarding
the simplification and improvement of existing features were
added. For example, players were originally able to manually
set the reduction in movement speed for each age group at each
policy stage and activate the policies. However, as players
perceived this feature to be too complex and began to
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underutilize it, we opted for a user interface (UI) enhancement,
replacing the user customization feature with a simpler on/off

mechanism for policy activation (Figure 8).

Figure 7. (A) The image illustrates the implementation of travel control measures, where red lines indicate blocked movement between zones. (B) An
in-game description of travel control measures.

Figure 8. Example changes to improve UI for the social distancing policy. (A) The earlier version UI. (B) The final version UI. UI: user interface.

In terms of the user experience component, there were
suggestions for improving the game’s UI and design, as well
as incorporating in-game feedback and tutorials. Responding
to participants’ opinions, we collaborated with design experts
to completely rework the game design (Figure 9). To prevent
monotony during repeated gameplay, a speed-up function was
added, allowing users to accelerate simulation progress by up
to 8 times. In response to feedback, budget notifications and

pop-up alerts for budget shortages were implemented.
Additionally, to assist new players in understanding and learning
the game, we introduced a Key Facts tab providing essential
information. Clicking on hint icons placed near elements
requiring explanation adds the corresponding information to
the Key Facts tab, allowing players to access explanations
whenever needed (Figure 10).
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Figure 9. Results of overall design improvements. (A) The initial version. (B) The final version of the game. GDP: gross domestic product; ICU:
intensive care unit.
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Figure 10. Overview of the Key Facts system. (A) When a player clicks a hint icon, (B) a message appears at the top, and (C) the Key Facts icon shows
the count of newly discovered hints.

Game Evaluation
To assess if the game achieved its educational goals, we
conducted surveys with the participants. The surveys measured
the game’s educational impact and its influence on participants’
motivation to learn. In the earlier stage of PD, the first survey
was conducted to measure participants’ satisfaction with the
initial version of the game. The second survey was conducted
at a later stage and focused on examining participants’ final
evaluations of the game. Table 4 shows the descriptive statistics
of the survey constructs.

Wilcoxon signed-rank tests were performed to examine the
changes in participants’ satisfaction between the 2 surveys.
Although participants reported higher satisfaction in the second
survey, the difference was not statistically significant (Z=−1.890,
P=.06).

Participants also gave an overall positive evaluation of the
game-based learning experience, with average scores of 6.19
and 6.06 for perceived learning and enjoyment, respectively.
The perceived usefulness and ease of use, variables to examine
the technical acceptance of FTC, were also evaluated positively,
with an average of 5.75 and 5.63, respectively.

Table . Descriptive statistics of survey items (N=16).

Values, mean (SD)Rating rangeConstruct

First survey

2.94 (0.574)1‐4Satisfaction

Second survey

3.25 (0.447)1‐4Satisfaction

6.19 (0.544)1‐7Perceived learning

6.06 (0.755)1‐7Enjoyment

5.75 (0.848)1‐7Usefulness

5.63 (0.717)1‐7Ease of use

Discussion

Principal Findings
Since the COVID-19 outbreak began in 2019, there has been a
proliferation of educational materials on various preventive
measures for infectious diseases. However, there remains a need
for educational resources that facilitate a fundamental
understanding of infectious diseases and quarantine policies.
This study presents the development and design process of a
quarantine policy education game (“Flattening the Curve”). The
game serves as a comprehensive educational simulation,
allowing users to learn about the characteristics of infectious
diseases, the stages of transmission, the necessity and
effectiveness of quarantine policies, and the crucial balance
between these policies and economic considerations. Ultimately,

the game aims to enhance learners’understanding of the concept
of “flattening the curve.”

The application of the SERES framework played a pivotal role
in achieving a scientifically sound and educationally effective
game [25]. Drawing insights from prior research, the scientific
and design foundations of the SERES framework were found
to be effective in developing health-related serious games
[17,66]. Building on these foundations, this study effectively
developed various learning components within the game, such
as the infection model, social distancing model, and economic
model.

This study shows that both the SERES framework and the PD
process can be used simultaneously and interactively during the
serious game development process. The effectiveness of
education in an e-learning environment is highly dependent on
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the learner’s motivation to learn [67], and an appropriate PD
process during serious game development can lead to higher
user satisfaction, which is essential for learner motivation
[26,68]. The PD process was incorporated into the development
of FTC to enhance the overall quality of the game and ensure
learner engagement [69]. Participant feedback, categorized into
the domains of learning, storytelling, gameplay, and user
experience based on the DPE framework, guided the game’s
improvement and detailed development direction [33].

As the survey results showed, the final game received positive
evaluations from participants. The PD activities made the serious
game more enjoyable and satisfactory and contributed to the
enhancement of the game’s richness and user enjoyment.

Limitations and Further Research
Despite our efforts to increase the game’s appeal to younger
learners through design modifications guided by feedback from
the PD process, this study has several limitations regarding its
participants and evaluations. A comprehensive analysis of the
game’s learning effects was not conducted. Although validating
the effectiveness of educational games is crucial, this study did
not measure quantifiable learning outcomes, such as changes
in knowledge or attitudes. Due to the nature of the PD process,
participants engaged in continuous gameplay and provided
feedback throughout a semester, posing challenges in evaluating
the knowledge acquisition effects solely through gameplay.
Consequently, the current evaluation primarily focused on
qualitative assessments of learners’ perceptions of the learning
content.

Future research should target learners across various age groups,
including children and adolescents. Measuring changes in
knowledge related to infectious diseases and shifts in attitudes
toward quarantine policies before and after gameplay can offer
a more comprehensive evaluation of the learning effects of the
FTC game. Additionally, we propose to evaluate the game with

various game mechanics, such as difficulty and enjoyment.
Investigating the relationship between game evaluations and
learning effects will be instrumental in gaining a deeper
understanding of the game’s impact on learners.

Although not specifically addressed in this study, we have
experimentally developed various multiplayer modes to respond
to participant feedback and assessed their impact on learner
engagement. Consistent with prior research [70], participants
found the game more engaging in multiplayer mode than in
single-player mode. Subsequent research could delve into how
multiplayer mode can make serious games better, highlighting
the effects of different gameplay modes on learning outcomes
and immersion. This underscores the importance of sustained
research and development efforts in the serious game domain,
particularly those focused on enhancing learning experiences
through innovative gameplay features.

Conclusions
“Flattening the Curve,” a serious game designed to promote
understanding of epidemic models and quarantine policies, was
successfully developed by applying the SERES framework and
the PD process.

The developed game is now publicly accessible online, allowing
anyone to play [71]. The game is not only designed to educate
about COVID-19–related quarantine policies but also serves
broader educational purposes related to various types of
infectious diseases. The game’s source code is accessible to
everyone, facilitating diverse educational applications and
modifications to serve various research and educational
objectives. The source code for the game is provided in a GitHub
repository [72]. Resources are available under the license
mentioned in the provided link. The authors welcome requests
for additional information regarding the material presented in
this paper.
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E2: Exposed (contagious)
FTC: Flattening the Curve
GDP: gross domestic product
H: Hospitalized
I1: Infected, mild
I2: Infected, severe
ICU: intensive care unit
M: Mild
PD: participatory design
R: Recovered
S: Susceptible
SEIHR: Susceptible-Exposed-Infectious-Hospitalized-Recovered
SEIR: Susceptible-Exposed-Infectious-Recovered
SEMCR: Susceptible-Exposed-Mild-Critical-Recovered
SIR: Susceptible-Infectious-Recovered
UI: user interface
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Abstract

Background: Medical nonadherence is a significant problem associated with worse clinical outcomes, higher downstream
rehospitalization rates, and a higher use of resources. To improve medication adherence, it is vital for researchers and practitioners
to have a solid theoretical understanding of what interventions are likely to work. To achieve this understanding, we propose that
researchers should focus on creating small-scale laboratory analogs to the larger real-world setting and determine what interventions,
such as nudges or incentives, work to change behavior in the laboratory. To do this, we took inspiration from the literature on
serious games and gamification and experimental economics. We call our approach “gamified behavioral simulation.” In this
paper, we modeled everyday life as the state of being engaged in a simple but addictive game, illness as being interruptions to
the functionality of that game, treatment as being a series of actions that can be taken to prevent or mitigate those interruptions,
and adherence as sticking to a prescribed rule for the application of those actions.

Objective: This study carries out a behavioral diagnosis of the medication adherence problem through a theoretically informed
framework and then develops the gamified behavioral modeling approach to simulate medication nonadherence.

Methods: A laboratory experiment was conducted using a modified popular and addictive open-source video game called
“2048,” which created an abstract model for the medication adherence behavior observed in real life. In total, 509 participants
were assigned to the control and 4 intervention groups (“incentive” group, “reminder” group, “commitment device” group, and
“elongated duration for symptoms” group).

Results: The results of the modeling experiment showed that having theoretically informed interventions can increase the
likelihood for them to be successful. In particular, there is evidence that the use of reminders improves the medication adherence
rates for patients, and the same result was found in the modeling experiment, as they improved adherence significantly by 23%
(95% CI −33.97% to −11.72%; P<.001). However, providing an incentive did not improve the adherence rate. We also tested
the use of commitment devices, which, in line with real-world evidence, did not improve adherence rates. The fourth treatment
tested elongated duration for symptoms, which attempted to show the power of modeling experiments where we test a what-if
scenario that is extremely difficult to test in a real setting. The results indicated that if symptoms last longer, people did not adhere
more to their medication regimen.

Conclusions: Gamified behavioral simulation is a useful tool to explain real health behaviors and help in identifying which
interventions are most likely to work in a randomized trial.

(JMIR Serious Games 2024;12:e47141)   doi:10.2196/47141

KEYWORDS

behavior change; experimental modeling; gamification; medication adherence; antibiotics; games; medication; testing behavior;
clinical outcome; simulate; diagnosis; devices; symptoms; tool

Introduction

Overview
Medication adherence is the extent to which the patient’s
behavior matches the agreed recommendations from the
prescriber. There is consistent evidence that regardless of what

is being treated, nonadherence is associated with worse clinical
outcomes and higher downstream rehospitalization rates [1].
Yet, several reviews have found that medication adherence
among patients is low, especially in low-income countries [1-3].
In the United States, for example, 51% of patients with
hypertension adhere to their medication, but the corresponding
numbers in Gambia, Seychelles, and China are 27%, 26%, and
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43%, respectively [4-8]. Even in the developed world,
medication nonadherence is expensive. The annual cost to the
UK government has been estimated at £150 million
(approximately US $270 million in 2005); for the United States,
this figure is over US $1 billion [3].

The cause of medication nonadherence varies among patients
and can be categorized as intentional or unintentional [9].
Intentional nonadherence involves patients who decide
consciously not to take medication as instructed, based on
perceptions, feelings, or beliefs [10]. Unintentional
nonadherence occurs when the patient wants to take their
medication as instructed but fails to do so. The most common
factors associated with nonadherence include forgetfulness
(50%), having other medications to take (20%), and being
symptom-free (20%) [11]. To the extent that nonadherence is
unintentional, patients are likely to welcome any nudge that
helps them adhere to their doctor’s recommendations.

New and innovative strategies are essential to successfully
improve patient adherence to treatment. One potentially effective
strategy for understanding patient medication adherence is the
use of serious games and gamification [12] or the introduction
of gaming elements into the medication experience. Games
motivate users into engaging in an activity with a higher
intensity and duration [13]. Game elements are activities,
behaviors, and mechanisms designers incorporate into a specific
context to create a gameful experience [13]. Introducing gaming
elements into a nongaming context has the potential to transform
routine tasks into more enjoyable and motivating experiences
[14]. The aim of this study is to conduct a behavioral diagnosis
of medication adherence issues using a theoretically informed
framework and then to design, implement, and assess a
game-based setting for simulating nonadherence behavior.

A range of studies have explored the use of games and
technology (mainly via mobile health apps) to understand and
improve treatment adherence. Tran et al [15] found that these
features can lead to improved or sustained medication adherence
but noted significant heterogeneity in patient populations and
methodologies. de Vette et al [16] highlighted the potential of
games to engage older people in telemedicine, while Brown et
al [17] called for further research to understand the impact of
game features on program adherence in web-based interventions
for mental health. These studies collectively underscore the
potential of games and incentives in improving medication
adherence.

This paper takes inspiration from the literature on serious games
and gamification and experimental economics. We call our
approach “gamified behavioral simulation.” We model everyday
life as the state of being engaged in a simple but addictive game,
illness as being interruptions to the functionality of that game,
treatment as being a series of actions that can be taken to prevent
or mitigate those interruptions, and adherence as sticking to a
prescribed rule for the application of those actions. As far as
we are aware, no previous research has addressed whether
serious games can be used to model (simulate) medication
adherence behavior and test the effectiveness of interventions
to improve such adherence. This is a crucial gap in the literature
that our study addresses.

Background
Existing literature indicates that interventions to improve
medication adherence have had mixed results [3,8]. The Medical
Research Council proposes that the development of a behavior
change intervention should follow the same cycle as drug
development: (1) a theory behind the design of behavioral
intervention; (2) followed by modeling of the problem or
behavior; and (3) finally, a randomized controlled trial (RCT)
and implementation of the intervention [18].

Interventions developed to bring about behavior change often
offer limited practical value, as they lack a theoretical basis for
their selection and development [19]. The Medical Research
Council proposes that an important early task for a researcher
is to develop a theoretical understanding of the underlying
process and constructs that might bring about behavior change.
This helps in clearly understanding how successful interventions
have had their effect, that is, which behavior change processes
can be attributed to the observed change. A theoretical
underpinning further allows the researcher to argue for the
selection of a particular intervention [18].

The Medical Research Council proposed that this “theory” stage
should be followed by a “modeling” stage, which can be
considered as the equivalent to “testing with mice” in the drug
development cycle. Modeling allows the researcher to
investigate and identify the exact mechanisms that are bringing
about the behavior change. It makes possible the study of
isolated effects of different interventions. Modeling thus allows
the researcher to make complex phenomena manageable and
create knowledge about the underlying mechanisms of behavior
change that might be quite difficult to uncover otherwise [18].
It is only once a clear understanding of what works has been
achieved through the modeling stage that an RCT should be
carried out to empirically test the intervention.

In this study, we focus on the “modeling” stage for developing
behavior change interventions to increase patient’s adherence
to antibiotic medication. It is common in behavioral science
and economics to model real-life behaviors in a laboratory
setting in an attempt to control and make tractable the
phenomenon that the researcher is interested in investigating.
However, introducing this modeling approach in the
development of complex interventions is not commonly found
in the health behavior change literature [19]. We argue that
using gamified behavioral simulation to first model treatment
behavior can provide important information about the choice
and design of the behavior change intervention to be tested in
an RCT in a short time with a low cost.

Our experimental model for the nonadherent behavior in patients
taking antibiotics was inspired by the conceptual approach
developed by Kessler and Roth [20]. They used an abstract
experimental interaction to model the effectiveness of the
priority rule in increasing the registration of organ donors. An
organ allocation policy that prioritizes registered donors on
waiting lists was found to significantly boost donor registration.
Their setting did not involve actual organ donation decisions
and neither did they use any organ donation terminology during
the experiment. However, they imposed real (monetary) costs
to correspond to the analogous costs associated with decisions
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to donate or receive an organ. Their results showed that the
priority rule condition had a significant positive impact on their
laboratory-based “organ donation–like” decisions, and they
used this to make a strong case in their paper to introduce the
priority rule in the organ donation policy present in the United
States. Subsequent work in the field indeed suggested that this
laboratory method, designed without making any direct
reference to organ donation, predicted organ donation attitudes
and preferences [21] and even became the basis for policy
decisions in at least 1 country [22].

We adopted a similar approach. The aim of this study was to
develop an abstract experimental task that can capture the key
elements of a real-world setting and thus simulate the
nonadherence behavior of the patients taking antibiotic
medication. At the heart of the task was a “game,” which
enabled us to make the experiment engaging and to incentivize
behavior. This simulation served as a platform to test multiple
interventions to positively increase the target behavior.

Our research question addresses a significant challenge in
gamification technology: whether gamified behavioral modeling
is a useful tool to explain real health behaviors and help in
identifying which interventions are most likely to work in the
real-world [23,24]. This challenge stems from the need to
validate that behaviors observed within a gamified environment
accurately reflect those in real-world settings. Additionally, it
ensures that the motivational elements used in serious games
are effective in driving the desired health behaviors and can be
predictive of the outcomes of interventions in randomized trials.
Addressing this challenge is crucial for the advancement of
gamified applications in health-related fields, where the ultimate
goal is to positively influence health outcomes and behaviors.

To address this question, we examined a range of
interventions—those that have yielded both successful and
unsuccessful outcomes in real-world trials—and assessed
whether our gamified behavioral simulation can mirror these
varied patterns of results. Therefore, our hypothesis was that
our gamified behavioral simulation can accurately replicate
these results, which implies that it would be a useful tool for
predicting the success of interventions in the field.

Note that this approach differs from traditional methods to
develop and test medication adherence interventions, which
usually involve understanding barriers to action (adherence)
and designing field trials to test interventions that address those
behavior change challenges [25-27]. These interventions include
patient education, medication regimen management, clinical
pharmacist consultation, cognitive behavioral therapies,
incentives, and various technology-based intervention and
measurement components such as medication-taking reminders,
support messages, and adherence measurement methods (eg,
electronic drug monitors [pill bottles], sensor systems, and
proximity sensing) [26]. Such field trials are costly and often
cannot test every possible intervention strategy. Thus, evaluating
our gaming methodology is essential, as it allows us to explore
certain hypotheses about medication adherence within a
controlled laboratory environment, where actual medication
decisions are not involved. While not all aspects of medication
adherence can be abstracted for study, there are critical elements

of the adherence decision process that cannot be consistently
manipulated in real-world settings, yet are amenable to
manipulation in a laboratory setting (such as, different incentive
schemes or elongated duration for symptoms).

Methods

Experiment Design
The laboratory experiments were conducted in December 2015
by Gallup Pakistan at 2 laboratories in Islamabad and Karachi.
The laboratory experiments involved using a (then) popular and
addictive open-source video game called “2048.” The game’s
aim is to move numbered tiles in such a way that the total adds
up to 2048 (Figure S1 in Multimedia Appendix 1).

The original 2048 game was modified to create an abstract
model for the medication adherence behavior observed in real
life. The game is the analog of “everyday life.”

Participant Recruitment
The sample (N=509; n=305, 60% male and n=204, 40% female)
was recruited through Gallup Pakistan. They were screened on
the basis of whether they were able to browse on the internet,
as the laboratory experiments requested to play a computer
game (each of the control and treatment groups had the same
representative proportions). Gallup Pakistan provided transport
facilities to any participants who requested it. This was
especially the case with female participants, as it was quite
difficult to recruit them otherwise. If necessary, the timing of
running the experiment was adjusted to accommodate
participants after office hours. All participants provided written
informed consent.

Procedure
The participants were asked to open the original 2048 game tab
and practice for 10 minutes. At the end of the practice round,
each participant was asked to close the original 2048 game tab
and was directed to open an instruction video tab. The
instructional video in Urdu (the national language of Pakistan)
was made following a number of pilot tests (Multimedia
Appendix 1) and extensive feedback from participants. It was
recorded using CamStudio (Rendersoft Development). The
instructional video explained in detail how to begin playing the
experimental game and gave a demo of the experimental game.
Three videos were made. The video for the control group was
also used for the “commitment device” treatment condition and
the “elongated duration for symptoms” treatment condition.
The content of the “incentive” and “reminder” videos were the
same except for some condition-specific information. Once the
participants were finished watching the instructional video, they
were asked to begin the experimental game.

The total duration of the game part of the experiment was 14
minutes and 30 seconds, and the participants were instructed to
enter the code every minute or 14 times in total. The 14 code
entries simulated a typical 7-day antibiotic medication course
where patients are prescribed to take the pill twice a day with
roughly 12-hour intervals. However, the inclusion of the initial
practice rounds, the instruction video, and the payment process
brought the whole task to 30 minutes on average.
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Control Condition
When participants started the game, after the instructional video,
the screen was blurred, making it very difficult for them to play
the game. This blurriness simulated the onset of illness. To
simulate the use of medication, participants were provided with
a code, which they were required to enter every minute to clear
the screen. The screen became clearer each time the code was
entered. However, halfway through the game, the screen
remained clear even though the participants were still expected
to enter the code. If the code was not entered, however, there
was a chance of “relapse,” and the screen became blurry again.

As an analog to the pill pack, a pill counter was displayed on
the left of the screen, showing how many times the code had
been entered and how many times remained. Participants
received a total of 14 opportunities to enter the code correctly,
1 every minute. If participants failed to adhere to this regimen,
then, after the 14 opportunities, their codes become ineffective.
This corresponded to the cost of forgetting to take one’s
medication. On the top left corner of the screen, a timer was
displayed with the time elapsed since the start of the game. The
timer was there to assist the participants in keeping track of
time.

The show-up fee was Rs 80 (£0.50, approximately US $0.77 in
2015), and it was already included in the earnings; participants
started the game with a score of 0 and earnings of Rs 80 (£0.50,
approximately US $0.77 in 2015). Participants were rewarded
on how well they scored in the 2048 game. The maximum
money that participants could earn was Rs 500 (approximately
£3 or US $4.59 in 2015). The final score and earning of the
participant showed up on the screen along with their participant
number, which served as an ID.

Participants were allowed to play the game as many times as
possible during the duration of the experiment (which was 14
minutes 30 seconds). Once a player had no moves left on the
board, a message box popped up on the screen giving the
participant an option to restart the game (Multimedia Appendix
1).

To examine whether gamified behavioral modeling is a useful
tool to explain real health behaviors and predict which
interventions are most likely to work, we examined a range of
interventions that have yielded both successful and unsuccessful
outcomes in real-world trials, aiming to improve antibiotic
medication adherence.

Treatment Condition 1: Incentive
For the “incentive” treatment condition, the design and
mechanics of the experiment were exactly the same as the
control experiment except that participants were given an
incentive of Rs 5 (£0.02, approximately US $0.03 in 2015)
every time they entered the correct code on time. This was an
extra bonus on top of their usual earnings in the game, and the
increment would show up in the earnings box on the top left
corner of the screen. In addition, when participants entered the
code correctly and on time, a message would flash on the screen
informing them that they earned a bonus of Rs 5 (£0.02,
approximately US $0.03 in 2015).

The instructional video before the “incentive” version of the
game explicitly mentioned the Rs 5 (£0.02, approximately US
$0.03 in 2015) bonus that they would earn upon entering the
code correctly on time. The video also showed one such instance
where the code was entered correctly on time and the earnings
increased by Rs 5 (£0.02, approximately US $0.03 in 2015).

Treatment Condition 2: Reminder
For the “reminder” treatment condition, the design and
mechanics of the experiment were exactly the same as the
control experiment except that a message box would pop up on
the screen when it was time to enter the code. The message box
informed the participant that it was time to enter the code. This
message box would appear in the middle of the board and stay
for a few seconds before disappearing.

The instructional video for the “reminder” version of the game
explicitly mentioned that a reminder message would show up
when it would be time to enter the code. The video also showed
one such instance where it was time to enter the code and the
message box popped up on the screen.

Treatment Condition 3: Commitment Device
For the “commitment device” treatment condition, the design
and mechanics of the experiment were identical to the control
experiment except that at the start of the experiment, participants
were asked to sign a sticker stating that they committed to
entering the code as prescribed. The sticker was then pasted on
the laptop they were using to play the experimental game.
Participants watched the same instruction video as in the
“control” condition.

Treatment Condition 4: Elongated Duration for
Symptoms
An additional treatment condition was introduced in which
symptoms took twice as long to disappear compared to the
control condition. For the “elongated duration for symptoms”
treatment condition, the rest of the design and mechanics of the
experiment were exactly the same as the control experiment.
Participants watched the same instruction video as in the
“control” condition.

Ethical Considerations
The study was approved by the University of Warwick’s ethics
committee (ethical application reference 100/15‐16). All
procedures were conducted in accordance with the relevant
guidelines and regulations. Strict ethical and legal standards
were upheld, ensuring that all personal information was securely
stored, treated confidentially, and anonymized. Informed consent
was obtained from all participants, permitting the use and
publication of their data in this research. Participants received
a show-up fee of Rs 80 (approximately US $0.77 in 2015) and
had the opportunity to earn up to Rs 500 (approximately £3 or
US $4.59 in 2015) based on their performance in the game.
Participation in the study was entirely voluntary, and participants
retained the right to withdraw at any time without any obligation
for further contact from the study staff after withdrawal.

JMIR Serious Games 2024 | vol. 12 | e47141 | p.59https://games.jmir.org/2024/1/e47141
(page number not for citation purposes)

Taj et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

We report results from 509 participants who participated in our
laboratory experiment (Figure 1). There were 104 participants
in the control group, 106 in the “incentive” group, 97 in the
“reminder” group, 102 in the “commitment device” group, and
100 in the “elongated duration for symptoms” group.

Planned comparisons (ANOVA) were carried out to determine
significant changes in adherence rates between the control group
and treatment groups using the Bonferroni corrections post hoc
test. The results showed that the adherence rate differed among

the conditions (F4,504=10.63; P<.001; n2
p=0.078). The adherence

rate in the control group was 44% (mean 44.16%, SD 27.45%),
and similar adherence rates were seen in the “incentive” group
(mean 52.02%, SD 29.41%), the “commitment device” group
(mean 45.17%, SD 26.50%), and the “elongated duration for
symptoms” group (mean 53.57%, SD 29.05%). In particular,
the commitment device did not bring any change in the
adherence rate compared to the control group (1%, 95% CI
−11.99% to 9.98%). In the “incentive” as well as in the
“elongated duration for symptoms” treatment group, the
adherence rate improved by 8% (95% CI −18.74% to 3.02%)
and 10% (95% CI −20.45% to 1.63%), respectively; however,
the results were insignificant (P=.42 and P=.17, respectively).
On the contrary, reminders had a different adherence rate (mean
67.01%, SD 27.17%) compared to the control group, as they
improved adherence significantly by 23% (95% CI −33.97%
to −11.72%; P<.001). The finding here suggests that simply
reminding people to take their antibiotic medication can improve
medication adherence significantly (Table 1).

Regarding the code entries, 63% (n=4489) were correct and on
time across all conditions, while 21% (n=1497), although
correct, were entered at the wrong time. This seems like a fairly
reasonable result, as it was expected that some patients might
take their pill at the wrong time. Only 7% (n=499) of the code
entries consisted of wrong codes, which translated to a few
patients taking the wrong pill. This result can be justified as
patients who are on complex medication regimens (such as, for
tuberculosis) do sometimes take the wrong pill.

The experiment included a consequence for nonadherence in
the form of the screen relapsing to being blurry. To recall, once
the participants’ screen was cleared, if they failed to enter the
code, there was a 2% chance of “relapse” or the screen becoming
blurry by 25%. The probability of “relapse” doubled each time
the code was not entered. There were 73 participants in total
who experienced relapse (each of these participants only
experienced relapse once).

Our expectation was that once a participant had experienced
relapse, they would be more adherent, but it seems that except
for the incentive condition, adherence rates dropped after
relapse. However, there may be an explanation for this result.
Table 2 shows the round when relapse occurred for different
participants. It can be seen that for more than half of the
participants, relapse occurred when they only had 1, 2, or 3 code
entries left. Since they knew that the game would end soon,
they might have decided to forego entering the code and instead
focus on the 2048 game. Since most participants experienced
relapse very close to the end of the experiment, drawing
meaningful insight into the relationship between relapse and
adherence rate might not be appropriate.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram.

Table . Adherence rate of the control group and the intervention groups.

Adherence rate (%)Sample size, n (%)Group

44104 (20)Control group

52106 (21)Incentive group

6797 (19)Reminder group

45102 (20)Commitment device group

54100 (20)Elongated duration for symptoms group
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Table . Adherence rates across the 5 conditions in the experiment.

Adherence rates (%)Round when relapsed

4.17

5.58

4.19

19.210

8.211

16.412

21.913

20.514

Discussion

Overview
We intended to carry out a behavioral diagnosis of the
medication adherence problem through a theoretically informed
framework and then develop a model to simulate the
nonadherence behavior. This constitutes the second stage of the
theory-modeling-RCT cycle for developing behavior change
interventions. The results of the modeling experiment showed
that having theoretically informed interventions increased the
likelihood for them to be successful. Furthermore, modeling
can also help in identifying which interventions are most likely
to work in the RCT.

It is worth discussing how good the 2048 experiment has been
in modeling the nonadherence behavior. The modeling
experiment seemed to have generated the same patterns that are
expressed by patients such as forgetting to take the pill or
adhering less to the regimen once the symptoms disappear. The
results of the modeling experiment reflect this behavior of
patients quite closely among the participants as well. The
adherence rate found among the control group of the game
experiment was 44%, which is quite similar to the adherence
rate found among patients. While this statistic alone does not
fully confirm the effectiveness of the gamification model, it is
important to note that if the control group’s adherence rate had
been either very low or very high, it would have indicated that
the 2048 experiment was not accurately modeling nonadherence
behavior. Among the treatment conditions that were tested, it
seems that reminders are only effective in increasing adherence
rates.

Comparison to Prior Work
The results of the modeling experiment showed that providing
incentives did not improve the adherence rate. Providing
incentives was chosen as one of the treatment conditions because
there is a lack of reinforcement for patients to continue adhering
to their antibiotic medication once the symptoms disappeared
[28]. However, Klein [29] maintains that rewarding behavior
with money may have the undesirable effect of devaluing the
intrinsic benefits of adherence, creating an even higher barrier
to long-term adherence. Ideally, incentives should provide
frequent, small (but tangible) rewards [30-32].

The results of the modeling experiment showed that providing
reminders improves the adherence rate. There is evidence that
the use of reminders improves the medication adherence rates
for patients [33,34] because forgetting is the most prominent
reason for nonadherence [28]. Using SMS text messaging for
medication reminders appears to have a significant positive
effect on medication adherence in other clinical areas such as,
for example, mental health [35,36], with enduring effects [34].
The effectiveness of interventions using electronic reminders
to improve adherence to antibiotics has not been tested in the
field for real, so our experiment provides a promising indication
that such an intervention is very likely to be effective.

While the use of reminders increased the adherence rate in the
modeling experiments, we wanted to turn the tables and model
an intervention that was yet to be carried out in a real-world
setting. This motivated our selection of the use of commitment
devices as one of the treatment groups in the modeling
experiment. Commitment devices have been used in various
contexts, such as smoking cessation, weight loss, exercise, and
savings. Some studies have also explored the use of commitment
devices for medication adherence among patients with chronic
conditions, such as HIV, diabetes, or hypertension [28]. The
results have been mixed, but some evidence suggests that
commitment devices can improve medication adherence and
health outcomes, especially when combined with other
strategies, such as reminders, education, and incentives.
Therefore, we aimed to test this strategy in our setting. We used
the same protocol that was followed by the Department of
Health and Boots UK in their RCT, and the results showed that
the commitment sticker did not improve the adherence rates of
the participants in the modeling experiment. Interestingly, a
few months later, when the results of the RCT came out, it was
found that the commitment sticker did not bring about any
improvement in the adherence rates among patients as well.
From the results obtained in the modeling experiment and their
comparison with real-world analogs, it seems that the modeling
experiment was able to simulate the nonadherence behavior of
the patients.

The last treatment group of “elongated duration for symptoms”
really shows the power of modeling experiments where we test
a what-if scenario, which is extremely difficult to test in an RCT
setting. The results from the experiment provide a proof of
concept that if symptoms last longer people adhere more to their
medication regimen. An interesting idea that comes to mind is
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that maybe the pills can be made in such a way that they keep
the patients feeling sick until the last day of their treatment.
Interestingly, a behavioral consultancy in India is testing a
similar intervention. They are working on the issue of
nonadherence to tuberculosis medication (which is an antibiotic
medication but for a 6-month period) and have come across the
same issue that patients stop taking their pills once the symptoms
disappear. Rather than making people keep feeling sick (which
is an extreme interpretation of the modeling experiment finding),
they introduced an intervention to make patients realize that
they are still sick even though the symptoms are gone.

In this study, we did not aim to identify which intervention or
combination of interventions can be most effective in increasing
medication adherence but rather to develop a model that can
provide a platform to test various interventions and select the
most effective ones to be included in an RCT. It is quite possible
that an intervention is successful in an RCT but not acceptable
by the target group. We would suggest that once we know from
the modeling experiment which interventions show promise,
we should carry out a reality check with the target group and
understand how accepting they would be if that intervention
was rolled out. In a recent study, researchers conducted an RCT
to assess the value of SMS text message reminders as a means
to improve medication adherence in patients receiving treatment
for the prevention of cardiovascular disease [37]. They found
that reminders improved adherence rate by 16%, but the
interesting point to note is that for this study they contacted
7004 patients and only 303 agreed to receive text reminders.
Although the study showed that reminders significantly
improved adherence rates of the patients, the participant numbers
also hint that many patients might not be interested in this
service if it were to be rolled out. Hence, it is important to think
about the acceptability of an intervention at the time of selecting
interventions that are carried forward from the modeling stage
to the RCT stage.

Limitations
The participants were screened on the basis of whether they
were able to browse on the internet, as the laboratory
experiments involved playing a computer game, which could
be considered as a limitation. A significant proportion of the
Pakistani population does not know how to use a computer,
which restricted us to recruiting a representative sample of the
computer-literate Pakistani population rather than a
representative sample of the whole Pakistani population.
Additionally, one argument that can be made against this
modeling experiment is that participants might have adopted a
strategy, whereby they enter the code to clear the screen, and
once the screen is cleared, they cease to enter the code and

maximize the time being spent to play the game, thereby
maximize their earning in the experiment. However, this cannot
be imagined to be a dominant strategy in the real-world setting,
as patients do pay heed to the advice given by their doctors and
have a high degree of trust and confidence in their doctors.

Conclusions
For this study, we set up the first behavioral science laboratory
in Pakistan. We were keen on having the general public as our
participants, and we knew that none of them would ever have
participated in an experiment before, making them more
receptive to the task. Using a game in the experiment proved
to be a very important factor in attracting participants and greatly
improved their engagement. As we said earlier, many
participants requested to play the game again because they
enjoyed it. We believe that more attention should be paid by
researchers on how to keep the participants engaged when
designing an experiment.

Our investigation answered our research question: whether
gamified behavioral modeling is a useful tool to explain real
health behaviors and help in identifying which interventions
are most likely to work in a randomized trial. We examined a
range of interventions that have been tested in real-world
settings, and we discovered that our gamified behavioral
simulation can model these varied patterns of results. We
confirmed our hypothesis that the gamified behavioral
simulation can replicate such results, which implies it would
be a useful tool for predicting the success of interventions in
the field.

Developing behavior change interventions is a complex process
and thus requires a systematic way to approach the problem.
The process should start from developing a theoretical
understanding of the behavior at hand, followed by modeling
the behavior to identify the exact mechanisms that might bring
about the desired behavior change. Once the most suitable
interventions are identified in the modeling stage, then an RCT
should be carried out to test the intervention in a real-world
setting. In this study, we have showed how this process can be
followed in relation to the problem of nonadherence to antibiotic
medication. Care must always be taken in extrapolating results
from the laboratory to the real world, and caution is particularly
called for when the laboratory model abstracts away from some
important features such as the feelings of the patients or the
environment in which patients are making their decisions.
However, generating a hypothesis through simple modeling
experiments can help us in developing the most effective
interventions that can then be tested in the real-world setting
(through RCTs).
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Abstract

Background: Children who are going to undergo radiotherapy have displayed fear and anxiety. Therefore, a web-based serious
game was developed as a psychological preparation to investigate if it could affect anxiety levels. In an earlier stage, children
with experience of radiotherapy had been part of the developmental process.

Objective: The study aimed to investigate the feasibility in terms of reach, usability, and acceptability of a serious game about
proton radiotherapy and to pilot that it did not increase anxiety levels in children aged 5 to 14 years undergoing radiotherapy.

Methods: The design was a randomized controlled pilot trial with predefined feasibility criteria. In total, 28 children were
assessed for eligibility, and 23 met the inclusion criteria. They were consecutively randomized into 1 of 2 study arms. One child
was excluded after randomization. If randomized into arm 1, the children received the intervention before treatment started.
Children in arm 2 were treated as controls. Questionnaires with fixed answers were used to assess anxiety levels (an adapted
version of the State-Trait Anxiety Inventory for Children) and experiences of gameplay (an adapted version of Player Experience
of Need Satisfaction [PENS]). The children were asked to answer questionnaires at 5 different measurement occasions during
their radiotherapy treatment.

Results: In arm 1, age ranged from 5 to 13 (mean 8.4, SD 2.4) years. In arm 2, age ranged from 5 to 11 (mean 7.6, SD 2.3)
years. The sample consisted of 15 girls and 7 boys. The feasibility criterion that the children should play the game for 20 minutes
or more was not met. Mean playtime for children in arm 1 was 32.1 (SD 23.8) minutes, where 18 children had played for at least
15 minutes. The criterion that 70% (n=16) or more of the participants should return all of the questionnaires was not met; however,
more than 73% (n=16) returned the PENS questionnaires. The State-Trait Anxiety Inventory for Children was returned by 73%
(n=16) on day 0, 77% (n=17) on day 1, 82% (n=18) on day 3, 82% (n=18) on day 6, and 86% (n=19) on day 15.

Conclusions: All feasibility criteria set for the study were not met, suggesting that adaptions need to be made if a future study
is to be undertaken. Further, the analysis revealed that there was no indication that playing increased the children’s self-reported
anxiety. The PENS questionnaire adapted for children showed promising results regarding player satisfaction when using the
serious game. When studying children with severe conditions and young age, 5 measurement occasions seemed to be too many.
Measuring both player satisfaction or experience and knowledge transfer would be preferable in future studies.

Trial Registration: ClinicalTrials.gov NCT04728555; https://clinicaltrials.gov/study/NCT04728555

(JMIR Serious Games 2024;12:e54082)   doi:10.2196/54082
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anxiety; feasibility; acceptability; pediatric oncology; psychological preparation; proton radiotherapy; serious game; games;
cancer
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Introduction

Background
Children with cancer are subjected to medical procedures that
are both tiresome and painful [1]. Some children need to undergo
radiotherapy. The treatment does not hurt but can be perceived
as frightening [2]. Radiotherapy is usually given over a longer
period of up to 6 weeks [3]. When radiotherapy is performed,
the children are left alone in the enormous treatment room [4].
Since the children need to be completely still during the
procedure, they are also fixated to stay immobilized [4,5]. When
radiotherapy is targeted at the head, a mask is made and firmly
fixated to the table [6]. The experience has been described as
stressful and invoking anxiety and fear in both the children
undergoing radiotherapy and their parents [7,8]. Several of the
children are sedated, especially preschool children [2] because
of the anxiety the procedure induces in the children [9].
Informing and preparing children who are going to undergo
radiotherapy in order to decrease sedation or anesthesia
(hereafter mentioned as sedation) or anxiety levels have been
studied, and the effects have been minor [10,11]. However, with
extensive psychological preparation, a decrease in the number
of sedations was reported by Clerici et al [12]. An increased
proportion of proton beam therapy is given as the preferred
irradiation type, as it lessens short- and long-term toxicities and
improves the quality of life outcomes for the children [13]. To
receive proton therapy, the family often needs to go to a clinic
far away from their home since only a few clinics provide such
treatment [14,15]. In Sweden, where the study was executed,
there is one national clinic providing proton beam therapy.
Leaving their familiar surroundings can lead to further stress
[16] on top of the pain and distress already caused by other
cancer-related procedures the child has to endure [17]. It can
therefore be argued that it is necessary to prepare the children
by informing them about what radiotherapy is, what they can
expect from the treatment that they are going to receive, and
introducing them to the environment of the clinic so that they
can feel that they are as much in control of the situation as
possible [18].

In school, educational games have been proven to affect
children’s learning [19]. Games can be enjoyable, create
engagement, and induce behavior changes [20]. Using digital
tools and games to prepare children before procedures and
having them take part in the development process are becoming
more common [21-23]. Children with cancer have suggested
that information should be given to elevate understanding about
a specific treatment, which also encourages their ability to cope
with the procedure [24]. Knowledge about the procedure
increased, and the level of anxiety decreased with a digital tool
when tested on children who were to undergo planned hospital
procedures [25]. Several games have been developed with the

intent to increase knowledge about the disease and treatment
for children with cancer [26]. To decrease anxiety, a serious
game about proton radiotherapy was developed together with
children to function as interactive information before the
procedure [23]. However, how well the game functions needs
to be evaluated. Therefore, as psychological preparation before
radiotherapy, a serious game as a supplement to preparation
already in place at a proton clinic was evaluated for acceptability
and impact.

Aim
The aim of the study is to investigate the feasibility in terms of
reach, usability, and acceptability of a serious game about
radiotherapy and to pilot that it does not increase self-reported
anxiety in children aged 5 to 14 years undergoing radiotherapy.

Methods

Study Design
The study was designed as a feasibility and randomized
controlled pilot study. The study provided an intervention using
a prospective, waiting list control design.

Serious Game
For the intervention, children who would be undergoing
radiotherapy played a web-based serious game on their tablet
or computer to familiarize themselves with the radiotherapy
treatment. The parents received a link to the game via email so
that the children could access the game whenever they wanted.
They used their own devices to play the game; however, they
could also use the computers at the hotel they stayed at in
conjunction with the treatment. No game controller was used,
instead, the game was played with the computer’s mouse or by
touching the tablet’s touchscreen. The game was designed as a
doll house experience [27] where the children played an avatar
that was in a proton radiotherapy clinic. In the game, a map was
used that the child could click on to access different rooms in
the clinic to explore them independently. The rooms contained
information about the procedure of radiotherapy for educational
purposes as displayed in Figures 1 and 2. It also contained
mini-games and game elements that were placed there to make
exploration of the play setting interesting [23]. The game had
been developed through an iterative process together with 9
children with experiences of radiotherapy treatment, which
influenced the game’s design and led to numerous changes in
it [23]. The changes pertained to the design of how the treatment
was displayed and explained within the game and the language
[23]. To be able to explore the clinic’s facilities and get informed
about the procedure of radiotherapy is a form of psychological
preparation [28]. The purpose of psychological preparation is
to mitigate the fear of the unknown [29] and is intended to
reduce anxiety before procedures [30].
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Figure 1. Screenshot from the game the participants were subjected to within the randomized controlled trial showing the first encounter of where
radiotherapy is performed and where the avatar will later undergo radiotherapy.

Figure 2. Screenshot from the game the participants were subjected to within the randomized controlled trial showing the monitor room where the
staff provide therapy and observe the avatar undergoing radiotherapy.

Recruitment
Recruitment started in February 2021 and completed in August
2022. During that period, 26 children were considered eligible
for inclusion. When children between the ages of 5 and 15 years,

living in Sweden, had been scheduled to have radiotherapy at
the clinic, a written invitation about the study was sent to them
by post. A few days later, a pediatric or oncology nurse or a
coordinator contacted the family by telephone with information
about the study and asked for permission for the researcher to
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contact them. Upon agreement, the researchers contacted them
and gave further information orally, and if oral consent was
granted, they were then emailed all further information about
the study. Exclusion criteria were children living in countries
other than Sweden, inability to understand Swedish, and severe
mental disability. Two children were excluded due to language
barriers during recruitment.

The children were divided into 3 age groups: ages 5‐7, 8‐10,
and 11‐14 years. They were then randomly assigned into 1 of
2 study arms using stratified randomization in blocks to achieve
balanced groups. The parents received information about which
arm their child had been randomized to. Study arm 1 received
the intervention 1 or more days before starting their therapy.
Children assigned to arm 2 received the game 3 days after they
started their therapy since it was not considered ethical to invite
the children to a game study and then not let them play the game
[31].

Ethical Considerations
Ethics approval was received by the Swedish Ethical Review
Authority (2020‐05578) before the study was started. The
study was registered at ClinicalTrials.gov (NCT04728555).
Upon agreement to participate in the study, the children received
a 6-digit participation ID, which was used to sign into the game
to be able to track time played, and the number was also used
as identification for the questionnaires; hence, the data became
anonymous. There was one separate list where participants’
names and contact information were kept together with their
participation ID. The children’s legal guardian signed a written
consent form on their child’s behalf and their own behalf.
Children also gave their assent to participate. Neither the
children nor their guardians received any compensation for
participating in the study.

Feasibility Criteria and Measurements
The feasibility criterion for success was that 80% (n=18) of the
participants had played the game for 20 minutes or more.
Further, 70% (n=17) or more of the participants should have
returned all questionnaires partially or fully answered State-Trait
Anxiety Inventory for Children-State Anxiety (STAIC(S)) and
Player Experience of Need Satisfaction (PENS). The premises
of the threshold were set to find out which days most children
filled out the STAIC(S) to establish for future studies how many
measurement occasions are plausible. A hypothesis was tested,
which was that children in arm 1 should not communicate more
anxiety than children allocated to arm 2. In addition, reach was
measured by assessing whether prospective participants received
information about the study.

There were 4 different questionnaires distributed to participating
children: the STAIC(S) and State-Trait Anxiety Inventory for
Children-Trait Anxiety [32], the PENS [33], and a customized
questionnaire about radiotherapy developed by the research
team (which will be reported elsewhere). Parents answered an
adult version of the State-Trait Anxiety Inventory (STAI), which
included 10 questions on a 4-point Likert scale [34]. They also
answered a questionnaire providing background variables.
Children who were not able to read were helped by their parents
to answer the questionnaires and interpret the scale alternatives.

An adapted version of the short STAIC with a 3-point Likert
scale was used to measure the children’s anxiety [32]. The short
form of STAIC consists of 6 questions; however, 2 questions
were added from the long version of STAIC to provide further
insight into anxiety, making a range from 8 to 24 points.
Hereafter, the adapted version used in the intervention will be
referred to as STAIC(S). According to the guidelines of
interpretation, a calculation based on 8 questions indicated 12
points as the cutoff for anxiety. To not overestimate the
children’s anxiety, the cutoff was set at 13 points for feeling
anxious. The State-Trait Anxiety Inventory for Children-Trait
Anxiety is a questionnaire consisting of 10 questions on a
3-point Likert scale [32].

The PENS questionnaire consists of 16 questions on a 7-point
Likert scale [33]. Approval was given for the questionnaire to
be translated into Swedish and adapted for children by the owner
company, Immersyve. It was first translated from English into
Swedish by a group consisting of 2 pediatric nurses, 1 researcher
in informatics and media, and 1 pediatric psychologist and then
backward by an interpreter with English as their mother tongue.
Two questions were related to multiplayer games, which were
not relevant to the study since the game is a single-player game,
so they were excluded. The questionnaire was tested for face
validity on 4 healthy children between the ages of 5 and 11
years through interviews. The questionnaire was made in 2
versions, 1 for younger children (5‐7 years) and 1 for older
children (8‐14 years). The younger population had difficulty
understanding the 7-point Likert scale. Therefore, it was changed
to a 3-point Likert scale. Furthermore, the language was adapted
to the young population and consisted of 8 questions (range
8‐24). For the older children (8‐14 years), the questionnaire
consisted of 14 questions (range 14‐98). The cutoff level for
satisfaction with the game experiences was set at 16 for PENS
(5‐7 years) and at 65 for PENS (8‐14 years), reaching
two-thirds of the total score (66%) for both scales. The fourth
questionnaire (customized questionnaire about radiotherapy)
included 6 questions about radiotherapy on a 4-point Likert
scale.

Data Collection
At 1‐3 days prior to the start of treatment, the children
randomized into arm 1 (intervention) received a web link to the
game, and children randomized into arm 2 (control) received
the web link after their third day of treatment. The children and
parents received instructions stating that they were free to play
the game as much or little as they liked. Each participant was
given a unique participation number sent to their guardian’s
email, which was used to access the game. A software engine
was used to store the playtime for each number, and the data
were deleted after a month. A member of the team who only
had the participation number collected the data from the engine.
The playtime was measured cumulatively, and no record was
kept on how many times each participant had chosen to access
the game. For 2 players, the information was lost. Therefore,
the parents were emailed to make an estimation of their
children’s playtime. Children in both arms answered the same
questionnaires 1 day before treatment started (day 0), the first
day of treatment, the third day of treatment, the sixth day of
treatment, and the last questionnaire approximately 15 (±4) days
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into treatment. The children received a diary notes form on their
first day at the clinic where they were asked open questions
about how they perceived the game, which will be reported
elsewhere. The questionnaires were administered to the children
and parents by the receptionist staff at the clinic before they
were due to have the treatment. The answered questionnaires
were left in a mailbox at the clinic. The children and parents
were asked to arrive before their appointment on the days of
the study so that they would have time to answer the
questionnaires before that day’s treatment. The total time
children spent playing the game was collected digitally for each
participant. STAIC(S) was collected on all 5 measuring
occasions, PENS at 1 time, and radiotherapy questionnaire on
4 occasions. Parents answered demographic questions and STAI
at the first measuring point. During participation in the study,
the children and their parents received information according
to standard care.

Data Analysis
Descriptive statistics were used to gain insights into the collected
quantitative data. To analyze differences between the arms,
Fisher exact test, Mann-Whitney U test, Pearson chi-square,
and Wilcoxon matched-pair signed rank were used. Spearman
rank order correlation was used to analyze statistically
significant associations between variables within the sample.
In addition, Cronbach α was used to calculate the internal
consistency between concepts. SPSS (version 28.0; IBM Corp)
was used for the analyses, and the findings were considered to
be statistically significant if a P value <.05 was reached. The
CONSORT (Consolidated Standards of Reporting Trials)
guideline was followed for statistical analysis and to report the
study [35].

Results

Feasibility in Terms of Reach and Background
Variables
The study aimed to reach all patients within the age group who
were to have radiotherapy. After the study had been finished,
the nurses at the radiotherapy clinic went through the records
of all children who had passed the clinic within the study’s
timeframe. There had been 28 children who had been assessed
for inclusion, of which, 26 of the children were eligible to take
part in the study (Figure 3). A total of 3 children declined
participation, and 1 child was lost to participation due to
administrative issues, resulting in 22 (85%) children’s
completion of at least one questionnaire of the study. There
were no differences between the intervention arm and controls
regarding sex, age, diagnosis, sedation, and parents’educational
level.

In total, 11 children were randomized into the intervention arm,
and another 11 into the control arm. In arm 1, age ranged from
5 to 13 (mean 8.4, SD 2.4) years. In arm 2, age ranged from 5
to 11 (mean 7.6, SD 2.3) years. For the variances of ages, see
Table 1. The sample consisted of 15 girls. A majority of the
children (n=16) were diagnosed with brain tumors and 6 with
extracranial solid tumors. The number of fractions received
varied from 14 to 33 with a mean of 27 (SD 5.7) fractions. In
total, 11 children received sedation, and 6 of these children
received the intervention. All 5- and 6-year-old children were
sedated, and 3 of 4 children among the 7-year-olds were also
sedated. The sedated children’s answers are included in the
analysis. Most of the children (n=21) lived with 2 parents, while
1 child lived with a single parent. A total of 16 children lived
with a parent who had attended higher education and 4 lived
with a parent who had finished high school, and there were 2
children for whom no data were attained.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) flowchart depicting enrollment and the days the questionnaires were administered
and how many participants returned them for each arm. PENS: Player Experience of Need Satisfaction; RT.Q.: customized questionnaire about
radiotherapy; STAI: State-Trait Anxiety Inventory; STAIC(S): State-Trait Anxiety Inventory for Children-State Anxiety; STAIC-T: State-Trait Anxiety
Inventory for Children-Trait Anxiety.
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Table . Children’s (n=22) background variables divided by allocated arm. Displaying number of children’s sex, age groups, sedated or awake status
during radiotherapy, diagnosis, and parental education level with the total amount of each arm for each variable and total when merging the 2 arms.

Total, nArm 2, n (%)Arm 1, n (%)

Sex

75 (45)2 (18)Boy

156 (55)9 (82)Girl

221111Total

Age groups (years)

105 (50)5 (50)5‐7

95 (56)4 (44)8‐10

31 (33)2 (67)11‐14

221111Total

Sedated

115 (45)6 (55)Sedated

116 (65)5 (45)Awake

221111Total

Diagnosis

168 (50)8 (50)Brain tumor

63 (50)3 (50)Extracranial solid tumor

221111Total

Level of parents’ education

167 (44)9 (56)Higher education

43 (75)1 (25)High school

201010Total

Feasibility in Terms of Usability and Acceptability of
the Intervention
The predefined feasibility criterion was that 80% (n=18) of the
children should play for at least 20 minutes to determine whether
they found the game acceptable. There were 6 (27%) participants
who played the game for less than 20 minutes, and 18 (82%)
of the participants played for more than 15 minutes; hence, the
criterion was not fulfilled. However, the mean time playing was
31 minutes for the entire sample (median of 27 minutes)
spanning from not playing the game at all to playing for 85
minutes (Table 2). The intervention arm had a mean time playing
the game of 32.1 (SD 23.8) minutes, while the mean time was

29.9 (SD 19.0) minutes for the control arm. There were no
differences in playtime between the two.

To measure the participants’ self-rated anxiety, the STAIC(S)
was administered at 5 measurement points. The estimation was
that 70% (n=17) of the participants should return the forms
partially or fully completed. In total, 9 (41%) children returned
all 5 forms of STAIC(S), and 13 (59%) children failed to return
1 or more forms. To measure the usability of the game, their
experiences of the game were measured through the 2 versions
of the PENS questionnaire, which 16 (73%) participants
returned. A total of 8 participants answered the 5‐7 years
version, and 8 participants answered the PENS questionnaire
(8‐14 years).
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Table . Description of children’s playtime of the serious game, Player Experience of Need Satisfaction (PENS) score, and if the child was sedated or
awake during radiotherapy (n=22).

SedatedPENS scoreTime played (minutes)Age (years)Participant

Interventiona

Sedated11b295E1

Sedated19b187E2

Awake18b207E3

Sedated19b587E4

Sedated18b857E5

Sedated—c108E6

Awake45d238E7

Sedated70d278E8

Awake—4510E9

Awake—012E10

Awake67d3813E11

Control e

Sedated—05L1

Sedated—105L2

Sedated16205L3

Sedated22605L4

Sedated20236L5

Awake34179L6

Awake66359L7

Awake—389L8

Awake88609L9

Awake473910L10

Awake262711L11

aAge: mean 8.4 (SD 2.4) years and time played: mean 32.1 (SD 23.8) minutes.
bPENS (children 5‐7 years) score range 8‐24, mean 17.9 (SD 3.3) based on both arms (n=8).
cMissing value.
dPENS (children 8‐14 years) score range 14‐98, mean 55.4 (SD 20.8) based on both arms (n=8).
eAge: mean 7.6 (SD 2.3) years and time played: mean 29.9 (SD 19.0) minutes.

Anxiety
To measure whether children who received the intervention
communicated an increase in anxiety compared to the controls
on their first day of radiotherapy, the Mann-Whitney U test was
used. No perceived differences between the arms could be found
(P=.81). There were no differences measured in anxiety between
the arms across all 5 assessment occasions.

The number of children who indicated anxiety (13‐24 points)
through the STAIC(S) is presented in Table 3, where the
children receiving the intervention and the control arm are
displayed separately. There were 6 children sedated in the
intervention arm and 5 in the control. The following response
rates at each measurement occasion were collected: 73% (n=16)

on day 0, 77% (n=17) on day 1, 82% (n=18) on days 3 and 6,
and 86% (n=19) on day 15 (Table 3). Over time, the children’s
anxiety decreased, but no significant difference could be found
between the arms. There was no significant correlation found
between STAIT (trait anxiety) and STAIC(S) (state anxiety) in
the current sample (P=.34). The items’ internal consistency of
STAIC(S) was calculated by Cronbach α based on 89
questionnaires that had been obtained during the study, and the
α value was 0.85.

On day 0, the parental STAI questionnaire was administered to
43 parents, and 33 answers were obtained. The hypothesis was
that if the parents presented higher levels of anxiety, so would
their children. Since there were considerably more mothers who
returned the parental STAI, the hypothesis was only tested
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between mothers and their children. No correlation could be
found between the mother’s reported trait anxiety levels and
the children’s before treatment started. No correlation could be

found between the mother’s state anxiety levels and those of
their children.

Table . The number of children reporting anxiety (13‐24 points) through the State-Trait Anxiety Inventory for Children-State Anxiety (STAIC(S))
questionnaire at 5 measurement occasions (n=22).

Total, nControlTotal, nInterventionMeasurement
occasions

Total, nSedated, n (%)Awake, n (%)Total, nSedated, n (%)Awake, n (%)

952 (22)3 (33)764 (57)2 (29)Day 0 (n=16)

862 (25)4 (50)954 (44)1 (11)Day 1 (n=17)

931 (11)2 (22)943 (33)1 (11)Day 3 (n=18)

921 (11)1 (11)953 (33)2 (22)Day 6 (n=18)

921 (11)1 (11)1042 (20)2 (20)Day 15 (n=19)

Serious Game About Radiotherapy
No correlation between time playing the game and anxiety levels
measured on day 1 was found in the intervention arm nor was
it found when combining the 2 arms on day 6. To check the
translated and modified PENS questionnaire’s items for internal
consistency and accuracy, we used the concepts that were
established in PENS (version 1.6). PENS (5‐7 years) consisted
of 8 questions: 2 items related to competence, 2 items to
autonomy, and 4 items to presence, with a sample unit of 8. Six
respondents were girls. The Cronbach α score for competence
was 0.89, autonomy 0.57, and presence 0.28. Descriptive
statistics of the concepts for PENS (5‐7 years) are reported in
Table 4. For PENS (5‐7 years), the score could range between
8 and 24, and the mean score was 17.9 (SD 3.3; Table 2). No
correlation between the time playing the game and the scoring
of the questionnaire for the PENS (5‐7 years) was established.

In total, 7 (88%) of the participants had a score that was 16 or
higher, indicating that they found the game experience satisfying
(Table 2).

PENS (8‐14 years) consisted of 14 questions, and there were
4 items related to competence, 3 to autonomy, and 7 to presence,
with a sample unit of 8. Descriptive statistics of the concepts
for PENS (8‐14 years) are reported in Table 5. The Cronbach
α score for competence was 0.85, autonomy was 0.87, and
presence was 0.91. For PENS (8‐14 years), the score could
range between 14 and 98, and the mean score was 55.4 (SD
20.8; Table 2). A correlation between the time playing the game
and the scoring of the questionnaire for the PENS (8‐14 years)
could not be found with a P value of .05. However, it is
noteworthy that it resulted in a P value of .06. In total, 4 (50%)
of the participants had a score that was 65 or higher, indicating
that they found the game experience satisfying.

Table . The three concepts by subscales present in Player Experience of Need Satisfaction (5-7 years; calculated from replies by 8 participants).

Scores from participants aged 5‐7 years on a scale ranging from 1 to 3Concepts

MeanMaxMin

2.502.632.38Competence

2.062.501.63Autonomy

2.132.501.88Presence

Table . The three concepts by subscales in Player Experience of Need Satisfaction (8-14 years; calculated from replies by 8 participants).

Scores from participants aged 8‐14 years on a scale ranging from 1 to 7Concepts

MeanMaxMin

5.226.113.89Competence

4.114.783.78Autonomy

3.2042.63Presence
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Discussion

Principal Findings
Web-based games are easily accessible and can work as
psychological preparation for children with cancer [26].
Preparing children who are going to undergo radiotherapy with
the help of a serious game could be a means to make the
experience somewhat less frightening. All 3 predefined
feasibility criteria of the study were not met. Less than 80% of
the children played the game for 20 minutes or more. More than
70% returned the PENS questionnaire. Less than 70% returned
all the questionnaires of STAIC(S). Although, on the last 3
occasions of assessment, more than 80% of the questionnaires
were returned. The results did not show that the serious game
increased the children’s anxiety, and over the trajectory of the
study’s time, there was a decrease in anxiety levels in the 2
arms. The study achieved its desired reach by recruiting through
nurses who contacted children who were to visit the clinic.
Randomization was also done according to the pilot study
protocol.

Anxiety
Since the sample size was small, no difference could be found
in anxiety levels between the ones receiving the intervention
and the control arm, which was similar to findings in earlier
studies [10,11]. The study relies on the participating children
being able to identify their own feelings and express them
accordingly to the scale in the STAIC(S). The scale, in its full
version, is one of those most used in research and has been
found to be both valid and reliable among children with cancer
[36]. Children need to have had experiences of feelings to have
learned their meaning if they are to be able to label them with
words on a questionnaire. [37]. Nevertheless, it is preferable
that children themselves report their symptoms [38]. The
STAIC(S) is not validated for younger children (5‐7 years),
which means another instrument would be preferable; for
example, the STAIC(S) redesigned and including pictures aimed
at younger children could be an option [39].

The sample included children who were sedated. Children who
are sedated are not at risk of not being still during radiotherapy
[5]; nevertheless, they still can feel fear and anxiety concerning
the procedure [40]. Therefore, to include their answers about
how they perceived the game and rated their anxiety is valuable
to report since few earlier studies have measured children’s
self-rated anxiety when undergoing radiotherapy.

Since 2 items were added to the short form of STAIC (including
8 instead of 6 questions), Cronbach α was used to assess the
internal consistency by reliability tests, and the α value was
0.85, which is considered to prove high internal consistency
between the items [41].

Playing Time and PENS Scores
The feasibility criteria of the study were not met since fewer
children than predicted played the game for 20 minutes or more.
The children were free to play the game as much or little as they
liked, resulting in a few children not playing the game at all.
However, the time spent playing the game was almost the same
in the arms, indicating an interest in the game among the

children participating in the study. Other studies have used
various specified game dosages and a set time playing the
intervention, which in some cases resulted in a correlation to
statistically significant findings [42]. To not have a
predetermined play time but instead monitor how much time
children spend playing the game is a way to assess whether
children find serious games acceptable [43]. Cronbach α was
used to assess the internal consistency through reliability tests
of the 2 adapted PENS questionnaires developed for the study
of the concepts [41]. For PENS (8‐14 years), the reliability
was high. However, the number of participants that the
calculation was established for was low. Therefore, the
questionnaire should be validated by factor analysis, and
reliability tested on a larger sample of children in a Swedish
context [44]. Further, the validation of the English version was
conducted using university students [33]. For PENS (5‐7
years), the reliability was low for 2 of the concepts and high for
1. This could be an effect of the change from the 7-point Likert
scale to a 3-point Likert scale and that it consists of fewer
questions. Therefore, the PENS (5‐7 years) also needs to be
validated for children in a Swedish context.

Methodological Considerations
Following the intention-to-treat analysis, the 2 children who
never opened or played the game are part of the analyzed
material as they answered questions. For future studies,
predetermined play time of the intervention could be a means
to establish whether it has an effect on what the study measures
[42] and exclude those not achieving predetermined play time
in the analysis. Fewer children than predicted returned all of
the STAIC(S) questionnaires. For future studies, fewer
assessment point days including fewer questions would be
preferred when researching the population. In addition, another
option to evaluate the effect of the intervention could be to
measure the number of sedations before and after the
intervention. For the study to reach power, a power calculation
was made showing that 60 children needed to be enrolled. A
strength of the study was that the clinic involved has a
nationwide uptake and therefore reached all children within the
age groups. However, after 1.5 years, only 28 children had been
assessed for eligibility. The study was run during the COVID-19
pandemic, which might have affected referrals to the clinic.
Despite prospective inclusion, there were more girls than boys
included, which could be due to chance on account of the small
sample size. Future studies need to have an even sex distribution
to ensure generalizability. A weakness in the study was that it
was unable to reach the estimated goal for power; and therefore,
the criterion of a difference in the anxiety levels between the
arms could not be found. With a larger study sample size, the
criterion might have been met. Therefore, collaboration with
other proton clinics is warranted to obtain a larger sample.
Hence, the evaluation of the feasibility of the study provided
information on how to improve the study protocol for future
studies.

Furthermore, it is not possible to know if the children chose to
answer the questionnaires before the treatment or after. On the
questionnaires, the child or parent wrote the date of treatment
they were in; however, the date sometimes differed from the
date in their treatment plan. Staff had on occasion missed
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handing out the questionnaires on the correct date. In the future,
a more precise collection is warranted, for example, having the
questionnaires on the web would be favorable [45], and
reminders could increase response rates [46].

Implications for Future Studies
Some lessons learned through the feasibility study are the
following: make sure that children in the study population under
investigation have the possibility to take part as planned. Time
needs to be set off for answering questionnaires within the
hospital procedure schedule. When studying children with severe
health conditions, it is important to be mindful of how many
questions is possible for them to answer before they run out of
energy. To test if games do what they are intended for within
medicine and indicate if they would be used, it would be
preferable to measure both player satisfaction and knowledge
transfer.

Conclusions
All feasibility criteria set for the study were not met, suggesting
that adaptions need to be made if a future study is going to be
undertaken. It is preferable to do a feasibility study since it is
a way to detect the advantages and disadvantages of the study
protocol and to optimize future studies. There was no indication
found that playing the serious game increased the children’s
self-reported anxiety toward undergoing radiotherapy. The
PENS questionnaire showed promising results regarding player
satisfaction in the use of the serious game within health care.
When serious games are used as interventions, it is necessary
to evaluate player satisfaction in future studies, and for that
reason, the PENS questionnaire for children needs to be
validated. To avoid dropout from the study, it would be
commendable to not have as many as 5 measurement occasions
for a group of the current age.
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Abstract

Background: Surgery is an essential treatment for early-stage breast cancer. However, various side effects of breast cancer
surgery, such as arm dysfunction and lymphedema, remain causes for concern. Rehabilitation exercises to prevent such side
effects should be initiated within 24 hours after surgery. Virtual reality (VR) can assist the process of rehabilitation; however,
the feasibility of applying VR for rehabilitation must be explored, in addition to experiences of this application.

Objective: This study explored patients’ attitudes toward and experiences of using VR for their rehabilitation to determine the
feasibility of such VR use and to identify potential barriers.

Methods: A phenomenological qualitative study was conducted from September to December 2021. A total of 18 patients with
breast cancer who had undergone surgical treatment were interviewed using open-ended questions. The Colaizzi 7-step procedure
for phenomenological analysis was used for data analysis. To ensure high study reliability, this study followed previously reported
quality criteria for trustworthiness.

Results: Three themes were identified: (1) VR was powerful in facilitating rehabilitation, (2) early and repetitive upper limb
movements were an advantage of VR rehabilitation, and (3) extensive VR use had challenges to be overcome. Most of the
interviewed patients reported positive experiences of using VR for rehabilitation. Specifically, VR helped these patients identify
appropriate motion and angle limits while exercising; in other words, knowledge gained through VR can play a key role in the
rehabilitation process. In addition, the patients reported that the use of VR provided them company, similar to when a physiotherapist
is present. Finally, the gamified nature of the VR system seemed to make VR-based rehabilitation more engaging than traditional
rehabilitation, particularly with respect to early rehabilitation; however, the high cost of VR equipment made VR-based rehabilitation
difficult to implement at home.

Conclusions: The interviewed patients with breast cancer had positive experiences in using VR for rehabilitation. The high cost
of both VR equipment and software development presents a challenge for applying VR-based rehabilitation.

(JMIR Serious Games 2024;12:e44025)   doi:10.2196/44025
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breast cancer; rehabilitation; virtual reality; VR; virtual reality design process; VR design process; feasibility; accessibility

Introduction

Breast cancer is a major global health problem. In Taiwan, more
than 10,000 women are diagnosed with breast cancer every
year; approximately 80% of these diagnoses are early-stage
breast cancer and most require surgical treatment [1]. More than
1 in 5 women who are breast cancer survivors might eventually
develop upper limb lymphedema [2]. In addition, the life
expectancy of patients with stage 0 to stage 3 breast cancer is
20 to 32 years [3]. Breast cancer treatments include surgery,

radiation therapy, chemotherapy, endocrine therapy, and targeted
therapy. Because of advancements in diagnosis and treatment
in recent years, the 5-year relative survival rate of breast cancer
is now higher than 80% [4]. However, both ancillary dissection
and axillary radiation are known to increase the incidence of
lymphedema and axillary web syndrome [5]; associated
symptoms include pain, upper extremity weakness, paresthesia,
and limited range of motion (ROM), each of which can not only
delay the commencement of radiation therapy but also lead to
patients being unable to perform basic self-care tasks. This is
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a problem because less-mobile patients are more likely to
experience side effects after surgery; for example, a frozen
shoulder is a side effect that commonly occurs in the short term
as a result of immobility after surgery [6]. These associated
symptoms may persist for up to 1.5 years after surgery and
therefore predispose patients to depression and other mental
health conditions that can become long-term health problems
[7,8].

Studies have suggested that the early commencement of
postoperative rehabilitation exercises, including upper extremity
abduction and flexion exercises, can reduce the risk of upper
extremity pain and dysfunction [9,10]. Although the optimal
time to start ROM exercises remains unclear, one study
suggested that activity recovery tends to be more successful
following earlier rehabilitation [11]. Typically, rehabilitation
is recommended to be commenced within the first 7 days after
surgery, with shoulder ROM initially being limited to 90° [12].
Hence, a patient’s willingness to undergo rehabilitation after
surgery to prevent their arms from becoming motionless is
essential. However, after surgery, a patient’s motivation to
undergo physical rehabilitation tends to be low because of
wound pain and fear of movement [13,14].

Virtual reality (VR) can reduce fear of movement and improve
motivation to engage in rehabilitation. In addition, VR can
promote compliance and rehabilitation success among patients
[15-17]. Furthermore, VR appears to be effective in increasing
shoulder ROM compared with standard physiotherapy for
postoperative rehabilitation in patients with breast cancer [18].
The use of VR for rehabilitation is not new; however, feasibility
studies that use VR to provide individualized, progressive
practice for arm movements after surgery for breast cancer
remain scarce. Feasibility research is often conducted prior to
a randomized controlled trial [19]. In recent years, most studies
investigating VR for rehabilitation in patients with breast cancer
have used a randomized controlled design and have been
prospective, adequately powered, and methodologically
rigorous. Nevertheless, according to According to the
recommendations of the VR-CORE (Clinical Outcomes
Research Experts) [20], the development of new VR content
should include 3 phases: VR1 to VR3. VR1 provides guidance
for the development of new VR content; VR2 constitutes early
testing related to the feasibility, acceptability, tolerability, and
initial clinical efficacy of VR; and VR3 evaluates the efficacy
of VR in comparison with controls. Bypassing feasibility and
accessibility tests to jump immediately to clinical trials may
lead to a gap between program development and bedside
application and cause barriers to implementing VR in practice.
Even though there is sound evidence that VR is effective in
improving rehabilitation effects in patients with breast cancer,
VR is not currently used in many clinical settings. According
to Brennan et al [21], barriers to the implementation of VR
include usability problems, cognitive limitations, cost, a lack
of patient safety, low patient motivation, and negative patient

responses. In addition, VR’s unfamiliarity to many patients may
dampen their willingness to use VR [22]; thus, patients’
attitudes, experiences, and opinions related to VR must be
understood. Further explorations of feasibility and accessibility
are recommended for the use of VR in health care [23,24].

To the best of our knowledge, most studies regarding
postoperative rehabilitation in patients with breast cancer have
been clinical trials (ie, VR3) that evaluated only treatment
effects, such as pain, grip power, muscle power, or ROM; VR2
studies are skipped. This study used a phenomenological
approach to investigate the feasibility and experiences of a VR
rehabilitation program (ie, this was a VR2 study) in patients
with breast cancer. Therefore, this study was conducted to
answer the following questions: (1) What are the lived
experiences of patients using VR for arm rehabilitation? (2)
How do they perceive the process? In answering these questions,
this study determined the clinical effectiveness of and barriers
to VR rehabilitation as a prelude to a definitive randomized
controlled trial.

Methods

Design and Development of the VR System
The VR system in this study was designed and developed in
accordance with the VR–CORE–VR1 guidelines [20]. Our VR
design team was a multidisciplinary team comprising users and
technicians. The rehabilitation program was developed in 3
stages. The first stage was based on inspiration gained through
empathy. Specifically, interviews were held with 2 patients who
were invited to share their rehabilitation experiences and express
their perspectives and opinions to facilitate the design of an
effective VR-based treatment program. The interview questions
in this stage considered (1) smart device use behavior and (2)
willingness and acceptability to use VR rehabilitation systems.
The second stage involved ideation through team collaboration.
Specifically, our team comprised experts in surgery,
rehabilitative physicians, and software engineering, as well as
a case manager. Innovative ideas were generated through
methods such as brainstorming and collective ideation, and the
ideas that were most suitable for prototyping were then
compiled. The third stage involved prototyping based on user
feedback. Specifically, further discussions were held with the
aforementioned 2 patients to obtain further information. Our
team then built prototypes to test 3 VR rehabilitation exercises
prior to implementation (Table 1). Ultimately, we extracted 3
key sets of limb motions that are described as follows. The first
motion was a Whac-A-Mole–like game that involved the
abduction of the shoulder (no more than 90°). The second
motion was wiping a table and involved external forearm
rotation. The third motion was combing one’s hair and involved
flexion of the shoulder (no more than 90°) (Figures 1-3). This
study used the PC-based Oculus Quest 2 head-mounted display
(HMD) to provide the most immersive VR experience possible.
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Table . Summary of our design principles and strategies based on recommendations for best practices in VR1 (virtual reality phase 1) studies [20].

Our practicesDesign principles and strategies

Two patients with breast cancer who had experienced axillary web syn-
drome were invited for individual interviews regarding their relevant needs,
experiences, fears, and expectations; a group discussion was then conducted
to determine the patients’ needs.

Inspiration through empathy, recruitment, observation, patient interviews,
and expert interviews

We analyzed, aggregated, and discussed the stories and data obtained in
the previous phase. Our team then formulated 10 ideas for rehabilitation
actions. After considering the restrictions on drainage tube indwelling the
day after surgery (shoulder joint movement must not exceed 90°), we ex-
tracted 3 motions: (1) Whac-A-Mole, which involved abduction of the
shoulder; (2) wiping a table, which involved external forearm rotation;
and (3) combing one’s hair, which involved flexion of the shoulder.

Ideation through team collaboration, sharing stories and notes, and gener-
ating ideas

We drew the height of a mallet on a wall and placed a picture of a gopher
on a table to simulate the Whac-A-Mole game. For the wiping the table
and combing hair scenarios, we used a table and a comb, respectively, and
we then collected feedback from the patients after their first use. Our team
found that the Whac-A-Mole game was difficult to perform owing to the
different heights of the patients and seats (eg, a patient may need to raise
their shoulder angle excessively to pick up the mallet, leading to pain and
an inability to perform the exercise, forcing it to be abandoned). Thus, the
software engineer adjusted the height of the controllable mallet and the
adjustable gopher table to meet the need of each individual patient.

Prototyping through continuous feedback, building a prototype, and repeat-
edly testing the prototype

Figure 1. Whac-A-Mole–like scenario.
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Figure 2. Wiping a table scenario.
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Figure 3. Combing one’s hair scenario.

Study Design
This qualitative study was guided by the phenomenological
methodology; it focused on investigating the perceived
experience of using VR rehabilitation and then used an inductive
approach and the Colaizzi [25] interview data analysis method
to identify themes from the VR rehabilitation experiences.

Ethics Approval
Ethical approval for this study was granted by the Human Trials
Ethics Committee of Chang Gung Memorial Hospital, Taiwan
(202001617A3C501). All the participants provided written
informed consent to participate in this study.

Setting
This study was conducted at a medical center in Taiwan that
receives up to 20 new patients with breast cancer per month.

Participants and Recruitment
The criteria for participation in this study were as follows: (1)
a new diagnosis of breast cancer and being hospitalized for
surgical treatment; (2) being aged 20 to 65 years; (3) being able
to read and speak Mandarin Chinese or Taiwanese; (4) being
willing to use a wearable VR HMD and having sufficient
cognitive ability to understand and follow instructions, as well
as to interact with the VR environment; (5) having sufficient
physical ability (self-reported) to use the VR equipment in the
VR rehabilitation program; and (6) being willing to be

interviewed. After surgical treatment for breast cancer, patients
were invited to a rehabilitation consultation to ask about their
willingness to try VR rehabilitation and were recruited to
participate in this study. The recruitment period ran from
September to December 2021, with 18 patients interviewed.

Data Collection
First, the participants filled out a questionnaires on demographic
data (including age, gender, and type of breast surgery), the
Distress Thermometer (DT) questionnaire, and the Chinese
Health Questionnaire–12 (CHQ-12). The DT is a visual analog
scale for routine screening for distress in all patients with cancer;
scores range from 0 (indicating no distress) to 10 (indicating
extreme distress). A cutoff score of ≥7 is optimal for distress
in patients with a new diagnosis [26]. The CHQ-12 was modified
from the General Health Questionnaire–12, a widely used
psychometric test for screening mental problems, with a score
of ≥4 indicating psychological distress [27].

After completing the questionnaires, a face-to-face interview
was conducted with each participant for approximately 30
minutes. Interview guides were developed by the research team,
which included an expert in qualitative studies and a clinical
nurse specialist in breast cancer. After the content of the first
interview was analyzed, the interview questions were discussed
and modified with the research team.
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During the interview process, the researchers actively listened
and continuously clarified any perspectives and meanings that
the participants wanted to express. Participants were allowed
to freely express their views. All interviews were audiorecorded.
After the data analysis, the researchers reviewed the data with
the patients to ensure data accuracy and completeness.

Inductive Content Analysis
According to Kyngäs [28], an inductive approach, which is
common in qualitative research, should be used when no prior
research has addressed a specific phenomenon or if existing
knowledge is fragmented. Because prior studies had not
investigated the experiences of patients with breast cancer to
evaluate the effectiveness of VR-based rehabilitation, our study
used an inductive approach to content analysis, which involved
data reduction, data grouping, and, finally, concept formation.
The content was analyzed with the Colaizzi [25]
phenomenological analysis method, which involves a 7-step
procedure for content analysis. Specifically, 3 researchers
analyzed the data and grouped them into themes to enhance
comprehension. First, the interview transcript was read to obtain
an idea of its overall meaning. Second, a researcher extracted
significant statements relevant to the purpose of the study. Third,
each statement considered meaningful was recorded for accurate
representation of the research data. Fourth, the researcher
classified significant statements into categories based on their
meaning. Fifth, the researcher grouped similar categories
together and organized them into themes. Sixth, all themes
presented were combined to produce an exhaustive description.
Seventh, the results were presented to each participant for
feedback and to verify their accuracy.

Trustworthiness
To enhance the trustworthiness of our study, we referred to the
Guba and Lincoln [29] quality criteria of credibility,
transferability, dependability, and confirmability.

To establish confidence in the credibility of the findings,
triangulation was used to examine the consistency of the data.
Researchers presented their summaries of the categories and
themes from data analysis and discussed any uncertainty about
any category or theme by replaying and reanalyzing the
interview recording.

High transferability was ensured through the interview process,
including the stability of observations and the interrater
reliability. As an interviewer, the researcher was attentive to
the interviewees’ experiences and avoided bias arising from
their values and beliefs. The interviewer was conscious about
avoiding misperceptions about what the interviewees were
saying to ensure the stability of observations. There was only
1 interviewer, hence interrater reliability was not measured.

The study had high dependability, as the data collecting
procedures were approved by an expert in qualitative
methodology, and the themes and subthemes that emerged were
consistent among all researchers after the coding and recoding
procedure during the data analysis.

Finally, during the data analysis stage, 3 researchers who were
not part of the study team confirmed the collected data by
distinguishing between the units of the main themes and
subthemes to verify the main themes’ theoretical saturation and
thus achieved confirmability.

Results

Characteristics of Participants
Table 2 shows the participants’ characteristics. The mean age
of the participants was 46.66 (SD 8.05) years; 17 participants
were female (95%) and 1 was male (5%); 11 were married
(61%); 11 (61%) were full-time workers; and 7 (39%) were
housekeepers or had no formal employment. Regarding the
types of surgery received, 9 participants (50%) underwent
mastectomy and sentinel lymph node biopsy, 4 (23%) underwent
mastectomy and axillary lymph node dissection, 2 (11%)
underwent mastectomy and reconstruction, and 3 (16%)
underwent modified radical mastectomy. All participants had
DT scores less than 7, indicating no distress. In the CHQ-12
items, some participants reported having shaking or numbness
of limbs (n=3, 17%), losing a great deal of sleep because of
worry (n=4, 22%), and losing confidence in themselves (n=4,
22%) (items 4, 5, and 8). However, all participants had CHQ-12
scores less than 4, indicating no mental problems. Finally, 7
(39%) and 11 (61%) of the participants reported moderate (4-6)
and mild (1-3) wound pain on the Numeric Rating Scale for
Pain, respectively.
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Table . Distribution of sociodemographic variables of participants (N=18).

Participants, n (%)Variables

Sex

17 (95)Female

1 (5)Male

Age group (years)

6 (33)35-44

8 (44)45-54

4 (3)55-64

Educational level

9 (50)Senior high school

9 (50)College

Distress

0 (0)Yes (DTa score ≥7)

10 (100)No (DT score <7)

Mental problems

0 (0)Yes (CHQ-12b score ≥4)

18 (100)No (CHQ-12 score <4)

Numerical Rating Scale for Pain score

11 (61)1-3

7 (39)4-6

Marital status

11 (61)Married or in a domestic partnership

5 (28)Single

2 (11)Separated or divorced

Employment status

11 (61)Employed

7 (39)Unable to work

Type of breast surgery

9 (50)Mastectomy with sentinel lymph node biopsy

4 (23)Mastectomy with axillary lymph node dissection

2 (11)Mastectomy with reconstruction

3 (16)Modified radical mastectomy

aDT: Distress Thermometer.
bCHQ-12: Chinese Health Questionnaire–12.

Themes
The following 3 themes were inductively extracted from the
interview data: (1) VR was powerful in facilitating rehabilitation,
(2) early and repetitive upper limb movements were an

advantage of VR rehabilitation, and (3) extensive VR use had
challenges to be overcome. Tables 3-5 present these themes in
greater detail alongside their subthemes and interviewee
statements.
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Table . Subthemes and interviewee quotes related to theme 1: virtual reality (VR) was powerful in facilitating rehabilitation.

QuotesSubthemes

Obtaining knowledge • “It turns out that some actions are unsuitable [because of the drainage
tube]; after use, I have a better idea of the angle of movement” (par-
ticipant 2).

• “After practicing with this system [VR] and being discharged from
the hospital, I know that some actions are not suitable for me to do,
so I will not do them randomly” (participant 3).

• “I was anxious, thinking that not moving my arms was suitable for
wound healing” (participant 13).

• “I can adjust my range of motion according to my tolerance, and I
will not feel frustrated” (participant 17).

Companionship • “This way of rehabilitation [VR] is like a kind of support for me when
exercising because thephysiotherapist does not always accompany
me” (participant 9).

• “The usage process is very simple. I think it is well executed in the
hospital and I can concentrate on practicing” (participant 5).

• “The physiotherapist was very busy and left after teaching me the
rehabilitation movement, so I had to do it independently” (participant
11).

• “I didn’t understand what this was at first, and I was a little scared,
but it turned out that I was doing rehabilitation while playing games”
(participant 1).

Table . Subthemes and interviewee quotes related to theme 2: early and repetitive upper limb movements are an advantage of virtual reality (VR)
rehabilitation.

QuotesSubthemes

Reduced fear of movement • “The VR rehab game method is more fun than the traditional rehab
method because it lets me know I need to do rehab exercises; I think
I can do it a few more times” (participant 1).

• “My time in the hospital was short, and it was a pity that I didn’t do
VR many times” (participant 6).

• “I experienced no pain or discomfort during the VR rehab; I want to
do it a few more times” (participant 7).

• “After playing Whac-A-Mole, I attempted to move my arm” (partic-
ipant 11).

• “While using it, I temporarily forgot that I had surgery” (participant
14).

• “Initially, I was terrified of moving my arms, but now, I’m having
so much fun that I don’t realize I’m doing rehab” (participant 18).

Enhanced motivation to engage in rehabilitation • “The VR program can be performed as soon as possible; I have been
performing VR for seven days since surgery. In the execution of the
Whac-A-Mole and wiping the table exercises, I did not have too much
discomfort or pain, and I am doing better and better” (participant 15).

• “Although there is no VR at home, I can continue to do the VR
movements, and I will not worry about my arm’s limited range of
motion in the future” (participant 16).

• “After using VR for rehabilitation, I found that my condition was not
as bad as I thought” (participant 7).
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Table . Subthemes and interviewee quotes related to theme 3: extensive virtual reality (VR) use has challenges to be overcome.

QuotesSubthemes

Safety of the real-world environment • “I was initially scared because I had never used VR” (participant 4).
• “Wearing a VR HMD, I can’t see the outside world, so I’m worried

about hitting something” (participant 5).

Cost of virtual reality rehabilitation equipment is too high to extend to
home use

• “VR rehabilitation equipment is too expensive to buy and can only
be used in hospitals” (participant 5).

• “Without equipment, there is no way to use VR for rehabilitation”
(participant 8).

• “VR rehabilitation can only be used in hospitals; at home, we use
traditional rehabilitation methods” (participant 17).

• “I hope to rent VR equipment for my home so I can use it anytime”
(participant 18).

• “Although there is the Switch, finding a suitable sports game for re-
habilitation is difficult” (participant 9).

Motion sickness • “After wiping the table, I felt a little dizzy” (participant 10).
• “My eyes constantly roll when wiping the table, which is a little un-

comfortable” (participant 9).

VR Was Powerful in Facilitating Rehabilitation

Overview
A key concept of this inductive theme was the “power” obtained
from knowledge and companionship. Related subthemes and
interviewee statements are presented in Table 3.

Obtaining Knowledge
A total of 12 (70%) of the participants described how the VR
content helped them learn the most helpful rehabilitation
movements and the angular limitations of their exercises and
thus enabled them to perform these exercises safely and
relatively early in the rehabilitation process.

Companionship
Most of the participants stated that playing games enabled them
to feel as though they were interacting with health care
professionals and experiencing companionship and support.

Early and Repetitive Upper Limb Movements: An
Advantage of VR Rehabilitation

Overview
After surgical treatment for breast cancer, rehabilitative
exercises must be performed early. In this study, wound pain
and discomfort during such exercises were the main concerns
of the participants, leading to fear of movement. Related
subthemes and interviewee statements are presented in Table
4.

Reduced Fear of Movement
A total of 14 (80%) of the participants stated that the gamified
design of VR rehabilitation made it more interesting than
traditional rehabilitation, while 7 of the patients experienced
moderate pain after surgery. However, during the use of VR for
rehabilitation, these patients reported no wound pain or
discomfort. In addition, their willingness to engage in
rehabilitation was enhanced by the second day after surgery.

Enhanced Motivation to Engage in Rehabilitation
Most of the participants described an immersive virtual
environment that facilitated the performance of early
rehabilitative exercises. In addition, the participants were
subsequently able to continue performing the aforementioned
3 rehabilitation movements at home without VR.

Extensive VR Use Has Challenges to Be Overcome

Overview
Most of the patients had safety concerns, mainly because while
wearing the VR HMD, they were unable to pay attention to the
environment around them. Consequently, some of the patients
initially felt apprehensive, fearing collisions with nearby objects.
In addition, high equipment costs limited the accessibility of
the equipment for home use, and many of the patients expressed
disappointment that they were able to use the system only in
hospital. Related subthemes and interviewee statements are
presented in Table 5.

Safety of the Real-World Environment
While the patients were wearing the VR HMD and engaging in
VR-based exercise, they were unable to pay attention to the
environment around them. Thus, patients had the not-unfounded
fear that they might collide with nearby objects and were
initially apprehensive. Therefore, patients should be in a
clutter-free environment when engaging in VR rehabilitation.

Cost of VR Rehabilitation Equipment Is Too High to
Extend to Home Use
The cost of VR equipment for rehabilitation is high, making it
relatively inaccessible for home use. Each new technology faces
the problem of high equipment cost in its initial stage, and
similarly, the main problem for most of the participants in this
study was that they wanted to continue using the rehabilitation
equipment at home. They indicated that they thought it was a
pity that the system could be used only in hospital.
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Motion Sickness
We found that 3 of the participants reported the side effect of
motion sickness after performing the wiping table exercise.

Discussion

Principal Findings
To the best of our knowledge, this study is the first
phenomenological study to investigate the feasibility of an
immersive VR experience for facilitating postoperative
rehabilitation in patients with breast cancer. Through inductive
thematic analysis, our study found VR to be an effective and
suitable intervention for our patient population. Tables 3 and 4
address feasibility in relation to 2 of the 3 inductive themes of
this study: “VR was powerful in facilitating rehabilitation” and
“early and repetitive upper limb movements are an advantage
of VR rehabilitation.” Table 5 reveals the key finding that the
high costs of VR hardware and software limit its at-home use.
These results further support the recommendations of the VR
CORE group [20]. However, the high cost of VR equipment
remains a concern.

VR Was Powerful in Facilitating Rehabilitation
This study found that “power” was an essential concept and
that power was cultivated through knowledge and
companionship. One key finding related to this inductive theme
was the knowledge obtained by the individual. In our study,
most of the participants were skeptical about their early
postoperative rehabilitation, and some had no idea how to
proceed with it; however, through VR, these patients gained
information about rehabilitation, which then led to behavioral
changes. A previous study noted the importance of people’s
need to know which approach they should adopt to improve
their health [30]. In addition, most patients with breast cancer
desire information concerning recovery details; in particular,
they want real-time, transparent information regarding
appropriate rehabilitative measures [21]. Our findings were
consistent with those of the 2 aforementioned studies. Another
present finding was related to companionship; specifically, the
participants reported that they felt as if a medical care team was
with them in their rehabilitation in the VR world. This finding
is notable because not every patient with breast cancer receives
a rehabilitation exercise consultation after surgery. Our
interactive VR system provides clear information regarding the
commencement and completion of rehabilitation exercises, and
its prompts align with how the clinical rehabilitation program
operates (eg, 20 prompts for each motion). The literature notes
that an ideal user experience must include interaction with VR
applications in order to encourage and support users to complete
clinical activities; this assertion is consistent with our findings
[31].

Early and Repetitive Upper Limb Movements:
Advantage of VR Rehabilitation
VR elicited engagement in early postoperative rehabilitation in
most of this study’s patients, seemingly stemming from their
reduced fear of movement and their enhanced motivation. Early
postoperative rehabilitation in patients who have undergone
breast cancer surgery aims to improve shoulder mobility, arm

mobility, or both. VR is believed to be as effective as
conventional physiotherapy in improving upper limb function
to facilitate the maintenance of activities of daily living [32].
Some of the participants in this study were initially apprehensive
to undertake postoperative rehabilitation primarily because of
fear related to insufficient knowledge of the appropriate degree
of movement. Nevertheless, our VR rehabilitation system was
based on the concept of gamification; the participants who used
the system were attracted to the game screen, and consequently,
their negative feelings—including fear, pain, and
discomfort—were temporarily alleviated. In this manner, the
VR system considerably enhanced the participants’ motivation
to engage in rehabilitation; this finding was consistent with
those of previous studies [18,33]. In addition, the game design
can be adjusted according to the needs of the patient to prevent
patients from giving up on movements that are either difficult
or so simple that the desired training outcomes cannot be
achieved by performing them.

Challenges of Extensive VR Use to Be Overcome
The participants in this study were required to wear HMDs;
thus, they could not see their surroundings during rehabilitation.
Related studies that have recommended VR have stated that
when using such technology, a space of at least 70 cm × 70 cm
is required; however, in our study, the participants took a seated
position to minimize the risk of tripping and thus needed only
to pay attention to whether the seat back was affecting exercise
safety. Although research has shown that the cost of HMDs has
fallen in recent years [15], VR devices remain unaffordable for
many people in Taiwan. Therefore, even if patients with breast
cancer are interested in using this emerging technology for
rehabilitation, doing so without an HMD is difficult. In addition,
the development and maintenance costs of VR software and
hardware are high, and thus, the cost of VR equipment remains
a challenge for large-scale implementation in postoperative
rehabilitation.

Motion sickness (MS) is a common physiological response to
VR immersion [34]. Previous studies have shown that behavioral
and dietary strategies and physical therapy, such as listening to
music or chewing gum [35], are effective in alleviating MS
symptoms. Although each movement in our VR rehabilitation
system was accompanied by music with a brisk tempo, 3 of the
patients in this study still experienced MS due to unsuitable seat
height. A previous study demonstrated that positive emotions
can relieve MS [36]; we found that most patients have positive
emotions while using VR for rehabilitation. Accordingly, this
paper suggests that the use of VR should be combined with
emotional assessments to effectively prevent MS. With regard
to feasibility, we found that the present VR system met the
patients’ needs, conformed to their values, and satisfied their
expectations. The system also provided an engaging and
interactive rehabilitation environment that stimulated the
patients’ motivation to engage in early and continuous
rehabilitation and, in turn, reduced their risk of developing
defensive functional impairments. Nevertheless, the accessibility
of VR proved to be a challenge because of the difficulty of using
VR technology at home. Thus, such interventions may tend to
be limited to in-hospital use because not every patient can afford
to purchase VR equipment and software.
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Study Limitations
This study has some limitations. First, we did not conduct a
pilot study of the interview guide. However, after the content
of the first interview was analyzed, the interview questions were
discussed and modified with the research team to identify and
address any potential issues in the data collection methods. It
may be recommended to incorporate a pilot study in future
research to ensure validity and robustness. Second, the
development of VR technology to facilitate postoperative
rehabilitation in patients with breast cancer is still in its infancy.
In this study, only 3 rehabilitation exercises were developed
and clinically tested. The facilitators of and barriers to
rehabilitation were investigated. To determine the clinical

efficacy of the proposed VR system, a large-scale randomized
controlled trial is needed.

Conclusion
Feasibility research related to health care is crucial for
generating novel ideas and improvements to provide more
effective care for patients. From the perspective of this study,
rehabilitation is an iterative, active, and educational process of
problem-solving that must focus on a patient’s behavior. VR
technology was effective in facilitating rehabilitation by
providing knowledge and companionship to participants. It
helped reduce fear of movement and enabled early and repetitive
upper limb movements. However, safety concerns, high
equipment costs, and potential side effects like MS were
reported as challenges to extensive VR use.
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Abstract

Background: The COVID-19 pandemic has challenged the mental health of health care workers, increasing the rates of stress,
moral distress (MD), and moral injury (MI). Virtual reality (VR) is a useful tool for studying MD and MI because it can effectively
elicit psychophysiological responses, is customizable, and permits the controlled study of participants in real time.

Objective: This study aims to investigate the feasibility of using an intervention comprising a VR scenario and an educational
video to examine MD among health care workers during the COVID-19 pandemic and to use our mobile app for longitudinal
monitoring of stress, MD, and MI after the intervention.

Methods: We recruited 15 participants for a compound intervention consisting of a VR scenario followed by an educational
video and a repetition of the VR scenario. The scenario portrayed a morally challenging situation related to a shortage of life-saving
equipment. Physiological signals and scores of the Moral Injury Outcome Scale (MIOS) and Perceived Stress Scale (PSS) were
collected. Participants underwent a debriefing session to provide their impressions of the intervention, and content analysis was
performed on the sessions. Participants were also instructed to use a mobile app for 8 weeks after the intervention to monitor
stress, MD, and mental health symptoms. We conducted Wilcoxon signed rank tests on the PSS and MIOS scores to investigate
whether the VR scenario could induce stress and MD. We also evaluated user experience and the sense of presence after the
intervention through semi–open-ended feedback and the Igroup Presence Questionnaire, respectively. Qualitative feedback was
summarized and categorized to offer an experiential perspective.

Results: All participants completed the intervention. Mean pre- and postintervention scores were respectively 10.4 (SD 9.9)
and 13.5 (SD 9.1) for the MIOS and 17.3 (SD 7.5) and 19.1 (SD 8.1) for the PSS. Statistical analyses revealed no significant pre-
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to postintervention difference in the MIOS and PSS scores (P=.11 and P=.22, respectively), suggesting that the experiment did
not acutely induce significant levels of stress or MD. However, content analysis revealed feelings of guilt, shame, and betrayal,
which relate to the experience of MD. On the basis of the Igroup Presence Questionnaire results, the VR scenario achieved an
above-average degree of overall presence, spatial presence, and involvement, and slightly below-average realism. Of the 15
participants, 8 (53%) did not answer symptom surveys on the mobile app.

Conclusions: Our study demonstrated VR to be a feasible method to simulate morally challenging situations and elicit genuine
responses associated with MD with high acceptability and tolerability. Future research could better define the efficacy of VR in
examining stress, MD, and MI both acutely and in the longer term. An improved participant strategy for mobile data capture is
needed for future studies.

Trial Registration: ClinicalTrails.gov NCT05001542; https://clinicaltrials.gov/study/NCT05001542

International Registered Report Identifier (IRRID): RR2-10.2196/32240

(JMIR Serious Games 2024;12:e42813)   doi:10.2196/42813
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virtual reality; simulation; mobile app; stress; moral distress; moral injury; COVID-19; mobile phone

Introduction

Background
The COVID-19 pandemic has exerted unprecedented strain on
health care workers (HCWs) globally [1]. Frontline HCWs have
been forced to make difficult medical decisions that are contrary
to their moral and professional principles and to work in
conditions where they cannot meet standards of quality care
[2,3], which has put them at a greater risk of experiencing moral
distress (MD) than possibly ever before [4,5]. Distressing
situations such as being forced to deal with a shortage of
personal protective equipment and having to prioritize who will
receive life-sustaining treatment have become common during
the pandemic. For HCWs, experiencing such situations may
cause significant emotional burden and induce the phenomenon
of MD [6-8]. MD is defined as distress stemming from the
inability to enact actions believed to be morally right owing to
external constraints [8,9]. Moral injury (MI), an extreme form
of MD, can occur when individuals witness or perpetrate actions
that violate deeply held moral beliefs, resulting in severe
emotional reactions with long-lasting consequences [7].
However, further investigation is needed to enable a more
precise distinction between MD and MI [7].

The first description of MI was made in the military context by
Shay [10] and was defined as a betrayal of moral character,
usually as a result of the actions of a person in a position of
authority [10], leading to feelings of powerlessness,
helplessness, and loss of faith in humanity [7,10]. Shay [11]
argues that MI occurs when the following conditions are met:
(1) there has been a betrayal of what is considered right (2) by
someone holding legitimate authority and (3) in high-stakes
situations. Litz et al [12] expanded the concept of MI to include
“the lasting psychological, biological, spiritual, behavioral, and
social impact of perpetrating, failing to prevent, or bearing
witness to acts that transgress deeply held moral beliefs and
expectations.” As part of the definition, the authors also defined
potentially morally injurious events (PMIEs) as the acts of
perpetrating, failing to prevent harm, or bearing witness to acts
that transgress deeply held moral beliefs [12]. Experiencing a
PMIE is frequently associated with feelings of betrayal, guilt,

shame, and self-blame [13]. Furthermore, PMIEs may not only
cause acute MD but can also have long-term consequences
because MD and MI may develop weeks or months after a PMIE
[14].

MI was originally associated with, and frequently co-occurs
with, posttraumatic stress disorder (PTSD) [13], which has been
conceptualized as a fear-related disorder [15,16]. However, MI
has not yet been defined in the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition [16], and a PMIE does not
necessarily fulfill the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition criterion A for PTSD. The
concept of MI was conceived to encompass the following
criteria, among others: (1) reexperiencing self-referential moral
emotions (eg, anger, guilt, and shame); (2) strong negative
beliefs about the self, the world, and others; and (3)
self-destructive behaviors that inflict severe distress or functional
impairment [17,18]. In addition, emerging literature has defined
MI as being mechanistically different from PTSD [13,15]. A
positron emission tomography study in veterans with PTSD
showed that regional blood glucose metabolism differed
according to the nature of traumatic exposure as follows: the
group with PTSD owing to danger-based traumas (ie,
life-threatening events) showed higher metabolism in the
amygdalae; by contrast, the group with PTSD secondary to
non–danger-based traumas (eg, MI by self or others) had
increased metabolism in the precuneus [19], a region that has
been associated with the processing of self-referential feelings
(eg, shame and guilt) [15]. Therefore, further research is needed
to determine the ecological validity of MI as an independent
diagnostic category [13]. In addition, there is a need to
investigate specific interventions for MI because it has been
found to not generally respond to evidence-based treatments
for PTSD [12,17]; for example, moral resilience training, the
development of emotional intelligence skills, and strategies for
promoting moral repair have already been proposed as specific
treatments for MI and are currently under investigation
[5,17,20].

Although MI has been largely studied in military contexts [17],
it is also applicable to HCWs, particularly in light of the
COVID-19 pandemic. However, MI and PMIEs are poorly

JMIR Serious Games 2024 | vol. 12 | e42813 | p.94https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2196/42813
http://www.w3.org/Style/XSL
http://www.renderx.com/


understood in this context. Čartolovni et al [7] argue that MI
occurs in HCWs when they experience PMIEs involving
high-stakes situations that are beyond their control. To
investigate MI in the COVID-19 context, Rushton et al [5]
conducted a survey with frontline HCWs and reported an overall
prevalence rate of 32% for MI, with nurses being the most
affected (38%). Fewer years of experience were positively
associated with MI, whereas religious affiliation or spirituality
and higher levels of moral resilience were associated with lower
MI scores. In addition, the study showed a moderate correlation
between MI and various ethically challenging situations, such
as experiencing negative consequences at work after expressing
safety concerns, working with limited resources, and carrying
out decisions of others which threaten one’s own values [5].

Litam and Balkin [4] examined the relationship between MI
and the professional quality of life in a convenience sample of
HCWs during the COVID-19 pandemic. The authors reported
that secondary traumatic stress was a strong predictor of MI in
frontline HCWs, but the contribution of compassion,
satisfaction, and burnout to MI scores was nonsignificant. Of
note, nurses had significantly higher burnout scores than
physicians. Zerach and Levi-Belz [21] conducted a survey to
investigate the patterns of exposure to PMIEs in a sample of
HCWs and social care workers during the COVID-19 pandemic.
The prevalence rate of symptoms of MI was 40%, with betrayal
events being the most frequent PMIEs with a prevalence rate
of 62%. In general, exposure to PMIEs was positively related
to perceived stress, depression, anxiety, and self-criticism,
whereas it was negatively associated with self-compassion.
Interestingly, the duration of care for patients with COVID-19
was not associated with MI [21].

To increase the ecological validity of MI as a diagnostic entity,
the experiences of the MD-MI continuum should be examined
using accurate methods [13]. To date, several measurement
instruments have been developed to identify MI outside of
military contexts, including the Moral Injury Symptom
Scale–Healthcare Professionals version [22] and the Moral
Injury Outcome Scale (MIOS) [18]. The MIOS is a self-rated
scale, developed as an assessment tool to evaluate MI as a
multidimensional outcome [18]. This scale comprises 10 binary
(yes or no) questions and 15 five-point Likert scale questions
about experiencing a PMIE and feelings associated with this
event; higher scores indicate greater severity of MI symptoms.
At the end, the MIOS has an additional 7-point Likert scale
question that assesses the extent to which the experience of
PMIEs has interfered in one’s self-care or caused functional
impairment (from not at all to extremely). The MIOS is in the
final stage of development by the MIOS Consortium [18].

Conducting interventional studies to investigate the impact of
PMIEs on mental health in real-world settings is challenging
owing to operational constraints. This is especially true in health
care, where limitations imposed by patient privacy regulations
may make traditional clinical trials in MI impractical. Another
important aspect to consider is the ethical implications of
submitting an already strained workforce to moral stressors in
an uncontrolled real-world environment such as an intensive
care unit (ICU). A promising strategy to address these
limitations is the use of virtual reality (VR) scenarios. VR is a

powerful technology for examining mental health and the
MD-MI continuum because it offers several advantages over
traditional observational research in naturalistic environments.
First, VR allows researchers to observe, monitor, and potentially
support participants in fully controlled environments in real
time [23]; therefore, it is safer and provides more accurate
measures of one’s reactions to ethically challenging situations
compared with observational studies in naturalistic
environments. Second, VR allows for the design of fully
customizable scenarios [23], making it especially suitable to
simulate real-world scenarios in health care that otherwise would
be impractical to replicate. As traumatic events in both PTSD
and MI are highly idiosyncratic, and treatment for PTSD
requires exposure to individual cues, we assume that virtual
environment customization should be a critical feature to provide
personalized and effective interventions to treat MD and MI
[24]. In addition, extensive evidence has demonstrated the
effectiveness of VR-based interventions for PTSD [25-27].
Third, VR environments can effectively elicit real
psychophysiological responses because individuals are immersed
in virtual scenarios as if these were real events, with the
advantage of enabling real-time data capture [23,24]. All these
advantages make VR-based trials ideal to study the MD-MI
phenomena in HCWs. However, no prior research has
investigated the feasibility of VR interventions to examine MD
and MI in the context of the COVID-19 pandemic.

Objectives
The overarching goal of this study was to determine the
feasibility of using a compound VR intervention to examine
MD and MI among HCWs during the COVID-19 pandemic.
To achieve this, we designed a VR scenario in which HCWs
faced a morally challenging situation in a midpandemic hospital
environment while being monitored for acute psychological
and physiological measures of stress. As outlined in our protocol
paper [28], our aims were to (1) evaluate the feasibility of using
a VR scenario to simulate the experience of a COVID-19–related
morally challenging event by using measures of tolerability,
dropouts, and suitability of the virtual scenario; (2) assess the
potential of our VR scenario to elicit mild stress and MD, as
measured by quantitative self-report questionnaires as well as
qualitative analyses of semistructured interviews; and (3)
investigate the feasibility of our novel mobile app (DiiG App)
for longitudinal monitoring of stress and MD in naturalistic
settings in the 8 weeks after the intervention.

On the basis of the findings with PTSD [25-27], we
hypothesized that VR scenarios would be a feasible method for
assessing MD and MI. Given the ability of VR to generate
genuine responses, we additionally hypothesized that our virtual
scenario would significantly increase stress levels and elicit
feelings and symptoms associated with MD and MI. Finally,
we hypothesized that our mobile app would successfully capture
symptoms associated with stress and MD in the 8-week
follow-up.

To the best of our knowledge, this pilot study is the first to
assess the feasibility of using a VR scenario to simulate the
experience of a morally challenging event related to the
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COVID-19 pandemic by HCWs while assessing its acute
perceptual, psychological, and physiological effects in real time.

Methods

Study Design
In this single-cohort pilot study (ClinicalTrials.gov:
NCT05001542), we adopted a multimethod approach in a
pretest-posttest design to develop a compound intervention
consisting of three successive parts: (1) a VR scenario to
simulate a morally complex situation, (2) an educational video
on MI and appropriate mitigation strategies, and (3) a repetition
of the VR scenario. The intervention was followed by
longitudinal data collection of mental health and MI surveys
using our mobile app. The MI educational video was based on
the Center of Excellence on PTSD guide [29] that summarized
the causes and identifiers of MI and potential interventions to
mitigate MD. The effectiveness of the VR-based educational

intervention was assessed using the MIOS [18], the Perceived
Stress Scale (PSS) [30], and the Igroup Presence Questionnaire
(IPQ) [31]. The PSS is a self-reported measure of stress, whereas
the IPQ evaluates the experience of presence during the VR
scenario. As previously mentioned, the MIOS is a self-rated
scale that was developed as an assessment tool to evaluate MI.
For the purposes of this pilot study, we adopted a brief version
of the MIOS (hereinafter referred to as the MIOS), which
comprises 10 five-point Likert scale questions and 4 binary (yes
or no) questions [32]. During the VR scenario, respiratory
impedance, electrocardiography (ECG), galvanic skin response,
and photoplethysmography were continuously collected. In
addition to the original signals, we extracted the derivation of
these signals, including ECG pulse rate, ECG RR interval,
respiratory rate, and elevated respiratory rate. A visualization
of the VR experimental flow can be seen in Figure 1. Further
details on the intervention and data collection have been
explained and outlined in the paper by Nguyen et al [28].

Figure 1. Flowchart of the virtual reality (VR) experiment. MIOS: Moral Injury Outcome Scale; PTSD: posttraumatic stress disorder.
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The experimental session was divided into prebrief,
preintervention test, intervention video, postintervention test,
and debrief components (Figure 1). The preintervention test
and postintervention test were conducted in VR, whereas the
prebrief and debrief occurred outside the virtual environment.
The MIOS was performed at 4 time points as follows: as a
paper-based version for the prebrief and debrief and in the
virtual scenario for the preintervention test and postintervention
test. The PSS was performed twice, at prebrief and debrief. The
MIOS and the PSS focus on symptoms of MD and stress,
respectively, over the last month. However, when answering
these scales, participants were told to rate symptoms at that
exact moment. The goal of the prebrief was to explain how the
physiological data would be collected and prepare the participant
for the VR scenario; it consisted of an orientation to the virtual

space and equipment, safety precautions, and the expected
outcome of the study. During the preintervention test,
participants were immersed in the VR scenario where they took
on the role of a physician in an ICU during the COVID-19
pandemic. To experience the VR scenario, participants used a
VR headset and 2 wireless controllers that tracked their head
and hand movements, mapping it to an avatar. Semitranslucent
panels were displayed as spatial elements in the VR scenario
(Figure 2), providing information to the participant in the form
of the dialogue panel (which displayed the current nonplayable
character’s photograph, name, and the text version of the
dialogue being spoken) and the interaction panel (which
displayed a list of available choices and responses for the
participant to choose from).

Figure 2. User interface displaying the dialogue and interaction panels.

In the scenario, a shortage of life-saving equipment resulted in
the decision to move a ventilator from 1 patient to another
patient who had a greater chance of survival. After being
informed of this, the participant’s avatar appeared in the next
scene, where they had to communicate this decision to the first
patient’s family and respond to the family’s reactions of
frustration and anger. After completing the preintervention test
and while still immersed in the VR scenario, participants
watched a brief 2D educational video comprising key concepts
of MD and MI and adaptive behaviors to cope with morally
complex situations at the individual, team, and organizational
levels. Participants then completed the postintervention test,
which consisted in a repetition of the VR scenario played in the
preintervention test. Finally, in the debrief, participants were
asked open-ended questions to encourage them to describe their
experiences in the virtual setting, followed by an exit survey
[28].

After the experiment, participants were instructed to use our
mobile app [33] to collect passive and active data for distress

monitoring during the following 8 weeks. As MI may have a
delayed onset, such data collection allows for longer-term
monitoring of emotions associated with MD, offering insights
into the distress experienced in real time.

Participants
Participants were recruited and enrolled between May 2021 and
August 2021 from the 3 affiliated hospitals at Unity Health
Toronto. Participants were enrolled if they were an HCW
currently providing health care at their respective hospital of
employment, aged ≥18 years, and owned a mobile phone (an
Android mobile phone with operating system version 6.0 or
above or an iPhone with operating system version 11.0 or
above).

Statistical Analysis
As this was a pilot feasibility trial, we summarized dropout
rates, easiness of use, tolerability, acceptability, and utility using
counts and percentages. Continuous data were summarized
using range, mean and SD, and median and IQR. To assess the
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effect of the VR scenario on symptoms of MI, we compared
MIOS scores across the 4 time points using a Friedman test. In
addition, follow-up MIOS scores were compared with the score
at prebrief using Wilcoxon signed rank tests with Bonferroni
correction (.05/3=.0167) to adjust for multiple comparisons. As
PSS scores were collected only at 2 time points (ie, at prebrief
and debrief), a Wilcoxon signed rank test was used to compare
the difference in the PSS scores between these 2 time points.
A P value of <.05 was considered significant unless otherwise
specified. We performed statistical analysis using SAS 9.4 (SAS
Institute Inc).

Quantitative Analysis

Stress and MD Analysis
In this feasibility study, we piloted the application of the MIOS
to assess MD both acutely and longitudinally. As mentioned in
the Study Design section, MIOS was administered during the
prebrief, preintervention test, postintervention test, and debrief.
Participants were also prompted to complete MIOS on the
mobile app in the 8 weeks after the intervention for a
longitudinal assessment of MD and MI. All questionnaires used
in the mobile app (eg, the MIOS and the PSS) are available in
the appendices of the study by Nguyen et al [28].

IPQ Assessment
To objectively assess user experience within the VR scenario,
we adopted the IPQ, which is a questionnaire for measuring the
sense of presence experienced in a virtual environment [31].
Composed of 14 questions (answered on a 6-point Likert scale),
the IPQ has a high reliability (Cronbach α=.87) and outputs
four items (1 general item, not belonging to a subscale, and 3
subscales): (1) general presence (sense of being there), (2)
spatial presence (the sense of being physically present in the
virtual environment), (3) involvement (measuring the attention
devoted to the virtual environment), and (4) experienced realism
(measuring the subjective experience of realism in the virtual
environment).

Hereinafter, the 4 outputs will be referred to as IPQ components.
More information about the construction and structure of the
scale and the IPQ’s reliability analysis is available on the Igroup
project consortium website [34,35].

Mobile Data Analysis
After participating in the intervention, participants were
instructed by our research staff to download and regularly use

our mobile app to answer surveys in the 8-week follow-up.
Participants received push notifications on the mobile app 3
times weekly to answer short versions of the scales related to
depression (2-item Patient Health Questionnaire), anxiety
(2-item Generalized Anxiety Disorder), stress (4-item PSS) MI
(4-item MIOS), and loneliness (3-item University of California
Los Angeles Loneliness Scale). With the exception of the 3-item
University of California Los Angeles Loneliness Scale,
participants were also asked to answer the full version of these
scales once weekly. Short versions of the scales were used on
weekdays to minimize participant burden. The mobile app also
had the option of collecting passive data from built-in
smartphone sensors (GPS and accelerometer) from participants
who provided in-app consent to gather information on distance
traveled and activity patterns. Details on the mobile data
collection were previously overviewed in the study by Nguyen
et al [28]. We used in-app automated survey reminders to
promote app use.

Qualitative Analysis

Content Analysis
We performed a content analysis on the data collected from the
scenario debriefing conducted immediately after the compound
intervention. Qualitative content analysis is a method to interpret
meaning from text data and draw conclusions from words,
themes, or concepts that occur in the text, in reference to their
context, so that research questions can be answered [36]. We
used inductive category development by becoming immersed
in the data and allowing insights on categories to emerge from
the data [37]. The scenario debriefing consisted of a
semistructured interview that allowed participants to answer
open-ended questions about their overall experience, followed
by a semistructured debriefing methodology (the interview
guide is included in Multimedia Appendix 1). The researchers
(BN and AT) who collected the VR data were trained using the
Promoting Excellence and Reflective Learning in Simulation
(PEARLS) health care debriefing tool [38], a simulation
debriefing framework to help learners assess their experience
within a safe environment. A flow diagram of the debriefing
can be seen in Figure 3. After completion of the intervention,
we conducted a postexperiment procedure, which consisted of
removing the VR headset from the participant but keeping the
physiological sensors attached. In addition, we confirmed with
the participant that they were able to continue with the
debriefing.

Figure 3. Flow diagram of the debriefing. PEARLS: Promoting Excellence and Reflective Learning in Simulation; VR: virtual reality.

During the open-ended feedback part of the debrief, we asked
participants to speak freely about their experience with the
experiment. We specifically asked the following questions:

1. “What suggestions or feedback would you give to improve
the scenarios? Please comment on what can be improved,
what can be more realistic, and any deviation from real-life
applications.”

2. “Could you share something that you have learned about
moral injury today? How might this apply to your clinical
practice?”

The research questions we sought to answer with our content
analysis from this feedback were as follows:

1. “How can the VR scenario be improved?”
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2. “How accessible and relevant was our intervention?”

We subsequently conducted scenario-based debriefing using
the PEARLS [38] methodology, which involved an exploration
of the following predetermined topics: participant experience
with the technology used, decision-making during the scenario,
and emotions elicited during the scenario. The research questions
we sought to answer with the content analysis from the
scenario-based debriefing were as follows:

1. “What is the overall user experience of participants with
the VR technology?”

2. “What were the determining factors for the decisions that
participants made in the scenario?”

3. “How did the scenario make the participant feel?”

The PEARLS structure is a well-validated debriefing tool that
is typically used to provide introspection on performance for a
simulation participant [38]. It has been used extensively in the
simulation literature, including a recent user qualitative study
with patient-led simulations [39]. A PEARLS debrief integrates
4 main segments: setting the scene, eliciting reactions,
description and analysis of the experience, and summary or
reflections.

After the debrief, participants were asked to answer a debrief
feasibility questionnaire with 3 five-point Likert questions
answered on a scale ranging from 1 (strongly disagree) to 5
(strongly agree) about the relevance and utility of the
psychoeducational content on MD for real-life situations as well
as the ability of the VR scenario to elicit emotions (Multimedia
Appendix 1).

User Experience
To assess the user experience within the VR scenario, we
evaluated the dropout rate, the feasibility questionnaire, and the
qualitative responses provided during the debrief. During the
VR scenario, participants had their head and hand movements
tracked by the VR headset and controllers, and all movements
were mapped into a virtual avatar (Figure 4). To help improve
the sense of body ownership (ie, making the users recognize
the virtual body as their own) [40], the preintervention test
started with a tutorial that had the participants looking at a mirror
and moving their head and hands to visualize that their virtual
avatar actions reflected their own.

Figure 4. Snapshot of the virtual reality scenario showing the participant’s avatar reflected in a mirror. The blue beam indicates the cursor used to
interact with the virtual environment.

Ethics Approval
Ethics approval was obtained from the research ethics board at
St. Michael’s Hospital before starting any study activities
(21-066).

Results

Participants

Participant Flow
A total of 16 participants were assessed for eligibility; 1 (6%)
declined to participate, and therefore 15 (94%) participants were
allocated to the intervention. All 15 participants received the
intervention. No participants were lost to follow-up, and data
from all 15 participants were analyzed. Information on
participant flow is presented in Figure 5.
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Figure 5. Flowchart of participant enrollment and attrition.

Baseline Data
Our sample consisted of 15 HCWs (female participants: n=11,
73%; male participants: n=4, 27%). The participants had a mean
age of 32.7 (SD 9.5) years; the male participants had a mean
age of 34.3 (SD 4.9) years, whereas the female participants had
a mean age of 32.2 (SD 10.9) years. Among the 15 participants,
the most common occupations were nursing (n=7, 47%) and
medicine (n=3, 20%); other professions included mental health
research staff (n=2, 13%), physician assistant (n=1, 7%),
educator (n=1, 7%), and graduate student (n=1, 7%). At the
time of the experiment, none of the 15 participants had a prior
or current COVID-19 infection; however, 4 (27%) had a prior
family history of COVID-19 infection. The VR experiments
were conducted between May 2021 and August 2021.

Data Analyzed
For 15 participants, MIOS, PSS, IPQ, and mobile data were
analyzed. The data of 14 participants were analyzed for the
content analysis.

Quantitative Analysis

Stress and MD Analysis
The average MIOS scores for the prebrief, preintervention test,
postintervention test, and debrief were 10.4 (SD 9.9), 12.9 (SD
6.9), 12.6 (SD 7.1), and 13.5 (SD 9.1), respectively, with a
difference between the debrief and prebrief (between after the
intervention and before the intervention) of 3.1 (SD 6.8; Table
1). There was no statistical difference in the MIOS scores at the
5% level when comparing all 4 scores using the Friedman test
(Q=4.61; P=.20). Using Bonferroni correction (.05/3=.0167),
the results showed no significant difference between the prebrief
scores and any follow-up score: preintervention test (P=.30),
postintervention test (P=.32), and debrief (P=.11). The MIOS
is a new scale that is still under development by the MIOS
Consortium and has not yet been established for the assessment
of MI [18,41].
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Table 1. Wilcoxon signed rank test comparing Moral Injury Outcome Scale follow-up scores at preintervention test, postintervention test, and debrief

with the prebrief score (n=15)a.

P valueValues, median (IQR; range)Values, mean (SD)

N/Ab12 (0 to 17; 0 to 28)10.4 (9.9)Prebrief score

.30c13 (6 to 17; 3 to 27)12.9 (6.9)Preintervention test score

.32c13 (8 to 17; 1 to 28)12.6 (7.1)Postintervention test score

.11c14 (5 to 18; 0 to 32)13.5 (9.1)Debrief score

.11c1 (−1 to 7; −8 to 18)3.1 (6.8)Difference (debrief − prebrief)

aThere was no statistical difference in the Moral Injury Outcome Scale scores at the 5% level when comparing all 4 scores using the Friedman test
(Q=4.61; P=.20).
bN/A: not applicable.
cFollow-up scores were compared with the preintervention test score using the Wilcoxon signed rank test; Bonferroni correction was used (.05/3=.0167),
that is, significance at 1.67% was applied.

PSS scores were only collected at 2 time points: at prebrief and
debrief. The average PSS scores during the prebrief and the
debrief were 17.3 (SD 7.5) and 19.1 (SD 8.1), respectively, with
a postintervention test–preintervention test difference of 1.8

(SD 6.0; Table 2). Similar to the MIOS scores, the prebrief and
debrief PSS scores were not statistically different (P=.22).
Tables 1 and 2 summarize the analysis for the MIOS and PSS
scores.

Table 2. Wilcoxon signed rank test of the Perceived Stress Scale prebrief and debrief scores (n=15).

P valueValues, median (IQR; range)Values, mean (SD)

N/Aa15 (12 to 22; 4 to 33)17.3 (7.5)Prebrief score

N/A19 (14 to 26; 4 to 33)19.1 (8.1)Debrief score

.22b1 (−1 to 7; −11 to 11)1.8 (6.0)Difference (debrief − prebrief)

aN/A: not applicable.
bWilcoxon signed rank test to test no difference in the distribution between the preintervention test and postintervention test scores.

IPQ Assessment
On the basis of the data collected from the 15 participants, the
VR scenario achieved an above-average degree of overall
presence, spatial presence, and involvement, with slightly
below-average realism (Table 3 and Figure 6). Considering that
the presence component is influenced by the other 3
components, it makes sense that it has a higher variance and
SD, which suggests an opportunity to improve the immersion
of the VR scenario. The lowest scoring component was realism,
with the lowest variance and SD. These findings are
corroborated by the qualitative feedback provided during the

debrief session, where only 5 (33%) of the 15 participants
commented that the environment felt realistic and that they felt
immersed in the experience. By contrast, 1 (7%) of the 15
participants stated that they found the environment more
immersive than simulation with real people. The participants’
feedback also highlighted other areas for future improvement,
particularly regarding the realism component, such as having
less restrictive dialogues, making the ICU environment more
crowded, improving the voice-over acting features, and having
the ICU equipment show patients’ physiological data (eg, heart
rate monitor).

Table 3. Igroup Presence Questionnaire data statistics.

VarianceValues, median (IQR)Values, mean (SD)

2.174.0 (2.0)3.80 (1.47)General presence

1.344.0 (1.6)3.53 (1.16)Spatial presence

0.603.5 (1.0)3.48 (0.78)Involvement

0.452.5 (1.3)2.20 (0.67)Experienced realism
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Figure 6. (A) Box plot showing median, quartiles, extreme data points, and outlier. (B) Radar chart of the overall mean of the 4 Igroup Presence
Questionnaire (IPQ) components. It uses a radial axis, with the center representing a score of 0 and the outer outline representing a score of 6. G: general
presence; INV: involvement; REAL: experienced realism; SP: spatial presence.

Mobile Data Analysis
The dropout rates for the study app were very high. Of the 15
participants, 8 (53%) did not perform any survey, whereas 7
(47%) completed at least 1 questionnaire. Instead of answering
surveys periodically, only 4 (27%) of the 15 participants had
>1 set of survey results. There were not sufficient mobile data
to provide informative analysis. In the future, an improved
participant engagement strategy is needed to help optimize
mobile data collection.

Post Hoc Sample Size Calculation
As an exploratory analysis, we calculated post hoc sample sizes
using 2-tailed paired t tests with a significance level of .05 based
on the mean differences in the MIOS and PSS scores observed
between the respective scores at prebrief and debrief. The
common SDs for each score were estimated using the observed
larger SD among the 2 scores. The computed correlations
between the 2 scores were used in this calculation. The sample
sizes required to achieve a power of 80% were 41 and 95
participants based on the observed results for the MIOS and the
PSS, respectively (Multimedia Appendix 2).

Qualitative Analysis

Content Analysis
Content analysis was performed for 14 (93%) of the 15
participants because technical issues compromised the speech
recording of the 15th participant. Common references to real-life
experiences were recognized in the content analysis, with the
most frequent themes being the following: the virtual characters’
choices during the experiment were too restrictive (10/14, 71%),
feelings of some guilt or shame (8/14, 57%), no feelings of
failure or being punished (7/14, 50%), no guilt or shame (6/14,
43%), need of organizational support to deal with the morally
challenging situation presented in the experiment (7/14, 50%),

numbness (5/14, 36%), and the VR scenario was immersive,
real, or engaging (5/14, 36%). Of the 14 participants, 1 (7%;
participant 13) provided contradictory responses to feelings of
guilt and shame, once saying that they did experience these
feelings and once saying that they did not. Furthermore, 2 (14%)
of the 14 participants considered the learning experience about
MD and MI valuable and useful to their daily practice. A
complete summary of the content analysis is provided in
Multimedia Appendix 3.

Participants also recommended some specific areas of
improvement in the VR scenario; for example, the following
suggestions were made by 1 (7%) of the 14 participants: the
patient’s vital signs were at a normal range although he was
experiencing respiratory failure, the skin color should be
consistent with that of the participant (all virtual characters were
White), the scenario was unrealistic because other interventions
apart from the ICU ventilator should have been portrayed, and
photographs of the patient should have been added to better
customize the character’s appearance. Finally, 2 (14%) of the
14 participants reported not being able to relate to religious
mentions of God in the VR scenario.

User Experience
Although only 3 (20%) of the 15 participants reported prior
experience with VR headsets (Multimedia Appendix 4), there
were no dropouts during the VR scenario (Figure 5). As we had
expected that new VR users could potentially experience nausea
or disorientation, participants were reminded multiple times
during the prebrief that they could pause or stop the session at
any moment. Having said that, of the 15 participants, 14 (93%)
did not report any side effects; only 1 (7%) participant reported
claustrophobia and slight anxiety at first, but these feelings
quickly subsided, and the participant was able to complete the
VR scenario without any further side effects or complaints.
Finally, all participants agreed that the VR platform and scenario
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were easy to navigate (Multimedia Appendix 4). Regarding the
debrief feasibility questionnaire, of the 15 participants, 6 (40%)
agreed that they learned about MD and interventions, and 11
(73%) agreed that the knowledge about MD and interventions
will help them perform better in real-life events (Multimedia
Appendix 5). Although only 8 (53%) of the 15 participants
agreed that the VR simulation managed to make them experience
the same emotions as they would in a real-life event (Multimedia
Appendix 5), during the qualitative debrief, common emotions
cited included some guilt, shame, betrayal, and isolation, which
are consistent with MD.

Discussion

Principal Findings
In this work, we developed a fully immersive VR scenario to
emulate a real experience of a morally distressing situation by
HCWs in a simulated ICU setting during the COVID-19
pandemic and assess its acute effects on physiological and
psychological parameters as well as longer-term effects on MD.
This was followed by an educational video on MD and MI and
appropriate mitigation strategies for MD and finally a repetition
of the VR scenario in a pretest-posttest design. Because of
COVID-19 constraints that resulted in health care settings often
being described as a war zone [42], HCWs have been
particularly exposed to PMIEs in their work environment during
this pandemic [4,7]. However, despite the attention it has gained
over the last decade, the concept of MI remains poorly
understood. VR is a promising strategy to investigate MI owing
to its ability to provide highly controlled virtual environments,
personalized and tailored experiences, and full control and
monitoring of the participants by the research team. The VR
scenario created by the research team involved a complex ethical
problem that became unfortunately frequent owing to the strain
of the pandemic: prioritizing which patients would receive vital
support in the face of the shortage of essential equipment such
as ventilators [6]. This situation may be considered morally
distressing because participants may witness the transgression
of some of their core moral values [12], but it is not considered
severe enough to induce MI. To achieve our goals, we performed
a thorough quantitative and qualitative analysis of the
acceptability, easiness of use, tolerability, and utility of the VR
technology using a head-mounted display. To the best of our
knowledge, this study is the first to examine the feasibility of
using an immersive VR scenario to investigate the
psychobiological impacts of a moral stressor on HCWs, as well
as to use physiological parameters to predict the severity of
stress and symptoms of MD and MI.

The feasibility analysis showed high acceptability of the VR
scenario among participants, with no dropouts occurring during
the study. Although only one-fifth of the participants (3/15,
20%) had previously used VR, all participants reported that the
VR technology was easy to use. Moreover, the tolerability was
also high because only 1 (7%) of the 15 participants reported
mild transient side effects (claustrophobia); no participants
reported nausea, whereas other specific side effects (eg,
headache and dizziness) were neither reported by participants
nor inquired on by the research team. This finding aligns with

the literature showing that the incidence rate of VR-induced
side effects is low and ranges between 0.5% and 8% [43], with
the most common side effects being nausea, eye strain, and
dizziness [43]. Specifically, nausea is reported to have an
incidence rate of 5.2% [44], whereas vomiting is considered a
rare event with an incidence rate of approximately 2% [45].
These symptoms are defined as cybersickness, a form of motion
sickness that may be experienced during immersive VR
experiences [44]. In this study, we hypothesize that the lack of
nausea and other symptoms of cybersickness may have been
due to limited head motion during the VR scenario and to the
relatively reduced duration (mean 26.3, SD 2.7, min) of the
experiment [46].

Regarding the technical quality of our VR scenario, the IPQ
results revealed that the scenario achieved a high degree of
general presence and spatial presence, above-average
involvement, and slightly below-average realism. Therefore,
most of the participants felt immersed and involved in the virtual
environment but reported that the experiment was not realistic
enough (10/15, 67%). This lack of realism was corroborated by
the content analysis, where only approximately one-third of the
participants (5/14, 36%) felt that the scenario was immersive,
real, or engaging. To improve the experience of realism in
virtual hospital environments, future studies could address the
limitations pointed out by participants in the qualitative debrief
session, such as more realistic ICU settings with equipment
displaying patients’ vital parameters and having ethnically
diverse virtual characters to be more representative virtual
avatars of participants.

Content analysis of the debriefing revealed that feelings of guilt,
shame, betrayal, isolation, and failure were commonly reported;
these are impairing moral emotions consistent with MD
[7,17,47] and might suggest a violation of moral beliefs. This
finding suggests that the VR scenario could acutely induce real
experiences of mild MD. Interestingly, numbness was mentioned
by approximately a third of the participants (5/14, 36%). This
feeling could be considered as a consequence of not having real
power in relation to a real-world experience; it may also
represent an emotional consequence of being exposed to a PMIE
[12,18]. We assume that numbness could be related to potential
signs of the erosion of moral agency, not in relation to our
intervention but to previous real-world experiences of prolonged
and repeated stressors and moral stressors. The content analysis
revealed that most of the participants (8/14, 57%) reported guilt
and shame, which are feelings consistently related to the
experience of MD [7,17]. This finding suggests that the moral
stressor experienced during the VR scenario could successfully
induce some degree of MD. In addition, half of the participants
(7/14, 50%) expressed the need for organizational support, an
aspect frequently related to MD. Participants suggested that
there could be a greater emphasis on organizational dimensions
in future simulations, given the expressed need and the
alignment with past research on MD [48]. The findings from
the content analysis supported our hypothesis that a VR scenario
can be successfully used to elicit and discuss real-life
experiences and emotions related to MD.

In contrast to the qualitative results, the quantitative analysis
did not show significant changes in the MIOS scores between
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before and after the experiment. The PSS scores showed the
same trend and were not significantly different from baseline,
which contradicts our hypothesis that the VR scenario would
significantly increase stress levels. Both the MIOS and the PSS
focus on symptoms developed over the last month. Although
participants were instructed to rate their symptoms at that
specific moment, these scales might not have enough sensitivity
to capture acute changes in stress and MD symptoms.
Alternatively, the changes in MD symptoms may have not been
severe enough to induce significant changes in the MIOS scores
acutely. Combining our findings from the qualitative and
quantitative analyses, we assumed that some degree of MD was
experienced by most participants, but we believe that these
symptoms were not severe enough to induce MI. This is an
important ethical aspect because the VR scenario was designed
by specialists in MD and MI to minimize the risk of inducing
significant MD in participants.

As MI may develop in the long term, we additionally attempted
to use a mobile app to monitor participants for stress and MD
and offer psychological support during an 8-week follow-up.
Unfortunately, a longitudinal analysis of MD during the
follow-up was not possible owing to very low app compliance.
It is possible that participants might have developed additional
symptoms of MD during follow-up that otherwise could not be
captured by our analysis. However, we believe that this is
unlikely because no participants requested the psychological
support offered in the study. Alternatively, the brief version of
the MIOS might not have been sensitive enough to detect slight
but important changes in MD that would otherwise be detected
by its complete version or by another MD scale. Having said
that, this study is a feasibility study with a small sample size,
and such an implication is beyond the scope of this work.
Finally, the MIOS is still under development; hence, future
studies are needed to assess the validity of the MIOS and its
brief version.

Mobile app retention proved to be challenging because more
than half of the participants (8/15, 53%) did not use the study
app, and less than one-third (4/15, 27%) completed at least 1
set of surveys. Our app engagement strategy was based solely
on in-app automated reminders and was insufficient to promote
participant retention. This finding is supported by recent
literature that recommends a combination of different
engagement strategies to optimize app use [49,50]. In addition,
another possible explanation for the low compliance is that a
user-centered design process was not adopted during app
development; therefore, the study app may not be particularly
targeted to HCWs as the end users [51,52]. Nevertheless, our
results are in line with previous research that demonstrates that
retention is frequently a great challenge in mobile health studies
in both clinical and nonclinical samples [50,53].

Post hoc sample size calculations indicate that a 3-fold and
6-fold sample size is required to reach a power of 80% for the
MIOS and the PSS, respectively. With a sample of only 15
participants, our results were underpowered, which may at least
in theory explain the nonsignificance of our quantitative findings
and the discrepancy between the qualitative and quantitative
results. This study was developed during a critical period of the

COVID-19 pandemic, with recruitment occurring between May
2021 and August 2021, when contact restrictions were very
strict. As the VR intervention required in-person data collection,
recruitment proved to be very challenging. Nevertheless, our
sample size of 15 participants is appropriate for a preliminary
analysis, considering previous VR studies published in PTSD
and other mental health disorders [54-57]. Our post hoc sample
size calculations may be useful to guide the design of future
adequately powered studies using VR in the context of MD and
MI.

Limitations
This study has several limitations that must be considered. First,
it is a pilot feasibility study with a single arm and a small sample
size; thus, the results should be interpreted with due caution.
Additional studies with a controlled design are necessary to
assess the safety and effectiveness of VR interventions in the
assessment of MD and MI. Second, stratification analysis by
demographic variables was not possible owing to the reduced
sample size; therefore, we were unable to compare symptoms
of MI among different subpopulations (eg, nurses and
physicians). In addition, our experiments were performed on a
purposive sample of only HCWs, thus limiting the
generalizability of our findings to other populations. Third, the
debriefing methodology used may have also provided a different
lens than a traditional qualitative interview or focus group.
Fourth, the MIOS and the PSS were used outside of their time
frame scope; additional studies should include assessments that
focus on acute symptoms of stress and MD. Fifth, a standardized
cybersickness scale to assess the side effects within the VR
scenario, such as the Virtual Reality Sickness Questionnaire
[58], was not used and might have caused underreporting of
side effects in this study. Sixth and last, the low app engagement
found during the 8-week follow-up hindered an analysis of any
potential long-term consequences of the experiment related to
MD. Considering that the symptoms of MI may have a late
onset, this represents an important limitation to our findings.

Conclusions
The COVID-19 pandemic has challenged the mental health of
HCWs, with increased rates of distress, anxiety, and depression
being reported. During patient care, ethically difficult situations
became common and put frontline HCWs at risk of MD and
MI. VR-based interventions are a promising method to address
these limitations because they allow for the possibility of
developing experiments in safe, personalized, and highly
controlled environments. This pilot study investigated the
feasibility of using a VR scenario to simulate the experience of
a mild morally challenging event for HCWs during the
COVID-19 pandemic and to examine participants’physiological
reactions to making morally difficult decisions in a virtual
environment. Our results suggest the feasibility of using a VR
scenario to simulate real experiences of morally stressful events
and elicit genuine responses associated with MD with high
acceptability and tolerability. In addition, our VR-based
intervention demonstrated utility as a pedagogical tool for
teaching possible ways to prevent and mitigate MD. Future
studies should be conducted to further validate our findings in
a larger sample.

JMIR Serious Games 2024 | vol. 12 | e42813 | p.104https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


 

Acknowledgments
This work was funded by Innovation for Defence Excellence and Security (IDEaS), Competitive Projects, Department of National
Defence, Canada. The authors are grateful to Dr Deborah Kenny, Ms Kristen Sampson, and the Unity Health Toronto Simulation
Program for their contribution and support. The financial support of the Ontario Trillium Scholarship program is gratefully
acknowledged by AT.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
The study was conceptualized by VB along with SK, EP, and AD. CWE was involved in the interpretation of results, manuscript
write-up, and revision. BN and AT were involved in software design of the virtual reality scenario, data collection, data analysis,
and the writing of methods and quantitative results. WS was involved in data collection and logistics. AR performed quantitative
data analysis. EP was involved in scenario development and qualitative data analysis. LB and DMC provided support with logistics
and the debrief component. HJ conducted statistical analysis under the supervision of WL. BK and AD supervised AT for the
creation of the virtual reality scenario. SK and VB supervised CWE, BN, and AT on all their tasks.

Conflicts of Interest
VB is supported by an Academic Scholar Award from the Department of Psychiatry, University of Toronto, and has received
research support from the Canadian Institutes of Health Research, the Brain & Behavior Research Foundation, Ministry of Health
Innovation Funds, the Royal College of Physicians and Surgeons of Canada, the Department of Defence (Canada), and an
investigator-initiated trial from Roche Canada. All other authors declare no other conflicts of interest.

Multimedia Appendix 1
Postintervention debrief interview guide.
[DOCX File , 11 KB - games_v12i1e42813_app1.docx ]

Multimedia Appendix 2
Post hoc sample size calculations.
[DOCX File , 8 KB - games_v12i1e42813_app2.docx ]

Multimedia Appendix 3
Individual summary of the most common themes in the content analysis of data of 14 participants.
[DOCX File , 12 KB - games_v12i1e42813_app3.docx ]

Multimedia Appendix 4
Results of the virtual reality scenario feasibility questions.
[DOCX File , 9 KB - games_v12i1e42813_app4.docx ]

Multimedia Appendix 5
Scores from the debrief feasibility questionnaire.
[DOCX File , 9 KB - games_v12i1e42813_app5.docx ]

References
1. Greenberg N. Mental health of health-care workers in the COVID-19 era. Nat Rev Nephrol 2020 Aug 19;16(8):425-426

[FREE Full text] [doi: 10.1038/s41581-020-0314-5] [Medline: 32561871]
2. Travers M. COVID-19 poses a major quandary for the field of moral psychology. Forbes. URL: https://www.forbes.com/

sites/traversmark/2020/04/15/covid-19-poses-a-major-quandary-for-the-field-of-moral-psychology/ [accessed 2021-06-21]
3. Asken MJ. Now it is moral injury: the COVID-19 pandemic and moral distress. Medical Economics. URL: https://www.

medicaleconomics.com/view/now-it-moral-injury-covid-19-pandemic-and-moral-distress [accessed 2021-06-21]
4. Litam SD, Balkin RS. Moral injury in health-care workers during COVID-19 pandemic. Traumatol 2021 Mar;27(1):14-19.

[doi: 10.1037/trm0000290]

JMIR Serious Games 2024 | vol. 12 | e42813 | p.105https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v12i1e42813_app1.docx&filename=7e2f9e95e3f74b52d6bc26a4d542a529.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app1.docx&filename=7e2f9e95e3f74b52d6bc26a4d542a529.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app2.docx&filename=43727f2604e59053a2e0d920d3d5c442.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app2.docx&filename=43727f2604e59053a2e0d920d3d5c442.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app3.docx&filename=45b31e256a567d2f648b481b41a390e2.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app3.docx&filename=45b31e256a567d2f648b481b41a390e2.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app4.docx&filename=bb914f6672f1f78b8545d9f6249d1d17.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app4.docx&filename=bb914f6672f1f78b8545d9f6249d1d17.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app5.docx&filename=b5f241dbdaaf6a49141a10e580ddfc0c.docx
https://jmir.org/api/download?alt_name=games_v12i1e42813_app5.docx&filename=b5f241dbdaaf6a49141a10e580ddfc0c.docx
https://europepmc.org/abstract/MED/32561871
http://dx.doi.org/10.1038/s41581-020-0314-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32561871&dopt=Abstract
https://www.forbes.com/sites/traversmark/2020/04/15/covid-19-poses-a-major-quandary-for-the-field-of-moral-psychology/
https://www.forbes.com/sites/traversmark/2020/04/15/covid-19-poses-a-major-quandary-for-the-field-of-moral-psychology/
https://www.medicaleconomics.com/view/now-it-moral-injury-covid-19-pandemic-and-moral-distress
https://www.medicaleconomics.com/view/now-it-moral-injury-covid-19-pandemic-and-moral-distress
http://dx.doi.org/10.1037/trm0000290
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Rushton CH, Thomas TA, Antonsdottir IM, Nelson KE, Boyce D, Vioral A, et al. Moral injury and moral resilience in
health care workers during COVID-19 pandemic. J Palliat Med 2022 May 01;25(5):712-719 [FREE Full text] [doi:
10.1089/jpm.2021.0076] [Medline: 34678091]

6. Han JJ, Luc JG, Pak E. Ethical dilemmas associated with the COVID-19 pandemic: dealing with the unknowns and
unanswerables during training. J Am Coll Cardiol 2020 Sep 08;76(10):1266-1269 [FREE Full text] [doi:
10.1016/j.jacc.2020.07.041] [Medline: 32883420]

7. Čartolovni A, Stolt M, Scott PA, Suhonen R. Moral injury in healthcare professionals: a scoping review and discussion.
Nurs Ethics 2021 Aug 11;28(5):590-602 [FREE Full text] [doi: 10.1177/0969733020966776] [Medline: 33427020]

8. Williams RD, Brundage JA, Williams EB. Moral injury in times of COVID-19. J Health Serv Psychol 2020 May
02;46(2):65-69 [FREE Full text] [doi: 10.1007/s42843-020-00011-4] [Medline: 32363349]

9. Jameton A. Nursing Practice: The Ethical Issues. Upper Saddle River, NJ: Prentice-Hall; 1984.
10. Shay J. Achilles in Vietnam: Combat Trauma and The Undoing of CharacterDisabil Rehabil. Southern Pines, NC: Scribner

Publishing; 2010.
11. Shay J. Casualties. Daedalus 2011 Jul;140(3):179-188. [doi: 10.1162/daed_a_00107] [Medline: 21898967]
12. Litz BT, Stein N, Delaney E, Lebowitz L, Nash WP, Silva C, et al. Moral injury and moral repair in war veterans: a

preliminary model and intervention strategy. Clin Psychol Rev 2009 Dec;29(8):695-706. [doi: 10.1016/j.cpr.2009.07.003]
[Medline: 19683376]

13. Neria Y, Pickover A. Commentary on the special issue on moral injury: advances, gaps in literature, and future directions.
J Trauma Stress 2019 Jun 04;32(3):459-464. [doi: 10.1002/jts.22402] [Medline: 31162730]

14. Dean W, Jacobs B, Manfredi RA. Moral injury: the invisible epidemic in COVID health care workers. Ann Emerg Med
2020 Oct;76(4):385-386 [FREE Full text] [doi: 10.1016/j.annemergmed.2020.05.023] [Medline: 32586634]

15. Barnes HA, Hurley RA, Taber KH. Moral injury and PTSD: often co-occurring yet mechanistically different. J
Neuropsychiatry Clin Neurosci 2019;31(2):A4-103. [doi: 10.1176/appi.neuropsych.19020036] [Medline: 31012825]

16. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. New York, NY: American
Psychiatric Association; 2013.

17. Griffin BJ, Purcell N, Burkman K, Litz BT, Bryan CJ, Schmitz M, et al. Moral injury: an integrative review. J Trauma
Stress 2019 Jun 28;32(3):350-362. [doi: 10.1002/jts.22362] [Medline: 30688367]

18. Yeterian JD, Berke DS, Carney JR, McIntyre-Smith A, St Cyr K, King L, Members of the Moral Injury Outcomes Project
Consortium. Defining and measuring moral injury: rationale, design, and preliminary findings from the moral injury outcome
scale consortium. J Trauma Stress 2019 Jun 04;32(3):363-372. [doi: 10.1002/jts.22380] [Medline: 30947372]

19. Ramage AE, Litz BT, Resick PA, Woolsey MD, Dondanville KA, Young-McCaughan S, STRONG STAR Consortium.
Regional cerebral glucose metabolism differentiates danger- and non-danger-based traumas in post-traumatic stress disorder.
Soc Cogn Affect Neurosci 2016 Feb;11(2):234-242 [FREE Full text] [doi: 10.1093/scan/nsv102] [Medline: 26373348]

20. Lambert S. Role of emotional intelligence in effective nurse leadership. Nurs Stand 2021 Dec 01;36(12):45-49. [doi:
10.7748/ns.2021.e11782] [Medline: 34514759]

21. Zerach G, Levi-Belz Y. Moral injury and mental health outcomes among Israeli health and social care workers during the
COVID-19 pandemic: a latent class analysis approach. Eur J Psychotraumatol 2021;12(1):1945749 [FREE Full text] [doi:
10.1080/20008198.2021.1945749] [Medline: 34367526]

22. Mantri S, Lawson JM, Wang Z, Koenig HG. Identifying moral injury in healthcare professionals: the moral injury symptom
scale-HP. J Relig Health 2020 Oct 17;59(5):2323-2340 [FREE Full text] [doi: 10.1007/s10943-020-01065-w] [Medline:
32681398]

23. Bell IH, Nicholas J, Alvarez-Jimenez M, Thompson A, Valmaggia L. Virtual reality as a clinical tool in mental health
research and practice . Dialogues Clin Neurosci 2020 Jun;22(2):169-177 [FREE Full text] [doi:
10.31887/DCNS.2020.22.2/lvalmaggia] [Medline: 32699517]

24. Freeman D, Reeve S, Robinson A, Ehlers A, Clark D, Spanlang B, et al. Virtual reality in the assessment, understanding,
and treatment of mental health disorders. Psychol Med 2017 Oct;47(14):2393-2400 [FREE Full text] [doi:
10.1017/S003329171700040X] [Medline: 28325167]

25. Gonçalves R, Pedrozo AL, Coutinho ES, Figueira I, Ventura P. Efficacy of virtual reality exposure therapy in the treatment
of PTSD: a systematic review. PLoS One 2012;7(12):e48469 [FREE Full text] [doi: 10.1371/journal.pone.0048469]
[Medline: 23300515]

26. Rizzo A, Shilling R. Clinical Virtual Reality tools to advance the prevention, assessment, and treatment of PTSD. Eur J
Psychotraumatol 2017;8(sup5):1414560 [FREE Full text] [doi: 10.1080/20008198.2017.1414560] [Medline: 29372007]

27. Deng W, Hu D, Xu S, Liu X, Zhao J, Chen Q, et al. The efficacy of virtual reality exposure therapy for PTSD symptoms:
a systematic review and meta-analysis. J Affect Disord 2019 Oct 01;257:698-709. [doi: 10.1016/j.jad.2019.07.086] [Medline:
31382122]

28. Nguyen B, Torres A, Sim W, Kenny D, Campbell DM, Beavers L, et al. Digital interventions to reduce distress among
health care providers at the frontline: protocol for a feasibility trial. JMIR Res Protoc 2022 Feb 16;11(2):e32240 [FREE
Full text] [doi: 10.2196/32240] [Medline: 34871178]

29. A Guide to Moral Injury. Centre of Excellence on PTSD. 2020. URL: http://moralinjuryguide.ca/ [accessed 2022-06-29]

JMIR Serious Games 2024 | vol. 12 | e42813 | p.106https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/34678091
http://dx.doi.org/10.1089/jpm.2021.0076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34678091&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(20)36100-3
http://dx.doi.org/10.1016/j.jacc.2020.07.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32883420&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0969733020966776?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0969733020966776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427020&dopt=Abstract
https://europepmc.org/abstract/MED/32363349
http://dx.doi.org/10.1007/s42843-020-00011-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32363349&dopt=Abstract
http://dx.doi.org/10.1162/daed_a_00107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21898967&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2009.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19683376&dopt=Abstract
http://dx.doi.org/10.1002/jts.22402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31162730&dopt=Abstract
https://europepmc.org/abstract/MED/32586634
http://dx.doi.org/10.1016/j.annemergmed.2020.05.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32586634&dopt=Abstract
http://dx.doi.org/10.1176/appi.neuropsych.19020036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012825&dopt=Abstract
http://dx.doi.org/10.1002/jts.22362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30688367&dopt=Abstract
http://dx.doi.org/10.1002/jts.22380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30947372&dopt=Abstract
https://europepmc.org/abstract/MED/26373348
http://dx.doi.org/10.1093/scan/nsv102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26373348&dopt=Abstract
http://dx.doi.org/10.7748/ns.2021.e11782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34514759&dopt=Abstract
https://europepmc.org/abstract/MED/34367526
http://dx.doi.org/10.1080/20008198.2021.1945749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34367526&dopt=Abstract
https://europepmc.org/abstract/MED/32681398
http://dx.doi.org/10.1007/s10943-020-01065-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32681398&dopt=Abstract
https://europepmc.org/abstract/MED/32699517
http://dx.doi.org/10.31887/DCNS.2020.22.2/lvalmaggia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32699517&dopt=Abstract
https://europepmc.org/abstract/MED/28325167
http://dx.doi.org/10.1017/S003329171700040X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28325167&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0048469
http://dx.doi.org/10.1371/journal.pone.0048469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23300515&dopt=Abstract
https://europepmc.org/abstract/MED/29372007
http://dx.doi.org/10.1080/20008198.2017.1414560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29372007&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2019.07.086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31382122&dopt=Abstract
https://www.researchprotocols.org/2022/2/e32240/
https://www.researchprotocols.org/2022/2/e32240/
http://dx.doi.org/10.2196/32240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34871178&dopt=Abstract
http://moralinjuryguide.ca/
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983 Dec;24(4):385. [doi:
10.2307/2136404]

31. igroup presence questionnaire (IPQ) overview. igroup. URL: http://www.igroup.org/pq/ipq/index.php [accessed 2022-03-02]
32. Litz B, Plouffe RA, Nazarov A, Murphy D, Phelps A, Coady A, Moral Injury Outcome Scale Consortium. Defining and

assessing the syndrome of moral injury: initial findings of the moral injury outcome scale consortium. Front Psychiatry
2022;13:923928 [FREE Full text] [doi: 10.3389/fpsyt.2022.923928] [Medline: 35873252]

33. Digital therapeutics. St. Michael's Hospital. 2022. URL: https://stmichaelshospitalresearch.ca/digital-therapeutics [accessed
2022-03-11]

34. igroup presence questionnaire (IPQ) scale construction. igroup. URL: http://www.igroup.org/pq/ipq/construction.php
[accessed 2022-03-02]

35. igroup presence questionnaire (IPQ) factor analysis. igroup. URL: http://www.igroup.org/pq/ipq/factor.php [accessed
2022-03-02]

36. White MD, Marsh EE. Content analysis: a flexible methodology. Libr Trends 2006;55(1):22-45. [doi: 10.1353/lib.2006.0053]
37. Mayring P. Qualitative content analysis. Forum Qual Sozialforschung 2007 Oct 15;55(6):251-257 [FREE Full text] [doi:

10.17169/FQS-1.2.1089]
38. Bajaj K, Meguerdichian M, Thoma B, Huang S, Eppich W, Cheng A. The PEARLS healthcare debriefing tool. Acad Med

2018 Feb;93(2):336. [doi: 10.1097/ACM.0000000000002035] [Medline: 29381495]
39. Orkin AM, Charles M, Norris K, Thomas R, Chapman L, Wright A, et al. Mixed methods feasibility study for the surviving

opioid overdose with naloxone education and resuscitation (SOONER) trial. Resusc Plus 2021 Jun;6:100131 [FREE Full
text] [doi: 10.1016/j.resplu.2021.100131] [Medline: 34223388]

40. González-Franco M, Pérez-Marcos D, Spanlang B, Slater M. The contribution of real-time mirror reflections of motor
actions on virtual body ownership in an immersive virtual environment. In: Proceedings of the 2010 IEEE Virtual Reality
Conference. 2010 Presented at: VR '10; March 20-26, 2010; Boston, MA p. 111-114 URL: https://ieeexplore.ieee.org/
document/5444805 [doi: 10.1109/vr.2010.5444805]

41. Forchuk CA, Nazarov A, Plouffe RA, Liu JJ, Deda E, Le T, et al. Well-being of Canadian armed forces veterans and spouses
of veterans during the COVID-19 pandemic: protocol for a prospective longitudinal survey. JMIR Res Protoc 2022 Jan
11;11(1):e34984 [FREE Full text] [doi: 10.2196/34984] [Medline: 34935624]

42. Gooch K. "War zones": healthcare workers share front-line accounts of fighting COVID-19. Becker's Hospital Review.
URL: https://www.beckershospitalreview.com/workforce/
war-zones-healthcare-workers-share-front-line-accounts-of-fighting-covid-19.html [accessed 2022-06-29]

43. Smith V, Warty RR, Sursas JA, Payne O, Nair A, Krishnan S, et al. The effectiveness of virtual reality in managing acute
pain and anxiety for medical inpatients: systematic review. J Med Internet Res 2020 Nov 02;22(11):e17980 [FREE Full
text] [doi: 10.2196/17980] [Medline: 33136055]

44. Gold JI, Mahrer NE. Is virtual reality ready for prime time in the medical space? A randomized control trial of pediatric
virtual reality for acute procedural pain management. J Pediatr Psychol 2018 Apr 01;43(3):266-275. [doi:
10.1093/jpepsy/jsx129] [Medline: 29053848]

45. Mazloumi Gavgani A, Walker FR, Hodgson DM, Nalivaiko E. A comparative study of cybersickness during exposure to
virtual reality and "classic" motion sickness: are they different? J Appl Physiol (1985) 2018 Dec 01;125(6):1670-1680
[FREE Full text] [doi: 10.1152/japplphysiol.00338.2018] [Medline: 30284516]

46. Davis S, Nesbitt K, Nalivaiko E. A Systematic Review of Cybersickness. In: Proceedings of the 2014 Conference on
Interactive Entertainment. 2014 Presented at: IE '14; December 2-3, 2014; Newcastle, Australia p. 1-9. [doi:
10.1145/2677758.2677780]

47. Jinkerson JD. Defining and assessing moral injury: a syndrome perspective. Traumatol 2016 Jun;22(2):122-130. [doi:
10.1037/trm0000069]

48. Nelson KE, Hanson GC, Boyce D, Ley CD, Swavely D, Reina M, et al. Organizational impact on healthcare workers' moral
injury during COVID-19: a mixed-methods analysis. J Nurs Adm 2022 Jan 01;52(1):57-66 [FREE Full text] [doi:
10.1097/NNA.0000000000001103] [Medline: 34910709]

49. Cao W, Milks MW, Liu X, Gregory ME, Addison D, Zhang P, et al. mHealth interventions for self-management of
hypertension: framework and systematic review on engagement, interactivity, and tailoring. JMIR Mhealth Uhealth 2022
Mar 02;10(3):e29415 [FREE Full text] [doi: 10.2196/29415] [Medline: 35234655]

50. Amagai S, Pila S, Kaat AJ, Nowinski CJ, Gershon RC. Challenges in participant engagement and retention using mobile
health apps: literature review. J Med Internet Res 2022 Apr 26;24(4):e35120 [FREE Full text] [doi: 10.2196/35120]
[Medline: 35471414]

51. Farao J, Malila B, Conrad N, Mutsvangwa T, Rangaka MX, Douglas TS. A user-centred design framework for mHealth.
PLoS One 2020 Aug 19;15(8):e0237910 [FREE Full text] [doi: 10.1371/journal.pone.0237910] [Medline: 32813711]

52. Saparamadu AA, Fernando P, Zeng P, Teo H, Goh A, Lee JM, et al. User-centered design process of an mHealth app for
health professionals: case study. JMIR Mhealth Uhealth 2021 Mar 26;9(3):e18079 [FREE Full text] [doi: 10.2196/18079]
[Medline: 33769297]

JMIR Serious Games 2024 | vol. 12 | e42813 | p.107https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2307/2136404
http://www.igroup.org/pq/ipq/index.php
https://europepmc.org/abstract/MED/35873252
http://dx.doi.org/10.3389/fpsyt.2022.923928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35873252&dopt=Abstract
https://stmichaelshospitalresearch.ca/digital-therapeutics
http://www.igroup.org/pq/ipq/construction.php
http://www.igroup.org/pq/ipq/factor.php
http://dx.doi.org/10.1353/lib.2006.0053
https://www.researchgate.net/publication/215666096_Qualitative_Content_Analysis
http://dx.doi.org/10.17169/FQS-1.2.1089
http://dx.doi.org/10.1097/ACM.0000000000002035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29381495&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5204(21)00056-4
https://linkinghub.elsevier.com/retrieve/pii/S2666-5204(21)00056-4
http://dx.doi.org/10.1016/j.resplu.2021.100131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34223388&dopt=Abstract
https://ieeexplore.ieee.org/document/5444805
https://ieeexplore.ieee.org/document/5444805
http://dx.doi.org/10.1109/vr.2010.5444805
https://www.researchprotocols.org/2022/1/e34984/
http://dx.doi.org/10.2196/34984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34935624&dopt=Abstract
https://www.beckershospitalreview.com/workforce/war-zones-healthcare-workers-share-front-line-accounts-of-fighting-covid-19.html
https://www.beckershospitalreview.com/workforce/war-zones-healthcare-workers-share-front-line-accounts-of-fighting-covid-19.html
https://www.jmir.org/2020/11/e17980/
https://www.jmir.org/2020/11/e17980/
http://dx.doi.org/10.2196/17980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33136055&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsx129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29053848&dopt=Abstract
https://journals.physiology.org/doi/10.1152/japplphysiol.00338.2018?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.00338.2018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30284516&dopt=Abstract
http://dx.doi.org/10.1145/2677758.2677780
http://dx.doi.org/10.1037/trm0000069
https://europepmc.org/abstract/MED/34910709
http://dx.doi.org/10.1097/NNA.0000000000001103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34910709&dopt=Abstract
https://mhealth.jmir.org/2022/3/e29415/
http://dx.doi.org/10.2196/29415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35234655&dopt=Abstract
https://www.jmir.org/2022/4/e35120/
http://dx.doi.org/10.2196/35120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35471414&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0237910
http://dx.doi.org/10.1371/journal.pone.0237910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32813711&dopt=Abstract
https://mhealth.jmir.org/2021/3/e18079/
http://dx.doi.org/10.2196/18079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33769297&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


53. Torous J, Lipschitz J, Ng M, Firth J. Dropout rates in clinical trials of smartphone apps for depressive symptoms: a systematic
review and meta-analysis. J Affect Disord 2020 Feb 15;263:413-419. [doi: 10.1016/j.jad.2019.11.167] [Medline: 31969272]

54. Jetly CR, Meakin LC, Sinitski EH, Blackburn L, Menard J, Vincent M, et al. Multi-Modal virtual-reality based treatment
for members with combat related posttraumatic stress disorder: Canadian Armed Forces pilot study. In: Proceedings of the
2017 International Conference on Virtual Rehabilitation. 2017 Presented at: ICVR '17; May 19-22, 2017; Montreal, QC p.
1-2 URL: https://ieeexplore.ieee.org/document/8007474 [doi: 10.1109/icvr.2017.8007474]

55. Gamito P, Oliveira J, Rosa P, Morais D, Duarte N, Oliveira S, et al. PTSD elderly war veterans: a clinical controlled pilot
study. Cyberpsychol Behav Soc Netw 2010 Feb;13(1):43-48. [doi: 10.1089/cyber.2009.0237] [Medline: 20528292]

56. Kaussner Y, Kuraszkiewicz AM, Schoch S, Markel P, Hoffmann S, Baur-Streubel R, et al. Treating patients with driving
phobia by virtual reality exposure therapy - a pilot study. PLoS One 2020 Jan 7;15(1):e0226937 [FREE Full text] [doi:
10.1371/journal.pone.0226937] [Medline: 31910205]

57. van 't Wout-Frank M, Shea MT, Larson VC, Greenberg BD, Philip NS. Combined transcranial direct current stimulation
with virtual reality exposure for posttraumatic stress disorder: feasibility and pilot results. Brain Stimul 2019 Jan;12(1):41-43
[FREE Full text] [doi: 10.1016/j.brs.2018.09.011] [Medline: 30266416]

58. Kim HK, Park J, Choi Y, Choe M. Virtual reality sickness questionnaire (VRSQ): motion sickness measurement index in
a virtual reality environment. Appl Ergon 2018 May;69:66-73. [doi: 10.1016/j.apergo.2017.12.016] [Medline: 29477332]

Abbreviations
ECG: electrocardiography
HCW: health care worker
ICU: intensive care unit
IPQ: Igroup Presence Questionnaire
MD: moral distress
MI: moral injury
MIOS: Moral Injury Outcome Scale
PEARLS: Promoting Excellence and Reflective Learning in Simulation
PMIE: potentially morally injurious event
PSS: Perceived Stress Scale
PTSD: posttraumatic stress disorder
VR: virtual reality

Edited by G Eysenbach, T Leung; submitted 21.09.22; peer-reviewed by A Garavand, M Attridge, M Cozad, R Weibel; comments to
author 14.04.23; revised version received 03.08.23; accepted 30.09.23; published 09.01.24.

Please cite as:
Espinola CW, Nguyen B, Torres A, Sim W, Rueda A, Beavers L, Campbell DM, Jung H, Lou W, Kapralos B, Peter E, Dubrowski A,
Krishnan S, Bhat V
Digital Interventions for Stress Among Frontline Health Care Workers: Results From a Pilot Feasibility Cohort Trial
JMIR Serious Games 2024;12:e42813
URL: https://games.jmir.org/2024/1/e42813 
doi:10.2196/42813
PMID:38194247

©Caroline W Espinola, Binh Nguyen, Andrei Torres, Walter Sim, Alice Rueda, Lindsay Beavers, Douglas M Campbell, Hyejung
Jung, Wendy Lou, Bill Kapralos, Elizabeth Peter, Adam Dubrowski, Sridhar Krishnan, Venkat Bhat. Originally published in
JMIR Serious Games (https://games.jmir.org), 09.01.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete
bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and license
information must be included.

JMIR Serious Games 2024 | vol. 12 | e42813 | p.108https://games.jmir.org/2024/1/e42813
(page number not for citation purposes)

Espinola et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jad.2019.11.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31969272&dopt=Abstract
https://ieeexplore.ieee.org/document/8007474
http://dx.doi.org/10.1109/icvr.2017.8007474
http://dx.doi.org/10.1089/cyber.2009.0237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20528292&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0226937
http://dx.doi.org/10.1371/journal.pone.0226937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31910205&dopt=Abstract
https://europepmc.org/abstract/MED/30266416
http://dx.doi.org/10.1016/j.brs.2018.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30266416&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2017.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29477332&dopt=Abstract
https://games.jmir.org/2024/1/e42813
http://dx.doi.org/10.2196/42813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38194247&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Serious Game to Train Rhythmic Abilities in Children With
Dyslexia: Feasibility and Usability Study

Francois Vonthron1, MSc; Antoine Yuen1, MSc; Hugues Pellerin2, MSc; David Cohen2,3, MD, Prof Dr; Charline

Grossard2,3, PhD
1Poppins, Palaiseau, France
2Service de Psychiatrie de l'Enfant et de l'Adolescent, Groupe Hospitalier Pitié-Salpêtrière, Assistance Publique–Hôpitaux de Paris, Paris, France
3Institut des Systèmes Intelligents et Robotiques (ISIR, CNRS UMR7222), Sorbonne Université, Paris, France

Corresponding Author:
Francois Vonthron, MSc
Poppins
73 rue Leon Bourgeois
Palaiseau, 91120
France
Phone: 33 669515961
Email: francois.vonthron@gmail.com

Abstract

Background: Rhythm perception and production are related to phonological awareness and reading performance, and rhythmic
deficits have been reported in dyslexia. In addition, rhythm-based interventions can improve cognitive function, and there is
consistent evidence suggesting that they are an efficient tool for training reading skills in dyslexia.

Objective: This paper describes a rhythmic training protocol for children with dyslexia provided through a serious game (SG)
called Mila-Learn and the methodology used to test its usability.

Methods: We computed Mila-Learn, an SG that makes training remotely accessible and consistently reproducible and follows
an educative agenda using Unity (Unity Technologies). The SG’s development was informed by 2 studies conducted during the
French COVID-19 lockdowns. Study 1 was a feasibility study evaluating the autonomous use of Mila-Learn with 2500 children
with reading deficits. Data were analyzed from a subsample of 525 children who spontaneously played at least 15 (median 42)
games. Study 2, following the same real-life setting as study 1, evaluated the usability of an enhanced version of Mila-Learn over
6 months in a sample of 3337 children. The analysis was carried out in 98 children with available diagnoses.

Results: Benefiting from study 1 feedback, we improved Mila-Learn to enhance motivation and learning by adding specific
features, including customization, storylines, humor, and increasing difficulty. Linear mixed models showed that performance
improved over time. The scores were better for older children (P<.001), children with attention-deficit/hyperactivity disorder
(P<.001), and children with dyslexia (P<.001). Performance improved significantly faster in children with
attention-deficit/hyperactivity disorder (β=.06; t3754=3.91; P<.001) and slower in children with dyslexia (β=−.06; t3816=–5.08;
P<.001).

Conclusions: Given these encouraging results, future work will focus on the clinical evaluation of Mila-Learn through a large
double-blind randomized controlled trial comparing Mila-Learn and a placebo game.

(JMIR Serious Games 2024;12:e42733)   doi:10.2196/42733
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serious game; rhythm; dyslexia; musical abilities; design framework; reading skills; children; digital health intervention;
attention-deficit/hyperactivity disorder; ADHD; child development; mobile phone
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Introduction

Background
Music training and music-based interventions are becoming
increasingly popular for developing brain and cognitive
functions in children [1-5]. Building on brain plasticity induced
by learning music and the tight link between musical and
cognitive skills [6-8], music interventions have been used as
training tools in neurodevelopmental disorders (NDDs) such as
dyslexia [9-13]. Musical skills, especially when developed in
childhood, are associated with enhanced cognitive abilities in
various domains, such as attention, processing speed [3],
executive functions [14], or speech and language [15-17].
Improvements in cognitive skills induced by musical training
have been attributed to structural and functional brain changes
in areas that support both music processing and cognition
[6-8,18,19].

Recent studies have focused specifically on the relationship
between rhythmic skills, such as the capacity to discriminate
musical rhythms or synchronize with a beat [20,21], and
cognition during development. Tierney and Kraus [22] showed
that correlations exist between synchronization with a
metronome and attentional and reading skills in typically
developing adolescents. In children, rhythm production accuracy
is associated with both phonological awareness and reading
[23]. Rhythm perception is also related to reading performance
[24,25]. Language and music processing may rely on common
timing mechanisms that allow for the extraction of temporal
information, which is crucial to accurately perceive sequences
of events [7,20,26-28]. This hypothesis is supported by
neurofunctional evidence as temporal processing involved in
music and language recruits partially overlapping neuronal
pathways that include the auditory cortex, dorsal premotor
cortex, cerebellum, basal ganglia, and thalamus [29,30].

Further evidence of the link between rhythmic skills and
cognitive abilities comes from the observation that rhythmic
skills are disrupted in NDDs that also affect cognition. Notably,
rhythmic deficits have been extensively reported in individuals
with dyslexia. Children and adults with dyslexia exhibit
inaccurate rhythm perception [25,31] as well as increased
variability in motor tapping tasks [32]. These observed rhythmic
deficits have given rise to theories (eg, the temporal sampling
framework; Goswami [26]) that postulate that poor predictive
temporal sampling and coding of events explain reading
difficulties in those with dyslexia [26,33].

Building on the importance of rhythmic skills in development,
music-based training protocols for children have been developed
in recent decades. Studies have shown that children with
dyslexia who participate in music-based interventions display
better reading and phonological abilities [10-12]. In addition,
the effect of music-based programs was extended to typically
developing children, who showed significant improvements in
speech processing skills and verbal intelligence [14]. However,
these encouraging preliminary data have not reached the
recommended quality for evidence-based studies owing to
methodological limitations such as limited sample size, lack of
blind assessment, and potentially inconsistent delivery of

interventions [34]. In addition, access to these interventions is
still too limited, with inequalities remaining because of
significant disparities according to social background and place
of residence [35]. For instance, children in poor and remote
urban areas, who are more likely to develop an NDD [36], often
have less access to care. Furthermore, these traditional
music-based interventions usually require in-person instruction,
which can be challenging under certain circumstances such as
during the COVID-19 pandemic or in areas with limited access
to specialized resources. More research is needed to determine
whether written language skills can improve in children with
dyslexia after training with more accessible and scalable
music-based interventions.

To address these limitations, serious games (SGs) designed for
educational and training purposes provide a more standardized,
scalable, and accessible format for delivering music-based
interventions through information and communications
technologies. This approach allows for the delivery of the same
training to a large sample regardless of geographic location or
in-person resource availability. The number of SGs developed
for educational and training purposes has increased over the
last decade [37], primarily because of the expansion of
information and communications technologies such as mobile
technologies and telehealth systems. As most households,
including those in low-income brackets and rural areas, are now
equipped with at least 1 tablet, smartphone, or computer, these
SGs can be broadly accessible [35]. Furthermore, a
meta-analysis revealed that, across domains, learning is
improved with SGs compared with conventional methods [38].
In addition to motivation, several preliminary findings have
supported another exciting alternative hypothesis that playing
an SG fosters electrical brain activity related to memory,
emotions, and concentration [39], providing a possible neuronal
explanation for the beneficial effect of SGs. SGs have been used
in typically developing populations [40] and in children with
NDDs [41,42]. Notably, SGs have been used to deliver
rhythm-based training to healthy young adults [43]. Recently,
interest in using computer-based interventions to train rhythm
skills has been explored in people with dyslexia [44]. One SG
named “Jellys” was developed for this purpose in a usability
study and showed that children with dyslexia positively engaged
with this type of remediation [45]. However, although some
studies seem to support the effectiveness of using SGs as a
treatment for people with NDDs, the methodological quality of
these studies is limited, and further research is needed [46].

Objectives
In this study, our goal was to evaluate the usability of
Mila-Learn, an SG aimed at training rhythmic abilities in
children with dyslexia. The methodological design of the game
was developed in user participatory pilot studies, allowing the
children and their families to provide feedback to shape
human-machine interactions. We report on 2 studies conducted
during the French COVID-19 lockdowns. The first was a
feasibility study to assess the children’s engagement through
gameplay frequency and collected their feedback. After
modifying the SG according to the feedback by adding specific
features such as customization, storyline, humor, or increasing
difficulty, we report a usability study that addressed the
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children’s performance on the latest version of the SG when
played autonomously at home and according to declared
diagnoses.

Methods

Overview
Mila-Learn is an SG that delivers rhythm-based exercise
designed for children with dyslexia (called “specific learning
disorders in the field of reading” in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition). This SG
involves a rich musical universe aiming to lead the child to
spontaneously come back and engage with the instrument with
their parents. It consists of two main elements: (1) a mobile app
that offers rhythmic, sensory-motor, and cognitive tasks in the
form of musical activities; and (2) secure servers that allow for
data analysis. It enables real-time evaluations to understand
children’s difficulties and improve the effectiveness of
Mila-Learn. In this section, we first describe the SG from its
initial beta version. We then detail the methodology of the 2
exploratory studies conducted during the COVID-19 lockdown.

Mila-Learn Description

From an Initial Prototype (2018) as a Progressive Web
Application to a Version (2019-2020) Developed for
Tablets
The first version of Mila-Learn included five tasks:

1. Dance With Your Hands is an auditory-motor coordination
exercise. It involves performing a movement following the
tempo of a piece of music. These are pieces with a 4/4
signature that easily allow the child to have rhythmic

stability and associate a motor action with the rhythm. This
action includes gestures such as clapping, silencing, and
raising the arms in the air.

2. Play the Drums is a rhythmic memory game. A drum
appears on the child’s screen, and a sequence is played.
The child then presses on the drum elements to reproduce
the initially played sequence.

3. Rhythmic Vitamins is an exercise in singing and repetition
[47]. An initial recorded vocal sequence consisting of
syllables and phonemes is played by the software. The child
must reproduce it using the rhythm, pronunciation, and
pitch of the initial sequence.

4. Following the Tempo requires recognizing and reproducing
different rhythmic structures. In this exercise, the child is
asked to mark the strong beats of music using the space key
on the keyboard.

5. Musical Pitch is an exercise of association between the
pitch and its representation. A sound sequence composed
of 3 sounds is played (high, medium, and low), and then a
visual representation is displayed composed of lines (low,
medium, and high). The child has to judge whether the
graphic production of the sound is correct.

This prototype version (Figure 1 [48]) was offered to a small
group of children end users with dyslexia. We asked them to
provide feedback on the design and players. The data collection
method was centered on gathering children’s feedback at the
end of 15-minute game sessions. A total of 14 children were
invited to respond, interact, and provide feedback on the first
version of Mila-Learn in the form of a progressive web
application [49]. In total, 3 sessions per week over a period of
3 months were conducted.

Figure 1. Landing page of the prototype with 3 different tasks each day [56].

This participatory design phase led to a framework for the
development of Mila-Learn enhanced by a literature review on
SG playability to increase players’ motivation. Although some
studies have proposed a framework to develop SGs for people

with NDDs, very few have focused specifically on dyslexia
[46]. To improve the design of our game, we expanded our
research to the use of SGs in the typical population and in
children with NDDs, especially children with
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attention-deficit/hyperactivity disorder (ADHD), because of the
high co-occurrence between dyslexia and ADHD [50].

Design Framework
We integrated new gaming features to increase players’
motivation and engagement. First, we developed a storyline
that allowed us to include the different tasks within a larger
story. The use of a storyline supported the engagement of a
player in the games [51,52]. The storyline was intended to not
be complex to prevent the child from losing the main goal of
the game [53]. The story in Mila-Learn was designed to
correspond to the interests of children aged between 7 and 14
years. The story is inspired by shonen manga, which is manga
inspired by the cartoon universe. This type of manga is based
on a storyline that involves a young hero who starts without
knowledge and becomes increasingly powerful during the
progression of the story. Some crucial values such as friendship
and perseverance are typically present in the story. Most of the
time, the first opponent of the hero becomes his friend during
the story. In Mila-Learn, the player embodies a little monster
who meets another character, a little blue monster named “Blue”
who asks for their help—some villagers are held captive by the
villain Diabolus, another character. The player has to learn
rhythm skills to challenge Diabolus and free the villagers. Over
the course of the game, the player discovers that there is a larger
villain who holds “Rosa,” the Diabolus’ scooter. At the end,
the player must win a large rhythm tournament to finish the
game. The story is divided into 12 chapters containing 6 tasks
(see the following section). Each task lasts between 1 minute,
20 seconds and 1 minute, 30 seconds, with rare songs playing
for 1 minute, 40 seconds to maintain consistency with the music.
In this way, we considered the attention capacity of children
[53,54].

As recommended in the literature, we created evolving tasks,
gradually increasing the level of difficulty in each task and from
one task to another [51,53,54]. The tasks must be challenging
but accessible. In total, 6 tasks are used in the second version
of Mila-Learn. They are introduced progressively to allow the
player to practice a task 2 to 3 times before introducing another
one. Once all the tasks are known by the player, they increase
in difficulty with progression throughout the game. First, within
each task, the rhythm displayed corresponds to each beat of a
measure. Then, the rhythm changes to correspond to eighth
notes (meaning that the rhythm is clapping 3 times in 2 beats)

or slows down to be marked only once every 2 beats. Moreover,
the songs are played at an increased speed to challenge the
player. At higher levels, the marked rhythms can change during
the task.

The SG was built to provide clear instructions to the player
[51,53]. The instructions are given orally and with visual
support, notably by imitating one or more nonplayer characters.
Before each task, a quick tutorial allows the player to repeat the
movement they have to perform during the game 3 times (ie,
clap their hands, touch the screen, and move the tablet). At the
beginning of a task, the character played by the user is clearly
identified with an arrow. Moreover, for each task, the player is
always placed in the same location.

The visual environment is thought to be easily navigated by
children. The graphics are pleasant but minimalistic [53,55].
The visuals are thought to be pleasant for children aged between
7 and 14 years and are inspired by the cartoon universe. During
the tasks, the background is mostly static, allowing the child to
focus on the goal of the task. The characters only move to the
rhythm of the music, with repetitive and predictable movements.

We differentiate between short- and long-term goals [51,53,54].
In each task, there is only 1 clear goal (ie, touch the screen to
the rhythm) that is clearly differentiated from the long-term
goal of a chapter (ie, complete the chapter to challenge Diabolus;
Figure 2). Feedback is provided throughout the different tasks
using visual cues [51,53,54]. These cues allow the player to
know whether they are performing the exercise properly. The
feedback for each task is described in the following section. As
rewards have been described as a main feature of SGs [51,54],
players obtain a reward of 1 to 3 stars at the end of each task
depending on their accuracy during the exercise. Personalization
has also been described as an important key to enhancing the
motivation of the player [51-54]. As in the first version, players
have to pick a name for their character at the beginning of the
game and modify its color. Finally, we introduced new songs
to work on in this version of the game. We added some famous
songs known by most children (ie, songs from Disney movies)
to increase the motivation of the players. For some tasks such
as Fruity Jump, Karate Fruit, and Sing Lab, the predetermined
structures of these songs did not make their use possible. We
specifically composed songs to fit with the requirements of
these tasks.
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Figure 2. Example of a chapter menu introducing the upcoming adventure.

Description of the Tasks
All the tasks (Figure 3) were designed to work on rhythm, which
was the main and explicit goal of each task. However, each task
requires the mobilization of other skills such as attention,
inhibition, working memory, and motor skills, which are also
often impaired in children with dyslexia [50,56].

Follow me aims to introduce rhythm to the player. The child
first sees a little monster clapping hands to the rhythm of a song
and then has to touch the screen to the rhythm by imitating the
monster. Then, the character stops clapping, and the player has
to keep going alone without the support of the monster. This
task allows the player to work on maintaining regularity in
rhythm but also sustained attention.

In Clap Trap, 2 characters and the player appear on the screen.
The first 2 characters clap one after another, giving a tempo to
the player, who has to complete the sequence by clapping their
hands to the rhythm at the right time. The first character claps
on the first beat of a 4-time measure of the song played. The
second character claps on the second beat, and the player has
to clap their hands on the third beat. The microphone records
the child’s clap. In this task, the child has to anticipate and adapt
to the rhythm. It was designed to train inhibition skills as the
child has to wait until the right moment to clap their hands.

In River Splash, the player is placed behind 2 other characters
who run next to the water and sometimes have to jump across
the river to the rhythm. The first character jumps on the first
beat of a 4-time measure of a song. The second character jumps
on the second beat, and the player jumps on the third beat. The
player has to shake the tablet quickly to jump. In addition to
rhythm perception, this task was designed to train inhibition
skills similarly to the Clap Trap task.

In Sing Lab, the first character produces a sequence of phonemes
or syllables at a particular tempo. The player has to reproduce
this sequence with particular attention to the pattern and duration
of the phonemes. Phonemes or syllables pass across the top of
the screen, visually represented by gauges that the player has
to fill. If the child sings at the right time, the gauge starts filling.
When the duration of the note is complete, the gauge changes
color from white to green. In this task, the phonological loop
is involved in correctly memorizing the sequence. We used
specific music constructed for this task that allowed us to add
phonemes or syllables to sing at particular moments and for as
long as we wanted.

In Fruity Jump, a character reproduces a rhythmic sequence.
The player has to memorize this sequence and then reproduce
it correctly by tapping the screen at a good tempo. The tempo
is visually indicated by fruits falling from a tree. If the player
claps at the right time, the character jumps and hits a fruit with
its head to throw it to another tree. If the player misses the fruit,
it crashes on the ground. If the player jumps at another time (ie,
during the demonstration), their character jumps, and nothing
special happens. Working memory and intermodality are
particularly engaged in this task.

Finally, in Karate Fruits, the player has to hit fruits that appear
based on the rhythm. To hit the fruit, the player has to put the
tablet on the floor and extend their arms above it. Each time the
camera detects the arm, the player’s character punches. If the
player punches at the right time, the fruit explodes, and a smiley
face appears. If the player misses the fruit, the fruit goes off the
screen, and a smiley face with an annoyed head appears. If the
player punches at another time, the character punches, and
nothing else happens.
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Figure 3. Examples of screens in Mila-Learn: (A) Clap Trap, (B) River Splash, (C) Sing Lab, (D) Fruity Jumps, (E) Karate Fruits, and (F) Follow Me.

Scoring Player Performance
Scoring of player performance is based on rhythmic
synchronization through multiple modalities of interaction
(sometimes in combination) as rhythmic synchronization is a
requirement for all games. Player responses are captured through
accelerometers, microphones, webcams, and pressure-sensitive
screens, as shown in Table 1.

By assessing the audiomotor synchronization of the child with
the rhythmic instruction, we define (1) a time T that corresponds
to the exact moment when the player’s input is expected
(regardless of the interaction mode) and (2) tolerance thresholds
(tPerfect<tGood<tCorrect).

The different intervals allow for judging the quality of the
answer with 4 levels of acceptance. An input is considered
acceptable when it is in the interval [T – tCorrect; T + tCorrect] and
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not acceptable otherwise. An input of better quality, either in
the interval [T – tGood; T + tGood] or in the interval [T – tPerfect;
T + tPerfect], results in different visual and audio feedback for
the child.

In the second improved version, which was a modified version
based on the first pilot study, a simplified calculation was

performed by considering the ratio of acceptable inputs to total
inputs as the main measure. This final score is presented to the
child in the form of stars depending on their performance: no
stars if the child has an average of <50%, 1 star if ≥50% of
inputs are acceptable, 2 stars for ≥75%, and 3 stars for ≥90%.
In addition, this architecture allows for the storage of all the
child’s inputs for retro-analysis purposes.

Table 1. Players’ recorded responses and game parameters in the second version of Mila-Learn.

Tolerance thresholdSongsCapture technologyInteractionTypeTask

CommercialContact pressureTappingContinuous
tapping

Follow Mea • tPerfect: 0.1 s before or after the beat

• tGood: 0.15 s before or after the beat

• tCorrect: 0.25 s before or after the beat

CommercialMicrophoneClapping handsLast beatClap Trap • tPerfect: 0.1 s before or after the beat

• tGood: 0.15 s before or after the beat

• tCorrect: 0.25 s before or after the beat

CommercialAccelerometerShaking tabletLast beatRiver Splash • tPerfect: 0.1 s before or after the beat

• tGood: 0.15 s before or after the beat

• tCorrect: 0.25 s before or after the beat

Commercial+built in-houseMicrophoneSingingCall and re-
sponse

Sing Lab • tPattern: 0.15 s before or after the beat
and up to 30% of the note duration

• Song duration: the note must be sung
at least 60% of the time

Built in-houseContact pressureTappingCall and re-
sponse

Fruity Jump • tPerfect: 0.2 s before or after the beat

• tGood: 0.25 s before or after the beat

• tCorrect: 0.3 s before or after the beat

Built in-houseWebcamPunchingLast beatKarate Fruits • tPerfect: 0.08 s before or after the beat

• tGood: 0.14 s before or after the beat

• tCorrect: 0.3 s before or after the beat

aName of the task.

Feasibility Study
We conducted a feasibility study to evaluate whether children
with NDDs involving reading deficits could use Mila-Learn
autonomously at home. Our main objective in assessing
Mila-Learn’s autonomous use was to monitor both the time
users spent on the SG and their accuracy in each game played.
In the context of the unprecedented health crisis caused by
COVID-19, participants were recruited by the French Federation
for Learning Disorders (FFDys), a national association that
aggregates all regional associations of people with learning
disabilities. The FFDys communicated to its members the
possibility of testing an app and managed the information and
consent of participants. Families were informed that Mila-Learn
was an SG for performing rhythmic tasks at home and that we
believed this practice might be beneficial for learning to read.
In total, 2500 children downloaded Mila-Learn. The analyses
were conducted on a subsample of 21% (525/2500) of these
children, who spontaneously played at least 15 games. To
improve the usability of Mila-Learn, we also asked users (both
children and families) to provide feedback on the games and
information on the children’s impairments. This information
was provided freely and was not compulsory to obtain

Mila-Learn. In addition, we systematically collected through
phone interviews all the problems that the children and their
families encountered regarding the computing and web
performance of the SG. Finally, we conducted a phone survey
of 200 users, which is provided in Multimedia Appendix 1 [56].
The questions asked were designed to gain insights into the
families’ perceptions of the benefits of the tool, the
improvements and difficulties of use they encountered, and their
desire to continue using the game in the future; in addition,
room was left for unstructured testimony. The data analysis for
the feasibility study was limited to descriptive statistics.

Usability Study
This usability study was considered a continuation of study 1
and was conducted under the same ethical rules. In the usability
study carried out in a real-life setting over 6 months, our primary
focus was 2-fold following modifications to Mila-Learn based
on study 1 feedback: first, to ensure that the computational
architecture and final version of Mila-Learn were free of
computer bugs and, second, to track player progress using
Mila-Learn’s scoring system over an extended duration. As part
of the second lockdown because of the COVID-19 crisis, the
final version of Mila-Learn was made available again starting
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on October 10, 2020, on National Learning Disabilities Day.
Benefiting from the large amount of feedback received during
the first lockdown, very few technical problems occurred,
resulting in a game with much better fluidity that provided
higher-quality data. A total of 3337 children had access to
Mila-Learn for a total of 84,682 games that were played. As in
study 1, at the time of registration, the patients’ families were
given the opportunity to complete the profile of the children,
including information such as the children’s diagnoses. A total
of 304 diagnoses were reported by the parents. Finally, the
children and their families had the option of linking the game
character to the reported clinical profile. This option was
exercised by 2.94% (98/3337) of the children, for whom we
had both their reported diagnosis and game performance over
time. These 2.94% (98/3337) of the children completed 3922
games.

To assess how children performed with Mila-Learn, we defined
and computed the following variables:

1. “Time” is an incremental value representing the number of
levels played by a player since the beginning of the
experiment. Time is 1 at the beginning of the experiment
and represents the total number of levels played by the
player at the end of the experiment.

2. “Delta_tap” is the delay between the date of the played
input (as defined in Table 1) and the date of the expected
input.

3. “Threshold” is a delay defined for each game that was used
to construct the performance score.

4. “Performance score” is a variable bounded between 0 and
100 that was created to quantify performance from delta_tap
and normalize performance across games. We used the
following formulas: performance score = (–100/threshold)
× abs(delta_tap) + 100 for abs(delta_tap)≤threshold and
performance score=0 for abs(delta_tap)>threshold.

We conducted several linear mixed models. To assess children’s
progress over time, we tested whether players improved their
performance through the progression across the games using a
linear mixed model with the following formula: performance
score ~ time + (1|PlayerID/GameID/LevelName).

To assess whether a declared diagnosis was associated with the
average performance of the children, we also conducted a linear
mixed model using the following formula: performance score
~ age + dyscalculia + dysgraphia + dyslexia + dysphasia +
ADHD + ExecutiveFunction impairment +
(1|GameID/LevelName).

Finally, we also tested whether progress over time was
moderated by a declared diagnosis using the following formula:
performance score ~ time + diagnosis + time × diagnosis +
(1|GameID/LevelName).

Ethical Considerations
Under French legislation, we did not need the approval of a
Comité de Protection des Personnes (Committee for the
Protection of Persons). However, as the pilot study was
conducted in line with the creation of large databases, we
obtained the approval of the Commission Nationale de

l’Informatique et des Libertés (National Commission for
Informatics and Freedoms) under number 2222283.

Results

Feasibility Study
Between April 2020 and June 2020, a total of 2500 children
had access to Mila-Learn. Families reported the child’s diagnosis
in 60% (1500/2500) of cases. As children were recruited through
the FFDys, they were diagnosed with an NDD in almost all
cases, but only 23% (575/2500) were declared as having
dyslexia. The other children had developmental coordination
disorders (dyspraxia), dyscalculia, and communication disorders
of oral language (dysphasia). In addition, 18% (450/2500)
declared a diagnosis of ADHD.

Data regarding the use of Mila-Learn by each user were recorded
as time spent on the SG and accuracy in each game played. The
average use was 3.5 sessions per week. To ensure the
significance of the data, we only kept the data of players who
participated over a sufficient period (>15 games). Duration was
expressed as the number of games played. We considered the
number of games played inside the SG over the number of
played sessions as the number of games played in 1 session
could vary widely. In total, 21% (525/2500) of players aged 6
to 14 years played at least 15 games, with an overall mean of
54.77 and a median of 42 games played. The average number
of games played was similar across ages (no main effect of age).
No effect of age was found on the mean score. In addition, no
floor or ceiling effects were observed (Multimedia Appendix
2).

It should be noted that several technical issues occurred during
the first 2 weeks owing to the wide variety of tablet operating
systems. This situation resulted in the deployment of corrective
patches, but owing to the correction delay, it may have
differentially altered one child’s experience relative to another’s.
To improve the user experience, phone calls were systematically
conducted to interview families, determine potential problem
areas, and gather feedback for improvement. Parents consistently
highlighted the recreational side of the game and its impact on
the children’s self-confidence. A survey of 200 users, provided
in Multimedia Appendix 1, also indicated that 96% (192/200)
wished to continue using Mila-Learn after the COVID-19
pandemic. However, they also provided significant feedback
(164/200, 82%) to improve the game. Multimedia Appendix 3
[57] presents the most significant feedback with a frequency of
≥10 occurrences. We classified it according to the criteria by
Morville [56], which distinguish 7 dimensions: usefulness,
usability, findability (the ease of locating a feature or a piece
of context), credibility, accessibility design, attractiveness, and
value [48]. Usability was questioned in several comments, such
as “the detection of movements should be improved,” “sound
detection needs to be improved,” and “the game needs to be
better adapted to the child’s difficulty profile.” Accessibility
was also questioned as several parents indicated that “the writing
could benefit from being larger and the display of dialogues
slower.”
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Mila-Learn Description Adjustments Following Study
1

Design Framework
On the basis of the feedback obtained during study 1, we made
several modifications to Mila-Learn. To improve accessibility,
the first modification was to offer the player the choice between
several fonts, including OpenDyslexic. This choice is reversible
throughout the game. We also improved sound and movement
detection. A second significant choice was to distinguish the
children’s pathways according to their predominant disorders
to facilitate their entry into the game and usability. For example,
a player who indicated that they had dyspraxia at the time of
registration was offered more moderate motor exercises (ie,
Sing Lab), allowing them to enter the adventure before training
on River Splash or Karate Fruits that are more challenging in
terms of motor abilities. In contrast, a child with dyslexia could
be offered River Splash from the beginning, with Sing Lab
exercises being offered only afterward as Sing Lab involves the
phonological loop.

To increase motivation and interest in the game, we provided
new possibilities of personalization for the character: the player
could choose the gender of the avatar, their color, and the color
of the hat. We then increased the storyline with the help of a
screenwriter. This modification improved the consistency of
the story and made it more inclusive by adding new characters
that could help the player during the game. A new companion
named “Mila” appeared, who is a fairy representing the planet
“Mila” where the story takes place. These modifications also
influenced (1) the dialogues, which were shortened with the
language adapted to children; and (2) the appearance of the
notion of “rhythmic,” which was introduced as a martial art

based on rhythm to clarify the main goal of the game during
the adventure.

Through this expansion, we created 6 new chapters. We
maintained the same concept as the preceding version and
gradually increased the level of difficulty during the progression
of the game by increasing the speed of the rhythm and varying
the type of rhythm clapped (ie, clapping notes, then eighth
notes). We also created daily missions. These 4 daily tasks
allowed the child to revisit games on which they had practiced
in the past and where they encountered difficulties. This allowed
us to directly address the tendency to forget what has been
learned and allowed for longer practice with Mila-Learn.

Description of the Tasks
Finally, we made structural modifications to the proposed tasks
to ensure the game’s fluidity and improve motor interactions.
First, we changed the way children had to answer during Clap
Trap. Instead of clapping both hands, which was recorded using
the microphone, we changed the child’s interaction with the SG
to synchronously tapping both hands on the screen (and,
therefore, we used a touch recording). Second, Follow me was
extensively modified to be more understandable and involve
the child more on a motor level. The interaction was changed
from a passive mode (one contact pressure) to a more active
hand clapping measured using the microphone. The child did
not perform the task all at once but interacted with the character,
who gave them instructions that the child reproduced on the
principle of call and response. Specific music was created for
the game. As a consequence, Follow me was renamed Clap
Hero. Finally, we modified the way children had to answer
during Fruity Jump—children’s interaction with Mila-Learn
changed from tapping to shaking the tablet, which was measured
using an accelerometer. Table 2 summarizes the changes made
in the final version of Mila-Learn.
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Table 2. Players’ recorded responses and game parameters in the final version of Mila-Learn.

Tolerance thresholdSongsCapture technologyInteractionTypeTask

CustomizedMicrophoneClapping handsCall and re-

sponse a
Clap Hero • Perfect: 0.1 s before or after the beat

• Good: 0.15 s before or after the beat
• Correct: 0.25 s before or after the beat

CommercialTouchTapping on the left
and right side of the
screen

Last beatClap Trap • Perfect: 0.1 s before or after the beat
• Good: 0.15 s before or after the beat
• Correct: 0.25 s before or after the beat

CommercialAccelerometerShaking tabletLast beatRiver Splash • Perfect: 0.1 s before or after the beat
• Good: 0.15 s before or after the beat
• Correct: 0.25 s before or after the beat

CustomizedMicrophoneSingingCall and re-
sponse

Sing Lab • Pattern: 0.15 s before or after the beat and
up to 30% of the note duration

• Song duration: the note must be sung at
least 60% of the time

CustomizedAccelerometerShaking tabletCall and re-
sponse

Fruity Jump • Perfect: 0.2 s before or after the beat
• Good: 0.25 s before or after the beat
• Correct: 0.3 s before or after the beat

CustomizedWebcamPunchingLast beatKarate Fruits • Perfect: 0.08 s before or after the beat
• Good: 0.14 s before or after the beat
• Correct: 0.3 s before or after the beat

aItalics indicate game and functional changes that were introduced compared with the Mila-Learn second version summarized in Table 1.

Usability Study
This usability study focused on a sample of 98 children (mean
age 9.05; SE 2.4 years), and we had both their reported
diagnoses and game performance over time. These 98 children
completed 3922 games. The linear mixed models yielded the
following significant results. First, we found that the
performance of the children significantly improved over time
(β=.02; t3268=2.68; P=.007). That is, there was an increase in
the performance score by an average of 5 points after 250 levels
were played.

Second, we explored whether declared diagnosis and age
influenced the average performance of the children. Table 3
summarizes the results. We found that older children performed
better than younger children. One year of age increased the
normalized performance score by 1.08 points (meaning 1.1%
of the maximal range). In addition, children with dyslexia and
ADHD performed significantly better than those with other
diagnoses (performance improved significantly faster in children
with ADHD, β=.06; t3754=3.91; P<.001, and slower in children
with dyslexia, β=−.06; t3816=–5.08; P<.001). Having dyslexia
increased the normalized performance score by 2.81 points
(meaning 2.8% of the maximal range) compared with children

without dyslexia, whereas having ADHD increased the
normalized performance score by 4.16 points (meaning 4.2%
of the maximal range) compared with children without ADHD.
In contrast, children with executive function impairment and
dysgraphia performed significantly worse than those with other
diagnoses. Having dysgraphia decreased the normalized
performance score by 2.06 points (meaning 2.1% of the maximal
range) compared with children without dysgraphia, whereas
having executive function impairment decreased the normalized
performance score by 3.26 points (meaning 3.3% of the maximal
range) compared with children without executive function
impairment.

Finally, we also tested whether progress over time statistically
interacted with the declared diagnosis. We found that children
with ADHD progressed faster over time than those with other
diagnoses (β=.06; t3754=3.91; P<.001) and that children with
dyslexia (β=−.06; t3816=–5.08; P<.001) and executive
dysfunction (β=−.03; t3805=–2.09; P=.04) improved less over
time than those with other diagnoses. We found no significant
interaction between time and a diagnosis of dysphasia (β=−.01;
t3816=–0.68; P=.50), dyscalculia (β=.05; t3787=1.46; P=.14), or
dysgraphia (β=.00; t3816=–0.1; P=.92).
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Table 3. Average scores according to diagnosis during study 3 with the final version of Mila-Learn.

Pr(>|t|)t test (df)Estimate (SE)

<.0018.23 (6.04)37.83 (4.60)Intercept

<.0017.02 (2082.28)1.08 (0.15)Age

.68−0.42 (2081.02)−0.43 (1.03)Dyscalculia (yes)

.009−2.60 (2084.61)−2.06 (0.79)Dysgraphia (yes)

<.0014.03 (2087.52)2.81 (0.70)Dyslexia (yes)

.59−0.54 (2086.54)−0.51 (0.93)Dysphasia (yes)

<.0016.79 (2090.71)4.16 (0.61)ADHDa (yes)

.02−2.40 (2086.78)−3.26 (1.36)Executive function impairment (yes)

aADHD: attention-deficit/hyperactivity disorder.

Discussion

Principal Findings
The literature on SGs, especially when designed for a specific
medical condition, is limited when it focuses on game design
methodology or formal clinical validation [42]. In this paper,
we described the process and empirical studies to address this
issue for Mila-Learn, an SG based on rhythmic training for
children with dyslexia. To do so, we placed the patient’s
experience at the center of the game construction while iterating
with clinicians involved in treating children with dyslexia. In
this paper, we described the different developmental phases that
helped us design the game. We first constructed an initial
prototype based on a literature review and with the help of
clinicians specializing in learning disorders. Then, based on a
first round of feedback from users and comments from
professionals, we developed a first version of Mila-Learn for
tablets.

In this version, we greatly improved the users’ experience with
the game by adding new gaming features to increase the
motivation and engagement of players. We offered more
possibilities for customization, created a storyline, and
introduced humorous and friendly characters to align with
children’s interests [51,52]. Moreover, we adapted the difficulty
of the game to enhance the learning possibilities of children by
working on graphism and the instructions given to the children
and by creating evolving tasks that gradually increased the level
of difficulty [51,53,54]. With this second version, we adopted
a user participatory design by inviting children, families, and
professionals to test this version and send us feedback about
their experience (feasibility study). User participatory design
is a method that is currently gaining attention. Contrary to
user-centered designs, which create games for a user,
participatory design aims to construct the game with the users
by collecting their experience and advice and then including
them in the game [58]. It has been shown that participatory
design promotes engagement of the user [52]. Indeed, collecting
feedback both from families and children and from professionals
is essential as professionals and families and children focus on
different aspects of an SG and do not place the same importance
on each feature [52]. We believe that this participative process

helped us develop an SG that improved the experience within
the game and the interest of families and children in Mila-Learn.

Regarding computational aspects, we also collected feedback
that helped us resolve bugs and record the time spent on the
game and the player’s accuracy in each game. These features
allowed us to follow children’s interest in the game and their
progression over time and demonstrate that progression occurred
with Mila-Learn and was associated with age. Study 1 confirmed
that children could engage with Mila-Learn for a rather long
period and play at home without the need for an extra supporting
person, suggesting that Mila-Learn was sufficiently motivating
and adapted to this population. Children and their families
appeared to be highly satisfied with the game.

Finally, following a third round of feedback from parents,
children, and professionals, we developed a final version of
Mila-Learn to improve accessibility and motivation for the
player. We made structural modifications to the proposed tasks
to ensure the fluidity of the game and improve motor
interactions. We resolved most of the technical problems, which
allowed us to conduct a real-life usability study of the
Mila-Learn game during the second lockdown.

Comparison With Prior Work
In the usability study, we observed that children significantly
improved their scores on the 6 games included in Mila-Learn.
Although we cannot conclude that the rhythm abilities of the
children improved based only on these results, we believe that
the children learned how to use Mila-Learn and that they were
increasingly accurate in responding to each game. However,
the effect size was small, although it may have been
underestimated as the difficulty in the games increased, which
could have masked the children’s progression. In addition, based
on the diagnosis declared by the children’s parents, we
performed exploratory analyses to assess whether improvements
over time were associated with the declared diagnoses. Linear
mixed models showed that children’s performance significantly
increased over time, that scores were better for children with
ADHD and dyslexia, and that performance improved
significantly faster for children with ADHD and slower for
children with dyslexia.

Regarding the average performance of children according to
diagnosis, the results were very encouraging if we consider the
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relationship between reading impairments and diagnosis. On
the basis of the literature, we expected reading impairments to
be associated with dyslexia, attention deficit, and specific oral
language impairment (dysphasia) [59,60]. In addition, we
expected that severity would negatively influence performance.
This is usually the case when children have dysphasia [61],
executive function impairment [62], or multidimensional
impairments [63]. The results were in line with these
expectations. Children with dyslexia and ADHD showed a
significantly better performance over time, whereas children
with dysphasia, executive function impairment, and dysgraphia
showed a worse performance. Of note, children with dysgraphia
often have motor coordination disorders [64]. Finally,
dyscalculia had no influence on Mila-Learn performance. In
summary, the predictions according to diagnosis were in line
with the hypothesis that Mila-Learn may improve performance
in children with reading impairments. The fact that dyscalculia
showed no specific effects and that the diagnoses associated
with the highest severity (dysphasia and executive function
impairment) showed less improvement followed our hypothesis
[61-63,65]. We speculated that dysgraphia was associated with
multidimensional impairments, including motor coordination
disorder. This interpretation is based on the fact that recruitment
for the study was based only on user reading impairments.

Regarding the average performance of children according to
diagnosis over time (ie, the statistical interaction), the fact that
performance improved significantly faster for children with
ADHD and slower for children with dyslexia is not surprising
as the perception of rhythm is impaired in children with dyslexia.
In contrast, children with ADHD may have impairments in
reading abilities but do not have specific deficits in rhythm and
speech perception [57,66].

Strengths and Limitations
The exploratory studies presented in this paper have some
limitations despite the promising results. On the one hand, some
aspects of the game need to be improved.

First, we currently consider a “standard” latency of 20 ms, which
corresponds to the estimated delay between the child’s real input
and the input processed by the operating system. In reality, each
tablet may have unique differences. In the next version of
Mila-Learn, we need to consider this unique latency to get as
close as possible to the real performance of children. This
adjustment might lead to more accurate measurements of
children’s interactions and, potentially, more tailored game
experiences.

Second, the game gradually increases in difficulty with the
progression of the player within the game. We integrated some
specific pathways as a function of the difficulties that the
children declared before starting the game (ie, children with
motor difficulties do not start with games that require a high
level of motor skills). However, the progression is predetermined
and does not take into account the results of the player. In the
next version of Mila-Learn, the difficulty of each game will
automatically adapt based on the child’s performance in the
previous games using a specific algorithm [53], allowing for

much better stimulation. By doing so, the game could offer a
more individualized experience, potentially leading to more
sustained engagement and greater benefits for the children.

Third, the age range of 7 to 14 years is wide as children’s
interests can vary greatly during these years. In a future version
of Mila-Learn, the graphics and music will be adapted to the
age specified by the child so that the game will be more suitable
for their age. This may enhance the game’s appeal to players
across the entire age range, fostering increased engagement and
learning.

However, our study was only exploratory in nature. First, even
if the lockdown gave us the opportunity to have a large sample
for exploratory studies, diagnoses were not clinically grounded
and were only declared by the children’s parents. Therefore,
caution should be the rule when interpreting predictive models.

Second, there was no predefined design for the studies as the
training was spontaneous and included no comparison with
alternative treatment proposals. Therefore, the clinical interest
of Mila-Learn for dyslexia cannot be established based on the
results of the 2 exploratory studies presented in this paper.

Future Directions
To address the clinical relevance of Mila-Learn in relation to
dyslexia, the next step will be to evaluate the effects of
Mila-Learn in the context of a randomized controlled trial.
Children with dyslexia based on objective clinical assessments
will be randomized to Mila-Learn sessions or placebo game
sessions that take place in the same universe but with different
tasks. We will assess the evolution of reading skills from before
to after training with the hope of greater improvements with
Mila-Learn. On the basis of the exploratory studies, we
calculated the number of patients per group that would ensure
a statistical power of at least 85% for an effect size equal to 0.5
(moderate) when the changes in the experimental and control
groups were compared. This calculation indicated that each
group should have at least 73 children (ie, 146 children in total).
This study started in September 2021 (Comité de Protection
des Personnes registration 2021-A01709-32; ClinicalTrials.gov
Identifier: NCT05154721).

Conclusions
We presented how we constructed Mila-Learn, an SG based on
rhythm activities, to improve reading skills in children with
dyslexia. We developed several versions of the game considering
the literature, professionals’ experiences, and users’ feedback.
We also conducted a usability and a feasibility study to evaluate
each version of Mila-Learn. The results indicated that
Mila-Learn was attractive and sustained the players’motivation
and engagement for several months. Moreover, children were
able to learn how to use the game, and their performance in the
games improved with training. Future research will include (1)
adapting to the latency of the electronic devices, (2)
automatically adapting the games based on the player’s
performance, and (3) conducting a large randomized controlled
trial to evaluate the impact of Mila-Learn on reading skills.
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Abstract

Background: Adolescence is a crucial phase for early intervention and prevention of mental health problems. Casual video
games are popular and have promise as a novel mechanism for reaching young people, but this potential has seldom been explored.

Objective: This study aimed to explore the acceptability, feasibility, and possible indicators of therapeutic changes after playing
a purpose-built novel casual video game (Match Emoji) with simple mental health and well-being content among young adolescents.

Methods: We conducted a single-arm, nonrandomized trial of Match Emoji with 12- to 14-year-old school students (N=45; 26
[57%] New Zealand European, 12 [26%] Māori; 7 [15%] Asian or Pacific; 27 [60%] boys, 3 [6%] non-binary). Participants were
invited to play Match Emoji for 15 minutes, 2-3 times a week over 2 weeks (a total of 60 minutes). Acceptability was assessed
through the frequency and duration of use (analytics analyzed at the end of the 2-week intervention period and at weeks 4 and 6)
and through participant reports. The Child and Adolescent Mindfulness Measure (CAMM), General Help-Seeking Questionnaire
(GHSQ), Flourishing Scale (FS), and Revised Children’s Anxiety and Depression Scale (RCADS) were assessed at baseline and
week 2 to indicate possible effects. Focus groups were held in week 4.

Results: Most participants (n=39, 87%) used Match Emoji for at least 60 minutes over the 2-week intervention, with 80%
(36/45) continuing to play the game after the intervention period. Mean change (from baseline to 2 weeks) on each measure was
1.38 (95% CI –0.03 to 2.79; P=.06) for CAMM; 0.8 (95% CI –2.71 to 4.31; P=.64) for GHSQ; –1.09 (95% CI –2.83 to 0.66;
P=.21) for FS; and –3.42 (95% CI –6.84 to –0.001; P=0.49) for RCADS. Focus group feedback suggested that Match Emoji was
enjoyable and helpful.

Conclusions: The casual video game with mental health content appeared to be acceptable and provided a promising indication
of possible therapeutic effects. This approach is worthy of further investigation.

International Registered Report Identifier (IRRID): RR2-10.2196/31588

(JMIR Serious Games 2024;12:e46697)   doi:10.2196/46697

KEYWORDS

adolescent; anxiety; casual video games; digital mental health interventions; gaming; mental health; micro interventions; serious
game; teenage; video game; youth

Introduction

Mental distress and low well-being are common among
adolescents [1-3] and appear to have increased over the past
decade, at least in high-income nations [4-6]. Cognitive

behavioral therapy (CBT) and psychotropic medications are
recommended for young people experiencing mental health
disorders [7,8]. Preventative programs that aim to buffer against
higher levels of distress later in life also exist for young people
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[9]. Nevertheless, structural and attitudinal barriers inhibit access
to mental health support for many young people [10].

Digital mental health interventions (DMHIs) refer to specialized
content, support, or therapy for mental health conditions
delivered electronically to treat, alleviate, or manage symptoms
[11]. DMHIs encompass various technologies, including
computerized CBT programs, chatbots, virtual reality for mental
health conditions, games for mental health, apps, and interactive
web pages [12]. Systematic reviews have shown promising
effects for specific DMHIs across various age groups [13,14],
such as CBT therapies for anxiety and depression [15,16].
Quality DMHIs can address some of the challenges often
impacting face-to-face treatments [17,18]. For example,
well-designed DMHIs can be used by young people irrespective
of their level of distress, and they can be scaled up at a low cost
due to their reduced reliance on clinically trained professionals
[19,20].

Although this method of delivering mental health content is
promising, engagement with DMHIs outside trial settings is
typically lower than in trials [16]. Even playful interventions,
such as Pesky gNATs [21] and SPARX [22], designed to appeal
to young people’s interest in computer games, have had limited
evidence of engagement [16]. In part, these findings may reflect
mismatches between how end users engage with technology
and the way tools are provided (eg, sessions approximating
weekly face-to-face therapies may be a poor match with
contemporary patterns of internet use) [16,23,24]. Moreover, a
lack of appealing options, lack of trust, or uncertainty about
digital tools for mental health purposes may create additional
barriers [22-24]. Therefore, while DMHIs have a great capacity
to address mental health needs, it is important to keep exploring
new opportunities to improve engagement [19,25,26].

Casual video games (CVGs) refer to simple games that can be
played in short bursts of time, require no specialized skills, are
often used for relaxation [27] and distraction purposes [28], and
are generally free or low-cost to download and play.
Well-known CVGs include “Rise Up” and “Angry Birds.” “Rise
Up” has been downloaded over 10 million times on the Google
Play Store worldwide, and “Angry Birds” is played for
approximately 200 million minutes daily [29,30]. Given their
popularity and potential therapeutic effects, CVGs may be an
approach that could be explored for delivering mental health
and well-being content [28].

We systematically reviewed the effects of CVGs on anxiety,
depression, stress, and low mood [31]. We found that 12 of the
13 trials reported promising results on their respective outcome
measures. Following this work, we developed simple prototypes
of CVGs with mental health concepts based on the puzzle, word,
and match-3 genres and reviewed these in focus groups and
interviews with young adolescents [32]. Young people indicated
interest in this idea, with a match-3–style CVG being preferred.
Subsequently, a game designer was contracted to develop the
first version of Match Emoji, a simple match-3 CVG that
includes brief text-based mental health and well-being messages,
which have been previously described [33]. In brief, this
includes short “micromessages,” which were developed using
psychological well-being literature and were sometimes linked

to gameplay, for example, “Great job focusing and matching
the emojis!” and “Phew! Take a short breath to help focus
again.” Subsequently, we held think-aloud interviews [34] with
a small group of young adolescents to refine components.

In this study, we aimed to conduct a small open trial to explore
the feasibility of using Match Emoji to strengthen the mental
health and well-being of adolescents in a school setting. Findings
from the study can help develop the literature on this new
possible method for delivering mental health and inform
processes for a possible future randomized controlled trial.

Methods

Design
The recruitment procedures, sample size, and analyses differed
from those planned and published in our protocol paper [35]
due to COVID-19 pandemic–related restrictions. Each departure
from protocol is documented in the relevant section below.

This feasibility study used a mixed methods design. Adolescents
attending New Zealand intermediate and high schools were
recruited to participate in this study. They were shown how to
use Match Emoji and then asked to play for 15 minutes, 2-3
times a week over 2 weeks (a total of 60 minutes). Analysis of
game use, analytic data, and focus groups were held with all
participants to explore the acceptability of Match Emoji. The
therapeutic potential of the game was assessed by changes in
mental health and well-being, which were assessed by 4
validated instruments.

Recruitment
Before the onset of the COVID-19 pandemic, we developed a
protocol to outline the guidelines for conducting the trial,
including how participants would be recruited [35]. Initially,
as 1 local secondary school had expressed interest in
participating, we aimed to recruit students between the ages of
13 and 15 years from this school across 2-4 classrooms.
However, several teachers had become ill during the recruitment
phase, and the secondary school could no longer participate in
the study. As such, we approached 2 secondary schools (students
aged 12-18 years) and an intermediate school (students aged
12-14 years), which all expressed interest in participating in the
study.

In the secondary school, we described the study to an assembly
of over 400 students in years 9 and 10 (aged 12-14 years). Those
interested in participating in the trial and with access to a
smartphone or tablet were asked to take home information, an
assent form, and a consent form for their parent or guardian. Of
the 42 interested students, only 6 returned both forms. When
recruiting participants in each intermediate school, the New
Zealand government implemented restrictions on indoor
face-to-face gatherings. At this time, indoor gatherings of up
to 100 people were allowed. As such, instead of recruiting
participants in an assembly, we delivered a 10- to 15-minute
face-to-face presentation to students in each classroom,
explaining the theory and research underpinning Match Emoji.
In total, 39 returned the assent and parental consent forms. Given
the primary aims, the inclusion criteria were students aged
between 12 and 14 years who had access to a phone that could
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download Match Emoji and provided written consent from a
parent or caregiver.

Study Procedure
Consenting participants completed the Child and Adolescent
Mindfulness Measure (CAMM), General Help-Seeking
Questionnaire (GHSQ), Flourishing Scale (FS), and Revised
Children’s Anxiety and Depression Scale (RCADS) at baseline.
These assessments were completed in groups of 6 in the high
school and 30 in the intermediate school. Students completed
the questionnaires at their desks and were separated at least a
meter apart from each other to protect privacy. Instructions on
how to play and install the game were provided, and participants
were given an opportunity to ask questions directly or email the
primary researcher. Next, they were asked to play Match Emoji
2-3 times a week for a minimum of 15 minutes per session for
2 weeks (ie, a minimum of 60 minutes in total). Questions were
repeated after the 2-week intervention period. All participants
were invited to participate in focus groups held at each school
2 weeks later (4 weeks after the study began). After the study,

koha (food and drink) was provided to acknowledge the
student’s effort. No financial incentives or gifts were provided.

The Intervention
The Match Emoji rationale, content, and processes have
previously been described [33]. In brief, the micromessages in
Match Emoji are based upon psychological well-being literature,
specifically the Five Ways to Wellbeing [36]. As seen in Figure
1, these messages appear instead of in-game advertisements and
function as prompts. For example, players are encouraged to
read the message and practice skills including diaphragmatic
breathing, noticing thoughts, or normalizing difficult emotions.
In terms of the gameplay, users must identify and match 3 or
more similar colored emojis together in rows or squares (a
“match-3” game) to earn points. There are 6 different colored
and shaped emojis, each representing an emotion or idea. The
game has 99 levels, each designed to be completed within a few
minutes, with a player advancing to the next level on completion
of the current level. The gameplay becomes increasingly
challenging as the player progresses.

Figure 1. Screenshot of the Match Emoji video game.

Measures and Outcomes
Demographic data were collected at baseline. Students who
reported more than 1 ethnicity were categorized using the New
Zealand Census ethnicity prioritization method [37].

Acceptability was assessed by the proportion of approached
schools who agreed to participate, the number of participants
who are able to download the game on their phone and those
who fully participated in the study, and student feedback in
focus groups. At week 4 (ie, after the intervention period), all
participants were invited to take part in a 45-minute focus group
at their school to explore their views of the intervention.
Questions included (1) What parts of the game did you like?
(2) What parts of the game could be improved? (3) What did

you learn from playing the game? (4) Did you try and use any
of the ideas from the game, and if so, which ones? and (5) Do
you think you will continue to play Match Emoji? A general
inductive approach was used to analyze the data from the focus
groups [38]. The first author (RP) read participants’ responses
several times to identify emerging themes and categories from
the raw data. A research assistant read through the raw data to
ensure the themes reflected the essence of the category.
Appropriate quotes that conveyed the key core themes were
recorded and integrated into the results. Lastly, game analytics
for minutes played and the number of sessions were recorded
on the Unity platform [39]. Unity is a secure platform for
creating and operating interactive games.
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The secondary outcome measures assessing therapeutic potential
were changes from the pre- to postintervention (baseline and 2
weeks) time period on mental health and well-being domains
calculated from the CAMM, a 10-item instrument measuring
acceptance and mindfulness for use with children and
adolescents aged 10 between 17 years; the GHSQ, which
measures formal help-seeking intentions for nonsuicidal and
suicidal problems; the 8-item FS, which measures self-perceived
success in important areas such as relationships, self-esteem,
purpose, and optimism as a single psychological well-being
score; and the RCADS, a 47-item youth self-report questionnaire
with subscales, such as separation anxiety disorder and
generalized anxiety disorder.

The specific mental health and well-being domains assessed
were mindfulness derived from the CAMM, help-seeking from
the GHSQ, psychological well-being from the FS, and overall
anxiety and depression score from the RCAD. Pretest and
posttest summary statistics (mean, median, range, and SD) were
computed using the R software (R Foundation for Statistical
Computing) developer package. Data were assessed for

normality using the Shapiro-Wilk normality test. Since data
were not normally distributed, the nonparametric Wilcoxon
signed rank test was used to compare the means between pairs
of values (pre and post).

Ethical Considerations
This study received ethics approval from the New Zealand
Health and Disability Ethics Committee (21/NTA/34) on May
28, 2021. Data was de-identified and all participants provided
informed consent. No financial compensation was provided to
the study participants.

Results

Participants
Of the 45 adolescents who participated in the study (mean age
12.5, SD 0.33; range 12-14 years), 26 (57%) were New Zealand
European, 12 (26%) were Māori, and 7 (15%) were Asian or
Pacific. As seen in Table 1, the majority (n=27, 60%) were boys,
while 15 (33%) were girls and 3 (6%) were nonbinary.

Table 1. Demographics of participants (N=45).

ValueCharacteristic

Age (years)

12.5 (0.33)Mean (SD)

12-14Range

Gender, n (%)

27 (60)Boy

15 (33)Girl

3 (6)Nonbinary

Ethnicity, n (%)

3(6)Asian

12 (26)Māori

26 (57)New Zealand European

4 (9)Pacific

Acceptability
On average, each participant played 7.5 sessions for 24 minutes
across the 2 weeks, comprising 180 minutes in total. In addition,
data recorded from the focus groups suggested that, on average,
participants completed 50 out of the 99 available levels during
the 2-week duration of the study. Most participants in the focus
groups said they would continue playing the game after
completing the study. A total of 38 (84%) participants said they
“would” continue to play the game, while 5 (11%) said they
“might” continue to play. Only 2 (4%) participants said they
would not continue to play the game after the trial. In addition,
36 (80%) reported playing Match Emoji after week 4, and 32
(71%) were still playing after week 6, according to game
analytics from the Unity Platform. Findings from the focus
groups suggested that participants enjoyed playing Match Emoji
for several reasons. First, participants enjoyed the convenience
of the game. For instance, many participants reported playing
Match Emoji across multiple environments, including waiting

rooms at the dentist, bus stops, and long car rides. As no internet
connection was needed, participants could access the game
whenever they wished. A participant explained, “I could play
the game even when there was no Wi-Fi,” while another said,
“The game was really good when waiting for appointments
(be)cause it could distract me for a bit and didn’t use up data.”

Second, many participants reported enjoyment from playing
the game. They described this enjoyment as stemming from
game features such as increasing levels of challenge, the variety
of emojis, and clear goals: “it was fun (be)cause the game got
harder, but you knew what you had to do.” While there was
some level of challenge, the simplicity of the game allowed
students to bypass traditional barriers to CVGs, such as
instructional videos. One participant described Match Emoji as
a “super easy game to understand and play.” A smaller group
of participants also provided suggestions about game features.
This group appeared to be more frequent users of CVGs, as they
provided recommendations based on other games they had
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played. One participant suggested, “You could add more rewards
or more characters and then get more power-ups like Fortnite,”
while another recommended, “coins, customization, themed
music, and bonus rounds... add stuff like they have in other
casual games.”

In general, participants liked the subtle aspect of accessing
mental health content. As 1 participant mentioned, “the
messages are a nice way of getting mental health information
out there that isn’t in your face.” There was a high consensus
that they preferred micromessages over typical in-game
advertisements. However, some were initially skeptical about
their value, “the messages were cringe at first but got way
better.”

Of the intermediate and secondary schools approached to
participate in the research, only 3 (25%) of the 12 took part in
the study. Only 3 (7%) out of the 45 participants could not
download Match Emoji onto their phones. In each case, this
was because their phone had limited capacity to download the

necessary software. All participants completed baseline and
follow-up assessments, but several needed clarifications on
wording related to the RCADS questionnaire items.

Indicators of Possible Effects
As seen in Table 2, a small positive change was observed on
the CAMM (mean difference 1.38, 95% CI –0.03 to 2.79) and
on the RCADS (mean difference 3.42, 95% CI –6.84 to –0.001).
In focus groups, when asked, “What did you learn from playing
the game,” a number of participants answered that playing the
game was helpful for their mental health and well-being: “I
reckon playing the game for a bit of time was helpful for my
mental health (be)cause it took my mind of stuff.” When asked,
“Did you try and use any of the ideas from the game, and if so,
which ones?” Several participants reported using specific skills
suggested in Match Emoji: “Once when I started to think about
annoying stuff, I tried the breathing thing, and it was actually
pretty helpful,” and “I remember I got pretty mad at my brother
and used the noticing a thought approach.”

Table 2. Changes in mental health and well-being indicators of adolescents aged between 12 and 14 years after 2 weeks of playing Match Emoji (N=45).

P valueMean differences (95% CI)Postintervention, mean (SD)Baseline, mean (SD)Outcome

.061.38 (–0.03 to 2.79)23.82 (8.93)22.44 (8.35)CAMMa

.650.8 (–2.71 to 4.31)63.69 (23.30)62.89 (21.96)GHSQb

.22–1.09 (–2.83; 0.66)40.62 (12.07)41.71 (11.58)FSc

.049–3.42 (–6.84 to –0.001)42.82 (26.49)46.24 (26.39)RCADSd

aCAMM: Child and Adolescent Mindfulness Measure (mindfulness).
bGHSQ: General Help-Seeking Questionnaire (help-seeking).
cFS: Flourishing Scale (psychological well-being).
dRCADS: Revised Children’s anxiety and Depression Scale (overall anxiety and depression).

Discussion

Overview
In this study, we found that a CVG with psychological
well-being concepts (Match Emoji) was a new and engaging
mechanism of change that provided a promising indication of
possible therapeutic impact. Most participants played more
often and for a longer period than was requested for the study.
Indeed, most participants continued to play in week 4. Small
improvements in mindfulness assessed by CAMM and a small
decrease in overall anxiety and depression assessed by RCADS
were recorded. Given these promising changes, participants
may have learned skills related to reducing their level of anxiety
through playing Match Emoji. The findings of this small open
feasibility trial indicate that the Match Emoji CVG was an
acceptable way to support mental health and well-being in
adolescents aged between 12 and 14 years.

Participants reported a high level of acceptability with Match
Emoji, as evidenced by the game analytics, qualitative feedback,
and the large portion of participants who were still playing the
game in weeks 4 and 6. The percentage of participants who
stated they continued to play Match Emoji even after week 6
of the study (n=32, 71%) is contrary to the poor retention rate
typically found across the range of digital interventions.

Real-world data on user engagement with popular mental health
apps suggest that a small portion of users stay engaged with
digital health interventions [16]. For example, once a health
app is downloaded, approximately 4% of users continue to use
the app after 15 days [24]. It is possible that the ongoing
consultation with end users from the beginning of the
development of Match Emoji, the simplicity with which CVGs
can be played “on the go,” across environments with no Wi-Fi,
and how playing CVGs fits with adolescents’ current behavior
patterns may have been attributed to the high level of
acceptability and engagement. That is, as many adolescents
already play CVGs [32], there is less effort required to learn
and change existing ways of engaging with technology. Data
from the focus groups corroborated these findings. More
specifically, participants mentioned they enjoyed playing for
short periods across environments in comparison to computer
games or those mobile phone games that require data to access.
This is consistent with our previous work [32] and research
[19], which suggests young adolescents tend to prefer brief
therapeutic encounters. Moreover, Match Emoji enables large
portions of the population to receive the same content
irrespective of their proficiency with gaming or access to the
internet, addressing a significant barrier to equity and
engagement with DMHIs [11].
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Our finding that most participants preferred micromessages
over typical in-game advertisements is consistent with research
assessing how in-game advertising in the form of short videos
is distracting and can lead to disengagement, particularly among
young people who often have a relatively short attention span
[40,41]. Although paid versions can avoid advertisements, young
people are reluctant to pay for them [41]. Thus, Match Emoji
represents an opportunity for public health interventions to
provide appealing free CVGs that replace the advertising with
health-related micromessaging that is not distracting, annoying,
or potentially harmful, as is the case with in-game advertising.

Similarly, diverse preferences were found with gamification
elements of Match Emoji. The various preferences toward
micromessages and game features among participants are
consistent with the literature that suggests adolescents have
different opinions about the type of DMHI they are attracted to
[42,43]. Thus, while some adolescents may be frequent CVG
users and interested in gamification elements, others may be
less focused on these features and more attracted to learning
about mental health and well-being [44]. In essence,
opportunities to embed therapeutic processes within game
elements are plentiful when researchers and game developers
collaborate and are creative.

The protocol and implementation of this study were completed
during the COVID-19–lined social distancing practices, which
resulted in frequent changes to the restrictions on the size of
inside gatherings and how educational facilities operated. Apart
from the implications of the pandemic, 3 participants in the
study could not download Match Emoji. This was because their
phones lacked the storage capacity required to download the
latest software and the game. Future research could use methods
to compress digital mental health apps such as Match Emoji.
In this way, the size of the app may better align with the capacity
of users’ technology. In addition, some participants struggled
to understand several questions on the RCADS. These questions
were discussed in more detail with each participant to ensure
they understood the meaning of each one. Despite these
challenges, no significant issues occurred with conducting the
study in a primary and intermediate school context.

Limitations
There are limitations to this study; these include departures from
the protocol due to COVID-19 impacts, which resulted in a
small exploratory open trial only. There were also limited
resources to conduct the study; this meant that the first author
(RP) introduced the game to participants, led the recruitment
process, supported the completion of assessments before and
after playing the game, and facilitated the discussions about the
game. Thus, the interpretation of the students’ feedback could
be overly positive, and participants’opinions and thoughts could
be influenced by social pressures, including normative and
informative conformity.

Further, the self-assessment outcome measures relied on the
comprehension skills of young participants. While some
participants raised their hands when unsure of a question, others
may have merely guessed. Nevertheless, the 4 assessments
appeared to be easy to implement in a short amount of time.
Third, when recruiting participants at the secondary school,
only 6 (14%) out of the 42 participants who signed the assent
form returned their parental consent form for reasons unknown,
suggesting that a different process is needed to recruit older
adolescents for future trials. Lastly, students were not recruited
based on their level of mental distress. Therefore, the results
may have been affected by floor effects, whereby their mental
health and well-being scores were already good or optimal and
thus unlikely to improve any further. Despite these challenges
and preliminary results, these findings are of interest as this is
the first study to assess the feasibility of a co-designed CVG
with psychological well-being concepts.

Conclusion
Findings from this feasibility study suggest that Match Emoji,
the purpose-built CVG with brief mental health messages, is
promising as an acceptable and feasible approach for young
adolescents. Future research should test clinical impacts through
a randomized controlled trial. More broadly, the research also
highlights the possibility of CVGs as a novel mechanism of
delivering simple mental health and well-being messages.
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Abstract

Background: To the best of our knowledge, no specialized research has been conducted to address ailurophobia (fear of cats)
in Iran or globally. This has driven our project, along with the prevalence of ailurophobia and the absence of a gamified virtual
reality exposure therapy (VRET) that incorporates affordable and easily accessible biofeedback (BF) tools. We hypothesize that
a gamified VRET augmented with BF will yield more positive effects than a similar device lacking BF.

Objective: This study primarily focuses on the development and preliminary evaluation of a smartphone-gamified VRET
integrated with BF, targeting animal phobia, with a specific case study on ailurophobia. The secondary objectives are using
affordable and readily available BF found in devices such as smart bands and smartwatches and creating a mobile virtual reality
gamified app to improve patients’ adherence to treatments while simultaneously enhancing the app’s accessibility, scalability,
and outreach.

Methods: Evaluations encompassed 3 methods. First, we identified the tool’s potential positive effects on phobia interventions,
exploring 4 effects: intrinsic motivation, simulation of fearful situations, management of stressful circumstances without therapists’
presence and mitigation of catastrophic thoughts, and preliminary effects on ailurophobia treatment. Participants were divided
into BF and non-BF groups. Second, we gathered user preferences and opinions about the treatment. Third, we conducted heuristic
evaluations using 44 heuristics from existing system usability scales assessing user interfaces, virtual reality platforms, and video
games’ playability. To interpret the data, mean scores; ANOVA, single factor; and ANOVA, 2-factor with replication were used.
A total of 29 individuals were identified, of which 10 met the eligibility criteria or were accessible.

Results: The smartphone-gamified VRET augmented with BF exhibited better results on the identified effects compared with
the non-BF version and contributed to normalizing encounters with cats. Moreover, 41 of the 44 heuristics achieved a percentage
above 62%, indicating its potential as a therapeutic product and its ability to enhance patient adherence to treatments. Patient
preferences on the treatment and its strengths and weaknesses were provided for further improvement.

Conclusions: The tool has the potential to evolve into a comprehensive solution by incorporating various types of cats and their
behaviors, simulating environments in which they are commonly found, and enhancing its appeal through an increased sense of
adventure without inducing unrealistic fears. By adapting fear elements, the game can be tailored to treat various animal phobias.
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Phobia-focused games should avoid action and combat scenarios to prevent reinforcement of fear responses. After rigorous
evaluation, further exploration is required to provide remote use beyond clinical settings.

(JMIR Serious Games 2024;12:e34535)   doi:10.2196/34535

KEYWORDS

animal phobia; specific phobia; ailurophobia; cat phobia; biofeedback; smartphones; virtual reality; gamification; mobile phone

Introduction

Specific Phobia and Available Therapies
Specific phobia is the most common anxiety disorder, with a
lifetime prevalence of 12.5% [1]. It is characterized by an
extreme and persistent fear of a specific object or situation [2],
leading to substantial disruptions in daily life and heightened
anxiety. Many individuals restructure their lives to evade their
fears over extended periods [3,4]. Prolonged phobia
detrimentally affects academic, social, and family aspects,
compromising overall quality of life [5]. Situational (eg, fear
of enclosed spaces and flying), natural environment (eg, fear
of heights and storms), animal (eg, fears of snakes, spiders, and
cats), and blood or injection or injury (eg, fears of medical
procedures and seeing blood) fears are subtypes of specific
phobias, with animal and natural environment phobias being
more prevalent [3].

Phobia interventions are categorized into exposure therapies
(eg, direct in vivo exposure, systematic desensitization, imaginal
exposure, and virtual reality [VR]) and nonexposure approaches
(eg, cognitive therapy and progressive muscle relaxation). There
has been a trend toward adopting brief, intensive, or
concentrated treatments to manage anxiety [5]. Among the
available treatments, exposure therapies are the most commonly
used approach for specific phobias [6]. However, although
specific phobias are highly treatable, only 31% of patients seek
treatment and, among those, only 43.4% seek mental health
services [3]. Moreover, some patients might be unable to
complete the treatment because of severe reactions, resulting
in an attrition rate of 45% [3,7]. In total, 3 main factors
contribute to this percentage [7]: (1) perceiving treatments as
highly aversive and frightening; (2) the need to visit clinics
throughout the treatment, causing relationship and ethical issues,
such as perceived cruelty when therapists intentionally evoke
fear; and (3) the lack of appealing treatments.

Gamified VR Exposure Therapies Augmented With
Biofeedback
To overcome the limitations of exposure therapy methods,
incorporating new technologies becomes imperative.
Gamification, VR, and biofeedback (BF) are promising options.
However, our research indicates that few studies have
simultaneously used these technologies for specific phobias.
Virtual reality exposure therapy (VRET) uses 360°
computer-generated simulations [8,9] similar to traditional
exposure therapies [2]. Meta-analyses have shown that VRETs
are effective and their performance can rival standard exposure
therapies [2]. VR’s application in cognitive impairment, anxiety
disorders, pain management, phobias, posttraumatic stress
disorder, rehabilitation, and eating disorders, among others, has

surged because of its immersive realism [8,10]. To treat phobias,
VR is a safer, less embarrassing, and cost-effective solution by
simulating fear-inducing situations in a controlled environment
[8,9,11]. However, VR alone may not address all exposure
therapy disadvantages, and enhancing the attractiveness of
VRETs is crucial for treatment success. Researchers have
explored the potential of gamified VRETs in treating phobias
[2,12,13]. Gamification, a strategy derived from video
game–based approaches, has proven successful in achieving
serious objectives across various fields, including the workplace
[14], education [15], marketing [16], mental health [17-19],
learning disabilities [20,21], and lazy eye treatment [22]. The
primary inherent feature of digital games is their high-level
motivational potential [23]. Video games’ appeal, engagement,
and effectiveness encourage players and frequent use [18].
Attractiveness is beneficial for overcoming people’s reluctance
to seek treatment, broadening the reach of gamified interventions
[18]. The engaging nature of gamification enhances users’
experiences, as players are driven to win, explore stories, and
ultimately reduce attrition rates [12,18,24]. The effectiveness
aspect offers opportunities for achieving serious objectives such
as behavior changes [18]. In a gamified product, elements such
as scores, badges, and levels are integrated from games into
nongame contexts, while not necessarily offering a complete
gaming experience [18,25].

Human emotion recognition sensors or BF is another technology
that can enhance gamified interventions. This technology serves
2 crucial purposes. First, it boosts their level of attractiveness
by leveraging a strategy commonly used in video games to
increase engagement [26]. Second, it addresses some of the
limitations of traditional methods by potentially reducing or
eliminating the need for therapists’ constant presence. These
sensors work by measuring various body parameters or electrical
impulses in the nervous system to identify different emotions
and track their changes [27]. Common techniques include
electroencephalography, skin resistance measurements, blood
pressure, heart rate (HR), eye activity, and motion analysis.
With advancements in chipset manufacturing, BF has become
more accessible, portable, efficient, and affordable. Users can
easily access their data, thereby enabling self-regulation and
monitoring. These technologies are incorporated into smart
wristbands and watches to help individuals regulate anxiety in
their daily lives. BF therapies have shown positive effects in
treating conditions such as migraines [28] and
attention-deficit/hyperactivity disorder in children [29].

Objectives
The primary aim of this study was to develop and conduct a
preliminary assessment of smartphone-gamified VRET
augmented with BF for the treatment of cat phobia
(ailurophobia). We hypothesize that this tool will outperform
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gamified VRET without BF in various aspects. Limited evidence
exists on animal phobia in Iran, particularly ailurophobia.
Observations at the Cognitive and Brain Clinic in Tehran
revealed a substantial prevalence of this phobia, as reported by
the fourth author, who is a cognitive expert and psychologist
attending to cat phobia patients daily. Owing to the abundance
of cats in most Iranian cities, encounters are inevitable, resulting
in daily challenges for patients walking on the streets and alleys.
The secondary objectives were as follows:

1. Using affordable and accessible BF tools in devices such
as smart bands and smartwatches to serve as both BF and
a game mechanic, enhancing engagement and efficacy.

2. Developing a mobile VR–gamified app to enhance patients’
adherence to phobia treatment and expand the app’s
accessibility, scale, and reach.

To evaluate the effectiveness of the tool, its potential positive
effects on phobia interventions were examined. The tool’s
impact on the effects was examined by dividing the participants
into BF and non-BF groups. In addition, we considered the
playability and usability aspects of the tool, along with patients’
preferences, to optimize its performance and enhance usability
for future improvements.

Methods

Design and Development
Our primary objective was to present fear elements indirectly
to the player, ensuring that interacting or not interacting with
them would not affect the game’s progress. The secondary
objective was to create a general game design model that could
be easily customized for specific phobias, particularly animal
phobias. During the initial game development meeting, 2 game
design experts (a game designer and a gamification expert)
collaborated with 2 cognitive science experts (one of whom
also specialized in cognitive games). They engaged in a
discussion regarding the essential components required to
simulate stress. Size, color, and behavior of the stimuli were
introduced as fundamental elements for replicating the desired
scenarios. The game team then devised the game stages using
a maze design. In the second meeting, cognitive experts
suggested simplifying the design to accommodate players of
all ages. As it involved memory and problem-solving, it was
rejected, leading to a more straightforward game plan that
focused on finding lost objects in a park. In the third session,
this plan received approval and was tested on a woman aged 40
years with cat phobia, who was selected based on her
self-reported fear of cats. She stated, “I experienced a lot of fear
during playing.” In the fourth session, minor adjustments were
made to the game. In total, 2 psychologists from Tehran
University found the initial voice of the guide annoying, thereby
hindering patient motivation. The overall view of the sessions
is presented in Figure 1.

Our game’s storyline was inspired by the “Hot and Cold” game.
One group hides an object, and the other group should find it
using verbal clues such as “colder” as they move away and
“hotter” as they get closer. The experience is similar to that of
a park with diverse paths. Players are on a quest to discover

diamonds concealed within treasure boxes, all while walking
along these pathways. Each game session comprises 4 short yet
consecutive levels. At each level, players must determine their
distance from each box by perceiving changes in the sound
consistently played. Moreover, a hint ribbon shows the player’s
distance to the box for increased engagement. After locating
the box, players must stay in front of it for a specific duration
to open it, with the time increasing at later levels. The players
must open the previous level’s box to unlock the next challenge.

Regarding authors’ concerns about spreading the game to
individuals with phobias, smartphones were chosen as the
primary platform. Using smartphones as a VR tool requires
affordable mobile VR glasses, which are significantly cheaper
than other options such as Oculus or HTC VR. The primary
challenge in mobile VR is the user interaction limitations. The
game uses Gaze, a pointer on the screen that allows users to
interact through head movements, thus providing a mouselike
experience. In addition, the game incorporates joysticks
connected to the phone, thus offering more interactive
possibilities.

The intensity of the fear elements must be balanced based on
the game’s progress and levels, as in previous studies [7,13].
The escalation of fear stimuli is determined by the following
features, each with its own difficulty level. Moreover, these
elements can be further amplified in tandem with player’s
advancement.

1. Visual elements: the fear-triggering elements include cat
photos, fantasy cat models, low-poly cat models with minimal
details, and high-poly cat models that closely resemble real cats.
According to experts, individuals who fear something may also
react to objects and shapes that resemble it. For instance, people
who are afraid of cats might experience fear when encountering
a cat picture or a furry object. This phenomenon is directly
related to the degree and intensity of the individual’s fear [30].
Figure 2 illustrates the game environment.

2. Fear elements’ sound: the scary elements vary from silent to
those with terrifying sounds. In intense situations, cats produce
specific sounds that could heighten anxiety. The timing of when
the sound is played also adds to the diversity. For example,
when players are near a cat, the sounds it emits could intensify
their fear.

4. The quality of fear elements’behaviors: studying the behavior
quality of a stimulus is under investigation [31,32]. A cat
jumping from one point to another evokes more fear than a cat
simply standing still. Various animations were designed for 3D
model cats. The fantastical cat playfully turns its head and
randomly spins around. The low-poly cat remains stationary,
solely turning its head. In the final level, the high-poly cat
features 3 different animations. The first 2 animations portrayed
the cat at rest, either shaking its tail and head or cleaning its
paws. The third animation involves the cats’ walking behavior.

5. Interactable elements: fear elements that respond to the
player’s presence add a sense of authenticity to the game,
elevating immersion and allowing for anxiety manipulation.
Cats may react by turning, approaching, or fleeing when a player
gets closer. Both low-poly and high-poly cats respond to the
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player’s presence. The manner in which the elements react was
also classified. Although the fantasy cat remains unresponsive,
the low-poly cat acknowledges players by turning their heads
and looking at them when they enter the zone. At the last level,
the realistic cat not only faces the players but also follows them
until they exit from its zone.

6. Fear elements’ size: element size could also amplify fear. In
the final level, some cats are larger, preparing players to confront
more intimidating situations.

7. Fear elements’ numbers: seeing numerous cats creates a
feeling of being surrounded, indirectly encouraging players to
confront their fear. As players approach the boxes, fear
intensifies, peaking around those areas.

The quantity and type of elements can be customized based on
players’ preferences and conditions (Figure 3), which is
beneficial when they need to concentrate on a specific scary
element. Furthermore, a player who does not fear an element
can eliminate it from the game.

A VR Android game was developed using the Unity game
engine, incorporating the Amazfit Bip smartwatch. In anxiety
treatments, HR variability is a common BF technique for stress
management [33]. However, because of limitations in receiving
these signals through conventional smartwatches and wrist
bands, HR was used instead of HR variability. HR data are
accessible in smartwatches through Bluetooth low energy
technology [33]. A plug-in for the Unity3D game engine was
implemented to integrate smartwatch data into the game. The
player’s HR was incorporated into the experience as a game
mechanic. The HR was displayed on the corner of the screen.
A total of three BF techniques were used in this study: (1)
displaying changes in players’ bodies to inform and manage
anxiety [33]; (2) keeping HR within specific limits allows
players to earn the game’s prize, a diamond, promoting
relaxation skills for stressful situations [34]; and (3) maintaining
a low HR for a period allowed players to open boxes and collect
more diamonds [33,35].

Figure 1. The overall view of sessions between the game designers and other related experts.
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Figure 2. Screenshots of the game’s environment with all its cat types.

Figure 3. Images of the level customization menu.

Trial Design, Participants, and Procedure

Overview
In total, three methods were used to evaluate the tool: (1)
identifying its potential positive effects it could have in phobia
interventions. To assess the game’s impact on these effects,
participants were divided into BF and non-BF groups, with the
only differences being the use of smartwatches; (2) gathering
user preferences about the treatment; and (3) considering the
tool’s playability and usability aspects for subsequent
optimization and improved usability.

Ethical Considerations
This study was approved by the Research Ethics Committees
of the Institute for Cognitive Science Studies (IR.UT.
IRICSS.REC.1401.047). Informed consent was obtained from
participants. They had the freedom to withdraw from the study
at any time. The participants’ data were anonymized. To
compensate for time, participants were informed that a
smartphone-compatible version of the game would be provided
free after its finalization.

Participants
The snowball method was used for recruitments. One attractive
advertisement was prepared in Farsi and shared within various
working, educational, and family groups on Instagram and
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WhatsApp. Receivers were asked to help by sharing the
advertisement with their own groups. Recruitment took place
from September 8 to October 14, 2022, in 2 provinces in Iran:
Lorestan and Tehran. Each test session lasted up to 3 hours, and
the participants had the flexibility to choose the test location.
Random assignment was used to allocate the participants to the
study arms.

Inclusion criteria were (1) providing informed written consent,
(2) understanding and reading Persian, and (3) scoring ≥55 on

the Fear of Cats Questionnaire (FCQ). Exclusion criteria were
(1) currently receiving psychological treatment for ailurophobia;
(2) having another severe mental disorder (alcohol or substance
abuse, psychotic disorder, dementia, or bipolar disorder); (3)
diagnosed with a severe personality disorder; (4) experiencing
depressive symptoms or suicidal ideation; (5) heart disease; (6)
vision or balance problems affecting the VR experience; (7)
pregnancies exceeding 3 months; and (7) fear of cats only in a
few and exceptional cases. An image of participants is presented
in Figure 4.

Figure 4. Depiction of participants.

Identifying the Positive Effects of the Gamified VRET
Augmented With BF

Effect 1: Intrinsic Motivation

One primary positive effect that the app could have on phobia
interventions is its ability to enhance intrinsic motivation. By
incorporating gamification, VR, and BF, the app effectively
motivated patients to actively engage in their treatment. We
hypothesize that combining gamified VRET with BF will
significantly increase motivation compared with a similar tool
without BF.

To assess their impact on intrinsic motivation, we used
subjective and objective measures. After each level, participants
completed a 10-item questionnaire that was previously used to
evaluate subjective engagement [36-39].

Participants played a minimum of 5 levels and completed the
intrinsic motivation questionnaire after each level, except for
the first. First-level data were excluded because of participants’
unfamiliarity with the experience. For the training step, the
picture level of the game with 8 cat pictures was predetermined.
The other settings regarding the type and quantity of stimuli for
mandatory games are as follows:

• Game 1: fantasy model with 13 cats
• Game 2: low-poly model with 19 cats

• Games 3 and 4: high-poly model with 23 cats

We deliberately chose the last 2 steps in the same manner to
examine the impact of repetitive tasks on the participants.

After the mandatory games, participants had the option to play
the game for up to 4 additional times. During the voluntary
sessions, participants were allowed to choose the type and
number of cats, but the number of cats had to be selected in
ascending order. In these sessions, we used a shorter version of
the intrinsic motivation questionnaire with only 5 items, as used
in Lumsden et al [36].

Effect 2: Simulating Fearful Situations

For phobia treatments to be effective, the game should evoke
fear among individuals. To evaluate this, both groups were
asked to rate their anxiety levels on a scale from 1 (“no anxiety”)
to 10 (“extreme anxiety”) after any mandatory and voluntary
sessions (except the first level).

Effect 3: Controlling Stressful Circumstances, Eliminating
Therapists’Presence, and Mitigating Catastrophic Thoughts

The game enables participants to implicitly learn relaxation
techniques while confronting their fears. The box-opening
mechanism involves standing in front of the box for gradually
increasing durations. This combined approach, along with BF,
has the potential to reduce the need for therapists’ presence.
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After the experiments, the participants were asked two questions:
(1) How well do you think you could manage your stress when
dealing with a real cat after using the gamified app? (2) To what
extent can our game eliminate the need for operators? The app’s
attractive and fantasy environment was expected to alleviate
catastrophic thoughts. Participants were also encouraged to
share any positive signs of reducing their frequency of thinking
about their fears.

Effect 4: Preliminary Effects on Ailurophobia Treatment

The study used before and after assessments with the State-Trait
Anxiety Inventory (STAI) and FCQ to measure the game’s
impact on phobia symptom changes. The STAI questionnaire
comprises 40 questions, measuring state (S-scale) and trait
(T-scale) anxiety using a 4-point Likert scale. Only the S-scale
was used in this study. The evaluation of state anxiety can be
used for any situation with a time interval determined by a
researcher or a clinical specialist. Mahram developed the Persian
version of the STAI, and its internal consistency was confirmed
for the S- and T-scales (Cronbach α of .91 and .90, respectively)
[40]. Another Iranian study also reported high reliability for the
S- and T-scales with Cronbach α values of .93 and .90,
respectively [41]. The FCQ questionnaire was derived from the
Fear of Spiders Questionnaire (FSQ) to assess cat phobia, with
all instances of the word “spider” replaced by “cat.”
Furthermore, the question format was adjusted to suit the
assessment of the cat phobia. The FSQ is an 18-item tool scored
on a 7-point Likert-type scale to measure the level of spider
phobia, yielding a total score ranging from 18 to 126. The FSQ
demonstrates excellent internal consistency with Cronbach α
ranging from .88 to .97 [42,43] and good test-retest reliability
[42]. The FSQ has been used in previous studies for various
phobias such as cockroaches [7,44,45], rats [46], and snakes
[47].

After the games, each group of participants was instructed to
play 2 levels of the game as the opposite group did. They were
then asked to answer the following questions: (1) Which
experiences do you prefer? (2) Which experiences had more
novelty and were more attractive to you? (3) Which experience
was more effective for improving your problem?

Patients’ Preferences About the Designed Treatment
To gather patients’ opinions on the implemented treatment, an
adapted preference questionnaire [48] was used. This 6-item
questionnaire focused on patients’ preferences regarding the
types of cat models, their behaviors, sounds, and sizes. For
example, the questions related to cat models are as follows: (1)
If you could choose among the cat models, which one would
you prefer? (2) Which cat model do you think would be more
effective in helping you overcome your problem? (3) Which
cat model do you find more logical for aiding in your progress?
(4) Which of these cat models do you perceive as more aversive?
(5) Which cat model would you recommend to a friend facing
the same problem? (6) Are there any cat models missing in the
game?

Heuristics Evaluations
The playability and usability aspects of the tool were examined
through heuristic evaluations designed as semistructured

interviews to optimize its performance and enhance usability.
Participants completed a 5-Likert questionnaire covering user
interfaces, VR experiences, BF, and game playability.
Participants had the opportunity to provide additional comments.
The evaluations incorporated 44 heuristics from studies [49-52].
We used Nielsen heuristics [49,50] to assess the interfaces,
along with modified Nielsen principles for VR platforms [51].
In terms of game playability, a comprehensive evaluation was
necessary to assess additional features, including gameplay,
story, and mechanics, which went beyond simple interface
usability evaluation [52]. We used the heuristic principles of
playability introduced in [52], which carefully examine the
various components of a game in terms of playability and
enjoyment for the player, encompassing gameplay, mechanics,
usability, and game story. In this study, we used the first 3
heuristics from this set.

Statistical Analysis
We evaluated the differences in subjective ratings of intrinsic
motivation and levels of anxiety using ANOVA: 2-factor with
replication of the total score, with session number as the time
factor and task variant (the tool with and without BF) as the
between-subjects factor. In addition, we used 1-way ANOVA
with task variant as the between-subjects factor to investigate
the effects of the tool on mitigating phobia symptoms. For
analyzing the semistructured interviews, mean and SD scores
were used.

Results

Participants
Of the 17 participants, 7 were excluded for (1) heart disease
(n=1); (2) vision or balance problems (n=1; participants with
VR-induced dizziness and severe nausea); (3) pregnancy (n=1);
(4) personality disorders (n=1); and (5) fear of cats in specific
situations (n=3; one was afraid of direct eye contact with cats,
whereas 2 others were scared of black cats). Among the 10
included participants (Table 1), 1 individual had 2 other phobias:
fear of public toilets (paruresis) and birds (ornithophobia),
especially their beaks and legs. Another participant displayed
general phobia of animals; even touching chicks elicited an
electric shock response. In addition, the sight of cats, dogs
(cynophobia) especially when they bark, and foxes caused
annoyance and discomfort for her. Interestingly, she was more
afraid of kittens than fully grown cats. Another patient had
cynophobia and ailurophobia. Finally, 1 participant had a phobia
of space and galaxies (to the extent of avoiding space-themed
movies) as well as chicks phobia and ornithophobia stating, “I
am even afraid of a bird in a cage that might come out and harm
me.” This participant also avoided going to the park because of
the fear of the animals. Given the prevalence of individuals
experiencing multiple phobias, particularly fears related to
various animals (zoophobia), such as cats, spiders, snakes, and
dogs, it is crucial to explore the possibility of modifying the
game to effectively address multiple types of phobias. The park
environment appears to be conducive to addressing various
animal phobias and specific phobias such as paruresis. Accessing
10 participants was hindered by the temporary filtering of
Instagram in our country. In addition, 2 individuals declined to
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participate, expressing shyness and concerns about others
noticing their phobia. Our observations suggest that men with
ailurophobia conceal their fear more frequently. Notably,
ailurophobia predominantly affected women, as 90% (9/10) of
our participants were women (Table 1). Ailurophobia began in
70% (7/10) of the participants during childhood and 30% (3/10)
during adolescence. The minimum and maximum ages of onset
of phobia in the samples were 5 and 18 years, respectively.
Regrettably, animal phobias in our country, particularly cat

phobia, have been largely overlooked, leading individuals to
live for many years in a completely curable condition without
seeking treatment. Innovative and early interventions, for
example, our tool, could treat patients from childhood when
anxiety starts and reduce the negative impact of untreated
phobias. There is a pressing need for screening and diagnostic
games as a primary step, followed by therapeutic games. The
main cause of participants’phobia stemmed from an unexpected
childhood encounter with a cat.

Table 1. Participants’ characteristics.

BFNon-BFaCharacteristics

33.5 (7.16)24 (7.31)Age (years), mean (SD)

4 (80)5 (100)Female, n (%)

1.5 (3.08)6 (8.52)Video game playing hours per week, mean (SD)

Master’s degreeDiploma degreeMedian level of education

21.6 (12.01)15.6 (5.68)Years living with cat phobia, mean (SD)

2 (40)2 (40)Married, n (%)

The onset of phobia, n (%)

3 (60)4 (80)Childhood

2 (40)1 (20)Adolescence

0 (0)0 (0)Youth

0 (0)0 (0)Adulthood

5-189-13Age of onset of phobia (years), range

aBF: biofeedback.

Possible Positive Effects of the Gamified VRET
Augmented With BF

Effect 1: Intrinsic Motivation
The average intrinsic motivation of the groups indicated better
results for the BF group across all 4 mandatory games with 49
scores (the sum of motivation scores for BF vs non-BF in the
first to fourth sessions were: 182 vs 174, 178 vs 169, 191 vs
160, and 182 vs 181). However, the results (P value
[groups]=.15>.05=∝ and F1,3=2.165) indicate no statistically
significant difference. The analysis used a 2-factor ANOVA
with replication.

On the basis of the results (P value [sessions]=.91>.05=∝;
F3,3=0.171), we can conclude that there were no significant
differences in the effectiveness of the groups across the different
sessions.

There were no significant differences in the interaction between
groups and sessions (P value [interactions]=.61>.05=∝ and
F3,3=0.609).

Of the 5 participants in the non-BF group, 4 played 2 levels
using BF. Two of them chose each game version, whereas the
other 2 preferred the BF version exclusively.

Overall, BF had a greater effect on motivating patients. With
greater efforts to leverage its potential within the game, the
positive impact on motivation can be substantially enhanced.

Nevertheless, it is essential to note that the non-BF version
fosters motivation by incorporating 2 vital motivational
elements: gamification and VR.

As participants enter new and especially challenging stages,
their internal motivation to play tends to decrease, whereas their
anxiety increases. However, with repeated attempts at this stage,
motivation gradually increased, and anxiety levels tended to
decrease.

Effect 2: Simulating Fearful Situations
The non-BF group had, on average, 40 points higher anxiety
scores across all 4 rounds of the forced games compared with
the BF group (the sum of anxiety scores for BF vs non-BF in
the first to fourth sessions were: 11 vs 33, 22 vs 34, 29 vs 34,
and 27 vs 28). There was a statistically significant difference
between the 2 groups (P=.009<.05=∝ and F1,3=7.805). The total
anxiety score for the non-BF group was 129, whereas that for
the other group was 89, indicating the beneficial role of BF in
anxiety control. This finding also suggests that using BF could
potentially reduce the need for a therapist’s presence. Caution
is advised when interpreting these data, as it may be influenced
by individuals with severe phobias. The crucial point is that
both game variants can evoke anxiety, as they simulate fearful
situations. During the games, 5 participants (4 without BF and
1 with BF) experienced extreme stress, necessitating temporary
pauses to help them calm down. One participant even reported
an increase in blinking frequency when feeling nervous while
playing the game.
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The P value (sessions)=.32>.05=∝ and F3,3=1.204, indicating
no significant differences in the effectiveness of the groups
across different sessions. Many participants experienced anxiety
even before the games began, which significantly impacted their
anxiety levels during training (picture step). One participant
even mistook pictures of cats in the training as real cats because
of high tension. In addition, 6 participants (4 without BF and 2
with BF) responded to the cat pictures. On the basis of the data
and participant feedback, the order of increasing anxiety levels
followed the sequence of stages, starting from the trial game
and progressing through the forced games in the following order:
fantasy, low-poly, and high-poly cats. Similarly, the
normalization of cats occurred in the following order: fantasy
cats, pictures of cats, low-poly cats, and high-poly cats. For
instance, anxiety levels increased as the number of cats
increased. No significant differences in interaction between
groups and sessions were observed (P value
[interactions]=.20>.05=∝ and F3,3=1.652).

Effect 3: Controlling Stressful Circumstances,
Eliminating Therapists’ Presence, and Mitigating
Catastrophic Thoughts
Most participants about the positive signs of reducing their
catastrophic thoughts expressed that encountering cats had
started to feel somewhat normal. They noted that with continued
play, their irrational fears could be replaced with more rational
ones, and these positive changes could extend beyond the game
to real-life environments. One participant shared, “Before
playing the game, I couldn’t even look at cats’ stickers or
images, and I used to throw my toy cat out of my room window
into the street.” Another participant expressed, “Encountering
fantasy cats in small numbers has become normal for me, and
I believe that over time, my fear of other types of cats will
decrease.” Follow-up data are required to verify the lasting
impact of these positive changes.

A total of six noteworthy comments on the elimination of
therapists using BF were suggested: (1) after a few sessions,
the game can be played independently without therapists; (2)
the treatment process can be shortened; (3) patients with milder
phobias can benefit from playing without therapists. Otherwise,
therapists’ support is necessary during the initial sessions; (4)
the game is more beneficial for therapists, offering a controlled
environment free of danger; (5) combining virtual and
face-to-face treatments is recommended, starting with the game
to prepare patients for real-life cat encounters; and (6) BF cannot
provide the psychological support therapists offer. One
participant, Fatemeh, repeatedly reassured herself during
gameplay, saying, “Fatemeh, it’s just a cat, it’s nothing, keep
calm.” The necessity of a virtual therapist to provide reassurance
and guidance during moments of severe anxiety was evident.
Participants either managed to calm themselves or received
assistance from us. At times, we had to explain the unlocked
stage scenarios to convince the participants to proceed with the
remaining games.

To enhance the effectiveness, some participants suggested that
the game should display their effort by showing the minimum
and maximum HR and the time taken to complete a level. In

addition, 2 positive comments regarding HR were as follows:
“I noticed that my fear is higher before encountering cats, but
my heart rate decreases when I face them” and “Before playing,
I believed my fear of cats was overwhelming, but the game
helped me realize it wasn’t as intense as I thought.”

Effect 4: Preliminary Effects on Ailurophobia Treatment
Using ANOVA single factor, we could not detect a difference
between the groups (F1,8=0.073, and P value=.79>.05=∝). The
S-scale scores worsened by 50 and 33 points in the non-BF and
BF groups, respectively (Table 2). Both variants induced
anxiety, but the BF group showed lower anxiety levels,
suggesting that BF was more effective in reducing stress.

No significant difference between the groups was detected (P
value=.63>.05=∝, and F1,8=0.256). The non-BF group improved
by 67 points in the FCQ scores, whereas the BF group worsened
by 42 points (Table 3).

The significant difference in scores can be attributed to one
participant in the non-BF group who initially experienced high
anxiety before and during the game. However, as she played
more games, her scores on the S-scale (64-28) and FCQ (119-13)
decreased dramatically. She mentioned that she used to be
greatly bothered by cats being near her or hearing their voices,
but after playing the game, she felt less anxious. The constant
presence of cats in the game and being able to hear their voices
helped her overcome her fears. It is noteworthy that this
participant played the game more than all other players,
completing 10 levels, including the training stage. In the last 3
stages, the participants specified an anxiety level of 1 out of 10.
Initially, we considered this participant’s data as an outlier, but
because of the high number of games played, we retained her
data. This observation clearly indicates that playing the game
more frequently helps to normalize interactions with cats. Her
anxiety scores (of 10) for playing 9 levels of the game were (the
data related to training was excluded for all participants): 10,
10, 8, 3, 3, 2, 1, 1, 1. By replacing her score with a typical
number, we obtained more reasonable scores. The non-BF and
BF scores worsened by 9 and 42, respectively. Both game
versions induced similar anxiety levels in participants. Some
of the participants experienced symptom improvement. To
assess the initial positive signs of phobia treatment using the
FCQ, we should wait until the completion of 10 game stages
on average. All participants completed this questionnaire shortly
after the games (within a maximum of 10 minutes), and the
effects of anxiety caused by fear were still evident. We had to
reassure them that the game was not very scary and that the
unpredictable event they feared would not happen in the next
level, as 4 participants experienced extreme anxiety. These
participants took longer breaks between the phases or
temporarily stopped playing the game. This anxiety could
adversely affect their grades. In addition, approximately 80%
(8/10) of the participants mentioned that playing the game more
often helped them become accustomed to seeing cats.

All participants expressed a preference for the gamified VRET
with BF, stating that the experience was more novel and
perceived as more effective in reducing fear.
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Table 2. Pretest and posttest scores of S-scales.

DifferencePosttestPretestGroups

−226139Non-BFa (control)

362864Non-BF

−296738Non-BF

−216746Non-BF

−144733Non-BF

−64539BF (experimental)

12829BF

−236542BF

23739BF

−74134BF

aBF: biofeedback.

Table 3. Pretest and posttest scores of Fear of Cats Questionnaire.

DifferencePosttestPretestGroups

−2910071Non-BFa (control)

10613119Non-BF

−129482Non-BF

2092112Non-BF

−18119101Non-BF

−139784BF (experimental)

−128270BF

−2810476BF

48589BF

78289BF

aBF: biofeedback.

Patients’ Preferences About the Designed Treatment
Most participants expressed that the game had a positive
therapeutic impact and was capable of normalizing their
interactions with cats. In total, 2 participants played the game
7 and 10 times and reported significant changes in their
perception of cat-related fears. They shared that their perceptions
of cat fear transformed, and encountering cats felt normal.
Moreover, they believed that this effect could be extended to
real-life situations. One participant shared, “I used to feel uneasy
when cats were nearby, and the sound of cats was distressing
for me. But now, as cats are consistently present in the game,
and the sound of cats is played during the gameplay, being close
to cats and hearing their sounds has become completely normal
for me.” In the last 2 stages, their anxiety levels were reduced
to a rating of 1 of 10. Before playing, most participants
anticipated that cats would appear in the forest and perch on the
tree branches. They expected the paths where cats were located
to have denser and more crowded areas, featuring an abundance
of trees, wooden huts, and gazebos with cats nearby. One
commented, “The space provided is too vast, and it could be
made more intense to induce fear. It would be beneficial to

create some narrower paths leading to a door where cats are
positioned. This could instill more fear. Generally, the game’s
paths are not challenging situations, and a darker environment
could make the cat’s eyes more prominent.” These comments
contradict most participants, who appreciated the game’s
positive aspect of indirectly implementing treatment and
displaying everyday interactions people have with cats.
Incorporating various environments and cat behaviors could
further normalize the interaction with cats from all angles.
However, these changes must be introduced with caution to
avoid reinforcing the perception that cats are scary. In addition,
the suggested locations to be included in the game range from
the park environment to urban settings, such as apartments,
streets, alleys, markets, cafés, dark scenes, kitchens, and garbage
cans.

Some participants preferred the fantasy cats, believing that they
alone have the ability to normalize interactions with cats because
they highlight the positive aspects of cats such as their beautiful
eyes and portray them as attractive, safe, and less harmful.
Designing different fantasy cats appears to be a reasonable way
to encourage individuals. One participant said, “It bothers me
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that the cats’heads are small and their tails are long. In contrast,
fantasy models had big heads and short tails. In different game
levels, placing fantasy cats next to other cats conveys the feeling
that all cats are harmless. Starting with images of rough and fat
cats and gradually increasing the number of cats, and
transitioning them to real models, helped me realize that the
initial stage’s image was merely in my mind and unreal. As the
cats’numbers increased, I discovered that they did not pose any
harm.” These eye-opening opinions shed light on an overlooked
aspect—the psychological impact of the game’s difficulty levels
and cat types.

Preferring fantasy cats indirectly revealed that low- and
high-poly cats mostly evoke fear. Most participants found these
cats to be more rational. Increased aversion and avoidance were
observed in places with more cat voices and presence. Longer
sounds also intensified fear.

On the basis of these findings, it is suggested to gradually
introduce sounds, starting from cats with no sounds to short and
pleasant sounds and then to real single and multiple sounds.
The maximum fear was near the boxes where the number and
noise of the cats were higher. Although this arrangement was
found to be effective and logical in normalizing interactions
with cats, high fear levels may have led some participants to
avoid playing altogether. One participant preferred orderly and
grouped cats for a calmer experience, whereas disorderly
placement near the box increased fear. These reasons highlight
the significance of using fantasy cats. Most participants found
the size of the cats were found to be suitable. However, larger
cat sizes, such as pictures of striped cats and low-poly cats,
increased anxiety. The picture level, considered the easiest,
induced anxiety and fear in most participants (6 of 10).
Concerning cats’ behavior, most preferred nonreactive cats,
such as fantasy cats that simply look at the sky in a cartoony
manner; cats sitting and grooming themselves; or cats moving
along the path without any reaction. Most participants disliked
black cats waving their hands or white cream cats turning and
staring at the player.

Most participants expressed the need for the game’s cat designs
to closely resemble real-world cats. The following cats were
not used based on their comments:

• Spotted (mainly black and white) and gray-striped cats,
which are abundant in Iran.

• Kittens: Participants made three points: (1) kittens may not
have a significant therapeutic effect, but they enhance the
game’s appeal and create a more lifelike environment; (2)
the treasure finder can be replaced with a fantasy kitten,
allowing for a more captivating display of less favored
features of cats, such as their nails, tail, and head. Moreover,
their beautiful eyes can be showcased as larger; and (3) the
option of raising a kitten in the game.

• Fierce-looking cats with grabbing capabilities: adding them
requires expert opinions. Although statistics on cat grabbing
are limited, the actual occurrence is likely to be minimal.
People’s intense fears may exaggerate this concern.

• A mother cat breastfeeding her babies for a heartwarming
and motherly touch.

• Sphynx cats: despite being rare in Iran, could enhance
realism and normalize fear of diverse cat breeds.

• Fat or fluffy cats resembling a doll-like appearance.
• Placing cats amidst the greens and bushes along the paths.
• Injured (eg, cats with one eye or leg) or lifeless cats.
• Sudden movements of cats (eg, cats leaping out of trash

cans): mentioned by most participants.
• Feeding cats: some participants did not agree with

implementing this feature.

In conclusion, the game layout and models were considered
logical by most of the participants. They stressed that fighting
with cats in the game could worsen their fear, making a clear
distinction between a therapeutic game and one designed solely
for entertainment purposes. This opinion is in agreement with
the clinical expert (the fourth author) who emphasized that the
games for treating animal phobias should avoid action and
fighting scenarios. For example, reducing the fear of
cockroaches using scenarios where they stomp on or kill them
may adversely affect.

Heuristics Evaluations
As presented in Tables 4-7, of the 44 heuristics adapted from
the Nielsen user interface, VR, and playability, an impressive
41 principles obtained scores of 62% or higher, underscoring
the tool’s potential as a therapeutic product. Moreover, it
enhances patient adherence to the treatment process.

Overall, 90% (9/10) of the participants found learning to play
the game remarkably easy, particularly with the convenience
of using just one button under VR glasses, which proved
beneficial for those with mobility disabilities. Two suggestions
emerged concerning in-game movement: (1) incorporating a
back button and (2) movement through walking, potentially
achieved with motion-sensing devices. However, careful
consideration is necessary to ensure that they positively impact
the player experience. Some individuals may prefer a less
cumbersome setup. To enhance experience, it is crucial to
incorporate a tutorial in a video or audio format for first-time
users by introducing relaxation techniques to manage panic
situations. Many participants required clarification that frightful
situations would not occur at the subsequent levels. Providing
detailed descriptions of new levels, including information about
cats’ types and behaviors, prevents players from creating
self-made stories about cat attacks. Moreover, to improve clarity,
players needed clearer instructions after opening each box,
signaling that they should open 4 boxes per session. Although
a ribbon in the corner of the screen displays the number of
opened boxes, it does not adequately alert the players to this
requirement. Among the VR principles, the navigation and
orientation support principle excelled at 82%, with patients
being well-informed about their in-game position. Notably,
approximately 80% (8/10) of patients experienced no dizziness
during extended gameplay. To increase the level of engagement
and therapeutic impact, introducing a punishment mechanism,
such as reducing players’ points, could be beneficial. It might
be worth reconsidering the features of allowing players to win
the game without encountering cats. Game sounds and music
received a relatively low score (51%), causing tension and
unease, instead of promoting peace and happiness. The addition

JMIR Serious Games 2024 | vol. 12 | e34535 | p.144https://games.jmir.org/2024/1/e34535
(page number not for citation purposes)

Khaleghi et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


of soothing natural sounds was also suggested. In addition,
consider a sound to indicate proximity to the box, reducing the
need to check the bar constantly and improving the focus on
gameplay. The game could benefit from a save and resume
feature, especially during panic situations, allowing patients to
take a moment to calm down. Some also raised concerns about
the suitability of graphics for older adult audiences.

The principle of variety in the game’s paths and challenges
stands out as one of the main gameplay principles. Although it
obtained a relatively good score (68%), most participants said
that after a few stages, the game became monotonous. Players
quickly realized that cats only appear in certain sections of the
roads and near treasure boxes. Certain adjustments were
recommended to enhance the game’s appeal. Increasing the
spacing between trees and raising their height can create a more
immersive environment. Adding colorful elements such as

flowers, toys, water views, and a gazebo in the park will infuse
vibrancy into the game. In general, elevating the game’s
attractiveness can be achieved by introducing a greater sense
of adventure without relying on unrealistic fears. One participant
suggested that instead of having the treasure box as the game’s
goal, it could be placed in various locations within the forest,
each rewarding the player with different prizes, such as food.
Another suggestion was to replace the guide bar, which received
positive feedback from the participants, with a map that
indicated the approximate distance to the target. In addition,
the introduction of a captivating and fantastical cat character
instead of the current bar was recommended. In total, 2
participants pointed out that displaying HR in the corner might
be somewhat distracting. It was suggested to show HR only
when it was high or to remind players to reduce stress using a
heartbeat’s sound.
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Table 4. Results of the questionnaire designed based on [49-51] for evaluating user interfaces and virtual reality apps, respectively (Tables S1-S4 of
Multimedia Appendix 1 provides the noncompressed version of Tables 4-7 containing the list of questions).

Heuristic overall percent, %Heuristic, mean (SD)Question, mean (SD)Usability heuristic and question

1. Natural engagement

743.7 (0.28)3.5 (1.08)Q1

N/AN/Aa3.9 (0.88)Q2

2. Compatibility with the user’s task and domain

743.7 (0.3)3.7 (0.95)Q3

N/AN/A4 (1.25)Q4

N/AN/A3.4 (1.17)Q5

3. Natural expression of action

643.2 (0.42)3.5 (1.27)Q6

N/AN/A2.9 (1.20)Q7

4. Close coordination of action and representation

723.6 (0.1)3.5 (1.27)Q8

N/AN/A3.6 (1.17)Q9

N/AN/A3.7 (1.25)Q10

5. Realistic feedback

743.7 (1.4)3.7 (1.4)Q11

6. Faithful viewpoints

723.6 (1.2)3.6 (1.2)Q12

7. Navigation and orientation support

824.1 (1.2)4.1 (1.2)Q13

8. Visibility of system status

72.53.63 (0.75)3.7 (1.25)Q14

N/AN/A3.4 (1.17)Q15

N/AN/A3.7 (1.49)Q16

N/AN/A3.7 (1.16)Q17

9. Consistency and standards

743.7 (1.3)3.7 (1.3)Q18

10. Error prevention

703.5 (0.28)3.7 (1.34)Q19

N/AN/A3.3 (2)Q20

11. Recognition rather than recall

723.6 (1.2)3.6 (1.2)Q21

12. Flexibility and efficiency of use

763.8 (1.0)3.8 (1.0)Q22

14. Help and documentation

582.9 (1.4)2.9 (1.4)Q23

aN/A: not applicable.
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Table 5. Results of the questionnaire designed based on gameplay part of the playability heuristics [52].

Heuristic overall percentHeuristic, mean (SD)Question, mean (SD)Question

1. Player’s fatigue is minimized by varying activities and pacing during game play.

683.4 (1.6)3.4 (1.6)Q1

2. Provide consistency between the game elements and the overarching setting and story to suspend disbelief.

683.4 (1.3)3.4 (1.3)Q2

3. Provide clear goals, present overriding goal early as well as short-term goals throughout play.

864.3 (1.1)4.3 (1.1)Q3

4. There is an interesting and absorbing tutorial that mimics game play.

904.1 (0.57)4.5 (1.0)Q4

N/AN/Aa3.7 (0.9)Q5

5. The game is enjoyable to replay.

703.5 (0.7)3.5 (0.7)Q6

6. Game play should be balanced with multiple ways to win.

763.8 (1.0)3.8 (1.0)Q7

7. Player is taught skills early that you expect the players to use later, or right before the new skill is needed.

683.4 (1.5)3.4 (1.5)Q8

8. Players discover the story as part of game play.

804 (0.8)4 (0.8)Q9

9. The game is fun for the Player first, the designer second and the computer third. That is, if the nonexpert player’s experience is not put
first, excellent game mechanics and graphics programming triumphs are meaningless.

783.9 (1.2)3.9 (1.2)Q10

10. Player should not experience being penalized repetitively for the same failure.

864.3 (0.7)4.3 (0.7)Q11

11. Player’s should perceive a sense of control and impact onto the game world. The game world reacts to the player and remembers their
passage through it. Changes the player makes in the game world are persistent and noticeable if they back-track to where they have been
before.

823.9 (0.28)4.1 (1.0)Q12

N/AN/A3.7 (1.3)Q13

12. The game should give rewards that immerse the player more deeply in the game by increasing their capabilities (power-up), and expanding
their ability to customize.

703.7 (0.28)3.5 (1.3)Q14

N/AN/A3.9 (1.0)Q15

13. Pace the game to apply pressure but not frustrate the player. Vary the difficulty level so that the player has greater challenge as they
develop mastery. Easy to learn, hard to master.

783.75 (0.21)3.9 (1.2)Q16

N/AN/A3.6 (1.2)Q17

14. Challenges are positive game experiences, rather than a negative experience (results in their wanting to play more, rather than quitting).

763.8 (1.1)3.8 (1.1)Q18

aN/A: not applicable.
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Table 6. Results of the questionnaire designed based on mechanic part of the playability heuristics [52].

Heuristic overall percentHeuristic, mean (SD)Question, mean (SD)Question

1. Game should react in a consistent, challenging, and exciting way to the player’s actions (eg, appropriate music with the action).

512.8 (1.6)2.8 (1.6)Q1

2. Make effects of the AIa clearly visible to the player by ensuring they are consistent with the player’s reasonable expectations of the AI
actor.

62.33.1 (0.9)3.1 (0.9)Q2

3. A player should always be able to identify their score/status and goal in the game.

864.3 (0.14)4.4 (0.5)Q3

N/AN/Ab4.2 (0.9)Q4

4. Mechanics/controller actions have consistently mapped and learnable responses.

834.15 (0.35)4.4 (1.1)Q5

N/AN/A3.9 (1.6)Q6

5. Shorten the learning curve by following the trends set by the gaming industry to meet user’s expectations.

793.95 (0.49)4.3 (1.3)Q7

N/AN/A3.6 (1.6)Q8

6. Controls should be intuitive, and mapped in a natural way; they should be customizable and default to industry standard settings.

874.35 (0.21)4.5 (1.0)Q9

N/AN/A4.2 (0.9)Q10

7. Player should be given controls that are basic enough to learn quickly yet expandable for advanced options.

70.673.53 (0.32)3.3 (1.3)Q11

N/AN/A3.4 (1.7)Q12

N/AN/A3.9 (1.4)Q13

aAI: artificial intelligence.
bN/A: not applicable.
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Table 7. Results of the questionnaire designed based on usability part of the playability heuristics [52].

Heuristic overall percentHeuristic, mean (SD)Question, mean (SD)Question

1. Provide immediate feedback for user actions.

824.1 (1.5)4.1 (1.5)Q1

2. The player can easily turn the game off and on, and be able to save games in different states.

462.3 (1.3)2.3 (1.3)Q2

3. The player experiences the user interface as consistent (in control, color, typography, and dialog design) but the gameplay is varied.

673.35 (0.49)3.7 (1.3)Q3

N/AN/Aa3 (1.2)Q4

4. The player should experience the menu as a part of the game.

683.65(0.35)3.4 (1.0)Q5

N/AN/A3.9 (1.0)Q6

5. Sounds from the game provide meaningful feedback or stir a particular emotion.

673.35 (0.35)3.5 (1.2)Q7

N/AN/A3.2 (1.1)Q8

N/AN/A2.8 (1.6)Q9

6. Players do not need to use a manual to play the game.

804 (0.9)4 (0.9)Q10

7. Make the menu layers well organized and minimalist to the extent the menu options are intuitive.

783.9 (1.6)3.9 (1.6)Q11

8. Get the player involved quickly and easily with tutorials and/or progressive or adjustable difficulty levels.

793.95 (0.21)4.1 (1.3)Q12

N/AN/A3.8 (1.4)Q13

9. Art should be recognizable to the player, and speak to its function.

733.65 (0.07)3.7 (1.2)Q14

N/AN/A3.6 (0.7)Q15

aN/A: not applicable.

Discussion

Principal Findings
We developed a gamified VRET augmented with BF to address
ailurophobia. To our knowledge, no specialized research on
ailurophobia treatment exists, either in Iran or internationally.
Motivated by the high prevalence of ailurophobia and the lack
of accessible gamified VR environments with BF, our main
goal was to create and assess a smartphone-based VRET
augmented with BF for animal phobia (cat phobia). We
hypothesized that this tool would better motivate patients,
manage stress, simulate fearful situations, treat phobia, and
reduce therapists’ involvement compared with a gamified
VRET. The tool was designed based on expert sessions in video
games, gamification, cognitive, and psychology. The results
indicate its positive impact on specified features. Of the 44
heuristics, 41 scored above 62%, showing the potential for
phobia interventions and motivating patients for treatment.
Although tested on only 10 participants for a short duration (up
to 3 hours without follow-up sessions), the results were reliable.
Extensive data and feedback collection have been used to

evaluate various aspects of the tool. On average, after 10
sessions, initial signs of improvement were observed, with slight
variations depending on individuals’ phobia levels. One
intriguing finding was that most participants were content with
the game’s indirect approach to normalize interaction with cats
and its nonviolent nature. They emphasized that action or
combat scenarios would reinforce unrealistic fears and validate
their phobia. Another significant finding was the progression
of normalization in dealing with cats, tolerating their behavior,
and hearing their voices, which gradually became more
challenging. Although the current game normalizes
communication with cats and holds good appeal, most
participants suggested improvements, such as adding a variety
of cats that closely resemble real-world characteristics, including
voices and behaviors, to further enhance the normalization
process. In addition, most participants expressed satisfaction
with the game’s easy movements and minimal learning curve.
To enhance the experience, adding diversity and adventure while
minimizing unrealistic violence was recommended. Moreover,
during the evaluations, the participants strongly felt the need
for a virtual therapist to provide calming guidance and support
during moments of severe anxiety.
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Comparison With Prior Work
To our knowledge, no study has simultaneously used BF, VR,
and gamification for the treatment of animal phobia. However,
various studies have used VR and game concepts to address
specific animal phobias, for example, spider phobia [12,32] and
snake phobia [47]. Similar to these studies, our tool successfully
induced anxiety and led to a reduction in fear levels, avoidance
behaviors, and catastrophic thoughts related to phobias. In
addition, it positively boosted their motivation for treatment
adherence. Unlike previous studies, our unique feature was the
initial evaluation, showing that participants preferred a gamified
VRET with BF. It has proven to be more effective in reducing
symptoms and increasing internal motivation. These findings
align with recent reviews highlighting the significant
anxiety-reducing benefits of combining VR and BF, along with
the advantages in motivation, user experience, involvement,
and attentional focus [53,54]. In contrast to our study, where
more participants preferred interacting with safe stimuli such
as fantasy cats, studies such as those by Dibbets and Schruers
[55] and Pittig et al [56] reported that selecting riskier options
led to a stronger decrease in self-reported spider fear and disgust,
whereas safe choices increased these emotions. The differing
outcomes could be attributed to the use of VR and 3D images.
VRETs are widely recognized as an appealing treatment
modality because of their perceived naturalness in the automated
format. However, Albakri et al [57] suggested that augmented
reality exposure therapies offer a better experience and increased
realism by seamlessly integrating digital information into the
real world rather than creating a completely new virtual
environment. We plan to explore the implementation of our
designed tool with augmented reality and compare the outcomes
in future studies. Dibbets and Schruers [55] found that the
number of spiders encountered did not correlate with declines
in aversive feelings and avoidance behaviors. However, our
study concluded that a higher number of stimuli were more
effective in normalizing interactions with cats. In addition, we
observed that the action and combat scenarios were not
beneficial for individuals with phobias. Interestingly, snake
phobia treatment in a nearly action genre format [47] lacks a
rationale for its selection. Further research is required to
determine and devise appropriate scenarios for individuals with
phobias. Throughout this study, the need to conduct similar
research was highlighted. It was not feasible to make precise
comparisons with prior studies in every detail.

Limitations
The initial study on treating ailurophobia using VRETs with
gamification and BF had limitations, primarily a small number
of respondents. A total of 10 potential participants were
inaccessible after Instagram’s temporary filtering in our country.
The sample was skewed toward educated participants in their
twenties and thirties, indicating the need to include diverse
educational backgrounds, children, adolescents, and older adults.
Owing to time constraints, we did not use any statistical method
to calculate the required sample size. The study by Mor et al
[48] recommended a minimum of 20 participants in each study
arm for feasibility pilot studies on treating flying phobia using

360° images. Certainly, a larger number of patients is needed
in each arm for the primary assessments. One future work is to
replicate the study quantitatively and more rigorously while
also introducing another arm that uses standard and clinical
exposure therapies, enabling us to evaluate the tool and
showcase more applications. In addition, the small sample sizes
prohibited us from examining dropout rates. The results are
exploratory, and long-term effects remain unknown due to the
lack of follow-up data. Only one self-rating scale, the FCQ, has
been used to diagnose individuals with ailurophobia. However,
it is advisable to supplement such questionnaires with a
telephone or face-to-face diagnostic interview conducted by an
expert clinician, typically lasting approximately 30 minutes
[2,12,32]. These interviews not only boost diagnostic reliability
but also enable descriptive analysis [2]. It is worth mentioning
that the patients were initially asked to explain the origin and
signs of their ailurophobia. Participants were randomly divided
into groups; however, the equality of their stress levels was not
considered. It appears that by preserving randomness, the stress
levels of individuals in the study groups should be nearly equal.
For example, if one group has 2 extreme cases, the other groups
should also have 2 similar cases to ensure transparency and
enhance the reliability of the results. Creating a real-world game
proved challenging owing to the limitations of the smartphone
platform. Although playability and system usability
questionnaires were not rigorously assessed, they were designed
based on popular usability scales, including Nielsen [49,50],
VR [51], and playability [52] heuristic evaluations. Changes in
the individual’s physiological status, particularly HR, influence
their experience. Unfortunately, this feature could not be
assessed in the BF arm owing to the small sample size.
Understanding its effectiveness in high-tension situations and
its role in reducing anxiety remains a top priority.

Conclusions and Future Work
The gamified VRET incorporating BF for treating cat phobia
could be effective and has the potential to evolve into a
comprehensive tool. One way to enhance its utility is by
expanding the variety of cat types and behaviors, simulating
different environments where cats are commonly found, and
boosting its appeal through increased adventure while avoiding
the use of unrealistic fears. After modifying the tool and using
more robust study designs with ample sample sizes, further
investigation can explore how this tool can be used in treatments
without the presence of a therapist or combined (virtual and real
simulation of fear), both in clinics and remotely. The park
environment has the potential to effectively treat various animal
phobias and other specific phobias. Implementing a gradual
progression of sound stimuli could improve the therapeutic
process. Starting with serene and pleasant sounds and gradually
advancing to more challenging and potentially distressing
voices, like cats squealing (inspired by a participant’s
recollection of hearing a cat giving birth) or their aggressive
vocalizations during fights. The final suggestion is to add the
possibility of interacting with cats during more challenging
stages, thereby bridging the game environment with the real
world.
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BF: biofeedback
FCQ: Fear of Cats Questionnaire
FSQ: Fear of Spiders Questionnaire
HR: heart rate
STAI: State-Trait Anxiety Inventory
VR: virtual reality
VRET: virtual reality exposure therapy
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Abstract

Background: The construction field is highly concerned with the risk of work-related accidents, and training employees is
difficult due to their small numbers in most companies.

Objective: This study aimed to study the impact of a virtual reality (VR) training tool following a periodic occupational health
medical visit on the feeling of personal effectiveness in preventing occupational risks related to co-activity on a construction site.

Methods: We conducted a cross-sectional study with employees who had a periodic medical visit between April 1, 2022, and
October 13, 2022, in a French occupational health service specializing in the construction field (Services Médicaux Interentreprises
Bâtiment Travaux Publics [SMIBTP]). The employees were divided into 2 groups according to the training received: a medical
visit alone or coupled with a session with a VR tool. We compared the scores for a “feeling of self-efficacy in occupational risk
prevention” using the Fisher exact test.

Results: Of the 588 employees included, 210 had a medical visit alone, and 378 had a medical visit coupled with VR training.
Training with the VR tool was associated with an increased “feeling of self-efficacy in occupational risk prevention.” The
employees who benefited from the training reported a willingness to apply the advice given on prevention to a greater extent than
those who did not, and they believed that risks on the worksite could be reduced using this tool.

Conclusions: Using VR training as a complement to periodic medical visits in an occupational health service improves the
feeling of personal effectiveness in occupational risk prevention at the end of the training. If this trend is confirmed over a longer
period of time, it could be an easily accessible prevention lever for employees in the future.

(JMIR Serious Games 2024;12:e49218)   doi:10.2196/49218
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Introduction

Overview
The building and construction field is one of the most hazardous
occupations in France. The main risks identified are the risk of
road accidents, chemical risks, and musculoskeletal disorders,
as well as risks related to the work environment and working
with equipment. There are numerous work-related accidents,
both fatal and nonfatal, with a major medicosocial impact on
the individual and the community (long and costly medical care,
prolonged absence from work negatively affecting the employer)
[1]. In France, it is the leading field in terms of the frequency
of work-related accidents, and the prevention of occupational
risks remains difficult to achieve [2].

These difficulties are specifically related to collective
prevention, which needs to be applied to a wide variety of tasks,
sometimes in varying conditions and subject to change.
Co-activities may be performed with employees from other
companies in locations regularly situated very far from the
company's head office. Small and medium-sized construction
companies are the most affected by the lack of accessible risk
prevention [3]. They also represent 99.8% of the companies and
45.7% of the jobs in France [4].

Health Monitoring of Employees in France
In France, all employees must undergo a periodic medical visit
(at least every 5 years) in an occupational health services center.
The main mission is to avoid any alteration in the employees'
health due to their work. Thus, during these visits, employees
receive advice to prevent occupational risks [5].

The Services Médicaux Interentreprises Bâtiment Travaux
Publics (SMIBTP) is an occupational health service in charge
of medical visits in the field of building and construction
activity. In 2018, the SMIBTP monitored 2001 companies and
15,176 employees, mostly working in small and medium-sized
companies. These companies work on a large number of sites
throughout northern France. Since February 2022, the SMIBTP
has been experimenting with a virtual reality (VR) training tool
to train employees in the primary prevention of occupational
risks related to co-activities on construction sites at one of its
2 consultation centers. The VR training is always preceded by
a medical visit.

Virtual Reality
VR is a computer technology that involves real-time simulation
and interaction through visual and auditory sensorial channels
[6]. Computer-based 3D environments provide sensory
information in a form similar to that received from the real
world. VR allows individuals to experience and interact with
or within environments with enhanced feedback [7-9]. To do
this, users are required to be equipped with a VR headset that
uses the principle of a stereoscopic 3D display connected to a
computer interface to enable reproduction of the sensation of
interaction with the artificial environment. The SMIBTP is the
first occupational health service in France to have used a VR
tool to provide additional prevention training for employees
undergoing periodic medical visits. The goal of the SMIBTP is
to provide employees with additional training in occupational

risk prevention, with the aim of reducing the risk of accidents
on site.

Objectives
No study has yet been conducted on periodic medical visits in
an occupational health service coupled with a VR educational
tool. A study in Finland compared VR with lecture-based safety
training and found that the feeling of personal effectiveness in
occupational risk prevention was increased by VR at the end of
the training [10]. On a more general note, a review of the
literature was carried out in 2023 on VR training and its impact
on prevention, focusing in particular on the construction sector
and its risks, highlighting that, although there appeared to be a
positive impact, there was a lack of experimental studies in this
field [11]. This was also highlighted in a meta-analysis published
in 2023 [12]. However, it's important to keep in mind that these
reviews pool together studies with different methods. Some
studies are based on immersive technologies such as
head-mounted displays, which rely on a computer connection
[13], and mobile VR, which relies on the use of a smartphone
[14]. Others have used less immersive techniques such as the
Cave Automatic Virtual Environment, which involves virtual
reality spaces where the walls, floor, and ceiling act as huge
projection surfaces [15]. For the same method, the tools may
vary (eg, headset brand), and above all, the context of the serious
game may be very different (eg, risk prevention specific to
certain trades vs risk prevention linked to co-activity on
construction sites here).

The main objective of our study was to determine whether VR
training had an impact on the feeling of self-efficacy in
occupational risk prevention compared with a medical visit
alone.

As a secondary objective, we wanted to know how the
employees rated this additional VR training compared with the
medical visit alone.

Methods

Design
This cross-sectional study included employees coming for a
periodic medical visit to the SMIBTP who presented between
April 1, 2022, and October 13, 2022, at one of the 2 centers.

The employees received 2 types of prevention training
depending on the center in which they were examined. The
employees in the first group had a medical visit coupled with
VR (MV+VR group) training at the end of their periodic medical
visit (Site A). The employees in the second group (Site B) had
a medical visit alone (MV group).

Only employees performing manual work on construction sites
were included in the study (engineers or secretaries were not
included). In addition, in the VR group, only employees who
completed the entire training (eg, no interruption due to motion
sickness) were included.

The only exclusion criteria were an employee's past or present
refusal of personal data collection and an insufficient knowledge
of French.
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Periodic Medical Visit
The role of occupational health services in France is to prevent
any damage to workers' health caused by their work. The
periodic medical visit is a preventive training tool used to this
end. During these visits, workers can receive individual advice
adapted to the workstation they occupy within their company.
This involves oral advice, for example, on wearing personal
protective equipment or using collective protective equipment.
It may also, for example, involve a physical examination to
assess the way employees bend over to pick up items from the
floor. Finally, it may involve the delivery of paper
documentation specific to the risks and workstations concerned.

Virtual Reality Tool
The VR training tool used by the SMIBTP is a serious game
entitled SRC-Bâti VR (ViRtual Création), which aims to
improve the occupational risk prevention skills of construction
workers using VR digital simulation. SRC-Bâti VR emphasizes
the co-activity aspect of construction sites and therefore the
interaction between employees with very different workstations.
Relative to a typical medical visit, it is less theoretical and more
closely approaches real work, which is expected to have a
positive impact in terms of prevention [16]. ViRtual Création
was created in 2018 to develop software as an educational tool
to improve worker safety.

The training sessions lasted between 7 minutes and 10 minutes,
and a technician was present to equip the employee and explain
how the device works. The training took place in a dedicated
area of more than 10 m². The technician did not interfere during
the training, except, for example, to prevent the employee from
colliding with the equipment in the room.

During the training, the employees moved freely on a
construction site. Workstations were clearly identified by
markers. When the employee went to a workstation, a multiple
choice question appeared about an accident risk at the
workstation. If the employee did not answer correctly, the
accident occurred, and a correction was provided. When an
accident occurred, the employee's senses were stimulated to
raise awareness of the risk. Workstations at which there was a

risk of falling made a strong impression, as the impression of
falling was real, as were situations in which there was a risk of
being crushed. SRC-Bâti VR therefore offered a realistic
simulation that served to teach skills in the prevention of
occupational hazards linked to on-site co-activity. This realistic
aspect gave a dimension of play to the VR simulation, with
employees positively reacting to these virtual accidents,
sometimes providing them with a simulation of what would
happen (employees were never evaluated on their performance
in the questions, which served only as an introductive teaching
aid).

Depending on the employee's profession, 2 types of VR training
were possible: one focused more on road work, and the other
focused on building construction. Of the 20 possible
workstations, 7 were randomly presented during the training,
and 1 had to be present (possible workstations are shown in
Table 1). No other customization was implemented in addition
to the basic tool. Employees moved around the site by
teleporting from one workstation to another over short distances,
rather than gliding along, using joysticks. Although the training
is short, the involvement of participants and interactivity and
immersion offered by VR distinguish it from a simple paper
questionnaire with the same questions (certainly greater
involvement). The risks addressed were representative of the
major risks on a construction site. Figure 1 illustrates how an
employee is notified of a workstation, and an example of a
workstation is shown in Figure 2. Figure 2 shows, on the left,
the initial risky situation in which a truck backs up toward the
employee in training and, on the right, the correction involves
the employee moving away from the truck (green proposal).
The red proposal indicates that the employee made the wrong
choice before the correction and was run over by the truck.
Demos can be viewed online [17]. The headset was a VIVE
Focus 3 because, at the time the training was set up in 2021, it
was the headset recommended by ViRtual Création and ViRtual
Création was, at the time, the only French company identified
by the SMIBTP that offered ready-made training material for
building construction and road works. Since then, another
solution dedicated to on-site risk prevention has appeared in
France: VIRTUAL CONSTRUCT (Mimbus).
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Table 1. Possible workstations depending on the training scenario in the Bâti VR serious game.

Scenario-specific workstationsWorkstations common to both scenariosScenario

Road work •• Not driving past construction machinery but going
around it by following the markings on studs

Putting on personal protective equipment upon ar-

rival on sitea

• Using appropriate personal protective equipment
when operating a circular saw

• Handling an unstable catwalk
• Putting safety caps on the ends of iron bars

• Using available handling equipment to carry loads
instead of carrying them yourself

• Waiting for trench walls to be reinforced to avoid
being buried and limit machine traffic nearby

• Replacing defective site signage• How to limit the risks associated with the vibrations
from a jackhammer • When laying asphalt on the road, wearing gloves,

long sleeves, and pants for protection• How to deal with a truck backing up on a worksite
• Not working on a running construction machine en-

gine
• In front of an area cluttered with equipment, clearing

a passageway without the possibility of falling ob-
jects before carrying out work in this space • Using antipollution kits in the event of an accidental

chemical spill on site• In front of a colleague passing close to a load-lifting
machine, informing the driver of the presence of the
colleague to avoid any accidents

• Bypassing work areas and following safe paths when
moving around the site

• When a construction machine reaches a buried net-
work, stopping the machine and continuing work by
hand

• Using safety barriers when passing near holes in the
ground

• Warning a truck driver if he is going to hit a power
cable when reversing

• When climbing into a construction machine, always
maintaining 3 points of support

Building construction •• How to avoid injury when carrying a heavy loadPutting on personal protective equipment upon ar-

rival on sitea • On scaffolding, limiting the risk of accidents by
avoiding the presence of people working on several
levels

• Handling an unstable catwalk
• Putting safety caps on the ends of iron bars

• Ventilating and vacuuming when using a sander• Waiting for trench walls to be reinforced to avoid
being buried and limit machine traffic nearby • Before working on a pressurized water pipe, turning

off the water supply completely• How to limit the risks associated with the vibrations
from a jackhammer • When using electrically-powered machines, never

repairing the machine or its connections yourself• How to deal with a truck backing up on a worksite
• Using appropriate personal protective equipment

when working near a colleague using a grinder
• In front of an area cluttered with equipment, clearing

a passageway without the possibility of falling ob-
jects before carrying out work in this space • Disposing of rags soaked in chemical products after

use• In front of a colleague passing close to a load-lifting
machine, informing the driver of the presence of the
colleague to avoid any accidents

• Reducing noise exposure by enclosing the compres-
sor in dedicated rooms

• Wearing appropriate gloves when welding• Using safety barriers when passing near holes in the
ground • Alerting the colleague in charge of any abnormalities

in load-bearing equipment
• Using rolling scaffolding for occasional work at

height

aWorkstation mandatory for all training sessions.
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Figure 1. Representation of a workstation accessible by the employee in the Bâti VR serious game.

Figure 2. Example of a workstation in the Bâti VR serious game in which an employee is at risk of being run over by a truck.

Ethical Considerations
As this was a cross-sectional study evaluating current practice
in the use of virtual reality, it did not require review by an
institutional review board. Virtual reality was used
independently of the study, with only an anonymous virtual
reality evaluation questionnaire added by our teams. The study
was carried out in compliance with good data protection
practice, with the agreement of the data protection officer of
the Université de Picardie Jules Verne. Our study was not funded
by ViRtual Création and we did not collaborate with the
company in the conduct of the study.

Data Collection and Variables
We collected data using a questionnaire built using the
LIMESUVEY tool provided by the University of Picardie Jules
Verne. The questionnaire was completed directly following the
intervention (site A) or after the medical visit (site B). The data
collected were demographics (age, gender, size of the company
in which the employee worked), type of medical visit (with or

without VR), and questions related to the feeling of self-efficacy
and their rating of the training using 5-point Likert scales. These
questions have not been validated and were defined by the
authors. The questionnaire we used, based on the LIMESUVEY
tool, also did not undergo a prior validation study. It was,
however, partially based on the model for self-efficacy questions
by Kirkpatrick and Kirkpatrick [18], which is a training
evaluation method based on 4 levels: reaction, learning,
behavior, and results. It enables assessment of the effectiveness
of a training program at different levels, from participant
reactions to concrete results for the employer. This model is
widely used in training and human resources development to
measure the impact of training programs. We only studied
reactions, as our study design did not allow for employees to
be contacted at a later date. The immediate reaction was assessed
by the statement “I feel more effective in prevention.” We
wished to address the question of what employees felt they
could apply in practice just after their training, in particular
regarding on-site co-activity, using the following 2 statements:
“I am ready to apply these prevention rules” and “I think that
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these prevention rules can reduce the risks with regard to other
colleagues on the site.” The other 2 questions were aimed at
evaluating the training received in itself: “My visit to the
SMIBTP was worth it” and “I learned about prevention.”

To explore gender, we asked employees to indicate whether
they defined themselves as male or female.

Statistical Analysis
Employees were divided into 2 groups based on the 2 types of
prevention training (MV vs MV + VR). The primary endpoint
was a difference (as a percentage) between the responses of the
2 groups for each item (on our Likert scale) on questions relating
to “feelings of self-efficacy in the prevention of occupational
risks.” The secondary endpoint was the difference (as a
percentage) between the responses of the 2 groups to questions
relating to the rating of the training. Responses measured on
the Likert scales were not transformed into a quantitative
variable, to not distort the nature of this mode of questioning.

Baseline demographics and clinical characteristics are expressed
as means (SDs) or medians (IQRs) for numerical variables and
frequencies (percentages) for categorical variables.
Between-group comparisons were performed using the
Mann-Whitney U test (for age) and Fisher exact test for
categorical variables (size of the company and gender). The
chi-squared test could not be used because the number of
participants for certain response modalities was <5. The Fisher
exact test was used to assess the association between the type
of prevention training and the primary and secondary endpoints.
A P value of .05 was considered significant for all tests.

All statistical tests were performed using R software (version
4.0.0, R Core Team, R Foundation for Statistical Computing).
The data and R scripts are available on MENDELEY [19].

Results

During the study period (April 1, 2022, to October 13, 2022),
588 employees were recruited.

The baseline participant characteristics by type of prevention
training are summarized in Table 2. The study population was
predominantly male (571/588, 97.1%). The mean age was 33.15
(SD 12.1) years. By comparison, in 2019, men represented
87.89% of employees in the construction industry in France,
and the mean age was 42 years [20,21]. There was not a
statistically significant difference between the 2 groups in terms
of gender, but there were statistically significant differences for
age and company size. Of the 588 employees, there were 210
employees (35.7%) who had the medical visit alone (MV group)
and 378 employees (64.3%) who had the medical visit coupled
with VR training (MV+VR group). There were no missing data.

The results for the “feeling of self-efficacy in occupational risk
prevention” are shown in Table 3. The MV+VR group had a
greater feeling of self-efficacy in prevention than the MV group.
For each question, there was a statistically significant difference
at the 5% risk level, indicating that the MV+VR group felt more
effective in prevention in general and, more specifically, in
co-activity on worksites and would be more inclined to apply
the prevention rules learned during their visit to the occupational
health service.

The results of the ratings of the interventions received by the 2
groups are shown in Table 4. Employees in the MV+VR group
found the intervention to be more useful and to provide more
knowledge in terms of prevention than those in the MV group.

Table 2. Study population characteristics by type of prevention training at the Services Médicaux Interentreprises Bâtiment Travaux Publics (SMIBTP).

P valueMV+VRb (n=378)MVa (n=210)Overall (n=588)Characteristic

<.00129 (21-37)38 (28-47.75)32 (23-42)Age (years), median (IQR)

.19370 (97.8)201 (95.7)571 (97.1)Male, n (%)

.01Size of the company

154 (40.7)60 (28.6)214 (36.4)1-10 employees

133 (35.2)91 (43.3)224 (38.1)11-49 employees

76 (20.1)53 (25.2)129 (21.9)50-299 employees

15 (4)6 (2.9)21 (3.6)≥300 employees

aMV: medical visit.
bMV+VR: medical visit coupled with virtual reality training.
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Table 3. Distribution of answers relating to the “feeling of self-efficacy” statements.

P valueResponses, n (%)Questions

Strongly disagreeDisagreeNeutralAgreeStrongly agree

.002I feel more effective in prevention.

11 (5.2)3 (1.4)32 (15.2)87 (41.4)77 (36.7)MVa (n=210)

4 (1.1)2 (0.5)36 (9.5)197 (52.1)139 (36.8)MV+VRb (n=378)

<.001I am ready to apply these prevention rules.

4 (1.9)2 (1)16 (7.6)70 (33.3)118 (56.2)MV (n=210)

005 (1.3)96 (25.4)277 (73.3)MV+VR (n=378)

<.001I think that these prevention rules can reduce the risks with regard to other colleagues on the site.

5 (2.4)2 (1)20 (9.5)66 (31.4)117 (55.7)MV (n=210)

1 (0.3)05 (1.3)90 (23.8)282 (74.6)MV+VR (n=378)

aMV: medical visit.
bMV+VR: medical visit coupled with virtual reality training.

Table 4. Distribution of answers relating to the evaluation of the training.

P valueResponses, n (%) Statements

Strongly disagreeDisagreeNeutralAgreeStrongly agree

.002My visit to SMIBTPa was worth it.

2 (1)1 (0.5)13 (6.2)65 (31)129 (61.4)MVb (n=210)

006 (1.6)104 (27.5)268 (70.9)MV+VRc (n=378)

<.001I learned about prevention.

19 (9)4 (2)19 (9)93 (44.3)75 (35.7)MV (n=210)

6 (1.6)3 (0.8)25 (6.6)158 (41.8)186 (49.2)MV+VR (n=378)

aSMIBTP: Services Médicaux Interentreprises Bâtiment Travaux Publics.
bMV: medical visit.
cMV+VR: medical visit coupled with virtual reality training.

Discussion

Principal Findings
The results of our study show that the use of a VR training tool
at the end of periodic occupational medical visits had an impact
on the feeling of self-efficacy in terms of occupational risk
prevention in the construction field. This is an important finding,
suggesting that the use of VR could have a significant impact
on the occupational risk prevention practices of construction
site employees. This is a useful finding, given that all employees
in France systematically and regularly have such medical visits.
Our results highlight a potentially important lever for the
prevention of occupational risks in the construction field in the
future through the improvement of employee competence.

Other Uses of Virtual Reality in the Health Field
Eiris et al [22] sought to validate safety training using
360-degree augmented reality panoramas. Their study showed
the interest in the use of this method in the identification and
recognition of hazards on construction sites. However, the rate
of hazard identification was quite low, as only 30% of the

hazards were identified by the participants. They explained this
by the fact that their population was composed of students
specializing in construction management (n=30) and were not
building and construction professionals. They also emphasized
the constructive comments concerning the ease of use of the
platform, feedback that we also had in our study using VR. In
our study, we did not analyze the responses to the questions
asked during the VR training, as this did not correspond to our
research question.

Nykänen et al [10] evaluated both the effectiveness of an
immersive VR-based safety training program and a participatory
human factors safety training program. The study was conducted
with 119 employees working on 8 construction sites in Finland.
The employees evaluated the training with questionnaires at the
start, immediately after the intervention, and at a 1-month
follow-up. They considered VR to be a serious tool for
improving prevention skills and found that it motivated them
to apply prevention rules more than after safety training based
on passive learning methods. This study was conducted only
with employees of medium-sized and large companies.
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Simeonov et al [23] investigated the value of reducing
mechanical vibration of support structures used as walking or
working surfaces when performing construction tasks at height
(falls from height account for one-third of fatal accidents in
construction). Employees (n=12) used instrument-carrying gel
insoles connected to a VR system to test sensory perception of
the feet. The study did not show any effectiveness for this
technology in 2008, but given the evolution of VR technologies,
it is possible that the results would be different today.

We also found studies that assessed the use of VR as a
prevention and training tool in fields other than construction.

The mining industry is a field in which the risk of serious
accidents and fatalities is very high. Filigenzi et al [24]
highlighted the value of using VR to train surface and
underground mine employees and rescue personnel in hazard
recognition and evacuation routes and procedures. This study,
carried out in 2000, was innovative, demonstrated possibilities,
and generated interest in extending such an approach to other
fields of high-risk activity, such as construction, agriculture,
and the oil industry.

In the logistics field, the use of handling equipment is
responsible for a large number of occupational accidents, in
particular to third parties. Choi et al [25] focused on forklift
drivers, conducting a study with 20 students at Hong Kong
Polytechnic University specializing in construction engineering.
Their goal was to investigate how a forklift driver's situational
awareness of others around him can be influenced by the type
of subtasks he performs. A VR environment was used as the
experimental environment in which participants performed a
series of subtasks, such as driving, turning, reversing, loading,
and unloading: the more concentration that was required for the
tasks, the higher the risk of an accident. The authors concluded
that it would be beneficial to not only use additional safety
devices (such as person detection devices) but also have more
detailed safety training, making VR meaningful.

In the area of electrical risk training, in 2015, Zhao and Lucas
[26] reported that human error was responsible for
approximately 50% of all electrical-related fatalities in multiple
industries in the United States. They hypothesized that effective
employee safety training programs, including VR, would be the
most direct approach to mitigate such errors. Their study showed
the success of using VR, highlighting training that effectively
visualizes invisible risks without endangering employees. Such
training increases awareness of the risk and trains employees
to use the necessary protective equipment.

In the health care field, VR interventions appear to be an
effective tool to boost the intention to be vaccinated [27-29].

The results of our study, as well as those of others in various
fields, show that VR training tools hold great potential and
should be further developed to improve the prevention of
occupational risks, particularly in the construction field.

Strengths and Limitations
One of the strengths of our study is that it was conducted with
a large population and 2 groups who were similar in terms of

gender. In addition, the completion rate was 100% due to the
use of a short and acceptable questionnaire.

However, the study population was mainly composed of men,
which did not allow us to obtain data on the female population
in the construction field. Women are not as well represented as
men in the national population of construction employees. In
addition, this intervention was intended only for certain
construction jobs, mainly on construction sites, where women
are much less present. The female population is mainly present
in the administrative field of construction and public works
companies and is therefore not subject to the same occupational
risks.

Employees in the MV+VR group were younger than those in
the MV group, which is similar to the overall population of
construction employees in France. This result was expected,
given the appetite of the younger generation for new
technologies, such as VR. This age difference suggests that, if
this tool is deployed on a larger scale, the older portion of the
construction employee population might not benefit from it, as
they may not want to use it.

The employees in the MV+VR group were also more often from
small companies, which can be explained by the fact that they
were the target population for the occupational health service.
It is possible that this influenced our results, as larger companies
have more resources for prevention. The employees of larger
companies might therefore find this training less useful, but we
believe that this does not affect the interpretation of our results.

It should also be noted that the use of VR is already a common
practice in occupational health services and that our study did
not change these practices, apart from the addition of the
questionnaire. We therefore believe that our intervention did
not bias our results.

On the other hand, we excluded individuals with the least
mastery of the French language from our study. Individuals in
this group are among those most at risk of having an accident
at work due to the language barrier, in particular because of
difficulties in understanding safety instructions. This does not
call into question the validity of our results but highlights this
group’s limited access to prevention through this tool. A
translated version could be envisaged.

All the employees who participated were only seen once by the
SMIBTP. It was therefore not possible to evaluate the impact
of repeating these VR training sessions. Similarly, the design
of the study did not allow an evaluation of the impact of this
training at a later date. This was a major limitation of our study.
Although these results are encouraging, other studies are needed
to evaluate the long-term impact of VR training on the
knowledge and perception of personal effectiveness in
preventing occupational hazards. Longer-term studies are also
needed to study the tool’s impact in terms of reducing the
occurrence of occupational accidents.

In the context of our study, no data were collected that could
be used to identify employees. Our objective was to reproduce,
as closely as possible, the real-life conditions of using the tool,
and we knew that collecting identification data could have
significantly reduced participation in our study. If we were to
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carry out an evaluation at a later time point, it would logically
be conducted under the normal conditions of periodic medical
visits in occupational health services and therefore completed
within 2 years to 5 years following our study. We would ask
the employees coming for a visit whether they had already
received training via VR. If so, we would request that they
complete a questionnaire.

Further studies will be needed to assess the acceptability of VR.
Indeed, one of the classic side effects of VR is motion sickness,

and some VR sessions had to be interrupted because of
symptoms such as nausea [30]. VR can also alter sensorimotor
and perceptual abilities, with effects that can last several hours
after exposure, and cause visual fatigue and headaches [31].

The routine use of VR during medical visits by occupational
health services could have an impact on occupational risk
prevention in the construction field. It could be a tool of major
importance, given its accessibility, but its long-term impact and
accessibility need to be assessed.
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Abstract

Background: In addition to illness, inactivity is a risk factor for high mortality in nursing homes. Using innovative technology,
such as virtual reality (VR), for meaningful group activities could provide new opportunities for solving this problem. VR
interventions have already been approved as a promising method for enhancing the health of older adults.

Objective: In this study, we examined whether VR-based group activities can have a positive impact on activity level and group
interaction among older adults living in nursing homes.

Methods: We conducted a longitudinal study and provided VR interventions as a group activity once a week for 4 consecutive
weeks in nursing homes. Participants were recruited based on the experience of the nursing staff members and the natural decisions
of the older adults. Within a virtual cottage, designed according to the needs of the target group, older adults were able to perform
daily tasks that they were no longer able to do in real life, such as gardening and making pizza. Overall, 2 psychologists measured
the psychosocial capacities, activities of daily life, and well-being before and after the interventions using standardized instruments.

Results: The results focus on a total of 84 older adults from 14 nursing homes who completed at least 3 VR interventions. The
results indicate that several psychosocial capacities among the older adults improved, including adherence to regulations (P<.001;
η²=0.122), flexibility (P<.001; η²=0.109), and group integration (P<.001; η²=0.141). Problems related to competence also showed
a slight decrease (P=.04; η²=0.039). In addition, the VR intervention promoted their proactivity (P<.001; η²=0.104) and mobility
(P=.04; η²=0.039). During the VR group intervention, older adults’ well-being could be maintained at a high level. The results
highlight the beneficial effects of VR intervention as a meaningful activity in nursing homes, showcasing the potential of VR
applications in this setting.

Conclusions: This study provides a novel and naturalistic perspective, offering new insights into the use of VR in nursing
homes. The VR intervention was well accepted and fulfilled the aim of enhancing capacity and well-being. It could be a meaningful
group activity in nursing homes to improve social group interaction. To provide stronger evidence, randomized controlled trials
are necessary.

(JMIR Serious Games 2024;12:e50796)   doi:10.2196/50796
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psychosocial capacities; activity of daily living
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Introduction

Background
As a result of demographic changes and the development of
physical and mental illnesses in the older adult population,
residing in a nursing home for assisted living is a commonly
chosen solution in later life. The perspectives of older adults
residing in nursing homes are characterized by a prevailing
sense of awaiting death and a dearth of activities that foster a
sense of purpose and fulfillment [1]. Vossius et al [2] conducted
a longitudinal study involving 690 older adults living in nursing
homes over a span of 3 years. The median survival time in
nursing homes was approximately 2.2 (95% CI 1.9-2.4) years.
The annual mortality rate was approximately 30% [2,3].

On the one hand, the high mortality rate can be explained by
the baseline health situation and comorbidity of the residents
[3,4]. On the other hand, there is a loss of activities of daily
living (ADLs). It is possible to reduce the risk of mortality by
improving ADLs to maintain physical functioning [2]. ADLs
encompass essential daily activities and mobility, such as eating
and using the toilet. Ouden et al [5] observed a significant
number of inactive older adults in nursing homes. Most of them
were observed to be in a lying or sitting position [5]. A
considerable proportion (67%) of the older population engaged
in sedentary behavior for >8.5 hours per day [6]. This sedentary
behavior and lack of communicative activity have critical
implications for the prevention of physical, psychological, and
social health problems [7]. This phenomenon also indicates
social isolation and loneliness among older adults in nursing
homes [8,9]. Older adults in nursing homes tend to be lonelier
than community-dwelling older adults, even though they are
often surrounded by other residents and caregivers [9-11].
Connecting with individuals with varying cognitive fitness
levels is challenging in nursing home settings [10].

Several studies have been conducted regarding how loneliness
and social isolation in nursing homes negatively affect mental
and physical health, well-being, and mortality [12-15]. Studies
have consistently shown that both loneliness and social isolation
are associated with various mental health issues, including
depression, feelings of hopelessness, and cognitive impairment
[16,17]. Older adults residing in nursing homes experienced
elevated levels of loneliness and anxiety during the COVID-19
pandemic compared to those receiving home care [18]. Overall,
69% of older individuals in nursing homes reported feelings of
loneliness and 63% reported anxiety. On the other hand, among
those receiving home care, 53% reported loneliness and 47%
reported anxiety [18]. In addition, these conditions have been
linked to impaired motor function, cardiovascular health
problems, disrupted sleep, and increased frailty [13,19]. Zhao
et al [20] found that higher engagement in activities was
associated with lower levels of loneliness and frailty among
older adults in nursing homes. The authors emphasized the
importance of developing strategies to increase social and
activity engagement in this population. Higher levels of activity
engagement and meaningful relationships have been linked to
greater satisfaction, well-being, and quality of life [15,21,22].

Therefore, there is a need to develop strategies that focus on
improving ADLs, promoting engagement in activities, and
enhancing social interactions among nursing home residents.
These strategies have the potential to enhance overall well-being
and quality of life and potentially reduce loneliness, social
isolation, and mortality among older individuals residing in
nursing homes [1,20,23].

Enhancing activity and social interaction among older adults
can be effectively supported through meaningful daily group
activities [24]. Participating in group activities fosters a sense
of belonging, promotes social engagement, and contributes to
overall well-being [24]. It provides opportunities for increased
social interaction with fellow residents and emotional support
through participating in games and identifying with teams [24].
It is also important that these activities are “meaningful” to the
residents. Research by Tak et al [25] demonstrated that if
activities are not relevant or meaningful to the residents, they
may prefer to do nothing or passively watch television.
Meaningful group activities are described as those that hold
significance or provide enjoyment for individuals, aligning with
their current and past interests, routines, habits, and roles and
improving their mental or physical function [26-29]. It has been
shown that meaningful activities enhance social engagement
and well-being and reduce loneliness among older adults living
in nursing homes [30]. Nevertheless, there are several barriers
to providing meaningful group activities in nursing homes. One
major challenge is the shortage of personnel. Nursing homes
are already facing difficulties in filling nursing home positions
due to a shortage of skilled workers [31], and this is expected
to persist and worsen in the coming years. Insufficient staffing
limits the capacity to organize several meaningful activities
[32,33]. In addition, there may be constraints related to limited
space and equipment within nursing homes [33]. Therefore,
there is a need to develop new, low–resource dependent, easily
applicable, meaningful group activities [34,35]. Moreover, the
demands of older adults in need of care are evolving, including
their expectations regarding the technical equipment in nursing
homes. On the basis of a population survey conducted in
Germany between 2009 and 2014, only a small percentage of
older adults aged >65 years used smartphones, but by 2019,
more than half of them were already using these devices. In
addition, internet use has also experienced significant growth
since 2009, with 74% of the older adult population using the
internet in 2019 [35]. Therefore, introducing innovative,
technology-based interventions such as virtual reality (VR) [36]
for group activities could be a promising solution to improve
social connections and activities for older adults in nursing
homes [12,37,38].

Fully immersive VR has emerged as a feasible method of
intervention in older adults’ rehabilitation and aging care
[36,39]. By using head-mounted devices (HMDs) and
controllers, VR technology provides users with a fully
immersive experience and a sense of presence. The unique
characteristics of VR offer a viable solution to the barriers faced
in nursing homes [33]. These barriers include the health status
of older adults, limited physical space in the environment, and
organizational challenges such as staffing shortages and funding
constraints. First, VR proves to be accessible and
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accommodating for older adults with limited mobility. For
example, individuals can remain seated in a wheelchair while
experiencing the sensation of being on a mountain surrounded
by stars. This enables older adults to engage in activities that
would otherwise be physically challenging or impossible.
Moreover, VR interventions ensure safety as they eliminate
environmental risks and can be paused at any moment, which
is particularly important for populations considered vulnerable
such as older adults [40]. Second, VR interventions are flexible
and require minimal physical space, similar to the space
requirements for small-group activities [41]. This flexibility
empowers the staff members to efficiently organize activities,
while also reducing the costs associated with transportation.
Moreover, the effectiveness of VR interventions for older adults
has been demonstrated. The immersive and presence-inducing
nature of VR has shown evidence comparable to that of
traditional interventions in mental health [42]. Using VR as a
medium to improve ADLs for older adults has already shown
promising effects [43], and it was found to be effective in
reducing loneliness and social isolation [44-47]. In the field of
mental health, VR is considered an effective method for training
and therapy for cognitive functions and for enhancing the
well-being of older adults [48-50]. In addition, several studies
have reported high acceptance of VR experiences among older
adults [39,51,52].

However, recent interventions have primarily focused on
singular concepts such as training or entertainment, and there
is a lack of studies exploring VR interventions as daily group
events in nursing homes that provide opportunities for older
adults to connect and interact socially. In this study, we
developed and evaluated a series of VR interventions, aiming
to enhance the overall health and well-being of older adults in
nursing homes. The VR interventions combine training activities
and entertainment to create meaningful group ADLs in nursing
homes. As discussed previously, meaningful activities should
align with older adults’ current and past interests, routines,
habits, and roles [28,29]. Studies have shown that older adults
who engage in daily and household activities experience less
decline in mobility [53]. For example, gardening has been
recognized as a promising activity for reducing loneliness and
improving socialization [54,55]. Building upon these findings,
our VR group intervention focuses on providing older adults in
nursing homes with virtual environments that allow them to
engage in daily tasks they may no longer be able to perform,
such as baking a pizza, handcrafting, and gardening. Through
these simulated activities, older adults have the opportunity to
experience the fulfillment of completing familiar tasks, while
preserving and enhancing their physical and mental functioning.
By using tasks that are familiar to them, we aimed to reduce
fear or demotivation, which might occur when being confronted
with new technology. The meaningful activities chosen for the
VR game offer older adults an enjoyable experience and
contribute to their overall well-being. Organizing these daily
activities in a virtual environment incurs lower costs in terms
of time and equipment compared to real-life implementation.
In addition to the VR scenario, we developed an aid system and
an automated program that enable staff members to easily
facilitate VR group sessions with older adults.

In summary, this exploratory study investigated the effectiveness
of implementing VR interventions as meaningful group activities
for older adults in nursing homes. The primary focus was on
evaluating the older adults’ activity and mobility levels,
well-being, social interaction, and mental capacities over the
course of a 4-week VR group intervention. By supporting
well-being and psychosocial capacities, these interventions have
the potential to address key challenges faced by older adults in
nursing homes.

Research Question and Hypotheses
This observational intervention study examines the following
question: Does VR-based group activity have any positive
impact on the daily lives of older adults living in nursing homes?
The following hypotheses were tested:

• Hypothesis 1: Over the course of a 4-week VR intervention,
psychosocial capacities and ADLs of older adults in nursing
homes will remain stable or even improve.

• Hypothesis 2: Over the course of a 4-week VR intervention,
older adults’well-being will remain stable or even improve.

Methods

Study Design
This longitudinal study using pre-post measures was conducted
in naturalistic settings in nursing homes in a city with 250,000
inhabitants in Germany. After contacting all 31 local nursing
homes, a total of 15 (48%) nursing homes chose to participate
in the project.

Selection of Participants
We contacted all nursing homes by telephone. Subsequently,
those nursing homes expressing interest were provided with a
comprehensive briefing via email outlining the selection criteria.
Participants were selected from the nurses in the nursing homes,
who considered both the basic data (eg, medical history) about
the older adults from the nursing home information system and
their extensive experience in assisting older adults with their
daily living, while also assessing the older adults’ willingness
to participate. The selection criteria were as follows: (1) older
adults were aged >60 years; (2) they had at least 1 arm and 1
hand that they were able to use (this ensures their interaction
with the virtual environment); (3) they were still able to see and
hear, and the use of audio aids or glasses was permitted; (4)
they were able to participate in an oral interview with the
researchers and did not have severe dementia; and (5) they did
not have diseases, such as epilepsy, that are contraindications
for VR activities.

We set a control group that underwent the same measurement
procedure as the intervention group, except that they did not
undergo the VR intervention phase. The control group
participants were chosen based on the advice from the nursing
staff members. The older adults in the control group had a low
willingness to participate in the VR intervention and expressed
a preference for interviews. Of the 15 nursing homes, 1 (7%)
chose to solely participate in the control group due to low
willingness to organize new group events and expressed a
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preference for participating in the project only through
interviews with older adults.

Procedure and Data Collection
The interventions were conducted for approximately 3 months
in each participating nursing home. During this period, the
intervention group went through 3 phases: premeasurement
phase, 4 weeks of VR group intervention, and postmeasurement
phase (Table 1). During the premeasurement phase, each older
adult was offered an individual initial appointment. During this
appointment, a psychologist explained the schedule, privacy
agreement, and consent form to the older adult. One week after
the initial appointment, the older adult underwent the first pretest
interview (T0; baseline) with a psychologist. This baseline
assessment covered mental capacity, ADLs, and well-being. In
the following week, a brief, second pretest (T1) was conducted
to familiarize the older adults with the well-being assessment.
This served as a warm-up assessment and was repeated after
each subsequent intervention session. The intervention phase

began after the premeasurement phase. Group interventions
were conducted every week for 4 weeks (T2-T5). These sessions
were facilitated by a project psychologist and a technical
assistant. Their role was to introduce the older adults to the VR
program and provide support throughout the VR sessions. There
were always 3 to 5 older adults in a group for an intervention.
During each VR intervention session, the older adults were
presented with tasks to solve in a virtual environment. After
completing the tasks, the older adults participated in a 3-minute
virtual tour of a landscape to relax. Following each VR group
session, the older adults’ individual well-being was assessed.
One week after completing all 4 VR group interventions, the
same psychologist who conducted the pretest interviews assessed
the older adults’ mental capacities, ADLs, and well-being in
the posttest phase through a postintervention interview (T6). A
follow-up interview (T7) with the same content was conducted
3 weeks after the posttest phase to assess the stability of the
posttest results.

Table 1. Procedure of the virtual reality (VR) group intervention study in a nursing home (as per the focus of this paper)a.

Week 10Week 7Week 6Week 5Week 4Week 3Week 2Week 1

Event •••••••• Follow-
up (T7)

Postinter-
vention as-
sessment 1
(T6)

VR activ-
ity 4 (T5)

VR activ-
ity 3 (T4)

VR activ-
ity 2 (T3)

VR activ-
ity 1 (T2)

Preinter-
vention as-
sessment 2
(T1)

Preinter-
vention
assess-
ment 1
(T0)

Content •••••••• Follow-
up-inter-
view

Postinter-
vention in-
terview

VR
group ac-
tivity

VR
group ac-
tivity

VR
group ac-
tivity

VR
group ac-
tivity

Warm-upBaseline
demo-
graphic
informa-
tion

• WHO-5

•••• WHO-5WHO-5WHO-5WHO-5
•• Mini-

ICF-APP
Mini-ICF-
APP• Mini-

ICF-

APPb

•• ADLADL
•• WHO-5WHO-5

• ADLc

• WHO-5d

Implementa-
tion

•••••••• Psycholo-
gist

Psycholo-
gist

Psycholo-
gist and
technical
assistant

Psycholo-
gist and
technical
assistant

Psycholo-
gist and
technical
assistant

Psycholo-
gist and
technical
assistant

Psycholo-
gist

Psycholo-
gist

aSome procedures such as a questionnaire for feedback and obtaining perceptions from the older adults are not presented in this table.
bMini-ICF-APP: Mini-ICF-Rating for Impairment in Psychological Activities and Capacities [56].
cADL: activity of daily living [57].
dWHO-5: World Health Organization–Five Well-Being Index [58].

The study was conducted during the COVID-19 pandemic, and
the safety of our older adult participants was our top priority.
From our initial contact with the nursing homes, we inquired
about and strictly adhered to the COVID-19 guidelines
governing group events. Our team members underwent
COVID-19 testing at public testing institutes within 24 hours
before each visit to a nursing home. Even if a team member
exhibited symptoms similar to those of COVID-19 but obtained
a negative test result, they were not allowed to enter the nursing
home as an extra precaution. During individual interviews, all
team members wore masks, and regular hand disinfection was
practiced throughout their stay in the nursing homes. During

the VR interventions, we maintained a safe distance between
the older adults, and the VR equipment was thoroughly
disinfected after each use to ensure the highest level of safety
for all participants.

VR Intervention and Equipment
In collaboration with the technical company, VirtuaLounge, we
developed a virtual vacation home to facilitate VR interventions
for the older adults. We designed the meaningful VR activities
in the virtual vacation home with an older adult–centered
approach, drawing upon our understanding of older adults’daily
routines and incorporating the valuable suggestions received
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from older adults during the pilot program testing phase while
developing the VR intervention. The central aspect was to make
the VR intervention as accessible as possible to the older adult
population, while minimizing the barriers to use. For example,
we ensured that older adults, including those using wheelchairs,
could actively participate in the entire intervention by setting
up the VR experience in a sitting format. We optimized the
interaction with the VR environment to be easily manageable
with only 1 finger, and all the tasks were designed to be
completed using only 1 hand.

The interventions were conducted over a period of 4 weeks in
regional nursing homes, with each session lasting approximately
30 minutes. Within each VR session, participants engaged in 4
or 5 tasks that were no longer possible for them to perform in
real life. These tasks were integrated into a cohesive storyline,
resulting in an immersive experience for the older adults. Our

storyline revolved around 4 classic settings within a vacation
home: living room, crafts station, garden, and kitchen (Figures
1 and 2). The tasks encompassed various routine activities, such
as building furniture, gardening, and cooking in the kitchen.
We devised a tablet control system specifically for those
conducting the procedures to address the challenge of assisting
older individuals wearing the nontransparent HMD. This system
enables remote connectivity between the tablet and HMD.
Through the tablet interface, a live view of the older adults’
perspective is displayed, allowing the technical support
personnel to monitor the progress of individual tasks for all
participants. In addition, the tablet allows supporters to adjust
the sound settings and remotely initiate or terminate the program
on each HMD (Figure 3). This innovative solution enhances
the ability to provide real-time assistance and control during
the VR interventions.

Figure 1. Example task—gardening.
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Figure 2. Example task—baking a pizza.

Figure 3. Screenshot of the tablet system.

The VR setup used in this study involved the use of the
stand-alone VR Headset Pico Neo 3 Pro along with the Pico
Neo 3 controller (Pico Technology Co, Ltd). The resolution of
the VR headset was set at 1832 × 1920 per eye. The headset
operated at a refresh rate of 72 Hz and featured 6 dfs inside-out
tracking capabilities. In addition to the VR equipment, a

Samsung Galaxy Tab S6 Lite (Samsung Electronics Co, Ltd)
with an Android 12 operating system served as the remote tablet
for the study. The system was programmed using .Net and C#
programming languages.
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Instruments
Consistent with our hypotheses, psychosocial capacities
(hypothesis 1) included the mental capacities to adapt to daily
life in a nursing home, which was assessed using the
Mini-ICF-Rating for Impairment in Psychological Activities
and Capacities (Mini-ICF-APP) scale [56]. This scale
encompasses 13 psychosocial capacities, including proactivity
and mobility. ADLs (hypothesis 1) included physical activity
and mobility of the participants, which were assessed in more
depth using the ADL-Barthel Index [57] that encompasses basic
ADLs. Well-being (hypothesis 2) was measured using the World
Health Organization–Five Well-Being Index (WHO-5) [58].
These measures were administered to both the intervention
group and the control group, allowing for a comprehensive
evaluation of the outcomes in both groups (Table 1).

The Mini-ICF-APP capacity rating [56] is an established
instrument for describing a person’s psychosocial capacity
status. It has been translated internationally into many languages
and is recommended in social medicine guidelines [59]. Among
other settings, it is commonly used in settings of psychosocial
rehabilitation. It is internationally recognized and has proven
to be manageable, reliable, and valid in clinical practice [60-63].
In this study, the Mini-ICF-APP rating was designed to assess
the psychosocial capacities for living in the nursing home, that
is, performing certain basic activities on their own. The scale
covers the following capacity dimensions: (1) adherence to
regulations, (2) planning and structuring of tasks, (3) flexibility,
(4) competence and knowledge application, (5) capacity to make
decisions and judgments, (6) proactivity and spontaneous
activities, (7) endurance, (8) self-assertiveness, (9) contact with
others, (10) group integration, (11) intimate relationships, (12)
self-care, and (13) mobility. Each dimension is rated using an
8-point rating scale (0=this is a strength of me to 7=this is
impossible for me). The Mini-ICF-APP interview guide and
questionnaire were adapted for the older adults by focusing on
activities that individuals in need of care could still perform
independently while residing in a nursing home. In a pilot study,
8 participants were interviewed by both project psychologists.
Of the 2 psychologists, 1 conducted the interview, and both the
interviewers completed Mini-ICF-PP rating sheet based on the
responses provided by the older adults. On average, the interrater
reliability over all 13 capacity dimensions was r=0.857.
Psychosocial capacities were measured at 3 measurement time
points (T0, T6, and T7).

ADL [57] was measured before the first VR intervention (T0),
after the intervention (T6), and at a 3-week follow-up after the
posttest phase (T7). It includes 10 dimensions of daily activity:
(1) eating, (2) washing and showering, (3) body care, (4)
dressing and undressing, (5) stool control, (6) urine control, (7)
toilet use, (8) transfer from bed to chair, (9) movement and
mobility, as well as (10) climbing stairs. The total score on the
Activity of Daily Living-Barthel Index (ADL-BI) ranges from
0 to 100, with higher scores indicating greater independence in
performing daily activities. A score of 0 indicates complete
dependence on assistance for all activities, whereas a score of
100 indicates complete independence. An ADL score <80
indicates a need for care of >2 hours a day [64]. In the interview
with the study participants, the psychologists asked about the

activities one after the other and checked the plausibility of the
answers of the older adults were. In cases of doubt,
supplementary external judgments were obtained from the
caregivers to ensure data validity.

The third instrument used in this study was the WHO-5 [58],
which is a concise self-report measure of current mental
well-being. The assessment of well-being using the WHO-5
was conducted at baseline, after each VR intervention session,
and during the postintervention and follow-up interviews.
Numerous studies have demonstrated the validity of the WHO-5
as a screening tool for depressive mood and as a measure of
treatment outcomes in clinical trials, and it has also shown good
construct validity for assessing well-being in both younger and
older populations [65,66]. The WHO-5 has been translated into
>30 languages [66]. It consists of five statements that assess
the individual’s (1) good mood and cheerfulness, (2) relaxation,
(3) activity and energy, (4) regenerative capacity through sleep,
and (5) enthusiasm. Each statement is rated on a scale ranging
from 1 (“at no time”) to 5 (“all the time”). For example, 1
statement reads as follows: “Last week, I was happy and in a
good mood.” These statements are straightforward and
nonintrusive in nature [66]. Typically, the questionnaire covers
a 14-day period; however, considering the older adult
participants and the study’s weekly interventions, a 7-day period
was deemed appropriate. Therefore, the assessment inquired
about the individual’s well-being, relaxation, activity level,
quality of sleep, and interest in life over the past 7 days.
Well-being was measured at each of the 8 measurement time
points (T0-T7; Table 1).

Statistical Analyses
The data collected from the study were entered into the statistical
software SPSS (IBM Corp) [67] for analysis. A
repeated-measures ANOVA was conducted to analyze the data
obtained from the 84 older adults in the intervention group who
had participated in at least 3 interventions. The analysis focused
on psychosocial capacities (Mini-ICF-APP), ADL, and
well-being (WHO-5).

Owing to unequal sample sizes, a 2-factor, repeated-measures
ANOVA between the intervention group and the control group
could not be performed. However, the data from the control
group (consisting of 11 participants) are presented descriptively,
enabling a comparison with the values obtained from the
intervention group.

Ethical Considerations
This study was funded by the German Federal Ministry of
Education and Research (BMBF) (project number: 16SV8561
VRalive). This study was approved by the ethics committee of
Technische Universität Braunschweig (FV-2020-18). Before
the study, informed consent, confidentiality, and informed data
protection were obtained from the participants or their life
caregivers under the supervision of nursing staff. The older
adults were informed of their ability to opt out at any time. The
VR activities were provided as daily activities in the nursing
home, and there was no compensation provided. All activities
carried out in the nursing home were in strict compliance with
the current nursing home COVID-19 prevention and treatment
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policy. For secondary analyses using existing data, we specified
that the original consent approval covers secondary analysis
without additional consent. The collected data were anonymized
and deidentified.

Results

Participants and Demographic Information
A total of 116 older adults aged ≥60 years initially participated
in the VR intervention group. Of these 116 participants, 31
(26.7%) discontinued their involvement in the VR group. The
primary reasons cited for dropping out were concerns related
to data protection and illness or death (Table 2).

Table 2. Reasons for dropping out (n=31).

Values, n (%)Reasons

5 (16)No more interest, without reasons

4 (13)Several events are occurring

12 (39)Incapable of participating due to illness or death

5 (16)Virtual reality–related sickness (“cybersickness”)

1 (3)No interest in interviews

2 (6)Alternative events are preferred

1 (3)Leaves retirement home

1 (3)Cancellation of the group owing to very few participants

Sociodemographic information was collected at baseline and
included older adults’ age, sex (male, female, or intersex), and
educational and working history. The intervention group
(N=116) had an average age of 80.74 (SD 8.49) years. The age
range at the time of the intervention varied from 60 to 97 years.
There was a higher proportion of female participants (81/116,
69.8%). Most participants (107/116, 92.2%) in the intervention
group had no previous experience with VR. Table 3 presents
more detailed demographic information.

We decided to consider only the data from older adults who
participated in a minimum of 3 VR interventions to ensure that
the analysis focused on the impact of the VR intervention. This
resulted in a final sample size of 84 older adults to be analyzed
statistically. Hence, for the purpose of this paper, statistical
evaluation will be conducted on the data obtained from 84 older
adults from the VR intervention group.

Furthermore, 12 older adults participated in the control group.
One of the participants discontinued due to death (this has
already been accounted for in the dropout statistics, as indicated
in Table 2). The age range of the control group participants
spanned from 61 to 94 years, with an average age of 83.75 (SD
8.97) years, and 10 (83%) of the 12 participants were women.
It is important to note that the selection of participants for the
control group was based on the perceptions of the nursing staff
members and the natural decisions made by the older adults
themselves. Consequently, the sample size of the control group
in this study is notably small, rendering it insufficient for a
robust comparison with the intervention group. Therefore,
detailed information about the control group, which is presented
alongside the intervention group data, is provided in Multimedia
Appendices 1-3. The limitations associated with the small
control group sample size are discussed further in the Strengths
and Limitations section.
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Table 3. Sociodemographic data about the older adults participating in the virtual reality (VR) intervention (N=116).

ValuesFeatures

80.74 (8.49; 60-97)Age (y), mean (SD; range)

Sex, n (%)

81 (69.8)Female

35 (30.2)Male

Education, n (%)

7 (6)None

2 (1.7)Special school

1 (0.9)Primary school

17 (14.7)Secondary school

79 (68.1)Primary school or grade 9 or 10

10 (8.6)Abitur

Professional qualification, n (%)

37 (31.9)None

67 (57.8)Craft profession or skilled work

7 (6)Master

5 (4.3)University studies

Longest professional activity in working life, n (%)

37 (31.9)Craft, industry, or production

3 (2.6)Research and development

3 (2.6)Agriculture

24 (20.7)Office or management activities

26 (22.4)Service, gastronomy, or customer service

10 (8.6)Practical health care (nurse, physician, therapist, or similar)

12 (10.3)Housewife

1 (0.9)Missing indication

Frequency of visits from trusted people, n (%)

63 (54.3)Several times a week

27 (23.3)Weekly

8 (6.9)Every 2-3 weeks

2 (1.7)Monthly

2 (1.7)Less frequently than monthly

14 (12.1)No regular contacts

Previous experience with VR, n (%)

107 (92.2)No

9 (7.8)Yes

Outcomes
Tables 4 and 5 present a summary of the results for the
Mini-ICF-APP, ADL, and WHO-5 measures at specific
measurement time points for both the intervention group and

the control group. A macrolevel analysis indicates significant
differences in the mean scores of Mini-ICF-APP (P<.001;
η²=0.150) and WHO-5 (P=.04; η²=0.032) and the sum score of
ADL (P=.02; η²=0.050) within the intervention group.
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Table 4. Comparison of the older adults’ scores at baseline, at the end of the intervention, and 3 weeks after the postintervention assessment.

rANOVAa (n=84)
Follow-up (T7),
mean (SD)

Postintervention assessment (T6),
mean (SD)

Baseline (T0),
mean (SD)

η²P value

Capacities (Mini-ICF-APPb)

0.122<.001c2.04 (1.08)2.15 (1.05)2.57 (0.88)Adjustment to rules and routines

0.007.563.13 (2.08)2.95 (1.92)3.13 (1.82)Planning and structuring tasks

0.109<.001c1.87 (1.22)1.86 (1.19)2.38 (0.90)Flexibility and adaptability

0.039e.04d1.94 (1.52)1.99 (1.55)2.25 (1.25)Competence and knowledge application

0.007.572.48 (1.35)2.42 (1.40)2.57 (1.12)Capacity to make decisions and judg-
ments

0.104<.001c1.90 (1.26)2.04 (1.25)2.39 (1.19)Proactivity and spontaneous activities

0.032.072.29 (1.14)2.25 (1.18)2.54 (1)Resilience and perseverance

0.014.302.40 (0.96)2.43 (1.15)2.60 (1.09)Self-assertiveness

0.023e.152.25 (1.42)2.14 (1.35)2.39 (1.41)Capacity to talk with and contact third
parties

0.141<.001c2.04 (1.21)2.26 (1.36)2.71 (1.39)Group integration

0.007.572.49 (1.75)2.45 (1.66)2.61 (1.58)Capacity to form close relationships

0.006.633.11 (1.86)3.18 (1.84)3.29 (1.76)Self-care and self-sufficiency

0.001.952.40 (1.54)2.37 (1.59)2.39 (1.46)Mobility and transportability

0.150e<.001c2.33 (0.88)2.35 (0.85)2.60 (0.75)Average score

ADLf

0.027e.119.64 (1.30)9.46 (1.56)9.29 (1.76)Food

0.010.422.02 (2.47)1.73 (2.39)1.85 (2.43)Bath

0.003.764.64 (1.30)4.58 (1.39)4.52 (1.48)Washing

0.002.847.32 (3.51)7.38 (3.68)7.20 (3.41)Dressing and undressing

0.002.837.80 (3.75)8.04 (3.72)7.92 (3.74)Stool control

0.016e.276.90 (4.31)6.55 (4.25)6.31 (4.40)Urine control

0.040.03d9.11 (2.71)8.63 (3.41)8.27 (3.76)Using the toilet

0.018e.2212.98 (4.66)13.15 (4.58)12.74 (4.93)Bed or wheelchair transfer

0.039.04d9.64 (4.16)9.46 (4.39)9.11 (4.40)Movement or mobility

0.015.284.88 (4.46)4.76 (4.17)4.35 (4.40)Climbing stairs

0.050e.02d74.94 (22.29)73.75 (23.32)71.55 (23.19)Total score

arANOVA: repeated ANOVA.
bMini-ICF-APP: Mini-ICF-Rating for Impairment in Psychological Activities and Capacities; the scale ranges from 0 (“clearly a strength of mine”) to
7 (“I cannot do at all”).
cP<.001.
dP<.05.
eThe value was corrected according to Greenhouse Geisser.
fADL: activity of daily living; the scale ranges from 0 to 15.
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Table 5. Comparison of older adults’ scores regarding their well-being (World Health Organization–Five Well-Being Index [WHO-5]a) before the
intervention (T0 and T1), during the intervention (T2-T5), after the intervention (T6), and 3 weeks after the postintervention assessment (T7).

rANOVAbTime points, mean (SD)

η²P valueF test (df)T7T6T5T4T3T2T1T0

—c.091.893
(5.51)

3.90
(1.04)

3.83
(0.98)

3.85
(1.03)

3.90
(0.99)

3.94
(1.02)

3.78
(1.13)

3.90
(1.04)

4.08
(0.95)

Good mood and
cheerfulness

0.008.790.554
(7.00)

3.89
(1.22)

4.06
(1.09)

3.93
(1.02)

3.94
(1.04)

3.90
(0.96)

3.98
(1.09)

3.89
(1.22)

4.02
(0.01)

Relaxation

0.029.048d2.050
(7.00)

3.27
(1.25)

3.60
(1.11)

3.23
(1.26)

3.57
(1.18)

3.52
(1.21)

3.32
(1.33)

3.27
(1.25)

3.54
(1.27)

Activity and ener-
gy

0.054c.001e3.867
(5.85)

3.65
(1.36)

4.01
(1.12)

3.89
(1.36)

4.03
(1.21)

4.03
(1.05)

3.71
(1.26)

3.65
(1.36)

3.49
(1.35)

Regenerative capac-
ity through sleep

0.049.001e3.541
(7.00)

3.72
(1.28)

4.12
(1.12)

3.68
(1.29)

3.85
(1.22)

3.73
(1.22)

3.60
(1.17)

3.72
(1.28)

3.64
(1.17)

Enthusiasm

0.032c.04d2.235
(5.85)

3.91
(0.87)

3.92
(0.78)

3.72
(0.84)

3.86
(0.82)

3.82
(0.79)

3.68
(0.83)

3.69
(0.83)

3.75
(0.75)

WHO-5 (total)

aA 5-point Likert scale ranging from 0 (“at no time”) to 5 (“all the time”).
brANOVA: repeated ANOVA.
cThe value was corrected according to Greenhouse Geisser.
dP<.05.
eP<.01.

Specifically, the data from the Mini-ICF-APP indicated slight
reductions in some psychosocial capacity impairments within
the intervention group (Table 4 and Figure 4): adherence to
regulations (P<.001; η²=0.122), flexibility (P<.001; η²=0.109),

proactivity (P<.001; η²=0.104), and group integration ICF
(P<.001; η²=0.141). Problems related to competence also
showed a slight decrease (P=.04; η²=0.039).

Figure 4. Changes in older adults’ scores for the ability dimensions (Mini-ICF-Rating for Impairment in Psychological Activities and Capacities;
Mini-ICF-APP) across the measurement time points: before the intervention, after the intervention, and follow-up during the intervention.. 0=This is
clearly a strength of person, 1=Person is better than many others, 2=Person can do this well, 3=Person can somehow work with this, 4=Person does not
always get this to work, 5=Person has problem with this, 6=Person needs help in this regard, and 7=Person is fully unfit.

Overall, 2 ADLs seemed to improve over the course of the VR
intervention (Table 4): “Using the toilet” (P=.03; η²=0.040)
and “mobility” (P=.04; η²=0.039).

In terms of well-being (WHO-5), 3 of 5 items in the WHO-5
showed significant changes (Table 5 and Figure 5): “feeling

active” (P=.048; η²=0.029), “sleeping well” (P<.001; η²=0.054),
and “being full of interest for life” (P<.001; η²=0.049). This
indicates a slight variation in well-being over the course of the
4-week VR intervention period.
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Figure 5. Mean of the World Health Organization–Five Well-Being Index for the intervention group at 8 weekly time points. VR: virtual reality.

Side Effects of VR
Throughout the VR intervention, there were no reported
instances of older adults falling or accidentally colliding with
nearby objects based on their sitting poses. In addition, there
was no indication of potential interference with medical devices.
While a few cases of cybersickness (5/31, 16%; Table 2) were
reported, these were promptly addressed and resolved.

Discussion

Summary
The study aimed to determine whether a specifically designed
VR intervention had a positive impact on nursing home
inhabitants in terms of psychosocial capacities, activities, and
well-being. In general, some dimensions of psychosocial
capacities, activity, mobility, and well-being of older adults in
the intervention group showed a slight positive improvement
over the course of the intervention. Improvements were observed
in adherence to regulations, flexibility, proactivity, competence,
and group integration. The older adults showed improvement
in their ability to use the toilet and physical mobility. The older
adults reported feeling active, experiencing better sleep, and
displaying greater interest in daily life.

Principal Findings and Comparison to Previous Studies

Psychosocial Capacities
The results of the study demonstrate an improvement
substantially in the older adults’ capacity to adhere to daily
routines in the nursing home. This indicates that they have
become more proficient in following schedules and maintaining
self-discipline. In addition, the older adults show a greater
willingness to adapt to and switch between different tasks or
activities, both within the group setting and in public. Studies

have shown that VR interventions can enhance the cognitive
abilities of older adults, and these improvements are often
correlated with their intrinsic motivation for training. This
motivation can be triggered either by the engaging nature of the
game itself or by the immersive experience facilitated by VR
technology [68,69]. In addition, the study conducted by Fan et
al [46] demonstrated that using VR as a form of entertainment
for older adults can enhance their achievement motive and
self-esteem, leading to improved mental health outcomes and
reduced isolation, particularly among community-dwelling older
adults. It is reasonable to assume that similar benefits could be
experienced by older adults residing in nursing homes as well.
In our case, the older adults’ intrinsic motivation may stem from
their own desire to participate in meaningful VR activities and
engage with others, whereas extrinsic motivation could arise
from the supportive environment provided by the staff members
and the positive experiences associated with the VR group
activity. The combination of intrinsic and extrinsic motivation
appears to have contributed to the observed improvements in
discipline and flexibility among the older adults; with these
improvements, the older adult could fit better with daily life in
the nursing home. However, it should be acknowledged that
flexibility may also have been influenced by factors such as the
visits from and relationship with the VR project psychologist.
Over time, as the psychologist became more familiar with the
older adults, they could have corrected any initial bias in the
older adults’ self-assessment, leading to more accurate
evaluations based on their pragmatic experience.

The study findings indicate that the older adults’ use and
retention of competence and knowledge have improved. This
outcome aligns with the study’s design, which focused on
implementing VR interventions with meaningful activities based
on the older adults’ familiar daily tasks. The positive impact of
this approach is evident in the results obtained. The older adults
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were able to engage with the new VR activities, thus increasing
their competence. Moreover, the result of improved capability
of group integration indicated that after the VR intervention,
the older adults gradually developed an interest in the group
activity and expressed a desire to retry the task in the following
week. A previous study by Padilha et al [70] found that VR
offers a learning experience from interaction with the virtual
environment and enhances knowledge acquisition in nursing
education. It is plausible that VR can also be a promising tool
for older adults to enhance these mental capabilities. Multiple
studies have demonstrated that VR interventions have a positive
impact on the memory and information-processing abilities of
older adults [68,71,72]. VR video games could enhance the
working memory and reasoning abilities of older adults [68].
The authors also suggested that VR interventions may improve
problem-solving and planning skills, which are findings that
align with those of our own study.

In summary, the VR group activity incorporating daily life tasks
has shown to be a promising method for improving psychosocial
capacities, including adherence to regulations, flexibility, and
competence retention, among older adults in nursing homes.

Activity and Mobility
The results of the study demonstrate significant enhancement
in the older adults’ proactivity (Mini-ICF-APP). This suggests
that the older adults experience less boredom and express a
desire to engage in more daily activities that interest them while
living in the nursing home. They are better prepared and
motivated to initiate activities on their own. Furthermore, the
ADL score, particularly in the mobility domain, also showed a
significant improvement. This improvement in proactivity can
be linked to the enhanced mobility observed in the ADL scale.
The nursing home already provides gymnastic courses and
physical therapy to help older adults maintain or rebuild their
physical functioning. When older adults are more willing to
participate in these activities, it can lead to better mobility and
daily activity (eg, using the toilet) outcomes, aligning with the
theoretical background that meaningful group activities can
improve activity and mobility in nursing homes. Previous studies
have investigated the impact of VR interventions on ADLs and
instrumental ADLs among older adults, yielding different
results. One of these studies aligns closely with our own study.
Liao et al [47] conducted a VR cognitive training program that
involved tasks such as locating stores and acting as a virtual
kitchen chef, which is similar to our approach. Their results
demonstrated a significant improvement in older adults’activity
levels, with the effect size being larger than that observed with
traditional cognitive training methods. Moreover, the
improvement in the activity of older adults in nursing homes
through VR intervention was also demonstrated by Saredakis
et al [73]. In contrast, Optale et al [43] conducted a VR memory
training program that consisted of repeated memory tasks
focused on objects and orientation. Their study did not find a
positive impact on ADL. This discrepancy suggests that the
content of the VR intervention may play a crucial role in
determining its effectiveness in enhancing older adults’ daily
activities. Overall, these findings highlight the importance of
considering the specific content and nature of VR interventions

when assessing their potential impact on the daily lives of older
adults.

On the basis of the exploratory findings of this study, conducting
an experimental study to provide evidence about the impact of
VR interventions on proactivity and mobility would be valuable.
Such a study can further validate the potential benefits of VR
interventions in promoting proactivity and improving mobility
among older adults in nursing homes.

Group Integration and Social Interaction
There was significant improvement in the group capacity of the
older adults, indicating their increased willingness to participate
in group activities and enjoy the benefits of group engagement.
Thus, VR intervention could be used as a meaningful group
activity that contributes to reducing social isolation. Staff
members in some care homes also reported that older adults
were pleasantly surprised by the VR technology and were more
open to group activities after participating in the VR project.
These findings are consistent with the results reported by Fan
et al [46], who conducted a VR intervention involving
horticultural group activities such as gardening for
community-dwelling older adults, aiming to reduce social
isolation. In addition, other previous studies involving VR
horticultural activities in nursing homes have also demonstrated
a reduction in older adults’ loneliness and an improvement in
their social interaction [44,74]. However, it is important to note
that, unlike our study, these previous studies did not specifically
focus on VR interventions as group events. Therefore, these
studies have not reported about the impact of VR interventions
specifically on group capacities of older adults. In addition to
the VR horticultural activities implemented in nursing homes,
the study by Saredakis et al [73] examined the effectiveness of
VR reminiscence therapy in reducing older adults’ loneliness
but did not observe significant effects. This suggests that VR
horticultural activities may hold greater potential in reducing
loneliness among older adults. Engagement in meaningful
activities, such as virtual gardening or horticultural group
activities, might have a more profound impact on addressing
the issue of loneliness in this population.

It is important to note that the project spanned periods of the
COVID-19 pandemic and the winter and summer seasons, which
could potentially act as confounding factors. While there was
generally limited availability of group activities during the
pandemic, the introduction of VR group sessions may have
enhanced older adults’ interest in social interaction.

Well-Being
Although there are statistically significant differences in the
changes in well-being over the course of the intervention, it is
important to note that the VR group activity has not yet
demonstrated its full potential in consistently improving the
well-being of older adults. The results indicate that there have
been very small, incremental improvements in the well-being
curve. The statistically significant difference observed may be
attributed to the number of measurement points used in the
study. We do not have a sufficient, practically relevant effect
to confirm an increase in well-being.
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The well-being of the older adults was already good at the
beginning of the VR intervention study, which makes significant
and consistent additional improvements less likely. Furthermore,
well-being is influenced by various situational factors,
particularly among older adults with health problems or
disabilities considered vulnerable. Another factor to consider
is the frequency and duration of the VR intervention, which
may not have been sufficient to produce further improvement
in well-being. Other VR studies that have demonstrated
improvements in well-being often involve more frequent and
longer VR interventions [44,50,74] or are only measured once
after a 1-time intervention [48,75,76]. Furthermore, recent
entertainment-oriented VR interventions targeting well-being
or quality of life among older adults have predominantly used
a passive interaction approach, for instance, virtual travel in
Hong Kong [75]. These studies consistently achieved their
research goals in terms of enhancing older adults’ mood and
well-being. In contrast, VR interventions that primarily focus
on functional training with hand interaction have generally
shown limited improvement in overall well-being, such as the
one conducted by Brito et al [77]. The learning process
associated with using the hand console can act as a barrier for
older adults, potentially hindering their ability to improve their
well-being through functional training. Consequently, it is
crucial to approach the didactic process of VR devices with care
to ensure that older adults are not discouraged at the initial
stages of training. Furthermore, when developing VR
interventions for older adults, it is important to consider the
design and usability of the console or device being used. Older
adults may have specific needs and challenges when it comes
to interacting with technology. Therefore, the console or device
should be tailored to accommodate their physical abilities,
cognitive capabilities, and potential sensory impairments [78].

In summary, the well-being of older adults could be maintained
at a high level over the course of the VR group intervention. It
would be interesting to see if a more frequent intervention could
further improve the impact of VR intervention on the well-being
of older adults.

Strengths and Limitations
This study explored VR group activities in nursing homes,
adopting a naturalistic approach to gain a deeper understanding
of technology’s role for older adults in the digital age. Our
findings revealed the potential of VR as a tool in meaningful
activity programs for older adults residing in nursing homes.
Notably, this intervention leads to an enhancement in older
adults’ abilities and engagement in activities, while sustaining
a high level of well-being. Our study offers novel insights into
the transformative possibilities of VR for enriching the lives of
older residents within nursing home settings. Despite the
significant findings of this study, it is important to acknowledge
several limitations.

First, the impact of the COVID-19 pandemic on the
effectiveness of VR interventions cannot be ignored. During
the pandemic, there were restricted group activities and
increased vulnerability among older adults, which may have
magnified the positive impacts of the VR group intervention.

It is crucial to consider this unique context when interpreting
the results.

Second, there may be a selection bias in the sample of
participants. The selection of participants in the nursing home
was based on defined and standardized selection criteria, which
the nurses applied in the field. This is the most natural, accepted,
and standardized way to select participants for psychosocial
activities in nursing homes. There can be a slight selection bias
due to the various individual interaction processes of the nurses
with the participants. The selected sample may not accurately
represent the range of responses in the population, but it
represents older adults with complex disabilities who are
nevertheless able to cope with specially designed VR tools.
Moreover, recruitment was also based on older adults’
willingness to participate in the study. The older adults who
chose to participate in the study may be more open to new
experiences compared to those who declined. Furthermore, the
findings indicate that the older adults initially reported good
well-being and had regular contact with family or friends,
suggesting a limited scope for improvement in well-being and
social interaction. It is essential to find ways to extend the reach
of VR group interventions to a wider range of older adults,
particularly those who are more isolated and lonely. Using a
VR session to introduce the intervention to these older adults
may be a potential solution.

Third, there is a possibility that the older adults may have
overestimated or underestimated their own capacities. This
could be addressed by staff members closely monitoring the
older adults’ daily behavior. However, due to limited personnel
resources, this was not feasible in this study.

Finally, another weakness of this study is in its study design.
This was not a randomized controlled trial. Although a control
group was included, the sample size was very small, making it
challenging to establish a valid comparison with the intervention
group. Participation in the control group was based on the
natural decisions of the older adults. Therefore, the results
should be interpreted as a point of reference rather than
indicative of a causal “effect.” Nevertheless, it is important to
note that this longitudinal study is naturalistic and externally
valid. It offers a novel perspective on the pragmatic application
of VR intervention as a group event in nursing homes.

Future Studies
On the basis of the findings of this exploratory study, a
randomized controlled experimental trial that specifically
focuses on VR group interventions within the daily lives of
older adults in nursing homes should be conducted. Without
the specific conditions during the COVID-19 pandemic, a more
favorable social environment will be available, resulting in
fewer hindering factors such as limited group interventions. In
addition, in this study, large variation was observed in the basic
cognitive functions of the participating older adults, according
to age and type of disease. However, it is important for
researchers to be mindful about the competencies and skill levels
of older adults when introducing VR interventions [79]. Some
older adults may feel socially excluded if they lack the necessary
skills to participate in these digital activities [80]. Therefore, it
is crucial to prioritize accessibility and provide adequate support
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and training to ensure inclusivity. This can involve tailoring the
VR experiences to accommodate older adults with varying
cognitive functioning, such as providing different levels of
difficulty based on individual capabilities. In our study, we
received diverse feedback from older adults regarding VR tasks.
The highly independent older adults expressed that the VR tasks
were very easy for them, whereas those with cognitive
impairments or dementia found the tasks challenging to
complete. In the next phase, it would be beneficial to group
older adults based on their cognitive capacities and provide
tailored VR interventions at different difficulty levels. Exploring
an older adult–centered VR design is another intriguing direction
for further investigation. This could involve studying the optimal
form of interaction that minimizes the learning curve associated

with using VR devices, ultimately enhancing the overall user
experience for older adults.

Conclusions
In conclusion, the project successfully explored the benefits of
a VR-based group intervention in nursing home settings. The
results indicate that the VR intervention could be a meaningful
group activity in nursing homes to support social group
interaction, activity level, and well-being. The 4 sessions of the
VR group intervention—with tasks that the older adults were
unable to perform in their current environment— led to
significant improvements in adherence to rules, flexibility,
competence, proactivity, group integration, and mobility. Future
research could benefit from conducting a randomized controlled
trial to provide stronger evidence.
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Abstract

Background: Serious games, which are gaming applications used for purposes beyond entertainment to educate users on, and
address, specific issues, may present a timely approach to promote healthy diabetes management behaviors among children with
type 1 diabetes mellitus (T1DM). The lasting benefits associated with these serious games encompass improved patient education;
enhanced glycemic control; the reinforcement of bonds within the community of people with diabetes; the facilitation of meaningful
dialogues with caregivers, especially within the familial setting; and a significant reduction in the economic burdens associated
with subsequent complications.

Objective: This paper primarily aims to provide a detailed overview of the iterative design process and the associated evaluation
methods used in the development of the educational game. Furthermore, this study aims to enhance motivation for sustained and
extended engagement with the game over time. The MyDiabetic game design aims to educate children on various aspects, including
the connections among food, insulin, and physical activity. Furthermore, it seeks to impart knowledge related to the operation of
a glucometer and an insulin pen, as well as more advanced technologies such as administering glucagon, measuring ketoacidosis,
and continuous glucose monitoring.

Methods: The co-design methodology was applied, involving interviews, design workshops, and prototype feedback sessions.
A combination of several approaches, such as tailoring, observational learning, social and family support, decision-making
practice, and reward systems, was used to support children’s compliance. Moreover, incorporating the literature, guidelines, and
current practices into the design ensured that the game was aligned with established health care pathways and included relevant
information and best practices for diabetes management.

Results: The game was tested on 32 children in 3 iterations. Positive responses were received from children who tested the
game as well as their parents. The game was also presented to 5 schoolmates of children with T1DM who appreciated a better
understanding of the disease and the opportunity to support their friends more efficiently in T1DM compensation. The involvement
of children and clinicians in participatory co-design contributed to to the game's high acceptance. With regard to the game’s
impact on education, 1 week of testing revealed an enhancement in educational outcomes.

Conclusions: The game is especially suitable for children newly diagnosed with T1DM because it acquaints them in a fun way
with new terminology; for example, they can try to measure glycemia levels in an interactive way. The game also caters to children
who still need to develop reading skills by including an audio guide. The guide ensures that children of all literacy levels can
benefit from the game’s educational content and interactive experiences. The game is available for download on Google Play
and the Apple App Store.

(JMIR Serious Games 2024;12:e49478)   doi:10.2196/49478
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Introduction

Background
Type 1 diabetes mellitus (T1DM) is the most common form of
diabetes in children. Poor blood glucose control increases the
risk of chronic microvascular complications, including renal
and retinal complications. When T1DM starts in childhood or
young adulthood, the course of the disease is long, and metabolic
control is essential to prevent such complications [1]. Advances
in the treatment of T1DM have decreased the risk of
complications and delayed their occurrence, with a resultant
overall increase in the quality of life of patients. Nutritional
education, with systematic assessments of carbohydrate intake
and the use of the insulin-to-carbohydrate ratio, has allowed for
optimizing insulin dosage [2]. The basal-bolus scheme with
multiple-dose insulin injections, continuous subcutaneous insulin
infusion, and multiple capillary blood glucose measurements
allow for better metabolic control. For this, adequate and
continued diabetes education for patients and families is required
[3].

In general, mobile phones are a natural choice for use in
increasing the efficiency of medical care and patient motivation
[4,5]. The development of monitoring technologies and
designing systems for improving diabetes mellitus compensation
based on a mobile platform is increasing and widespread [6,7].
In the field of diabetes mellitus, there are already several pilot
studies that validate the effectiveness of this new technology
[1,8-10]. The biggest problem so far is the motivation of
patients, as many stop cooperating after a few weeks or months.
Furthermore, some authors state that the noncooperation of
patients is one of the most common reasons why we encounter
failure in education outcomes [4,11,12].

Well-designed serious games can improve children’s learning,
skills development, attitudes, emotions, motivation, and many
other factors that encourage children to work together with
family members and health professionals on treatment [13].
The long-term benefits of the serious game are improved patient
education; better diabetes compensation; increased connections
with the community of people with diabetes; stimulation of
discussion with caregivers, especially within the family; and a
significant reduction in the economic costs of subsequent
complications. Furthermore, due to the widespread use of
technology among children, using serious games to educate and
support health behavior for children with diabetes
self-management is an emerging and promising practice [14,15].

Some examples of previous approaches are Packy & Marlon
(Super Nintendo) [16], Balance [17], Mario Brothers [18],

Monster Manor (Nintendo) [19], and mySugr Junior [20]. Carb
Counting with Lenny [21] is geared toward teaching users
valuable information about healthy food choices and allowing
them to apply that knowledge during gameplay. Jerry the Bear
[22] seeks to educate children about T1DM by getting them to
take care of the game’s avatar, check the avatar’s blood glucose
level, manage insulin dosage by administering the doses using
a pen or a pump, and feed the avatar with various food items.
Except in the case of Jerry the Bear, the games show only the
relationship among food, blood glucose level and physical
activity. Some diabetes management games tested in small
populations have never been brought to market and have no
scalability. In addition, no studies were identified examining
T1DM educational games’ impact on user behavior, knowledge,
or clinical indicators. Further research is needed to better
understand the sustainability of T1DM gaming as a tool for
promoting adherence and the effect of education.

Objectives
This paper primarily aims to provide a thorough overview of
the iterative design process and the accompanying evaluation
methods applied in the development of the educational game,
MyDiabetic. Furthermore, this study aims to enhance motivation
for sustained and prolonged engagement with the game.

MyDiabetic aims to not only teach children the relationship
among food, insulin, and physical activity but also pass on
knowledge related to working with a glucometer and an insulin
pen, as well as more advanced technology such as continuous
glucose monitoring (CGM), insulin pump, glucagon
administration, and ketones urine test. The game is designed
for children aged between 5 and 12 years. It is especially suitable
for children newly diagnosed with T1DM because it acquaints
them in a fun way with new terminology; for example, they can
try to measure glycemia levels in an interactive way.

Methods

Overview
A participatory iterative co-design approach was adopted.
Participatory design in each iteration was guided by the
fundamental principles from both traditional game design
elements (eg, user flow and the mechanics, dynamics, and
framework approach) and behavioral theory tailored for diabetes
support. Figure 1 illustrates an approximate timeline for the
MyDiabetic project, depicting key components of the
participatory co-design methodology, along with the
predominant principles used in each iteration indicated by the
red bars.
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Figure 1. Approximate timeline for the MyDiabetic project showing the principal elements of the participatory co-design methodology along with the
predominant principles used in each iteration indicated by the red bars. MDA: mechanics, dynamics, and aesthetics.

Participatory Iterative Co-Design
The game was continually developed, resulting in the 3 iterations
of the co-design phases applying participatory co-design
principles. Figure 1 presents the timeline of the co-design
process. Co-design process is intrinsically incorporated into the
research. Co-design is a research methodology that actively
engages diverse stakeholders to initiate, create, and validate
solutions by adding creative and participative principles and
tools [23]. Participatory co-design establishes that the necessary
features of person-centered design, clinical acceptability, and
health IT feasibility are accounted for, with each process needed
for the ultimate success of the serious game. Table 1 describes
user statistics during the co-design process.

The design team included several types of participants:

• Children in the user group and their parents, who were
recruited through collaborating institutions, such as patient
organizations, or Facebook groups

• Researchers with backgrounds in behavior change,
informatics, and design

• Designers and developers (external and from the in-house
IT system development group)

• Clinicians with vast expertise in T1DM management and
nutrition nurses who are part of the project’s advisory group

The first iteration of the MyDiabetic game was based on
qualitative and quantitative research with children with T1DM
diabetes, which led to the requirement for a game to help educate
these children and help them cope with their new diagnosis.

The outcome of the co-design research was the concept of
continuous care of an avatar (based on the Tamagotchi principle)
that is represented as a 3D avatar, including technical modules
illustrating glucometer and insulin pen use. Subsequently, the
co-design of the second iteration focused on incorporating
educational material, such as an educational library and audio
guidance provided by a physician’s avatar, as well as developing
other gamification features, such as game levels, minigames,
and storyline extension. In addition, a model for measuring
blood glucose levels was added. The third iteration addressed
new technologies and methods, such as CGM and insulin pump
modules, glucagon administration, and an explanation of
ketoacidosis. Each iteration ended with usability testing. We
followed software release cycle terminology. The alpha usability
testing was focused on the evaluation of the main game concept,
while the beta usability testing was the most detailed,
concentrating on educational and adherence aspects. The gold
usability testing evaluated new technological components only.
The depiction of screens can be seen in Figure S1 in Multimedia
Appendix 1.

Detailed information regarding the characteristics of the children
for each iteration can be found in Tables S1-S6, S9-S10, and
S12-S13 in Multimedia Appendix 2.

The clinical team was composed of experts who possessed
diverse experience in various aspects of T1DM. Throughout
the development process, these clinicians consistently provided
invaluable feedback during presentation workshops conducted
at the conclusion of each iteration.
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Table 1. Description of iterative design and user statistics.

Features introducedStage of develop-
ment

T1DMa duration
(years), mean (SD)

Age (years),
mean (SD)

UsersIteration and activity

Basic gaming concept, design of
control elements, taking care of the
avatar concept, carbohydrate count-
ing, insulin pen administration, mea-
surement of glycemia level, and per-
forming exercise

Iteration 1

Mock-up5.5 (2.6)12.8 (1.3)Boys: 4; girls: 0Interviews

Mock-up4.8 (3.0)10.2 (2.1)Boys: 15; girls: 12Design survey

Alpha release3.7 (2.2)10.5 (2.7)Boys: 8; girls: 4bAlpha testing

Education elements, such as an educa-
tional library or simulations of blood
glucose, minigames, storyline, and
levels design

Iteration 2

Beta release4.8 (2.9)9.6 (4.5)Boys: 2; girls: 4Beta testing

Advanced topics such as CGMc and
insulin pump illustration, measure-
ment of ketoacidosis, and glucagon
administration

Iteration 3

Gold release7.0 (3.7)12.8 (1.7)Boys: 7; girls: 2CGM testing

Gold release6.4 (1.8)13.2 (2.6)Boys: 4; girls: 4Glucagon testing

Gold

release

8.9 (3.2)12.2 (2.7)Boys: 2; girls: 5Keto-acidosis testing

aT1DM: type 1 diabetes mellitus.
bOf the 12 users, 5 (42%; n=2, 40% boys and n=3, 60% girls) did not have diabetes.
cCGM: continuous glucose monitoring.

Serious Games and Behavioral Theory Foundations
Methodological aspects of user flow [24]; the mechanics,
dynamics, and aesthetics framework [25]; and behavioral theory
(tailoring [26,27], observational learning [27-29],
decision-making practice [13], social and family support [30,31],
and reward systems [27,32]) were used during the design of

MyDiabetic. Theoretical backgrounds are summarized in the
Theoretical Background and Game Design section in Multimedia
Appendix 1.

On the basis of literature research, guidelines, and current
practices [13,19,21,22,33], the characteristics that are important
for a successful serious game were further identified (Textbox
1).

Textbox 1. Characteristics that are important for a successful serious game.

Important characteristics

1. The main avatar should be empathetically connected to the player. One possibility is to use avatars that reflect the player in the game [34].
Customizing the avatar in game should also be possible (refer to the Avatar Tailoring subsection under Theoretical Background and Game Design
and Figure S2A in Multimedia Appendix 1).

2. The game should have an incentive and customizable reward system that supports the player’s learning. As a reward, the game can offer trophies
or new unlocked game content (refer to the Level Progress Design subsection under Theoretical Background and Game Design and Figure S2B
in Multimedia Appendix 1).

3. The game should aim to develop the player’s skills by setting clear but challenging goals related to changing the player’s behavior in real life
(mainly all educational and technical features developed in iterations 1-3: iteration 1 [main game concept], iteration 2 [educational and gamification
features], and iteration 3 [advanced features]).

4. The difficulty should gradually increase and adapt to gradually improving the player’s skills, giving the player further opportunities for improvement
(refer to the Level Progress Design subsection under Theoretical Background and Game Design in Multimedia Appendix 1).

5. The game should have a realistic and health-related story. This attractive design includes high-quality graphics, sounds, and animations to immerse
the player in the game (refer to the Scenes Description subsection under Theoretical Background and Game Design and Figure S1 in Multimedia
Appendix 1).
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A summary of the game and the methodology is provided in
Multimedia Appendix 3. In addition, Multimedia Appendix 4
contains a video highlighting the game’s main features.

Participant Recruitment
The whole concept was iteratively validated throughout the
3-stage iteration design process. Children were recruited through
the project website [35], at diabetes summer camps, and via
Facebook groups and through nonprofit organizations dealing
with treatment support. The eligibility requirements were as
follows: (1) fluency in Czech, (2) possession of a smartphone
for a minimum of 2 weeks, (3) a confirmed diagnosis of T1DM
for at least 1 year, and (4) aged between 5 and 16 years.

Ethical Considerations
The design process was approved by the committee for research
ethics at the Czech Technical University in Prague, Czech
Republic (0000-01/24/51902/EKČVUT). Written study
information was provided, and written informed consent was
obtained from parents. All users agreed to provide anonymized
data for research and data analysis during the sign-up process,
which was required for app use.

Development Approach
Agile principles [36] were used for the rapid development of
various components and for iteratively integrating.
Undergraduate and graduate students (computer science and
biomedical engineering students) participated in developing
new functionalities over 8 semesters. The game was prereleased
on Google Play at the end of each iteration design process for
feasibility testing. User feedback and bug fixes were
communicated in weekly core team meetings and daily written
discussions (via email and Slack). During the academic term,
student meetings were also held once a week. A cross-platform
solution, Unity software (Unity Technologies) [37], was used
for game development; a free and open-source platform,
Blender, was used for 3D modeling [38]; the GitHub tool [39]
was used for versioning; and the Trello project management
tool (Atlassian) [40] was used to track bugs and for project
management. Furthermore, each task was developed in a
separate branch on GitHub before being tested and approved
by another team member and then merged into the master
branch.

Results

Herein are presented the results of the design and development
phase that gave rise to the MyDiabetic game as a
person-centered education tool, along with details of the
contributions provided by each iteration of the participatory
co-design methodology.

Iteration 1: The Main Game Concept

Overview
In the first phase, the main game framework was outlined,
focusing on carbohydrate counting and elementary technological
tools for the measurement of glycemia levels and insulin
administration. In addition, the basic gamification concept was

proposed. The main aim of the usability study was the
determination of user experience.

Individual Interviews and Design Survey
The co-design methodology was applied throughout the whole
game design process. The main gaming concept was built in
the first co-design iteration. First, qualitative (individual
interviews) and quantitative research (design survey) methods
were used to collect game design requirements. The additional
documents for interviews are described in Multimedia Appendix
1 (refer to the Screener, Session Guide, and Design Survey
subsections under Alpha Release). In addition, research was
performed among parents, who are very important stakeholders
in T1DM management. The questionnaire for parents is
presented in the Questionnaire for Parents subsection under
Alpha Release in Multimedia Appendix 1; a summary is
presented in Table S1 in Multimedia Appendix 2.

User needs were specified, for which an informal interview was
conducted. Four users with T1DM were invited to the
interviews. Two observers were present during the interviews.
One observer moderated the session, while another took notes,
kept track of the time, and made observations. This was followed
by rapid prototyping using the user-centered design
methodology. The prototype used the basic paradigm mentioned
in the Theoretical Background and Game Design section in
Multimedia Appendix 1. The summary of the interviews is
presented in Table S2 in Multimedia Appendix 2.

Parents play a big role in diabetes compensation. In this study,
in children diagnosed at a young age, parents took care of insulin
administration, the measurement of blood glucose levels, meal
preparation, and writing in the diabetes diary. Parents would
check their children regularly, some excessively, especially if
they were physicians themselves. All participants used paper
diabetes diaries because it was almost always the participants’
mothers who took up the responsibility of maintaining the
diaries, and they did not seem to be very confident about using
mobile app technology (if the children were to enroll, they would
have preferred to use a mobile app). The children learned about
managing the disease by observing their parents’ actions.
Initially, when they were at school, they had to call their parents,
who told them the appropriate insulin dose to inject. In time,
the children became confident, and consulting their parents was
no longer necessary. Quantitative research was carried out at
diabetes summer camps (refer to the Design Survey subsection
under Alpha Release in Multimedia Appendix 1 as well as Table
S3 in Multimedia Appendix 2). In total, 27 questionnaires were
collected among children aged 7 to 13 years. The main interest
centered around where children obtained most of their
information about diabetes and if they had ever encountered a
game about diabetes. Other topics of interest were current
favorite games among the children and how independent the
children were in terms of counting bread units (BUs) and insulin
administration.

On the basis of the results (refer to Tables S1-S3 in Multimedia
Appendix 2), the main requirements for the game can be
summarized as follows:
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• Teaching the relationship among food, insulin, and physical
activity to children with diabetes

• Teaching children with diabetes how to count bread
exchange units

• Demonstrating the symptoms of hypoglycemia and
hyperglycemia and their solutions

• Demonstrating insulin administration, including technical
skills and dose adjustment, and explaining how to assess
diabetes compensation by blood testing

• Explaining the nature of the disease
• Motivating children to exercise
• Being available free of charge and to as many people as

possible
• Being both educational and fun so that children can continue

playing it for as long as possible

When designing the game, the choice was driven by the
experience of children from quantitative research (refer to Table
S3 in Multimedia Appendix 2): the most played game was Pou,
which involves caring for a simulated creature, which is a proven
gameplay principle of other successful games such as Moy, My

Talking Tom, My Talking Angela, The Sims, and the older
Tamagotchi. These games are based on the player taking care
of a pet. Games of this type have had great success in the past
and in recent times [34,41].

The primary design concept of the game divides the avatar’s
day into 6 parts, representing 6 meals, similar to the routine of
a person with diabetes. The player’s tasks include measuring
the avatar’s blood glucose level, administering insulin, and
feeding the avatar. For completing these tasks, the player is
rewarded with virtual coins, which can be used to enhance the
avatar as well as buy new furniture, food, and other items.
Neglecting the avatar’s care can result in the avatar experiencing
hypoglycemia or hyperglycemia, which the player can identify
based on the virtual glucometer reading and the avatar’s
symptoms.

Onboarding and Tutorial
The game includes an introduction in which the avatar
experiences the initial symptoms of diabetes and is transferred
to the hospital in an ambulance, where it is diagnosed by a
physician (Figure 2A).

Figure 2. (A) Onboarding, including the first symptoms and diagnosis. (B) Carbohydrate counting. (C) Measuring blood glucose level using a glucometer.
BU: bread unit.

Control Elements
Herein, the control elements of the game are described using
the example of a kitchen scene (Figure 3). The different rooms
are represented by an icon in the bottom panel. Each icon serves
not only as a switch to access that room but also to indicate

whether one of the avatar’s basic needs, such as sleep or food,
is met. In the upper left corner, the player is reminded of the
level the avatar is currently in. The key is to follow the daily
routine, which can be seen on the timeline. The timeline is the
same every day. During the repetition of basic actions, the player
learns about the problem.

JMIR Serious Games 2024 | vol. 12 | e49478 | p.190https://games.jmir.org/2024/1/e49478
(page number not for citation purposes)

NovakJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Description of the control elements. Continuous glucose monitoring (CGM) and insulin pen features were added in the final iteration (iteration
3) and appear in level 5.

If needed, time can be accelerated using the designated button.
The amount of coins currently available in the avatar’s cashbox
is displayed on the right side.

To remind players of basic tasks such as measuring blood
glucose levels, injecting insulin, and eating, a timeline was
designed that always shows 1 task ahead, and all tasks are
marked on the timeline so that the player knows approximately
when the next task will occur (Figure 4).
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Figure 4. Illustration of the timeline for the day regime of a person with diabetes.

Carbohydrate Counting
The player must choose the proper combination from the offered
food items to achieve the specified number of BUs as closely
as possible. The offered food items will be selected randomly
from the purchased food so that the player cannot cheat (eg, by
learning the BU component of only 1 food item and repeatedly
giving it to the avatar). The player can see food items as a
picture of food on a plate to estimate the amount of food based
on the plate size (Figure 2B).

Glycemia-Level Measurement
There is no blood glucose–level indicator in the game. The
player determines the exact blood glucose level by measuring
it, for which they receive a reward. The virtual measurement
mimics the real measurement (Figure 2C). The needle of the
lancet becomes dull over time and needs to be replaced. A
limited number of test strips are inserted into the pen and run
out over time. The player must buy new needles and test strips
in the virtual store with the collected coins. Estimating the blood
glucose level based on the avatar’s current mood is possible;
for example, in the case of hypoglycemia or hyperglycemia, the
avatar appears sick and in a bad mood (Figure 5C).

Figure 5. (A) Performing exercise. (B) Administration of insulin with an insulin pen. (C) Visualization of the symptoms of acute hyperglycemia.

Administration of Insulin
Insulin administration too mimics real-world settings. The player
learns certain habits, such as pointing the needle skyward, giving

the pen a little flick or tap to loosen any bubbles to the top, and
performing an airshot (expelling air, thus priming the needle
for injecting and avoiding possible air bubbles in the cartridge).
The user is first required to assemble an insulin pen by removing
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the cap from the pen, taking a new needle, removing it from the
sterile packaging, inserting it in the pen, and removing the
needle cap and needle shield (Figure 5B). The game only allows
the user to inject insulin once the needle has been primed for
injecting. The game advises the user on the appropriate dose of
insulin, as well as the type of insulin to administer to the avatar.
The user administers short-acting insulin before main meals
and long-acting insulin at night. Changing the needle and
changing the insulin cartridge (the amount of insulin in it
gradually decreases) are also incorporated.

Performing Exercise
The avatar requires regular exercise; otherwise, the avatar will
be in a bad mood. The player determines the duration of the
exercise (Figure 5A). If the exercise is too long, the avatar goes
into hypoglycemia. The muscles tend to be more insulin
sensitive for 1 to 2 days after exercise, leading to an increased
risk of hypoglycemia, but this is not implemented in the game.
To motivate the player to be active, the game offers them bonus
coins for performing physical activity. If the player owns a Fitbit
fitness bracelet, it is possible to connect it to the game and
receive a virtual coin for every 2 steps taken in real life.

Alpha Usability Testing
The main aim of alpha usability testing was to determine users’
experience and assess their understanding of the main game
concept. In total, 12 children participated in alpha testing (refer
to Table S4 in Multimedia Appendix 2): 7 (58%) with diabetes
(n=5, 71% boys and n=2, 29% girls; aged between 6 and 13
years) and 5 (42%) without diabetes (n=2, 40% boys and n=3,
60% girls; aged between 6 and 13 years). The involvement of
children without diabetes is important to address the reduction
of stigma and to provide education to friends and schoolmates.
The recruitment was performed through the Association of
Parents and Friends of Diabetic Children. The testing was
organized at participants’premises and consisted of completing
the pretesting screener (refer to the Screener subsection under
Alpha Release in Multimedia Appendix 1) and testing
(onboarding and going through all 4 basic screens). One
observer was always present to take notes.

Regarding user experience and game mechanics, all participants
were satisfied; they liked the design and were able to find their
way around in all scenes, although only after several attempts.
Most users asked for help, both written and audio. Some users
were looking for basic educational information about diabetes.
The majority of users mentioned the issue of long-term
motivation to use the game regularly. The main feedback is
summarized in the Feedback Summary subsection under Alpha
Release in Multimedia Appendix 1. Most shortcomings were
addressed in future development in iterations 2 or 3.

Iteration 2: Educational and Gamification Features

Overview
On the basis of the outcomes of the usability alpha testing and
continual feedback from the clinical team (nurses and
physicians), in the next iteration phase, the focus of the main
design effort was on increasing adherence, game experience,
and educational impact by incorporating (1) game level design

(Figure S2B in Multimedia Appendix 1); (2) minigames concept
and storyline (Figures S3A, S8A, and S8B in Multimedia
Appendix 1); (3) virtual guidance; and (4) an educational library,
including the simulation of glycemia [42] (refer to the
Theoretical Background and Game Design section in Multimedia
Appendix 1 for a description of the new add-ons). Incorporating
the audio guidance helps preschool children who cannot usually
read yet to better orient themselves within the game. The main
aim of the feasibility follow-up testing was the determination
of educational and adherence effects.

Beta Usability Testing
The recruitment was organized via Facebook groups and
targeted children aged 5 to 15 years willing to play the game
for at least 1 week. Children without diabetes were not included
because this feasibility test aimed to determine the educational
and adherence effects in children with T1DM. In addition,
adherence was tested by inspecting game statistics implemented
by applying the Google Analytics framework.

Individual Interviews

The interviews were conducted in person with the participant
and their parents. The first questionnaire was the screener (refer
to the Screener subsection under Beta Release in Multimedia
Appendix 1), which helped to place the children in the correct
category corresponding to the desired target group of the
participants. This was followed by a general questionnaire (refer
to the General Questionnaire subsection under Beta Release in
Multimedia Appendix 1) to estimate the participant’s interest
in games. Furthermore, the participant was asked questions
regarding their management of their diabetes (refer to the
Diabetes Management subsection under Beta Release in
Multimedia Appendix 1). The user was also presented with a
questionnaire on diabetes education (refer to the Pretesting
Knowledge of Diabetes subsection under Beta Release in
Multimedia Appendix 1). Subsequently, the game was installed
on their mobile device. This was followed by observation of
the participant and their behavior as they undertook the first
steps in the game. The participant was required to go through
the whole game tutorial and later try to find their way around
the game for a few minutes. The gameplay was then interrupted,
and the participant was asked about first impressions (refer to
the First Impression of the Game subsection under Beta Release
in Multimedia Appendix 1). The participant’s parents were then
interviewed (refer to the Questionnaire With Parents subsection
under Beta Release in Multimedia Appendix 1). The main
findings of the interviews are summarized in Table S5 in
Multimedia Appendix 2. Seven participants took part in the
study, of whom 1 (14%) did not complete the usability testing
and was excluded. Of the remaining 6 participants, 1 (17%) was
a boy and 5 (83%) were girls, and they were aged 5 to 15 years.
The average duration of diabetes was 4.8 (SD 2.9) years; 4
(67%) of the 6 participants were using an insulin pump.

Beta Usability Testing

The participant was asked to play the game for at least 1 week,
after which they were contacted by telephone, and the second
part of the test questionnaire was discussed. First, the participant
was asked about their impressions of the app after the 1-week
testing (refer to the Beta usability testing subsection under Beta
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Release in Multimedia Appendix 1), followed by a knowledge
questionnaire on diabetes (refer to the Posttesting Knowledge
of Diabetes subsection under Beta Release in Multimedia
Appendix 1). The educational effect of the game is outlined in
the next subsection. Regarding the usability testing results, the
main findings are summarized in Table S6 in Multimedia
Appendix 2.

In summary, the participant group consisted of children in
different age ranges. Of the 7 participants, 2 (29%) were aged
<7 years and could not read; 1 participant (14%) could not
complete the usability testing because he required
hospitalization. Of the 4 participants aged 8 to 12 years, 3 (75%)
expressed high levels of enjoyment and found the game
entertaining. Evidently, all children in this category understood
the game well, confirming the study hypothesis that this age
group should be the primary focus. Of the 6 participants who
completed the testing, the remaining 2 (33%), aged 13 to 15
years, also understood the game well, although they commented
that the entertainment aspect could have been more engaging.

They highly recommended the game to younger audiences and
stated that they wished such an educational tool had been
available when they had been first diagnosed with diabetes. In
general, the girls particularly enjoyed shopping, while the boy
was more interested in minigames.

Educational Effect

Table 2 summarizes the educational impact based on the answers
to the questionnaires, showing the level of education before and
after the testing. The specific percentage response rates are
given in Tables S7 and S8 in Multimedia Appendix 2. This
score is expressed as a percentage depending on the quality of
the correctly answered questions and the degree of confidence
in answering them (assessed subjectively). If the answer is
accurate and complete (correct), then 100% is given for this
question. If the answer is partially correct or incorrect, a
percentage measure of accuracy is estimated, where 0% is given
for an outright nonsensical answer or if the participant does not
know the answer.

Table 2. Effect of education.

Difference (%)cEducational score after testing (%)bEducational score before testing (%)a

54439Participant 1

29896Participant 2

285527Participant 3

139380Participant 5

119584Participant 6

59489Participant 7

aAverage 69.2.
bAverage 79.8.
cAverage 10.7.

Table 2 depicts the results of the educational effect after 1 week
of usability testing. On average, the increase in education
knowledge was approximately 10%; in the particular case of
participant 3, the gain was considerably high: 28%.

Statistics Summary

Regarding game analytics, a significant improvement in skills
was observed throughout the gameplay, specifically in the time
taken to perform certain procedures. The time taken for
glycemia-level measurement decreased by 42%, and the time
taken for insulin administration decreased by 45% from the first
interaction (day 1) to the last interaction (day 7).

Analyzing the purchase behavior of players, the most frequently
bought food items were the large basket (46%), followed by
the medium-sized basket (26%), and the small basket (28%).
As for medical supplies, the majority of purchases consisted of
glucometer strips (59%), followed by lancet packs (18%),
injectable lancets (12%), and insulin (11%).

Examining the distribution of glycemia statistics, glucose
measurements were most commonly applied on the middle
finger (50%), followed by the index finger (22%), ring finger
(19%), little finger (6%), and thumb (3%). Short-term insulin
injections were most frequently applied to the abdomen (29%),

left biceps (12%), and left thigh (7%). Long-lasting insulin
injections were predominantly applied to the left and right thighs
(11% and 12%, respectively) and to the chest (6%). The less
frequent injection site was the right thigh 0.78%, of the 129
injections recorded.

During the gameplay, the avatar was hospitalized 31 times, with
15 (48%) of the cases involving hypoglycemia and 16 (52%)
involving hyperglycemia. The average blood glucose level
during these hospitalizations was 15.7 mmol/L. In addition, the
avatar engaged in exercise 72 times, with 36 (50%) of the
sessions lasting for 30 minutes, 19 (26%) for 90 minutes, and
17 (24%) for 60 minutes. However, the exercise was completed
in only 32 (45%) of the cases, with early terminations occurring
in the remaining 40 instances (55%).

The final phase of the usability testing focused on measuring
adherence. At the beginning of the game, the day and time were
recorded to mark the initial interaction. Subsequently, for each
following day, whether the player returned to the game was
noted. The retention rate, depicting the percentage of players
who continued playing the game over time, is illustrated in
Figure 6.
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In the first week, the participants tested the game without any
intervention. The telephone interview was performed on day 7.
As shown in Figure 6, the adherence rate was >14%, and on the
following day, day 8, the rate increased to 42% after the
interview. The time spent playing the game on day 1 was

approximately 39 minutes per user; on day 7, it was
approximately 25 minutes. Some participants even played the
game for 1.5 hours on 1 day. The daily average time for all
participants was approximately 17 minutes.

Figure 6. Retention rate of participants.

Participant Feedback

Given the high number of participants (70%) using insulin
pumps, it was unsurprising that there were requests to add
insulin pump functionality and CGM in the game. Some users
also expressed a desire for more advanced tools, such as the
ability to administer glucagon and measure ketoacidosis. In
response to this feedback, these features were included in
iteration 3 of the game.

Of the 6 participants, 2 (33%) indicated that the game became
routine after a certain period and that they desired some
variation. Of these 2 participants, 1 (50%) suggested that a
solution could be to introduce complications related to diabetes,
such as cardiovascular issues, neuropathy, or retinopathy, which
the player would need to manage.

In the real world, various types of insulin are available, each
designed with different properties regarding onset, peak, and
duration. Participants expressed the desire to be able to purchase
and use the specific insulin types that they are familiar with and
to understand their characteristics within the game.

Iteration 3: Advanced Technological Components
On the basis of the feedback received from the beta usability
testing, in this iteration, more advanced tools for diabetes
management were implemented. Subsequently, the final
usability study briefly evaluated the new modules.

CGM and Insulin Pump Implementation
This module illustrates the use of the application of the CGM
sensor (Figure S4 in Multimedia Appendix 1) and tethered
insulin pump (Figures S5 and S6 in Multimedia Appendix 1).
When the player’s blood glucose levels reach a certain threshold
(>5mmol/L), the advanced technology of using a CGM sensor
and an insulin pump becomes available, unlocking new features
and options in the game (see insulin pen and insulin pump icons
in Figure 4).

Glucagon Administration
Glucagon administration is an essential treatment for severe
hypoglycemia, particularly when a person with diabetes cannot
consume food or fluids because they are in a hypoglycemic
coma [12]. Another individual must administer the glucagon
injection in such cases. The selected design closely resembles
the real-life GlucaGen HypoKit (Novo Nordisk A/S) and
visually represents the glucagon injection process (Figure S7B
in Multimedia Appendix 1). The glucagon administration icon
will be displayed when the avatar experiences hypoglycemia,
indicating the appropriate action to take.

Measuring Ketoacidosis
Specifically, patients treated with continuous subcutaneous
insulin infusion have a greater risk of developing diabetic
ketoacidosis because there is no subcutaneous depot of insulin,
and therefore ketoacidosis can occur much faster [1]. As the
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measurement of ketone bodies from urine using diagnostic strips
is the most common and most accessible method in the home
environment, the focus is on designing the scene using the home
kit (Figure S7C in Multimedia Appendix 1). To simulate the
level of ketoacidosis, the simplify model from the work by
Fabietti et al [43] was applied (refer to the Ketoacidosis Module
Implementation section in Multimedia Appendix 1).

Gold Usability Testing
The primary objective of the usability testing was to evaluate
the technical feasibility of the advanced modules. Participants
were recruited from a summer camp for children with diabetes.
In the first phase, a general questionnaire was administered to
assess the participants’knowledge about diabetes compensation.
A total of 30 participants (n=12, 40% boys and n=18, 60% girls)
aged between 7 and 15 years completed the questionnaire (refer
to Table S9 in Multimedia Appendix 2). In the second phase,
the 24 participants completed the tutorial (refer to the
Onboarding and Tutorial subsection) together. Finally, the
participants were divided into 3 groups to test the insulin pump
and CGM sensor module (9/24, 37%), the ketoacidosis
measurement module (7/24, 30%), and the glucagon
administration module (8/24, 33%). Before testing, a pretesting
questionnaire (refer to the Pretesting Questionnaire subsection
under Gold Release in Multimedia Appendix 1) was
administered. The usability testing session was conducted by a
researcher, who explained the main goals to be achieved in each
group in several steps.

A cohort of 9 participants (n=2, 22% boys and n=7, 78% girls)
were enrolled to test the insulin pump and CGM sensor module.
The study required the participants to complete several tasks,
including applying the glucose sensor and insulin pump infusion
set, calibrating the sensor, and spending a portion of the day
using the sensor and the pump. The summary of the testing is
provided in Table S10 in Multimedia Appendix 2. Overall, the
insulin pump and CGM sensor module were rated positively
for their realism; however, participants reported that certain
complications were not accounted for in the game, such as
disconnecting the infusion set from the reservoir, the possibility
of the pump tubing becoming kinked and clogged, and adding
insulin to the reservoir. During the pump assembly (refer to step
2 in Table S11 in Multimedia Appendix 2), participants had
difficulty connecting the reservoir to the infusion set using
tubing and squeezing the air out of the tubing by long pressing
the button on the tank. In addition, confusion arose during the
insulin infusion scene because participants needed clarification
on how many units of insulin they should inject. Improvements
in this scene could help better convey the necessary information
to the player.

Eight participants were involved (n=4, 50% boys and n=4, 50%
girls) in the testing of the glucagon administration module (refer
to Table S12 in Multimedia Appendix 2). All participants were
able to administer glucagon; however, sometimes the game took
longer than expected due to minor bugs or nonintuitiveness,
such as using a click gesture instead of a drag-and-drop gesture,
which caused problems in cases of drawing the solution back
into the syringe and then removing the syringe from the vial or

removing the protective cover of the syringe. All participants
praised the realistic handling of the game.

The ketoacidosis measurement module was successfully tested
by all 7 participants (n=2, 28% boys and n=5, 72% girls), who
found the scene good and did not suggest any improvements
(refer to Table S13 in Multimedia Appendix 2). Only 1 (14%)
of the 7 testers did not observe an increase in ketone bodies
when insulin was not administered to the avatar. When asked
about alternative methods of measuring ketones, most
participants expressed openness to new options beyond
diagnostic strips, especially for children accustomed to different
measurement methods.

Discussion

Principal Findings
The main objective of this paper was to provide education
mainly to children newly diagnosed with T1DM by using mobile
technologies and gamification theory for educational purposes.
The inclusion of gamification in diabetes management offers
additional benefits compared to current methods, particularly
in terms of improving patient motivation [4,5]. Given the
widespread use of mobile technologies among young children,
a mobile app is an ideal platform for introducing this serious
topic to them entertainingly and engagingly. This approach
involves combining various techniques, such as gamification
theory [24] as well as topics from behavioral theory, such as
tailoring [11], observational learning [29], decision-making
practice [13], social and family support [30,31], and reward
systems [32], to support patient motivation and compliance.

The game provides comprehensive education for children on
various aspects of diabetes, including technical skills such as
measuring blood glucose levels and administering insulin, as
well as explanations of the nature of the disease. As a result,
the game should be considered an additional resource for
children newly diagnosed with T1DM to learn about the disease,
along with books and brochures. The game’s virtual avatar can
also serve as a supportive friend for children unable to attend
diabetes camps.

In addition, the game has the potential to raise awareness of
diabetes among children without diabetes as well as parents [1].
By increasing knowledge of the disease and its symptoms, the
game can aid in earlier diagnosis and treatment of diabetes.
Initial feedback from children with T1DM and their parents on
the game has been positive, with many expressing enjoyment
and a willingness to participate in further testing.

Concerning the educational effect of the game, after a week of
testing, there was a noticeable improvement in the educational
outcomes (refer to Table 2). When compared to a previous study
[16], it can be inferred that the improvement rate in educational
outcomes is similar (33%). However, it is important to consider
that the game in that study was tested for a year, while in this
study, testing only lasted a week. In comparison, another study
[18] reported an improvement rate in educational outcomes of
7% only. MyDiabetic aims to enhance traditional patient
education formats (such as patient information booklets [44])
rather than replace them.
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Recent literature reviews on gameful eHealth and mobile health
tools have indicated that the most commonly used game
elements are externally oriented, such as points and rewards
[45,46]. The concept of avoiding excessive use of externally
oriented motivational features has also been explored in
theoretical works on designing engaging and gameful
experiences [47]. Nevertheless, in a review of similar apps
targeting gaming in T1DM (refer to Table S14 in Multimedia
Appendix 2), authors found that the archetypal game elements
of points, badges, and competitions were the primary approaches
used [48]. MyDiabetic involves using rewards to purchase food,
goods, and healthy supplements, which appeal to most children.
The shopping aspect serves as an educational tool that prepares
young children to increase self-efficacy in managing their
T1DM, consequently reducing their dependence on their parents
[5,17].

One of the most effective aspects of the co-design process in
achieving design goals was the participation of clinicians,
patients, family caregivers, developers, and game designers.
Participants brought their unique expertise to the table and
contributed to the design process; for example, health care
researchers provided knowledge and feedback on diabetes
compensation, while the developers and designers worked on
making the tool user-friendly, and the external game designer
suggested more interactive and immersive solutions. Research
indicates that collaborative, team-based approaches are
recommended for developing mobile health interventions [49].
The strategic coordination of stakeholder involvement at each
stage of development was a key benefit of this design approach.

Although there is still no consensus on the optimal combination
of game mechanics for serious games [34], it is acknowledged
that MyDiabetic currently leans too heavily toward education,
leading to lower retention rates than anticipated. Drawing from
the insights gained during the second and third rounds of the
iterative usability studies, it is proposed to redesign the game
by incorporating multiple storylines, such as school experiences,
dating, and career development, to enhance the entertainment
factor and introduce new topics as the avatar ages. The existing
educational components will be seamlessly integrated into the
game mechanics to improve overall gameplay and increase
engagement. This new direction should also provide an easier
transfer of knowledge and skills from this serious game to
real-world situations [34].

Limitations
Initially, all participants involved in the study voluntarily opted
to participate or were contacted by the project team or
collaborating institutions. Consequently, the participating groups
may have had higher motivation, resourcefulness, and better
chronic illness management, thus creating a potential bias that
may only represent a portion of the user group. Nonetheless,
this is a common limitation in this type of research.

While the sample sizes were indeed modest in the alpha, beta,
and gold testing phases (12, 6, and 24 participants, respectively),
the significance of the results lies in the qualitative insights and
detailed observations that were gathered through iterative
usability testing. This process enabled deep delving into the
experiences and perceptions of each participant, yielding rich

and meaningful data on the game’s usability and educational
impact. Furthermore, the results that were obtained from the
limited numbers of participants were consistent and provided
actionable insights for further refinement and development of
this serious game.

The design outcomes were influenced by the stakeholders
involved in the project, who had the potential to both positively
impact and limit the final design. One example is the nutrition
nurse who facilitated the design activities but had limited design
experience and had to learn co-design processes as the project
progressed.

The MyDiabetic app was developed and evaluated solely by
Czech users, although an English version is now accessible.
There may still be cultural discrepancies that have not been
fully addressed. The project team constantly receives feedback
and makes necessary adjustments to improve the app’s usability
and relevance.

It is important to note that this paper focuses solely on the
technical development of the game and user acceptance testing.
The clinical validation of the game, using metabolic control
markers such as mean glycated hemoglobin levels, is beyond
the scope of this paper. While it is important to evaluate the
effectiveness of the game in improving diabetes management,
this will be the subject of future research.

Comparison With Prior Work
After examining the survey presented in Table S14 in
Multimedia Appendix 2 [13,16,18,19,21,24-31,33,42,43,50-65],
it was observed that all games, except Packy & Marlon [16],
lacked clinical validation. Furthermore, assessing adherence
was not a focus in any of the games. In addition, of the 18
games, 3 (17%) were previously available on Nintendo or
mobile game stores, but currently only 2 (11%; MyDiabetic and
Jerry the Bear) are available for download on mobile game
stores. Most games were developed as prototypes or concept
studies as part of academic projects, with only a few aimed at
preschool children [50-52]. Only 1 (6%) of the 18 games
addresses both basic (carbohydrate counting, blood
glucose–level measurement, and insulin administration) and
advanced (CGM and insulin pump) educational
self-management skills [50]. Nevertheless, no game tackles the
complexity of diabetes management from such a wide
perspective as MyDiabetic, in which unique features such as
glucagon administration and ketoacidosis modules are included.

One of the challenges that serious game designers face is the
uncanny principle, also known as the uncanny valley. This
phenomenon occurs when a representation of a human or an
animal looks and behaves almost but not exactly like the real
thing [66]. The result is a feeling of eeriness, discomfort, or
even revulsion in the observer. The uncanny principle can affect
the learner’s immersion, engagement, and emotional connection
with the serious game. The uncanny valley can be useful for
creating more effective and engaging serious games. By
carefully navigating the valley and finding the right balance
between realism and abstraction, game designers can create
experiences that are both educational and emotionally
compelling [67]. MyDiabetic aimed to strike this balance by
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using cartoonish avatar designs and environments, while
carefully incorporating technology features that closely resemble
real-world settings, setting it apart from most other games
[16,50].

Future Directions
To enhance the game’s realism, it would be beneficial to
incorporate real-time elements. This would involve the avatar
aging as time passes In addition to managing diabetes symptoms,
the avatar would also engage in typical daily activities such as
attending school/work, participating in outdoor sports, visiting
friends, and partaking in entertainment (Figures S8A and S8B
in Multimedia Appendix 1). In addition, chronic retinopathy or
diabetes foot problems would also be demonstrated (Figure S8C
in Multimedia Appendix 1). By including these elements, the
game could provide a more comprehensive experience for users
and better prepare them for managing their diabetes in real-life
situations.

Including social support in the app could be an additional
valuable feature [68]. Games that allow users to connect with
others in a community-type setting or through social networks
could be particularly beneficial because research suggests that
increased social support is linked to improved self-efficacy

practices and better clinical outcomes in children with diabetes.
A review of studies also found that social media were commonly
used to facilitate self-care in patients and caregivers, with 77.1%
of the identified studies reporting such use [69].

Conclusions
This paper has shown how participants involved in co-design
activities played a creative and productive role in shaping the
content and design of the MyDiabetic app.

The main objective of creating a serious educational game was
to captivate children with T1DM and also make it accessible to
those who are interested in learning about the disease. On the
basis of the testing described earlier, the educational goal was
achieved because significant enhancements in children’s
understanding were evident after a mere week of gameplay.
The game was well-received by the participants, who expressed
a willingness to recommend it to their friends or siblings who
are not affected by diabetes but are curious about the disease
and would like to understand it better.

To summarize, this research suggests that the target audience
for this game is children aged between 5 and 12 years, with
those in the 8- to 12-year range being able to fully engage with
and benefit from all the features the game offers.
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Multimedia Appendix 3
PowerPoint (Microsoft Corp) presentation showing key aspects of MyDiabetic and related material.
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Abstract

Background: Due to a high number of patients affected by long COVID or post-COVID condition, an essential step to address
the long-term effects of COVID-19 lies in the development and implementation of flexible and accessible rehabilitation programs.
Virtual reality (VR) technologies offer the potential to support traditional therapies with individualized at-home programs.

Objective: This study aims to provide an overview of existing scientific evidence on the development and implementation of
VR-assisted respiratory rehabilitation programs for patients with long COVID and post-COVID condition and to synthesize the
results.

Methods: We conducted a scoping review of studies from 6 databases. PubMed, CINAHL, Cochrane, ScienceDirect, Web of
Science Social Sciences Citation Index, and PEDro were searched using an exploratory search strategy. The search, which was
last updated in February 2024, included peer-reviewed studies on immersive VR applications providing respiratory rehabilitation
programs for patients with chronic obstructive pulmonary disease and long COVID or post-COVID condition. Exclusion criteria
were studies in clinical or inpatient settings, telemedicine, nonimmersive VR applications, and gray literature. Nine publications
were included in this review. Findings were extracted and summarized from the studies according to the JBI (Joanna Briggs
Institute) method and thematically categorized. Topics covered were study characteristics, physiotherapeutic concept, clinical
parameters, as well as usability and acceptability.

Results: The 9 publications included in the qualitative analysis were published in 2019-2023. Eight empirical studies were
included: 4 followed a mixed methods design, 3 were qualitative studies, and 1 followed a quantitative method. One scoping
review was included in the data analyses. Four of the included studies were on patients with chronic obstructive pulmonary
disease. The 9 studies demonstrated that VR-supported respiratory rehabilitation programs result in positive initial outcomes in
terms of physical as well as psychological parameters. Particularly noteworthy was the increased motivation and compliance of
patients. However, adverse effects and lack of usability are the barriers to the implementation of this innovative approach.

Conclusions: Overall, VR is a promising technology for the implementation of individualized and flexible respiratory rehabilitation
programs for patients with long COVID and post-COVID condition. Nevertheless, corresponding approaches are still under
development and need to be more closely adapted to the needs of users. Further, the evidence was limited to pilot studies or a
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small number of patients, and no randomized controlled trials or long-term studies were part of the study selection. The included
studies were performed by 4 groups of researchers: 3 from Europe and 1 from the United States.

(JMIR Serious Games 2024;12:e52309)   doi:10.2196/52309

KEYWORDS

long COVID; post-COVID; rehabilitation; virtual reality; implementation; respiratory; respiratory rehabilitation; scoping review;
development; accessibility; support; physical; psychological; motivation; compliance; usability; COVID-19; COVID

Introduction

Background
In the wake of the COVID-19 pandemic, the rehabilitation of
patients in the postacute phase of this disease is an important
measure to address the long-term effects since a significant
number of patients experience the condition commonly known
as long or post-COVID [1]. This condition is characterized by
symptoms that persist or develop after the acute phase of
infection—starting from the fourth week after infection—and
that cannot be explained by an alternative diagnosis [2,3]. The
number of affected patients varied in the studies depending on
the methodology, symptoms, as well as the population included
in the analysis. Although studies provide heterogeneous results
and case numbers, they show that a significant number of
patients are affected by persistent symptoms after a COVID-19
infection. Patients who report an impact on everyday functioning
up to 3 months after testing negative account for 10%-50% of
the study participants [4]. According to a study by Peter et al
[5] conducted in 2020 and 2021, including 11,710 patients from
Germany, 28.5% of the patients reported persistent symptoms
for 6-12 months after infection with COVID-19. That study
further estimated that at least 6.5% of the adult patients in the
general population who had recovered from COVID-19 infection
were affected by long-term symptoms such as fatigue, dyspnea,
neurocognitive impairments, and chest pain [5]. As per the
World Health Organization, in the European region
approximately 20% of the patients developed symptoms
mentioned above continuing for at least 3 months after recovery
according to a meta-analysis [6]. In addition, psychological
symptoms such as anxiety and stress can have a negative impact
on the quality of life caused by the abovementioned long-term
effects [4,7].

After the treatment of acute symptoms is completed, patients
need postacute rehabilitation, where physical therapy plays an
important role in the treatment of lung-specific symptoms. For
the best treatment possible, outpatient programs as well as
solutions for the implementation of therapy programs in the
home environment have to be established [8,9]. Pulmonary
therapy approaches for chronic diseases such as chronic
obstructive pulmonary disease (COPD) designed to normalize
respiratory function have been well-established and are guiding
the development of therapies for patients with long COVID or
post-COVID condition. Therapy approaches include
mobilization exercises, endurance, as well as strength training
[10-14]. Since many patients experience psychological
symptoms from the effects of impaired respiratory function, it
is necessary to guide, counsel, and train patients in the use of

appropriate strategies and coping skills when acute respiratory
distress occurs [11].

Although the number of people affected by long and
post-COVID symptoms remains high even as the pandemic
situation continues to ease, there is still insufficient knowledge
about the disease and a shortage of specialists and therapy
programs [4,15]. In addition, the physical limitations of patients
further impact their access to traditional physical therapy
services. One way to address the shortage of adequate programs
is to develop digital therapy solutions and assistive devices that
are applicable in a home setting and can be individually applied
without the constant supervision of specialist staff.

Initial findings suggest that digital approaches enable a more
accessible implementation of therapies in the home environment
and, at the same time, can contribute to increased motivation
and adherence to therapy on the part of patients [16]. Previously
established digital applications, for example, for patients with
COPD have led to an increase in the quality of life, particularly
with regard to emotional control and reduction in fatigue and
dyspnea [17]. Virtual reality (VR) technologies are a solution
to implement individual and flexible physical therapies in virtual
space through the virtual representation of therapeutic measures
and therapy situations. Approaches to integrate immersive VR
applications already exist in various areas of rehabilitation as
well as in psychotherapy, for example, to alleviate respiratory
symptoms [18,19] and reduce anxiety and stress [20]. However,
the implementation of respiratory therapy approaches for the
home environment and especially programs for the target group
of patients with long COVID/post-COVID condition are still
under development. Further, a comprehensive review of the
initial evidence on the development and implementation of
appropriate VR applications does not yet exist.

Objectives
The aim of our literature review was to (1) obtain an overview
of the findings in international research regarding VR-based
respiratory rehabilitation programs for patients with long
COVID/post-COVID condition and (2) obtain criteria for the
development and implementation of respective VR applications
for the home environment. Our scoping review addresses the
research question: what scientific evidence exists on the
development and implementation of VR-assisted rehabilitation
programs for patients with long COVID/post-COVID condition
that are implementable in a home setting? The selection and
analysis of the studies were based on the following subquestions:

1. Which guidelines exist for the design of VR respiratory
rehabilitation programs?

2. What are the enabling aspects? What are the barriers to
implementation?
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3. What clinical outcomes have been reported?

Methods

Study Design
The methodological approach of the JBI (Joanna Briggs
Institute) method according to von Elm et al [21] was adopted
as the basis of this scoping review to give a broad overview on
the existing findings and identify established criteria in
international research for the implementation of VR-assisted
rehabilitation programs for patients with long
COVID/post-COVID condition. Since only a small number of
studies was expected regarding the patient group and the focus
was on respiratory rehabilitation programs, conditions with a
comparable symptomatic spectrum—such as patients with

COPD—were also included. Results will be reported using the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
guidelines (Multimedia Appendix 1). In preparation for this, a
review protocol was developed but not published or registered.

Search Strategy
A sensitive database search was conducted using the databases
PubMed, CINAHL, Cochrane, ScienceDirect, Web of Science
Social Sciences Citation Index, and PEDro. The search was last
updated in February 2024 in order to incorporate newly released
studies. According to the search components—population,
concept, and context—search terms were applied using Boolean
operators, truncations, and proximity operators (see Textbox 1
and Multimedia Appendix 2).

Textbox 1. Search string using the example of the search in PubMed.

(((covid-19[MeSH Terms]) OR (respiratory*[Title/Abstract])) OR (pulmonary*[Title/Abstract])) AND (Rehabilitation[Title/Abstract]) AND
(VR[Title/Abstract] OR virtual reality[Title/Abstract])

The identified studies were merged in the web-based tool
“rayyan” [22] and screened by titles, abstracts, and full texts in
regard to the research question, which was conducted
independently by 3 researchers. Additionally, the reference lists
of all the publications included in the full text screening were
searched for further evidence. The inclusion and exclusion

criteria for the studies were decided by team consensus (KD,
IK, and HAE).

Study Selection
All types of studies published in the period between 2012 and
2023 that were available in English or German and provided
with an abstract were included. The following inclusion and
exclusion criteria were applied (see Textbox 2).

Textbox 2. Inclusion and exclusion criteria for the studies in this review.

Inclusion criteria

• Studies on immersive virtual reality applications providing respiratory rehabilitation programs, including breathing exercises, physical training,
education, and programs introducing psychological counseling such as stress reduction for the home environment

• Studies including patients with long COVID, post-COVID condition, or chronic obstructive pulmonary disease

• Peer-reviewed empirical studies

• Mixed methods, qualitative, and quantitative studies

Exclusion criteria

• Clinical inpatient setting

• Telemedicine

• Virtual reality applications that are nonimmersive (applications for personal computers, augmented reality, etc)

• Gray literature (conference papers, opinion papers, study protocols)

Data Extraction and Synthesis
The characteristics of the identified studies were mapped in a
preconsented data form (KD) and summarized narratively. Three
researchers (KD, IK, and HAE) derived evidence on the
development and implementation as well as the clinical
outcomes of the studies concerning VR-based rehabilitation
programs from the literature included in this analysis. The
aspects identified were then categorized thematically, while
study results covered the areas of study characteristics,
physiotherapeutic concept, and outcomes in terms of clinical
parameters as well as usability and acceptability aspects and
were clustered and summarized according to the JBI method

[21]. The categorization was then discussed within the research
team.

Results

Overview
After duplicates were removed, 128 identified abstracts
according to the above listed criteria were independently
reviewed by 3 authors (KD, IK, and HAE). A full-text screening
of the resulting 36 publications led to 9 studies, which were
included in our review. Figure 1 shows the process of study
selection in a PRISMA flowchart.
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Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) flowchart of the study
selection process.

Characteristics of the Included Studies
The included studies were published between 2019 and 2023.
The majority of the studies [23-28] were published since 2022.
Six empirical studies were conducted in Europe and were limited
to the Netherlands, United Kingdom, and Slovakia [19,25-29].
Further, 2 publications that refer to the same study conducted
in the United States were included [23,24]. Four studies followed
a mixed methods design [19,23,25,27], 3 studies were qualitative
studies [24,28,29], and 1 study applied only quantitative methods

[26] (Table 1). The data analyses included 1 coping review: in
2020, Colombo et al [30] reported VR applications and
exergaming for pulmonary rehabilitation of patients with COPD.
Both immersive and nonimmersive approaches were included.
However, an assessment of the results with regard to the quality
of the included studies was not performed. There was no
systematic review on immersive VR rehabilitation programs
for home settings and targeting patients with long
COVID/post-COVID condition.
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Table 1. Full list of the publications included in this scoping review.

Sample size, nPopulation typeStudy designObjectiveStudy, year

N/AbPatients with COPDaScoping reviewLiterature review exploring findings on
virtual reality and exergaming applications
for pulmonary rehabilitation with focus

Colombo et al [30], 2020

18Patients with COPDMixed methods studyQualitative evaluation of the feasibility of
a pulmonary rehabilitation program, includ-
ing educational content for patients with
COPD

Gabriel et al [23], 2023

9Patients with COPDQualitative studyQualitative evaluation of a pulmonary reha-
bilitation program for patients with COPD

Gabriel et al [24], 2023

48Patients with post-
COVID

Mixed methods studyEvaluating self-administered virtual reality
exercises at home for post–COVID-19
condition

Groenveld et al [25], 2022

10Patients with COPD
(Medical Research
Council Dyspnea scale 4-
5)

Mixed methods studyInvestigating whether virtual reality pro-
vides a credible alternative to traditional
pulmonary rehabilitation programs and im-
proves compliance among patients with
COPD

Jung et al [19], 2020

16Patients with long-term
COVID or post-COVID
syndrome

Quantitative studyAnalyzing the use of virtual reality devices
to rehabilitate patients in a controlled outpa-
tient environment as well as in the home
environment

Lacko and Ruzický [26],
2022

10Patients with COPD
(Medical Research
Council Dyspnea scale 4-
5)

Qualitative studyEvaluating a virtual reality pulmonary reha-
bilitation for patients with COPD

Moorhouse et al [29], 2019

10Patients with post-
COVID

Mixed methods studyInvestigating the prevention, diagnosis, and
treatment of patients after COVID-19 while
using artificial intelligence and virtual real-
ity in combination with traditional approach-
es to patient rehabilitation

Ruzicky et al [27], 2022

35Patients with long
COVID (n=20), physical
therapists (n=15)

Qualitative studyDeveloping an evidence-based “Guidance
ethics in context” for virtual reality develop-
ment

Smits et al [28], 2022

aCOPD: chronic obstructive pulmonary disease.
bN/A: not applicable.

Synthesis of Results
The following section presents a synthesis of evidence from the
included studies as the result of the qualitative analysis. The
narrative description is based on the aspects of study
characteristics, rehabilitation program, technical implementation,
and evaluative and clinical outcomes.

Study Characteristics
The studies were first divided into 2 groups. The English
research group led by Jung et al [19] and Moorhouse et al [29]
and a US-American research group [23,24] tested VR
applications designed for patients with COPD. They refer to
the significance of continuous pulmonary rehabilitation,
education of patients regarding the characteristics of their
disease, and useful behavioral interventions. They also reported
low compliance due to depression related to the condition, low
awareness of the potential therapeutic approaches among
patients, and lack of knowledge about the benefits of continuous
therapy for chronic conditions. Immersive VR applications are
intended to create an innovative motivating rehabilitation

approach in this context [19,23,24,29]. The other publications
refer to the development or evaluation of immersive digital
rehabilitation programs for patients with long COVID or
post-COVID condition [25-28]. Although the post-COVID
condition, as already described in the introduction, refers to
persistent symptoms from 4 weeks after a COVID-19 infection
[26,27], other studies do not distinguish between long COVID
and post-COVID condition at all [25]. Long COVID is usually
described as a long-term consequence of infection with
SARS-CoV-2 with various physical, psychological, and
cognitive symptoms [25-28].

Ruzicky et al [27] collected data on symptoms and severity of
the disease during COVID-19 infection and after recovery
among a group of students and professors via a questionnaire.
Based on the results, which included fatigue, fever, shortness
of breath, and depression as common post-COVID symptoms,
2 groups of patients were included in the study. Ten patients
had mild muscle pain and shortness of breath after mild exertion
and another 6 patients were included who reported severe muscle
pain along with shortness of breath [27]. None of the studies
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required a medical diagnosis or the submission of test results
to verify if participants were actually infected with COVID-19;
instead, studies relied solely on patient reports. Moreover, none
of the studies provided further information regarding the
characteristics of participants apart from gender and age or the
cultural diversity of populations included. Studies have
characterized VR as a way of facilitating access to therapeutic
measures in the context of the pandemic [25,27]. In addition, 2
studies implemented individualized and multimodal therapy
programs, which address both physical and psychological factors
such as stress and anxiety [25,28]. Gabriel et al [23,24] further
implemented educational content regarding pulmonary
rehabilitation as part of the VR program [23,24].

Collection of Evaluative Data and Assessment
All the studies mentioned dealt with the evaluation of pulmonary
VR rehabilitation applications by patients with regard to
technology acceptance, usability, and criteria for implementation
[19,23-29]. Only 1 publication also included the viewpoint of
physical therapists in the assessment [28]. The majority of the
studies used interview procedures as the qualitative data
collection method [19,24,27-29]. Focus groups in which those
affected by COPD were able to discuss their experiences in
using the VR application were also used in this context [19,29].
The quantitative survey instruments used in the studies by Jung

et al [19] and Groenveld et al [25] included both standardized
questionnaires and assessments of physical performance. The
questionnaires included the Chronic Respiratory Disease
Questionnaire, Patient Health Questionnaire-9 [19], and the
11-point Borg Scale [25], as well as questionnaires regarding
psychological and cognitive factors such as Generalized Anxiety
Disorder-7 items [19], Hospital Anxiety and Depression Score,
and Cognitive Failure Questionnaire [25]. Gabriel et al [23]
further applied questionnaires to assess the usability of the
application such as the System Usability Scale [23]. Notably,
Groenveld et al [25] collected physical performance parameters.
These include the 6-Minute Walk Test, Timed Up and Go Test,
or 30-Second Chair to Stand Test. In addition, sensors such as
smart bracelets (heart rate, pedometer, hand movements, sleep
cycles) and pulse oximeters were used to measure the progress
of therapy in the studies [27]. Overall, clinical outcomes
(physical as well as psychological) and the evaluation of the
application used in terms of acceptance and usability were
analyzed in the studies.

Rehabilitation Program
The physiotherapy programs in the studies described in Table
2 primarily involve respiratory physiotherapy aimed at
improving patients’ functional ability [19,23-26,28,29].

Table 2. Characteristics of the rehabilitation programs evaluated in the studies included in this review.

Virtual scenarioSetting of trainingLength of trainingType of trainingStudy, year

Custom-made
minigames and multi-
ple choice

Home settingNot reportedPhysical training (pulmonary rehabilitation),
educational content

Gabriel et al [23], 2023

Custom-made
minigames

Home settingNot reportedPhysical training (pulmonary rehabilitation)Gabriel et al [24], 2023

Custom-made applica-
tions (minigames) for
different exercises

Home setting6-week trialPhysical training, cognitive training, psycho-
logical exercises (meditation), independent
training: self-management by patients

Groenveld et al [25],
2022

Digital avatarHome setting, remotely
supervised by health
practitioners

8-week trialEducational material, physical training
(traditional pulmonary rehabilitation + focus
on lower extremity), independent training:
self-management by patients

Jung et al [19], 2020

Digital avatar, photore-
alistic environments

Diverse, remotely super-
vised by health practition-
ers

6-10 weeksBreathing exercises, physical training (upper
limb), cognitive training

Lacko and Ruzický [26],
2022

Digital avatarHome setting8-week trialPhysical training (pulmonary rehabilitation),
educational material, independent training:
self-management by patients

Moorhouse et al [29],
2019

Digital avatar, photore-
alistic environments

Diverse, remotely super-
vised by health practition-
ers

Minimum of 3-4 weeks
trial up to more than 5
months

Breathing exercises, physical training (upper
limb)

Ruzicky et al [27], 2022

Custom-made applica-
tions (minigames) for
different exercises

Diverse6-week trialPhysical training, cognitive training, psycho-
logical exercises (meditation), independent
training: self-management by patients

Smits et al [28], 2022

The focus of the studies was on various aspects such as relief
of respiratory distress [19,23,24], rehabilitation of the upper
limbs [26,27], and strengthening of the respiratory support
muscles [19,29]. For this purpose, physiotherapeutic programs
consisting of endurance, strength, and respiratory training were
implemented. In addition, mental rehabilitation in light of the

impact of the disease [28] as well as long-term goals such as
feeling confident leaving the house [19] and quality of life [29]
are addressed. Three studies also included exercises to improve
cognitive skills [25,26,28]. Ruzicky et al [27] claimed that they
addressed prevention, diagnosis, and treatment after COVID-19
but did not provide any further details on that. The length of
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the therapy programs ranged from 6 to 10 weeks
[19,25,26,28,29]. Only in the study of Ruzicky et al [27], a
minimum duration of 3-4 weeks was indicated, while in
individual cases, the rehabilitation may last several months. In
each case, the training program was designed for implementation
in the home setting [19,23-29], but half of the publications also
reported hybrid use cases within the study. For example, patients
were able to try out the VR application in a therapy practice.

Moorhouse et al [29] as well as Jung et al [19], Smits et al [28],
and Groenveld et al [25] implemented respiratory rehabilitation
measures that were applied fully independently by patients.
However, Ruzicky et al [27], Lacko and Ruzický [26], and Jung
et al [19] implemented measures to monitor exercise progress.
Patients were remotely assisted in setting up the program, for
example, via telerehabilitation methods, while the exercises
themselves were then performed independently [26,27]. Jung
et al [19] focused on ensuring patient safety in their study on
patients with COPD. For this reason, data such as heart rate and
oxygen saturation were continuously measured in order to be
able to intervene in the event of respiratory distress [19]. The
selection of exercises was either defined by the patients
themselves [29] or discussed with the therapist and adjusted to
the requirements of the patients [26-28]. Ruzicky et al [27] and
Lacko and Ruzický [26] specified that they included age, gender,
and personality type in the selection process but did not specify
what the criteria for the personality type is referring to and how
age and gender influence the selection of the program.

The interdisciplinary research team consisting of researchers,
medical doctors, physical therapists, designers, and VR
developers as part of the study by Smits et al [28] developed a
toolkit with resources and games. The program consisted mainly
of pre-existing games and apps for physical, mental, and
cognitive rehabilitation [28]. Three studies stated that a 3D
avatar guides the exercises in the immersive VR environment
[19,26,29]. Thereby, only 2 studies (from the same research
team in Slovakia) chose a realistic representation of the avatar
and environment [26,27]. Most commonly used VR headsets
were Oculus Quest 2 [23,24,26,27] and Oculus Quest [25,28].
Other headsets used were Pico Interactive Goblin [19] and HTC
VIVE Pro EYE [26]. Only Moorhouse et al [29] did not specify
the headset used in their research.

Usability and Acceptance
VR-assisted digital respiratory rehabilitation was found to be
generally acceptable and feasible in the reviewed studies. In
this context, both the enabling factors and barriers for the
development and implementation of corresponding applications
could be derived from these studies. The benefits of virtual
therapy include the aspects of immersion, motivation, as well
as autonomy, flexibility, and the possibility of monitoring by
therapists. In contrast, barriers include the initial adverse effects
related to VR technology and the technical problems and lack
of accessibility or usability of the VR applications.

Enabling Factors
In general, study participants described the tested applications
as easy to use and enjoyable [19,23-25,28-30]. Studies in the
context of respiratory rehabilitation of patients with COPD, in

particular, also addressed the immersion in a virtual world,
which among other things represents a distraction from the
disease. In addition, the avatar guiding the exercises was
considered as a social element to a certain extent [19,30]. VR
is also considered easier to apply compared to traditional options
such as instructions from printed material and booklets for the
home environment [29]. Patients with COPD as well as patients
with long COVID described the VR application as engaging
and pleasurable [23,24,29]. They emphasized experiencing
increased motivation to engage in therapeutic measures due to
the stimulating or even calming nature of the virtual world,
depending on the exercise [19,23-26,29,30]. The increased
motivation leads to an increased frequency in usage [19,26,27].
Additionally, Smits et al [28] concluded that the gamification
of exercises, in particular, contributes to the motivation of
patients. Gamification refers to design elements that reproduce
game elements and logics. This includes, for example, the
integration of exercises into a game environment, earning scores
through correct performance, and competitive approaches such
as playing against each other.

Groenveld et al [25] distinguished between users according to
their age and found that the duration of VR application increases
with age. A possible explanation could be older persons’ lesser
familiarity with VR technologies because of which they are
slower in navigating through the application and they lose
interest in the interactive environment and the immersion less
quickly [25]. Other studies reported patient groups without any
previous experience with VR technology showing difficulties
at the beginning of the program [26,27]. Lacko and Ruzický
[26] and Ruzicky et al [27] also address the so-called
“WOW-effect” in their study, describing first-time users’ initial
curiosity and great interest in VR [26,27]. However, according
to this logic, boredom could also set in after a certain time of
using the rehabilitation measure. In 2 studies, comments from
study participants, including those who dropped out early, also
indicated this same issue [25,26]. The digital program was
described as boring, and doubts were expressed about the
usefulness of the therapy [25].

Finally, the flexibility and autonomy in the implementation of
VR therapy measures is emphasized in the reviewed studies
[19,23,24,28,29]. This includes the feasibility of rehabilitation
independent of time or location restrictions [23,24,28]. Jung et
al [19] concluded that VR reduces the barriers for compliance
by increasing the accessibility of rehabilitation programs, which
are applicable in the home environment [19]. Patients mentioned
that implementation in the home environment, in particular, can
contribute to a feeling of comfort and security. In addition,
patients reported that monitoring by therapists also gave them
confidence [19,23,24]. Nevertheless, VR is perceived as a way
to complement traditional therapies offering the advantage of
social contact, which VR applications cannot fully compensate
for [29].

All rehabilitation programs were customized for the patients in
question. However, a distinction was made whether the program
was determined by the therapist [19,26,27,29] or by the patients
themselves [28]. Smits et al [28] also found that the ability to
adapt the therapy to one’s own level of rehabilitation and to
select exercises individually offered a high added value and
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contributed to patients’ autonomy. Likewise, Jung et al [19]
and Moorhouse et al [29] corroborated the same findings in
their evaluations.

Barriers
In addition to the benefits of VR-assisted respiratory therapy,
barriers to VR implementation were described in these studies.
First, the potential adverse effects of VR therapy are motion
sickness or overextension due to immersion in an interactive
virtual environment [25,28]. Motion sickness is a condition
characterized by symptoms of nausea, vomiting, and dizziness
caused by conflicting sensations related to motion. Motion
sickness is commonly experienced when using VR devices, as
the immersive nature of VR can create a sensory conflict
between the visual input of a virtual environment and the lack
of corresponding physical movement [31]. Further, dizziness,
headache, or neck pain were among the most frequent reasons
for patients to discontinue the studies [25,28]. Second,
immersion can also cause anxiety through a realistic
representation of an environment that does not match one’s own
setting. For example, some patients were afraid of falling while
performing the exercises [28]. Third, the VR application was
sometimes perceived as overwhelming [25,28]. Smits et al [28]
stated the assumption that cognitive impairment as part of
long/post-COVID condition may also make the use of VR
difficult or impossible for certain patients. This also means that
VR-assisted therapy programs should be used individually
depending on the condition of each patient. Smits et al [28]
therefore recommend a close physiotherapeutic supervision,
tracking of training sessions, as well as the monitoring of vital
signs. Furthermore, the headset was felt to be too heavy
[19,23,29,30].

Studies with a focus on the technical user-friendliness of the
application provided information on how to improve the tested
applications [26,27,29]. These included, in particular,
information on the navigation of the programs (ie, pause or fast
forward button [29], one-click solution to start program [26,27]),
which states that the technical accessibility and intuitive
environment that allows handling even by less technically
experienced people, are of great importance. In addition, some
studies recommend providing the virtual environment with a
simple graphical user interface [26,27] and using clear
instructions [30] to facilitate use. Smits et al [28] point out that
lack of usability can not only prevent usage and acceptance but
also influence the results of studies aiming toward the evaluation
of efficacy of programs. An appropriate design could also reduce
the abovementioned adverse effects. Therefore, an
interdisciplinary design process is recommended to ensure
usability [28]. Furthermore, therapists will need proper training
and logistical support in regard to the use and implementation
of respective VR technology to adequately supervise the training
of patients [28].

Clinical Outcomes
In addition to usability and acceptance assessments, all studies
listed here also collected clinical parameters for the evaluation
of respiratory rehabilitation. These included both physical and
psychological outcomes. In regard to the respiratory function
and fatigue, an overall improvement was reported in 3 studies

[19,25,27]. Jung et al [19] reported that outcomes of female
participants with regard to dyspnea and fatigue were even better
than the results from male participants. In addition, a significant
increase in patients’ physical abilities such as strength and
mobility was also observed [19,27-29]. Groenveld et al [25]
found significant improvements in the 6-Minute Walk Test,
grip strength, and 30-Second Chair to Stand Test. Ruzicky et
al [27] mentioned that the program focused on developing upper
limb mobility and cognitive skills through interactive tasks in
the VR environment. However, information on the exact content
of the tasks is lacking.

Surveys of the health-related quality of life and the Positive
Health questionnaire and 12-Item Short Form Survey showed
significant improvement in the quality of life in patients with
COPD and patients with long COVID [19,25,29]. Patients felt
fitter and were more likely to participate in social activities
[19,29]. In the study of Groenveld et al [25], the improvement
occurred already after 6 weeks. Further, stress and anxiety were
reduced during the rehabilitation [19,25,29]. However, this was
partly only true for patients who used specific mental health
applications [25]. Participants also felt more confident in dealing
with their own disease and in everyday tasks [19,28,29]. Some
patients said that they were more mindful of their own health
as a result of the program, making time for meditation on their
own and setting preventive boundaries in their daily lives [28].
These experienced benefits of VR therapy as well as increased
patient motivation also led to improved compliance [19,26-29].

Discussion

Principal Findings
The results of the reviewed studies show internationally
available and initial evidence with regard to the development
as well as the feasibility of respiratory VR rehabilitation for
patients with long COVID in particular. The topic addressed in
this review is a very new field of research. Approaches to VR
therapy for other therapeutic needs such as for patients who had
a stroke or Parkinson disease have already been implemented
in the past 15 years [25,26,29]. However, lung-specific virtual
physiotherapy appears to be still under development even in
regard to the condition of COPD, which is already well-studied.
The reported results are promising for VR applications, as the
tested applications were described as enjoyable, pleasurable,
and motivating when correctly introduced [19,23-27,29].
Furthermore, they can offer a more flexible rehabilitation
program without restrictions of time and location
[19,23,24,28,29]. Nevertheless, the studies also showed that the
implementation of VR therapy interventions cannot generally
be considered appropriate for every patient or in every setting
because some patients could not complete the training due to
motion sickness [25,28], and VR poses various hurdles in terms
of the digital literacy of patients and therapists [23,24,28].

Comparison With Prior Work
A previous study that is the most similar to ours is the
comprehensive review of VR for pulmonary rehabilitation by
Pittara et al [32] in 2023. They offer a broader overview of VR
applications in pulmonary rehabilitation by including all types
of VR experiences, ranging from nonimmersive to fully
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immersive, and various populations, including healthy
individuals as well as patients with COPD and asthma. In
comparison to Pittara et al [32], our review takes a more focused
approach by specifically filtering publications to include only
immersive VR experiences within pulmonary rehabilitation
programs for outpatients. The main strength of our review
therefore lies in its clearly defined goals to provide an overview
of immersive VR experiences for outpatients experiencing long
COVID and COPD. Our review highlights the findings and
shortcomings of existing research specifically in relation to the
implementation of home-based rehabilitation programs for the
target group. In particular, the hurdles of digital literacy
identified for implementation at home and the need for training
to ensure adequate use and guidance can be highlighted in this
regard [27-29].

Our study findings also show the necessity to include the needs
and prior knowledge of the target groups in the development
of appropriate therapies. Only when appropriate programs
achieve added value (eg, through individualized programs,
monitoring) and are at the same time easily implemented, they
can be applied in practice. The approaches adopted to involve
patients in the evaluation of the applications, in terms of
usability and acceptance, have shown that patients can provide
important information for the development and implementation
of VR-supported therapies [19,28,29].

Participatory approaches to technology development, which
involve patients already during the development of applications
and therapy programs, could help to adapt the applications even
more precisely to the needs and requirements of users. The
World Health Organization, for instance, recommends a
patient-centered development of rehabilitation measures, digital
services, and devices in order to support the self-care
competence, especially of patients with long/post-COVID
condition [4]. Regarding the novelty of the postacute condition,
the involvement of patients seems even more crucial because
researchers, practitioners, and patients are still undergoing a
learning process on how to address and manage the symptoms
reported [15]. Therapists, who are to integrate the applications
into their therapy services and train the patients in their use, can
also provide concrete information on their feasibility in practice.
Of the studies analyzed in this review, however, only 1 study
design included therapists [28].

Limitations
Although this scoping review was supported by steps, including
refinement of the protocol through team discussion, blinded

searching, and selection of papers by 3 researchers, several
limitations have to be mentioned. First of all, limitations in the
scope of the reported study results must be explained, as only
4 groups of researchers (from Slovakia, the Netherlands, United
States, and United Kingdom) were involved in the studies
analyzed, which represents quite a Eurocentric perspective. This
scoping review was limited to studies published in English and
German—the spoken languages of the researchers in this
scoping review. However, the scoping review method and the
explorative search strategy were deliberately chosen in order
to be able to explore an overview of the topic while maintaining
the focus of the research, and a critical evaluation of the studies
was not intended. The second important aspect to note is that
study designs implemented by the included studies and the
quality in regard to scientific standards were very heterogeneous.
Due to the diverse applied assessments and questionnaires, the
comparability remains limited. Furthermore, evidence is still
limited to pilot studies or a small number of patients, and no
long-term studies or randomized controlled studies could be
integrated—only cross-sectional surveys.

Conclusion
The results of this scoping review show that VR applications
are well accepted by users, especially due to their flexible and
individual applicability. Particularly mentioned by patients was
the possibility of individualizing training plans and schedules
as well as monitoring functions for remote monitoring by
therapists. The implementation of rehabilitation measures in a
playful, immersive setting contributed to motivating patients
and increasing their compliance in respective studies. Initial
feasibility studies also show an improvement in physical
performance as well as psychological parameters such as
confidence in managing the disease and quality of life. At the
same time, hurdles arise with regard to the technical feasibility
of VR therapies. Virtual applications must be as accessible and
easy to use as possible so that patients without prior knowledge
can also benefit from the therapy options. Furthermore, scientific
research has to further develop empirical reliable findings for
the sustainable long-term implementation of support programs
for patients with long/post-COVID condition in the years ahead.
In particular, the question on how to implement these findings
into practice with regard to financing, further education of
therapists, technical support, and the alignment of traditional
and innovative autonomous approaches to therapy have to be
a priority.
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Abstract

Background: Mental health disorders are the leading cause of health-related problems worldwide. It is projected that mental
health disorders will be the leading cause of morbidity among adults as the incidence rates of anxiety and depression grow
worldwide. Recently, “extended reality” (XR), a general term covering virtual reality (VR), augmented reality (AR), and mixed
reality (MR), is paving the way for the delivery of mental health care.

Objective: We aimed to investigate the adoption and implementation of XR technology used in interventions for mental disorders
and to provide statistical analyses of the design, usage, and effectiveness of XR technology for mental health interventions with
a worldwide demographic focus.

Methods: In this paper, we conducted a scoping review of the development and application of XR in the area of mental disorders.
We performed a database search to identify relevant studies indexed in Google Scholar, PubMed, and the ACM Digital Library.
A search period between August 2016 and December 2023 was defined to select papers related to the usage of VR, AR, and MR
in a mental health context. The database search was performed with predefined queries, and a total of 831 papers were identified.
Ten papers were identified through professional recommendation. Inclusion and exclusion criteria were designed and applied to
ensure that only relevant studies were included in the literature review.

Results: We identified a total of 85 studies from 27 countries worldwide that used different types of VR, AR, and MR techniques
for managing 14 types of mental disorders. By performing data analysis, we found that most of the studies focused on high-income
countries, such as the United States (n=14, 16.47%) and Germany (n=12, 14.12%). None of the studies were for African countries.
The majority of papers reported that XR techniques lead to a significant reduction in symptoms of anxiety or depression. The
majority of studies were published in 2021 (n=26, 30.59%). This could indicate that mental disorder intervention received higher
attention when COVID-19 emerged. Most studies (n=65, 76.47%) focused on a population in the age range of 18-65 years, while
few studies (n=2, 3.35%) focused on teenagers (ie, subjects in the age range of 10-19 years). In addition, more studies were
conducted experimentally (n=67, 78.82%) rather than by using analytical and modeling approaches (n=8, 9.41%). This shows
that there is a rapid development of XR technology for mental health care. Furthermore, these studies showed that XR technology
can effectively be used for evaluating mental disorders in a similar or better way that conventional approaches.

Conclusions: In this scoping review, we studied the adoption and implementation of XR technology for mental disorder care.
Our review shows that XR treatment yields high patient satisfaction, and follow-up assessments show significant improvement
with large effect sizes. Moreover, the studies adopted unique designs that were set up to record and analyze the symptoms reported
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by their participants. This review may aid future research and development of various XR mechanisms for differentiated mental
disorder procedures.

(JMIR Serious Games 2024;12:e38413)   doi:10.2196/38413

KEYWORDS

extended reality; mental disorder; depression; anxiety; exposure therapy

Introduction

Background
Mental disorders are defined as behavioral or mental patterns
that cause significant distress or impairment for an individual.
These are highly prevalent and, currently, are the leading cause
of disability worldwide. In the past decades, a worldwide
increase in the incidence of mental disorders has been observed
[1,2]. According to the World Health Organization (WHO),
mental disorders are the leading cause of disability in the United
States and the United Kingdom. The WHO predicted that mental
disorders would account for 13% of the total burden of diseases
by 2030 [3]. As an indication, around 20% of adults experience
1 type of mental health problem in the United States, the United
Kingdom, and related high-income countries [4]. A recent
survey shows that the acceleration of socioeconomic
developments has increased the prevalence of mental disorders
(17.5% adults) in China [5]. Meanwhile, adolescents are
characterized with the highest incidence of mental disorders in
Canada [6]. Although over 75% of people with mental disorders
remain untreated in middle-income countries, 35%-50% of the
corresponding range is also found in high-income countries [3].

The WHO estimated that these mental conditions will cost the
worldwide economy about US $1 trillion in lost productivity
annually [7]. Some of the mental disorders are interlinked. For
instance, anxiety and depression remain the most common
mental disorders in society [8]. Anxiety is closely linked to
mood disorders, and individuals developing depression have
often experienced anxiety disorder at some earlier point(s) in
life [9]. Although the etiology of anxiety disorder and depression
is complex, multiple causal factors, such as rapid social change,
stressful work conditions, gender discrimination, social
exclusion, an unhealthy lifestyle, physical ill health, human
rights violations, and genetics, have been appropriately studied.
Many times, mental health researchers have studied the positive
effects of evaluating anxiety in combination with other mental
conditions, such as pain and depression. For example, Bandelow
and Michaelis [10] reported that 1 of every 13 mental disorders
is anxiety with major depressive and specific phobia disorder.
In general, reports mostly suggest that closer mental care should
be addressed by increasing the accessibility and development
of tools that patients can use on their own [3].

Conventional Assessment Approaches
Cognitive behavioral therapy (CBT) is a conventional approach
that is shown to be effective in the treatment of a wide range of
mental disorders, such as anxiety disorder, depression, phobia,
and alcohol use problems [11]. CBT is based on the core
principle that thoughts impact feelings and feelings impact
behavior. During CBT, patients learn to change maladaptive

thinking patterns and novel coping behaviors to become and
stay healthy. CBT can be as effective as, or even more effective
than, other forms of psychological therapy or even psychiatric
medications, especially for patients diagnosed with anxiety
disorder or depression. CBT is well supported by many clinical
practice guidelines [11]. Studies have shown that it is an
evidence-based therapy that reliably helps in overcoming
depression. However, it involves aiding people to identify and
change the bad lifestyles that negatively influence their behavior
and emotions [12]. Rather than being a set method, CBT
combines procedures that are developed on a certain disorder
that has been unevaluated. For instance, the treatment procedure
for depression is different from how CBT is used in evaluating
phobia and anxiety disorder.

Exposure therapy is a major element of CBT that is more
focused on certain mental disorders related to anxiety [13]. In
this approach, participants, the subjects being assessed, are
exposed to feared objects, activities, or situations in a safe
environment, and this is known to reduce patients’ fear and
possibility of avoidance. With gradual follow-up, participants
learn to overcome their anxiety [14]. The variations of exposure
therapy can be majorly classified as conventional exposure and
modern exposure, usually based on the application context.
Conventional exposure includes both in vivo and imaginal
exposure. During in vivo exposure, patients are intentionally
faced with real-world objects or situations they fear to reduce
their anxiety [15]; however, it only works in a small percentage
of mental health cases. In contrast, imaginal exposure configures
an alternative approach during which patients imagine the worst
outcome scenarios to confront their fears within their mind. The
effectiveness of imaginal exposure depends on a patient’s
motivation and their ability to generate fear-inducing
imaginations. Exposure therapy is challenging as therapists
require extensive training and multiple, long exposure sessions.
Consequently, the conventional methods are time-consuming
and costly. Recently, XR was evaluated as a new approach for
delivering exposure-based therapy for mental disorders. The
potential of XR for treating anxiety and depression has been
reported [16,17].

Use of Extended Reality in Mental Health
“Extended reality” (XR) is an umbrella term referring to all
real, virtual, and mixed environments, wherein interactions are
generated by computer technology to engage humans [13]. XR
is a rapidly growing technology and is playing prominent roles
in different sectors, such as providing clear benefits in many
aspects of work and business, including training, collaborative
working, and marketing. The technology is rapidly gaining
traction in creating imagination of real worlds through virtual
reality (VR), augmented reality (AR), and mixed reality (MR).
XR was recently conceived for carrying out the evaluation of
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mental health. Thus, patients with mental disorders can be
virtually immersed to allow them to display and confront the
disorders they have. It has been noted that the advances in XR
tools can transform the health domain remarkably; however, an
exciting issue is studying the adoption and implementation
levels of current VR, AR, and MR techniques for evaluating
mental health [18-20]. In the industry sector, reports showed
that the XR medical market was estimated to reach US $1.7
billion in 2022, with a compound annual growth rate of 105.6%
from 2018 to 2022 [21]. Thus, supporting XR-based solutions
will play a crucial role in the future of mental health. As the
market continues to grow, it is safe to assume that developing
XR technologies for mental disorder interventions will continue
to increase.

In mental health interventions, XR techniques involve the use
of single or multiple base technologies to create exposure. The
base technologies, namely VR, AR, and MR, involve using
computer models to artificially design real-world environments
with stimuli sensory features. Thus, the artificial environment
can simulate typical contexts that induce mental disorders, such
as anxiety, phobia, or pain, to enable users to interact with the
environment. Typically, an artificial environment can be
developed using 4 main components:

• A high-end graphics-rendering unit that is used to compute
and render virtual scenes via a frame buffer

• A 3D stereo display unit that connects users’visual sensory
system to the environment

• A tracking system that models users’ movement in the
virtual environment

• Other input interfaces, such as joysticks or sensory gloves,
that provide tactile feedback

Currently, studies suggest that XR-based evaluations can be as
effective as conventional exposure–based methods [11,22-24].
It is anticipated that XR technology will offer the greatest
promise for mental health care [11]. This is because XR-based
exposure therapies are found to be accessible and can offer
lasting improvements for different mental health conditions.
By analyzing many studies, we have found that a good number
of XR techniques exist. These are used to evaluate different
mental disorders via different software and hardware
technologies [11,22,25,26]. XR systems have been successfully
applied in individual, group-based, and internet-based mental
health interventions [27-29]. The adoption of XR systems started
around 2 decades ago, when Hoffman and coworkers [30]
developed a VR gaming system called SnowWorld for
exposure-based therapy in mental health care. The game
provides a systematic way of reducing players’ pain perception
during burn wound care. Anderson et al [22] presented a
follow-up of the first randomized clinical trial to test another
format for delivering CBT for social anxiety disorder—VR
exposure therapy. The study showed that VR and exposure
group therapy has been well established as an effective strategy
for evaluating social anxiety disorder.

The application of XR technologies (VR, AR, MR) for mental
health care delivery provides opportunities and a greater degree
of control for therapists to customize, reproduce, and tweak
several evaluation parameters according to an individual

patient’s needs during mental health care. Such parameters
include fan wind, stereo sound, a moving chair, a color display,
and odor emitters [31]. This kind of customization may not be
achieved in traditional exposure therapy [32,33]. In addition,
the risks associated with privacy intrusion reduce as everything
is transformed into a virtual environment [34]. Simulated and
augmented environments are less scary than the use of in vivo
and imaginal exposure in conventional therapy [30].
Exposure-based therapies defined on VR/AR/MR apps have
been shown to be effective for evaluating different mental health
conditions. This study presents the findings of a scoping review
of the state-of-the-art XR systems used in mental health care.

Objective
XR-based mental health interventions have been advancing
rapidly. It is critical to analyze the implementation and adoption
levels of state-of-the-art XR techniques (ie, a combination of
studies that have reported VR, AR, and MR) used for mental
health care delivery. This review was conducted following the
guidelines outlined by Arksey and O’Malley [35]. The main
objective of this scoping review was to show the implementation
and usage levels of XR-based therapy in providing care for
different mental disorders worldwide. Thus, this review was set
to provide a statistical analysis of studies that have recently
focused on (1) technological design and usage of XR in mental
health care with a worldwide demographic focus, (2)
components that are found in different XR interventions used
for mental disorders, and (3) effectiveness of XR technology
in anxiety and depression as top mental disorders.

Methods

Eligibility Criteria
The adoption of VR, AR, and MR for mental disorder evaluation
has evolved over time. The rapid advancement has occurred in
a corresponding timeline with developments in the hardware
and software used for implementing XR technologies. Hence,
we decided to limit our data sources to papers published between
August 2016 and December 2023 so as to analyze the state of
the art in the study area. Advance search sections of 3 databases
by the authors OM, IO, JO, and AB individually and the papers
located were later combined to ensure a wide coverage of papers
published in the search period. Further, only a limited set of
search criteria were used to limit the papers extracted to more
relevant ones. We only considered studies that were published
in peer-reviewed journals and refereed conferences (with oral
presentations). Ten records were identified via professional
sourcing. Based on our search strategy and study goal, we
decided to use a combination of 2 search rules: (1) all search
terms must be present in the paper’s title or abstract or both,
and (2) the paper’s publication year must be within the specified
range between August 2016 and December 2023. Additionally,
exclusion criteria were defined as (1) duplicate papers; (2)
version updates; (3) papers written in a language other than
English; (4) studies that reported anxiety or depression as a
secondary aspect or induced illness; and (5) papers presenting
strengths, weaknesses, opportunities, threats (SWOT) analysis,
thesis and citations, and scoping reviews.
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Information Sources
We formulated a search strategy used to explore multiple
databases to find all recent and relevant studies on XR
technologies. We focused on information from studies that
focused on depression and anxiety and related mental disorders.
The scoping search was conducted on 3 different databases that
are library sources for research papers, gray literature, patents,
and common information. Our choices of databases were (1)
PubMed, (2) Google Scholar, and (3) the ACM Digital Library.
These databases were chosen because they provide an interface
to generate wild search queries across a variety of disciplines,
databases, and journals. In addition, they have the most complete
indexes of papers that focus on the theme of this review study.
This aided us in simultaneously accessing a broad range of
evidence, including technical and peer-reviewed studies reported
from different parts of the world, different publishers, and over
a long period. We defined our search period to filter out only
papers published between August 2016 and December 2023
and indexed in any of the 3 databases. Overlapping papers were
filtered to avoid duplication. Multilevel filtering was carried
out following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [35] and
the associated checklist in Multimedia Appendix 1. This limited
the search outcomes to relevant studies that could provide the
most valuable data to answer our research objective. The search
strategy was set to limit data sources to studies that implemented
or used VR, AR, or MR for different mental disorders.

Search Strategy
Our paper search strategy was based on using an organized
structure of search terms to retrieve the existing literature in the
3 databases. We combined the keywords in our research
objective in order to retrieve relevant papers from the databases.
The search terms were discussed among the research team
members and were defined as “augmented reality,” “mixed
reality,” “virtual reality,” “depression,” “anxiety,” and “mental
health.” We chose the free-text search as it is more flexible, and
targeting the free words in both the title and abstract fields to
limit the final sets provided an efficient way to increase the
specificity of our search. These keyword searches were carried
out for each concept in our research objective, and we designed
the search queries to include a combination of the Boolean
operators “OR” and “AND” to reduce the omission of vital
papers. These search terms were the most appropriate keywords

that were reflected in the subject area and had the utmost
relevance to our review objective. We exclusively used full
terms during the search in order to avoid any potential conflicts
with other terms; for example, VR for “virtual reality” might
also be used for “voice recognition,” which would make the
filtering cumbersome and not necessarily generate additional
useful resources. The selection criteria were carefully designed
to consider papers that contained 1 or multiple search terms in
the their title or abstract or both.

Study Selection
The search yielded 831 papers scraped from the 3 databases,
and 10 papers were identified through a professional source.
Specifically, by using the defined search filter criteria “anywhere
in the article,” the search results included 608 (73.16%), 172
(20.7%), and 51 (6.14%) papers scraped from PubMed, Google
Scholar, and the ACM Digital Library, respectively. The papers
were scraped and processed by following the set of items in the
PRISMA checklist. First, authors IO, JO, and AB independently
screened the papers retrieved, while author OM performed a
quality check on all the final records. Next, irrelevant and
duplicate papers (314/831, 37.79%) were removed; thus, a total
number of 517 (61.47%) papers were left. The remaining papers
were further screened for relevance. With title screening, 176
(30.04%) irrelevant papers were removed. Full abstract reviews
was performed in situations in which a paper’s relevance could
not be resolved from its title. Thus, 103 (58.52%) papers were
further screened out. Yet, authors carried out a review of the
full text when certainty on a paper’s relevance was still lacking
in order to decide whether it was relevant. In total, 279 (53.97%)
nonrelevant papers were screened out by the authors, leaving
only 238 (46.03%) papers for retrieval. A second screening step
was required to limit the scoping review to papers that fulfilled
the eligibility criteria. Thus, further assessment was carried out,
and another 127 (53.36%) papers were removed. The full texts
of the remaining 111 (46.64%) papers were retrieved. Papers
that were out of context (n=20, 18.02%) and those that lacked
quantitative data (n=6, 5.4%) were also excluded. Finally, a
total of 85 (76.58%) papers that meet the eligibility criteria were
included in this review. All these procedures were performed
in Microsoft Excel and without any form of automation. The
paper selection process strictly followed the steps shown in
Figure 1.
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Figure 1. Literature screening and selection flowchart following PRISMA guidelines. PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

Data Collection and Information Extraction
Three of the authors performed data extraction, while data
validity and accuracy were checked by a fourth author. The full
texts of the 85 papers were downloaded and shared among the
authors for review. The following specific details of the papers
were extracted and processed in Excel to analyze the adoption
of VR, AR, and MR in managing anxiety and depression and
related mental disorders:

• Authors, year, and regions
• The study type and study design focus and health domain
• the methodology (eg, study duration, number of sessions,

and duration in minutes)
• The methodology that the study was based on and the

evaluation strategy
• The VR/AR/MR app and technology (eg, type of headset,

toolkit) used for the study
• Study demographics, such as targeted population, sample

size, and age distribution
• Motivational strategies, targeted outcome, and region
• Key findings on using the XR techniques for managing

depression and anxiety

The details related to the abovementioned data were used to
address the specific research objective guiding this scoping
review. The useful insights provided by the data could help
developers and researchers on future research on VR/AR/MR
for the intervention of mental disorders. In addition, users can

learn the importance of such systems, such as the use of
XR-based exposure therapy, for mental health.

Results

Publications’ Demographics by Country and Year
This scoping review was based on a total of 85 papers
[26,32,36-118], which are described in Multimedia Appendix
2. We reported the statistics and meta-analysis of studies that
addressed the technological design and usage of XR in mental
health, the major components used in different XR interventions
for the management of mental disorders, and the effectiveness
of the XR technology in anxiety and depression as top mental
disorders.

First, we analyzed the country of origin of the papers. The 85
studies were conducted in 27 countries worldwide, as presented
in Table 1. Of these 85 studies, 14 (16.47%) were carried out
in the United States, followed by 11 (12.94%) in Germany.
Compared to a previous study [12], both countries dedicated a
good amount of research funding and time to study how XR
aids mental health care in the United States and Germany. The
data also showed that a good number of studies were conducted
in South Korea (n=8, 9.41%) and the Netherlands (n=6, 7.06%).
Our study infers that compared to the remaining 21 countries,
the aforementioned 4 countries invested a good amount of effort
in domestic technological development toward creating
XR-based tools for mental disorder. Thus, XR systems
contribute immensely to the economic and health care systems
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of high-income countries. Meanwhile, our data also identified
that mental studies are not yet prioritized in Africa. In terms of
study frequency by year, Table 2 shows that the majority of
papers (n=27, 31.76%) were published in 2021. This could
underline a worldwide priority set to advance mental health
care. However, none of the studies mentioned whether this was
attributed to the ongoing COVID-19 pandemic [119].
Nonetheless, secondary studies identified that the prevalence
of anxiety and depression increased by 25% in the first year of

the pandemic, while the psychosocial effects of the pandemic
varied by regions [120,121]. Hence, it is likely that the
pandemic-related increase in mental disorders and the increased
adoption of virtual treatment during the pandemic contributed
to the rise in the number of XR-based mental health
interventions in 2021. Furthermore, there was a great decline
in the number of investigations reported in 2022 (n=12, 14.12%)
and 2023 (n=16, 18.82%). This coincides with the time
COVID-19’s worldwide prevalence had decreased.

Table 1. List of countries that conducted mental health studies using XRa technologies.

Studies (N=85), n (%)Country of studyNumber

1 (1.18)Armenia1

2 (2.35)Australia2

2 (2.35)Austria3

1 (1.18)Belgium4

1 (1.18)Canada5

4 (4.71)China6

2 (2.35)Denmark7

1 (1.18)France8

11 (12.94)Germany9

1 (1.18)Hong Kong10

1 (1.18)India11

3 (3.53)Iran12

2 (2.35)Israel13

1 (1.18)Japan14

2 (2.35)Jordan15

8 (9.41)South Korea16

6 (7.06)Netherland17

1 (1.18)Philippines18

2 (2.35)Poland19

2 (2.35)Portugal20

2 (2.35)Romania21

1 (1.18)Singapore22

7 (8.24)Spain23

2 (2.35)Sweden24

1 (1.18)Turkey25

4 (4.71)United Kingdom26

14 (16.47)United States27

aXR: extended reality.
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Table 2. Number of studies published per year.

Studies (N=85), n (%)Year of study

3 (3.53)2016

8 (9.41)2017

4 (4.71)2018

8 (9.41)2019

7 (8.24)2020

27 (31.76)2021

12 (14.12)2022

16 (18.82)2023

Demographics of XR Usage: Age Population
We analyzed the age of the participants included in the studies
and categorized the participants as children, teenagers,
adolescents, young adults, young and old adults, and old adults
based on the age ranges reported in the 85 studies included in
this review. Studies that omitted such information were declared
as not specified. A substantial age overlap was found among
the groups of individuals included in the reviewed studies. Thus,
adults were taken as participants between 18 and 65 years old
in the reported studies, and older adults were above 65 years
old. We observed that around half of the studies (n=38, 44.71%)
were designed for adults (between 18 and 65 years old).
However, a small number of studies focused on younger age
groups: 10 (11.76%) of the 85 studies focused on participants
between 0 and 12 years old, while 2 (2.35%) focused on
participants in their teenage years as well. The poor
representation of participants from each age group in the
reviewed studies could be due to a lack of a standardized way
of selecting a target audience when developing XR systems for
managing mental disorders [122].

In Table 3, we indicated the common classification of
participants’ age ranges reported in the selected studies, in
addition to the statistical information derived from the age
groups. This is because the age ranges used for defining the
categories of participants in the 85 papers were not unique. In
addition, there was great overlap when comparing the categories
and age ranges across studies. Thus, we refined the data to
synthesize the mean age distribution of the participants included
in each study. For this, the age ranges were set as given or
generated as (mean – SD) to (mean + SD), when only the mean
(SD) was given. The mean age distributions of the participants
used for classification are reported in Table 3. The data indicated
that the majority of studies (n=47, 55.29%) were designed for
an audience with a mean age of 35.079 (SD 9.72) years. The
age distribution in this group was particularly dominated with
lower and upper values of 18 years (26/47, 55.32%) and 65
years (7/47, 14.89%), respectively, in the different participants’
age ranges. The age range of the youngest participants who
participated in an XR-based study on mental disorder [58] that
investigated how VR reduces the perception of anxiety in infants
were a group of children 4-8 years old.
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Table 3. Table3. Participant categories found in the included studies by level of maturity.

Studies (N=85), n (%)Participant categories

Audience group

10 (11.76)Children

2 (2.35)Teenagers

27 (31.76)Adolescents

38 (44.71)Adults

3 (3.53)Older adults

5 (5.88)Not specified

Age range (years)

23 (27.06)1-10

47 (55.29)11-20

7 (8.24)21-60

1 (1.18)61-85

2 (2.35)≥85

5 (5.88)Not specified

Participants enrolled

10 (11.76)1-10

9 (10.59)11-20

23 (27.06)21-50

22 (25.88)51-100

16 (18.82)>100

5 (5.88)Not specified

Demographics of XR Usage: Study Sample Size
We analyzed the sample size of participants enrolled in the 85
studies included in this scoping review. We divided the sample
size into 5 different categories and analyzed the number of
studies, as reported in Table 3. It can be seen that most studies
recruited 51-100 participants (n=22, 25.88%). Next came studies
that recruited 21-50 participants (n=23, 27.06%) to evaluate
mental health care with XR. Furthermore, 16 (18.82%) studies
included over 100 participants, while a small sample size (≤20
participants) was considered in 19 (22.35%) of the 85 studies.
Most of these 19 studies were more subtle in their findings and
conclusions. Thus, it can be understood that having relatively
more participants is helpful to reach better conclusions. Overall,
each of the participant categories identified was reported in at
least 5 (5.88%) different studies. It is worth mentioning that
only 5 (5.88%) studies did not specify the sample size used.
The participants’ gender distributions were not analyzed, as
these data were missing in most studies included in this scoping
review.

Demographics of Design and Implementation
Strategies
The application of XR systems for mental disorders requires
vigorous study and implementation strategies. We analyzed
different factors usually considered when designing or
evaluating XR systems for mental health interventions. The 3

major considerations found in the 85 selected studies were the
type of study performed, design factors, and the evaluation
method used to assess each study. With a focus on anxiety and
depression, the 4 main types of studies that were are carried out
were (1) discussions, which are studies with a narrative focus;
(2) experimental, which are studies that are conducted to
investigate the effect of XR techniques on certain groups of
subjects or other factors that aid or affect such a setup; (3)
modeling, which are studies that are conducted to develop new
models or setups and validate these on limited subjects or data;
and, lastly, (4) analysis, which are studies performed without
any particular experimental study but relying on the data of
previous experimental studies.

As reported in Table 4, it was found that 67 (78.82%) of the 85
studies investigated experimentally to report how XR aids in
interventions for mental disorders. Meanwhile, 8 (9.41%) studies
were based on modeling and analysis each, while 1 (1.18%)
study was based on narration (ie, discussion). This shows that
most studies were conducted as experimental investigations.
Typically, this enabled a direct comparison between mental
conditions and their relationships with their causal factors in
psychological cornerstone studies [123]. Furthermore, 50
(58.82%) studies investigated the effects of XR immersion. This
shows that researchers in this domain are commonly fond of
investigating how immersion can influence mental health care
procedures. The other design factors of the XR systems found
in the 85 studies were on the subject’s process automation (n=14,
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16.47%); these studies were majorly investigated to observe
whether they well emulated real-world situations and
environments. Similarly, 9 (10.59%) and 6 (7.06%) studies

typically focused on cases of XR personalization and manual
execution, respectively.

Table 4. Demographics of the study implementation factors.

Studies (N=85), n (%)Participant categories

Type of study

1 (1.18)Discussion

67 (78.82)Experimental

8 (9.41)Modeling

8 (9.41)Analysis

Design factor

9 (10.59)Personalization

6 (7.06)Manual

14 (16.47)Process automation

50 (58.82)Immersion analysis

Evaluation method

32 (37.65)Quantitative method

26 (30.59)Qualitative method

23 (27.06)Mixed method

4 (4.71)Not specified

Relationship Between Study Periods and Duration per
Session
Next, we analyzed the common evaluation categories reported
in the 85 studies. First, categories of study periods (in weeks)
and the duration per session (in minutes) were analyzed with
respect to the number of sessions in each study. As presented
in Figure 2a, some of the studies (n=27, 31.76%) were carried
out in 1-5 weeks, 7 (8.24%) studies lasted for 6-10 weeks, and
8 (9.41%) studies lasted for 11-15 weeks . It is worth
emphasizing that the longest study (n=1, 1.18%) lasted for 16-20
weeks. In addition, 39 (45.88%) studies evaluated their
participants in 1-5 sessions, while 15 (17.65%) studies evaluated
their participants in 6-10 sessions.

Furthermore, we analyzed the duration per session (in minutes)
for sessions that were reported in each study. In more than half
of the studies (n=44, 51.76%), participants used XR techniques

for 0-30 minutes, followed by studies requiring 31-60 minutes
(n=19, 22.35%) and 61-90 minutes (n=5, 5.88%) of user
engagement per session. On the extreme end, the XR technique
was used for a single session that lasted over 100 minutes in 4
(4.71%) studies. It was also observed that 13 (15.29%) studies
did not specify session durations.

In addition, we analyzed the common evaluation method used
in the 85 studies included in this review, and identified 3 main
methods: quantitative, qualitative, and mixed. The qualitative
assessment approach was applied in 31 (36.47%) of the 85
studies, and it was understood that the qualitative method reveals
deeper insights into XR-based evaluation. Furthermore, the
quantitative method was used in 9 (10.59%) studies, while the
mixed methods approach was used in 18 (21.17%) studies. We
also found that 2 (2.35%) studies did not report evaluation
methods (see Figure 2c).
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Figure 2. Categories of studies included in this review.

Extended Reality and Gamification Strategies for
Mental Disorders
It is important to analyze the XR techniques used in
interventions for depression and anxiety. First, we analyzed the
major strategies found in the 85 studies included in this review.
The XR tools used in each study were identified to be either
gamified or nongamified. Gamification strategies were adopted
in 26 (30.59%) studies, and these strategies were used across
10 mental disorders in all 85 papers. The few exceptions where
a gamification strategy was not applied included negative
thoughts, panic disorder, and pain and anxiety. Conversely,
nongamified strategies were adopted in interventions for the
remaining mental conditions, accounting for 59 (69.41%) of
the 85 studies. However, alcohol use disorder and attachment
behavior were only addressed using gamified XR systems. It
may be right to think that gamification strategies are yet to
mature for such conditions or, possibly, that existing
gamification strategies are not suitable when evaluating such
mental disorders using XR techniques or, perhaps, there are
ongoing studies to show their applicability.

Extended Reality Development Tools
We also analyzed XR apps that were used in the 85 studies and
found that specific systems, such as 3D Unity Pro, are
commonly used by many authors in the development of XR
systems. Only 68 (77.64%) of the 85 studies reported the name
of the actual XR app they implemented or adopted. As reported
in Table 5, the most frequently used tool for developing XR
platforms was 3D Unity Pro (n=16, 23.53%). This is probably
due to its powerful editor to create XR systems and its support
for cross-platform development. Similarly, we observed that
some studies (n=15, 22.06%) were carried out with custom VR
systems. Such adaptive apps are either newly developed or
adopted and evaluated for aiding mental health care. Meanwhile,
Blender 3D and mobile virtual systems were used in 3 (4.41%)
and 10 (14.71%) studies, respectively. Another 24 (28.24%)
studies indicated using a development platform but did not
specify it, while the remaining 17 (20%) studies did not mention
the use of any development platform.

Table 5. Software VRa tools commonly used for XRb development.

Studies (N=85), n (%)XR app

16 (18.82)3D Unity Pro

15 (17.64)Custom adaptive VR software

3 (3.52)Blender 3D

10 (11.76)Mobile virtual system

24 (28.24)Others

aVR: virtual reality.
bXR: extended reality.
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Hardware Technologies Used for XR in Mental
Disorders
To further fulfill the aim of this study, we extracted information
about the XR technologies used to deliver mental health care
in the 85 studies. To be as inclusive as possible, we only
reported the hardware components that were listed for setting
up the XR environments in the studies (Table 6). The use of
headsets was consistent in 46 (54.11%) of the 85 studies; thus,
headsets are the most commonly used component when setting
up XR for mental disorder interventions. Typically, it was found
that the Oculus head-mounted display (HMD) and VR headsets
were common in such studies. In addition, smartphones are a
common technology used in setting up the XR environment. It
was found that 7 (8.24%) studies included smartphones of
different types. These hardware components (ie, HMDs,

smartphones, and VR glasses) were increasingly popular in
studies where the gamification strategy was adopted. We further
analyzed the most popular types of headsets and found that they
were headphones, earbuds, and VR HMDs. These last are a
more advanced technology and a basic component in most XR
studies. As reported in Table 7, there were 9 different types of
HMDs used in the 85 studies. HTC Vive and Samsung Gear
VR were the most used HMDs in setting up XR systems: these
were found in 12 (14.12%) and 11 (12.94%) studies,
respectively. The next such HMD was 3D VR glasses, which
were used in 7 (8.24%) studies. In addition, Oculus Go and
Google VR Box were used in 3 (3.53%) studies each; 2 (2.35%)
papers reported to have used Oculus Rift; and different types
of VR simulators, such as Oculus CV1, a custom
electroencephalography (EEG) cap with a VR HMD, and the
Windows MR headset were also used in 1 (1.18%) study each.

Table 6. Types of hardware technology used in XRa interventions for mental disorders.

Studies (N=85), n (%)XR technology used

46 (54.11)VRb HMDc

5 (5.88)3D VR glasses

7 (8.24)Smartphone

3 (3.53)Google VR Box

3 (3.53)EEGd/EMGe cap

3 (3.53)Headphones

2 (2.35)Biopac MP150

2 (2.35)Earbuds

2 (2.35)Location tracker

1 (1.18)Directional microphone

1 (1.18)Gamepad

1 (1.18)Webcam

9 (10.59)Unspecified

aXR: extended reality.
bVR: virtual reality.
cHMD: head-mounted display.
dEEG: electroencephalography.
eEMG: electromyography.
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Table 7. Types of VRa headsets.

Studies (N=85), n (%)HMDsb used

12 (14.12)HTC Vive

11 (12.94)Samsung Gear VR

7 (8.24)3D VR glasses

3 (3.53)Oculus Go

3 (3.53)Google VR Box

2 (2.35)Oculus Rift

1 (1.18)Oculus CV1

1 (1.18)EEGc VR HMD

1 (1.18)Windows MRd headset

5 (5.88)Unspecified

aVR: virtual reality.
bHMD: head-mounted display.
cEEG: electroencephalography.
dMR: mixed reality.

Extended Reality for Anxiety and Depressive Disorders
We identified 14 types of mental disorders in the 85 papers and
illustrated the number of studies investigating each condition,
as shown in Figure 3. We observed that most of the XR studies
were centered around anxiety and depression (n=53, 62.35%).
These included the use of XR for anxiety without depression
in 43 (52.94%) studies, where the primary and secondary focus
included anxiety, and depression was not considered at all. In
4 (4.71%) studies, we found that minimal attention was on
depression, wherein anxiety of any kind was not considered.
Typically, 23 (27.05%) studies focused on just anxiety, while

the remaining 30 (35.29%) studies combined anxiety with other
mental disorders. Anxiety and depressive disorders sometimes
have ambiguous borderline definitions; thus, this scoping review
focused more on them. We further looked into individual
conditions, such as social anxiety disorder and generalized
anxiety disorder, which were found in 14 (16.47%) and 3
(3.53%) studies, respectively. These conditions were combined
with unclassified distress in 2 (2.35%) studies [66,79]. Of the
85 papers included in this review, 13 (15.29%) were found to
have applied XR technologies for phobia-related mental
disorders (fear disorders that are a clinical evaluation of anxiety).

Figure 3. Number of studies per clinical condition.

The adoption of XR for mental disorders without anxiety or
depression was also studied. For instance, physiological
disorders, such as emotion and stress issues, were investigated.
Among these, phobias of different kinds (eg, acrophobia,

claustrophobia, fear) were investigated in 13 (15.29%) of the
85 studies, and posttraumatic stress disorder was studied in 5
(5.88%) papers. The latter has a similar frequency as 1 of the
top mental disorders, depression. We also found that negative
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thoughts and attachment behavior were investigated in 2 (2.35%)
studies each. In contrast to Baghaei et al’s [124] findings, we
found that generalized anxiety disorder was investigated as a
specific clinical condition in 3 (3.53%) studies. In addition,
other mental disorders, such as alcoholic use disorder, attention
disorder, attachment behavior, negative thoughts, pain and
anxiety, and public speaking anxiety, were found in only 2
(2.35%) studies, while panic disorder was found in only 1
(1.18%) study. Thus, XR technology is commonly used for
evaluating anxiety disorder. Finally, this scoping study shows
that XR-based evaluations are distinctly applied for anxiety and
other mental disorders that exclude depression. A typical case
includes the development of an XR system for anxiety and
phobia, as well as anxiety and psychiatric disorders [16,87].
The benefits of XR for the evaluation and management of mental
disorders were identified in the 85 papers that were reviewed.
Recent studies show that VR yields the same level of
effectiveness as exposure-based therapy for reducing anxiety
symptoms [125]. This section mostly uncovered the use of VR
technology in anxiety; however, it showed that AR and MR
have been recently emphasized as an add-on technology and
not a substitute. It is clear that more studies are still needed for
evaluating how AR and MR can singly improve mental health.

Discussion

Principal Findings
In the previous section, we focused on the demographics,
technologies, and study designs found in existing XR systems
used in mental disorder interventions. In this section, the
effectiveness of the XR systems for anxiety and depression as
top mental disorders are analyzed, as reported in the 85 studies
[26,32,36-118] included in this review.

Effectiveness of XR Technology for Mental Disorder
Intervention
Following the review of the literature included in this scoping
study, it can be concluded that XR systems are commonly used
for managing mental disorders. In this scoping review, we found
that XR technologies have been majorly used for evaluating
anxiety and depression separately, in combination with each
other or with other common mental disorders. In the latter case,
the majority of studies were targeted at cognitive and behavioral
change (ie, subjective care) to improve patients’ behavior or
attitude or both. In addition, it was observed that among XR
technologies, VR-based systems are mostly used. For instance,
in some studies [26,77,82], VR was effectively used to evaluate
anxiety and depressive symptoms in patients with mental
disorders. Similarly, Li and Luo [84] established that gamified
XR can reduce depressive disorders through cognitive empathy
and mutual understanding among patients and caregivers. Many
studies have reported that XR systems help reduce the symptoms
of mental disorders. For instance, some authors [26,41,44] have
strongly indicated that using XR technology in the
psychotherapy process reduced anxiety and depression in their
subjects. Similarly, Niharika et al [63] showed a significant
decrease in subjects’ anxiety scores when using VR eyeglasses
during dental treatment.

XR intervention is a safe, noninvasive technique that does not
require any previous education and training and has lasting
effects. However, McLay et al [59] showed that statistically
significant differences between XR-based treatment and
conventional approaches may not be a constant thing when
applying XR systems for mental disorder intervention. In
comparison to standard CBT, some authors [60,73] have
improved the psychotherapy of depressive disorder in young
adults by developing effective VR-enhanced personal construct
therapy. Arnfred et al [101], in the SoREAL study, investigated
in vivo group CBT and compared its effects with those of VR
exposure CBT on patients diagnosed with social anxiety
disorder. Similarly, Shin et al [107] and Donker et al [110]
investigated the efficacy of mobile-based VR CBT for panic
disorder and phobia interventions. The app-based XR
interventions were effective in managing disorder symptoms
and restoring subjects’ autonomic nervous system. This
demonstrates the validity of using XR systems as self-guided
and cost-effective therapeutic approaches. Taken together, these
studies show that the recent development of XR technologies
is gaining traction for mental disorder evaluation and treatment.
Thus, some researchers have suggested that future XR
interventions should consider providing multiuser experiences
that can help increase social engagements for patients who are
possibly confined due to disabilities. It can be concluded that
virtual environments are as effective as exposure therapy for
evaluating mental health. We found studies investigating
whether gamified XR is also effective in reducing acrophobia,
and the stimuli presented using AR, indeed, induced
physiological alterations in the participants [43,44,80].

Effects of XR Design Factors on the Outcomes of Mental
Disorder Interventions
Brás et al [78] showed that AR and VR offer high levels of
immersion and are optimal solutions for counteracting the effects
of in vivo exposure. Weerdmeester et al [74] showed that by
engagement and cognitive biofeedback, gamified VR can reduce
anxiety symptoms. Grieger et al [81] investigated whether
XR-based interventions with multiple design factors can yield
better results when used for mental disorders. In a randomized
controlled trial, the authors found that personalized VR aids a
general positive shift in thoughts and emotions, with increased
relaxation and self-refection [81]. This shows that VR systems
with multiple features, such as personalization, immersion and
focus, interaction design and embodiment, and integration, can
enhance treatment outcomes. Similarly, De Asis et al [82]
developed a mobile VR-based system for promoting relaxation
to reduce anxiety and alter stressful activities among class
students. Studies conducted by El-Qirem et al [91] and Traister
[79] have shown that XR technology can significantly lower
students’ anxiety and enhance them psychologically and
physiologically with a safe and risk-free therapeutic experience.
The related studies [56,57] focused on mental stress management
in teenagers and adolescents. Brivio et al [39] compared the
efficiencies of 360° panorama technology and a
computer-simulated prototype in generating an XR sense of
presence, emotions, and relaxation when treating mental
disorders. In addition, Lundin et al [98] investigated whether
filming virtual environments with a low-cost 360° film camera
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to produce VR CBT can offer a feasible and acceptable
treatment for some kinds of phobia. These studies show that
VR exposure therapy can produce long-lasting benefits for
mental disorders, consistent with research on a variety of forms
of short-term CBT for social anxiety disorder. The results
showed that treatment satisfaction was high and that participants
had significant improvement at 6-month follow-up, with large
effect sizes [98]. Another study [87] showed that VR relaxation
induces positive affective states and has short-term effects
toward reducing psychiatric stress and anxiety disorder
symptoms compared to standard relaxation exercises.

Limitations
XR-based systems have some unique advantages over traditional
methods used for mental disorder management. Nevertheless,
XR systems also have some limitations. Future developments
should consider technological innovation and standardization
of treatment options. The following limitations should be
considered when interpreting the results of this review. The
search strategy developed was limited to using PubMed, Google
Scholar, and the ACM Digital Library databases for efficient
and accurate search results. This may have excluded qualified
papers from other databases. We also found that the number of
weeks of evaluation in 40 studies and the number of sessions
in 23 studies were not specified in the selected papers. Thus, it
is difficult to assert the best number of weeks and sessions
needed to validate the use of XR-based technology in mental
disorder evaluation. This review identified various major
methodological approaches and development tools used by
studies. Another limitation of the study is the lack of scientific
assessment of the quality of the publications that were included
in the scoping review. Moreover, due to the large number of
papers reviewed, there is a possibility of that we overlooked
valid publications that might have met the inclusion criteria.
Non-English papers were not included in this review either.
Finally, considering the possibility of bias in the reported
outcomes for many reasons, including due to self-reporting and
publishing bias that tend to favor papers with positive outcomes,

the findings of this scoping review should be applied with
caution, especially regarding the effectiveness of XR-based
intervention for mental disorders.

Conclusion
XR therapy has been widely used in the care of a variety of
mental disorders. This scoping review investigated the adoption
of XR for mental disorders, specifically anxiety and depression.
The review covered 85 studies that used different types of VR,
AR, and MR technologies for mental disorders, with a focus on
anxiety and depression. We uncovered that the majority of
reviewed papers reported a reduction in the symptoms of anxiety
or depression with the use of XR. Moreover, the studies adopted
unique designs that were set up to monitor the signs of mental
disorders. The recorded signs can be used for formulating
appropriate therapies. We also found that XR-based
interventions have been shown to be effective approaches with
a high level of user acceptability in 18 mental health conditions.
Although a considerable number of studies (N=85) were
included in this scoping review, some areas are still
underinvestigated and, hence, not well represented in the
reviewed studies. For instance, the adoption of nongamified
strategies was found to have cut across 18 mental health
conditions included in this review. However, studies
investigating pain and anxiety, negative thoughts, autoimmune
disorders, and acquired brain injury did not use any form of
gamification strategies. This study was conducted to investigate
the implementation and adoption levels of XR for mental health
care delivery. Our study outputs indicate that many studies have
focused on anxiety, either alone or in combination with other
conditions. Meanwhile, a limited number of studies have solely
focused on depression. In a previous study, Baghaei et al [124]
also showed that supporting people with depression in XR
settings is an interesting area to explore for mental health care.
We recommend that future work should conduct controlled
trials to investigate and compare the effectiveness of using
XR-based intervention in mental health care and the benefits
and costs of XR in mental disorder management.
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Abstract

Background: Serious games (SGs) are nonpharmacological interventions that are widely applied among older adults. To date,
no evidence has been published regarding the effect of digital SGs on cognitive ability, daily behavioral capacity, or depression
in older adults with Alzheimer’s disease (AD) and mild cognitive impairment (MCI).

Objective: This study aimed to assess the effect of SGs on older adults with AD and MCI by summarizing and pooling the
results of previous studies.

Methods: This meta-analysis examined the effectiveness of digital SGs in improving cognitive ability, enhancing daily behavioral
capacity, and alleviating depression in older adults with AD and MCI. We searched the following databases up to December 31,
2023, to identify relevant high-quality randomized controlled trials (RCTs): PubMed, Embase, Web of Science, Scopus, and
Cochrane Library. Stata 15.1 and Review Manager 5.3 were used to screen the 14 studies, extract data, code the data, and perform
meta-analysis. Mean differences and standardized mean differences (SMDs) with 95% CIs were used to calculate continuous
variables. The Cochrane risk-of-bias assessment tool was used to evaluate the risk of bias. Eligibility criteria were developed in
accordance with the Population, Intervention, Comparison, Outcomes, and Study Design framework: (1) population (older adults
with AD and MCI), (2) intervention (digital SG intervention), (3) comparison (digital SG intervention vs routine health care),
(4) outcomes (cognitive ability, daily behavioral capacity, and depression), and (5) study or research design (RCT). Sensitivity
analysis was performed, and a funnel plot was constructed.

Results: From January 2017 to December 2023, we enrolled 714 individuals across 14 RCTs, with 374 (52.4%) in the severe
game group using digital SGs and 340 (47.6%) in the control group using traditional methods. The results of our meta-analysis
indicated that using digital SGs in older adults with AD and MCI is more effective than traditional training methods in several
key areas. Specifically, digital SG therapy significantly increased cognitive ability, as found in the Mini-Mental State Examination
(SMD 2.11, 95% CI 1.42-2.80; P<.001) and the Montreal Cognitive Assessment (SMD 2.75, 95% CI 1.98-3.51; P<.001),
significantly increased daily behavioral capacity (SMD 0.53, 95% CI 0.06-0.99; P=.03), and significantly reduced depression
(SMD –2.08, 95% CI –2.94 to –1.22; P<.001) in older adults with AD and MCI. No publication bias was detected based on the
results of Begg and Egger tests.

JMIR Serious Games 2024 | vol. 12 | e55785 | p.236https://games.jmir.org/2024/1/e55785
(page number not for citation purposes)

Zuo et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:tangyong@szu.edu.cn
https://games.jmir.org/2024/1/e65184
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: Digital SGs offer a viable and effective nonpharmacological approach for older adults with AD and MCI, yielding
better results compared to traditional formats. However, caution is warranted in interpreting these findings due to limited RCTs,
small sample sizes, and low-quality meta-analyzed evidence.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews: CRDCRD42023486090;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=486090

(JMIR Serious Games 2024;12:e55785)   doi:10.2196/55785

KEYWORDS

digital serious games; cognitive ability; daily behavioral capacity; mental health; depression; older adults with AD and MCI; AD;
Alzheimer’s disease; MD; mild cognitive impairment; systematic review; meta-analysis

Introduction

Alzheimer’s disease (AD) and mild cognitive impairment (MCI)
are among the most common diseases affecting older adults.
As the worldwide population is aging, the incidence of AD and
MCI is gradually increasing, leading to major challenges for
older adults. AD and MCI are being increasingly researched
worldwide because of their adverse effects on cognitive ability,
daily behavioral capacity, and depression among older adults.
Currently, more than 55 million people worldwide have
dementia [1]. Dementia is a progressive degenerative disease
of the central nervous system that metastasizes through different
clinical stages [2] and is characterized by abnormal behavior,
declining cognitive function, and declining daily living ability
[3]. Dementia affects multiple aspects of cognitive function,
including complex attention, memory and learning,
perceptual-motor skills, social cognition, and language [4]. AD
is the most common form of dementia and may account for
60%-70% (38.77 million) of the 55 million cases of dementia
[5]. MCI is an intermediate stage between dementia and normal
aging [6]; clinicians and researchers consider the stage of MCI
to be a “window” for potentially delaying the progression into
dementia [7]. Moreover, the number of MCI cases among
individuals above the age of 60 years is 5.82 million [8]. In
2019, the worldwide economic cost of dementia amounted to
US $1.3 trillion, of which approximately 50% (US $0.65 trillion)
involved care provided by informal caregivers (eg, family
members and close friends), who provided an average of 5 hours
of care and supervision per day [9]. China has the largest number
of patients with dementia worldwide, which leads to a huge
burden on the health care and public system [10]. Approximately
13.75 million (25%) of 55 million people with dementia are
Chinese [11], and thus, this country ranks first in the world. The
results of a recent national cross-sectional study showed that
there are 16.07 million people aged 60 years and over in China
who have dementia; 9.83 million of these individuals have AD
[11]. Presently, there is no known cure for dementia; health care
and medication can only slow the disease progression [12].

When older people get MCI and AD, they experience a range
of painful experiences related to this particular stage of life,
such as depression [7,13], decreased cognitive ability [7,14],
and decreased daily living ability [15,16]. Sudden illness can
cause patients to experience both physical and psychological
pain [17]. A significant proportion of the population with MCI
and AD reports higher levels of perceived [18]. Depression is
characterized by threats that exceed an individual’s coping

abilities, thus resulting in a feeling of being overwhelmed [19].
A growing body of evidence suggests that several important
dimensions of life are frequently sacrificed when individuals
get MCI and AD, and cognitive ability, daily behavioral capacity
and depression are often neglected. Therefore, digital serious
games (SGs) for older adults with MCI and AD may be crucial
in the early intervention and prevention of these mental and
physical disorders [20]. According to a previous report, even
in worse cases, mental and physical disorders are risk factors
for MCI and AD [21]. Patients with MCI and AD are completely
dependent on caregivers, have markedly impaired memory
function, are unable to take care of themselves in daily life,
exhibit incontinence, and may even be completely unable to
speak and have hemiplegia [22]. MCI and AD even cause an
increase in the risk of mortality [23], which significantly
damages people’s health and imposes a growing burden on
individuals and the entire society. Therefore, it is highly
emergent to develop nondrug therapies and use them in the field
of social work for older adults. This may slow the progression
of cognitive disability in individuals with MCI and AD to
combat personal and socioeconomic problems, to address the
alarming increase in the incidences of MCI and dementia
worldwide, and to overcome the lack of effective drug
treatments for these diseases.

There are many therapeutic methods for treating MCI and AD
in older adults. Game therapy has been recommended as a
nonpharmacological treatment method due to its limited side
effects. According to recent meta-analyses [24-26], game
therapy could increase cognitive ability [26] and daily
performance ability [27,28] and alleviate depression [29,30] in
older adults with MCI and AD. Game therapy refers to an
intervention method in which games are used as a therapeutic
medium. This therapy originated from a child psychoanalysis
program developed by the famous psychologist Sigmund Freud.
He observed that there is a relationship between early childhood
development and children’s games. In the discussion of
children’s control of emotions through games, Freud presented
the rationale for game therapy [31]. After nearly a century of
clinical development, the therapeutic function of games has
been proven in practice [32,33]. SGs may take many forms,
depending on their treatment, such as (1) cognitive training
games, which are mainly used to improve or maintain users’
cognitive abilities (eg, memory, executive function, and
memory) [34-37]; (2) sports games or video games, in which
part of the game needs to include exercise [38,39]; (3)
biofeedback games, which use electronic sensors connected to
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the participant’s body to receive information about their physical
status (eg, an electrocardiograph sensor), with the aim of
adjusting some bodily functions (eg, heart rate) [39-46]; and
(4) cognitive behavioral therapy (CBT)–based games that
provide computerized computer-based training. Due to the
popularity of smart devices, handheld computers, personal
computers, video game consoles, tablets, and smartphones, there
is a wide variety of SGs [47,48]. Digital SGs, as defined in this
paper, are SGs played through digital media. Digitally designed
games help promote mental health [49], emotions [50],
well-being [51], social function [51], and cognitive flexibility
[52] compared to traditional cognitive training and exercise
[53].

With respect to the development of game therapy theory, many
studies have shown that game therapy is applicable for older
adults [54]. The introduction of virtual reality technology has
recently provided a new way to implement environmental
enrichment in the context of clinical practice, which improves
the physical health of patients with MCI and AD [55], treats
chronic disease [56], increases cognitive ability [57] and daily
behavioral capacity [50,52], alleviates depression [58], and
increases self-esteem [59] and cohesion [60] by combining
virtual immersion with cognitive stimulation. In conclusion,
SG therapy is regarded as a promising treatment strategy for
older adults with dementia and MCI in terms of increasing
cognitive ability, improving daily behavioral capacity, and
alleviating mental health issues. Game therapy is therefore
increasingly used in gerontology, with the goal of providing
psychosocial stabilization and support.

There are a few research gaps. First, there are inconsistent
clinical results regarding the effects of SG therapy on cognitive
performance, daily performance, and depression. According to
Saragih et al [21] and Ning et al [60], SGs have been shown to
improve cognitive function. However, Huang et al [61] and
Kleschnitzki et al [62] reported that no significant changes are
found in cognitive function or global status after virtual reality
intervention. Wang et al [63] discovered that SGs have a positive
impact on executive function. However, Abd-Alrazaq et al [52]
found that there is no difference between adaptive SGs and
nonadaptive SGs in improving executive function, although
daily behavioral capacity is particularly related to executive
function, such as scheduling appointments, making monthly
payments, managing the household economy, shopping, or
taking the bus. This means the effect of SGs in improving daily
behavioral capacity is yet to be explored. Bai et al [50] compared
SGs with intervention-free practices and found that game-based
interventions lead to clinically and statistically significant
improvements in depression severity. Bojan et al [64] discovered
that SGs can cause a significant increase in positive emotions
and a decrease in negative emotions [11,65]. However,
according to Fitzgerald et al [66], whether SGs can improve
depression in some cases is worth exploring. Therefore, there
are inconsistent clinical results regarding the effects of SG

therapy on cognitive performance, daily performance, and
depression. A more comprehensive review is needed to
systematically evaluate the effects of SGs on the physical and
mental health of older adults with AD and MCI. Second, the
previous literature only focused on SGs for a type of disease
for older adults. Manca et al [67] observed the positive impact
of SGs with humanoid robots on older adults with MCI. Pacheco
et al [68] found that exergames improve balance and mobility
in older adults to keep performing balance exercises. Yu and
Chan [69] discovered video game training can effectively
improve the cognition of older adults. This study investigated
the effects of SGs on the cognitive ability, daily behavioral
capacity, and depression of older adults with MCI and AD
simultaneously. Third, it is important to investigate not only
the effects of SGs but also the variables that may influence their
effectiveness, including the duration of treatment and the target
population. In this research, we used weeks and continental
plates (within and outside Europe) to divide the subgroup
analysis, which was not available in previous studies. In view
of this, we conducted a systematic review and meta-analysis to
comprehensively evaluate the effect of digital SGs on cognitive
ability, daily behavioral capacity, and depression of older adults
(≥60 years old) with MCI and AD.

Methods

Data Sources and Search Strategy
This review was conducted in strict accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [70]; also see Multimedia
Appendices 1 and 2 [71]. We registered the study in PROSPERO
(Prospective Register of Systematic Reviews;
CRD42023486090). We used the PICOS (Population,
Intervention, Comparison, Outcomes, and Study Design)
framework [72] to structure study inclusion and exclusion
criteria (Table 1). Our population of interest had at least 1
indicator indicating cognitive ability, behavioral ability, or
emotion-related ability, and their age was ≥60 years. We sought
studies describing interventions with digital SGs implemented
among older adults with cognitive impairment in an
experimental group (severe game group [SGG]), including
exergames or video games, cognitive training games,
computerized CBT-based games, and biofeedback games. There
were no restrictions regarding the time of intervention. For
comparison, we had a control group (CG) that received a
different intervention, such as routine health care, traditional
Tai Chi, or music. Our outcomes of interest included cognitive
ability, daily behavioral capacity, and depression in older adults
with cognitive impairment. We excluded studies that presented
reviews, non–randomized controlled trials (RCTs), and papers
for which the full text was unavailable. All included studies
were published in Chinese or English. Studies in which the
results were interpreted from the perspective of older adults
with cognitive impairment were deemed eligible.
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Table 1. Inclusion and exclusion criteria.

Exclusion criteriaInclusion criteriaElement

N/AaPopulation • At least 1 indicator representing cognitive ability, behav-
ioral ability, or emotion-related ability

• Age≥60 years

N/AIntervention • Digital SGsb (eg, exergames, video games, cognitive

training games, computerized CBTc-based games,
biofeedback games)

N/AComparison • Different interventions (eg, routine health care, traditional
Tai Chi, music)

N/AOutcomes • Cognitive ability
• Daily behavioral capacity
• Depression

Study design •• ReviewsRCTd

• Non-RCTs
• Papers with full text unavailable

Language •• Not Chinese or English papersChinese or English papers

aN/A: not applicable.
bSG: serious game.
cCBT: cognitive behavioral therapy.
dRCT: randomized controlled trial.

Search Strategy
The following databases were searched to identify the relevant
literature: PubMed, Embase, Web of Science, Scopus, and
Cochrane Library. The following search terms were used for
the search: (“Cognitive Ability” OR “Daily Behavior Ability”
OR “Mental Health” OR “Depression”) AND (“Serious Games
Based” OR “Serious Games” OR “Web-Based or Mobile”)
AND (“Old Adults in Cognitive Impairment” OR “Old Adults”
OR “Older People”) AND (“A pilot study” OR “Randomized
Controlled Trial” OR “RCT”). Detailed search strategies for
each database are given in Multimedia Appendix 3. The
keywords were used to search for papers published from January
1, 2017, to December 31, 2023. The snowball method was
adopted to search the reference lists of the included studies.
Additionally, the reference lists of the included studies were
manually searched to identify eligible papers. Unpublished
academic literature was not considered eligible. The reference
lists and relevant reviews were then screened to identify any
pertinent studies. To identify additional relevant publications,
we also retrieved gray literature [73].

Data Extraction
Four researchers (authors XZ, YT, YC, and ZZ) screened all
the literature for inclusion. After removing duplicates using
EndNote X9, all studies were independently screened based on
titles and abstracts. Next, we carefully read the full texts of the
remaining papers in accordance with the inclusion and exclusion
criteria. Finally, data were extracted from the included studies.
The co-first author (XZ) used the modified version of the data
extraction table in the Systematic Review Manual of Cochrane
Interventions to extract data. A modified version of the

intervention description and replication was using following
the template for intervention description and replication
(TIDieR) list and guidelines [74] to extract data of the
intervention, design, and delivery features, as defined in the
introduction. First, data were extracted by the co-first author
(XZ). Next, the second author (ZZ) checked the accuracy of the
process. Finally, the co-first author (YC), through thematic
analysis [75], extracted the following data from the list of 14
studies [34-47]:

• Study characteristics: name of author, publication year,
country, publication type, and study design

• Subject characteristics: sample size, participant mean age,
participant age, Mini-Mental State Examination (MMSE)
score, participant health conditions, and population group

• Intervention details: setting, intervention type, delivery
mode design (how), content (ie, procedures, materials,
process, activities [what]), and delivery details (ie,
intervention delivery format, intervention duration, session
length, session frequency, intensity)

• Study quality: Jadad score
• Main outcomes: reported results, conclusion, measurement,

and follow-up

Risk-of-Bias Assessment and Quality Assessment
Using the Cochrane Collaboration risk-of-bias tool [76], we
independently assessed the risk of bias. Additionally, we
assessed the quality of the 14 studies using the Jadad scale [77].
The risk-of-bias tool assesses 7 domains: (1) generation of a
random sequence, (2) allocation concealment, (3) subject and
experimenter blinding, (4) outcome assessor blinding, (5)
resulting data integration, (6) selective reports, and (7) other
bias risk. Each study was categorized as having a low, high, or
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unclear risk of bias. We also performed Begg and Egger tests
to evaluate the degree of publication bias [78].

Statistical Analysis
Stata 15.1 and Review Manager 5.3 were used to conduct data
analysis. Forest plots were constructed to intuitively illustrate
the results. In the included literature, the outcomes were
measured as continuous variables, and the same indicator was
assessed with different tools. These indicators were presented
as standard mean differences (SMDs). α=.05 was considered

statistically significant. Heterogeneity was assessed with I2

statistics, which were classified as high (>75%), moderate
(50%-75%), or low (<50%) [79]. In cases of high heterogeneity,
sensitivity analysis was performed using the leave-1-out method
to identify the sources of heterogeneity. In the analysis,
numerous weeks were compared as subpoints to check the
results. The Begg test [80] and Egger test [81] were used to
assess publication bias. P<.05 indicated significant results. When
a meta-analysis included at least 10 studies, publication bias
was evaluated with a funnel plot [82,83]. In this study, 95% CI
and the SMD were examined [84]. Overall, P<.05 indicated
statistically significant effects. Subgroup analyses were
performed based on the country of intervention (outside Europe
or not) and the length of intervention (weeks).

Results

Study Selection
Figure 1 shows the study selection process. After searching 13
databases, 4260 relevant records were identified. For duplicate
removal, we imported all the studies into EndNote X8 [85].
After removing 1893 (44.4%) duplicates and eliminating 2352
(55.2%) papers via a strict screening process, 14 (0.3%) RCTs
[34-47] from before December 2023 involving 714 participants
were finally included. Studies were excluded because they did
not report SDs [26,86-88], were review papers [89,90], or were
not within the scope of this meta-analysis [91-94]. All the
included studies reported that digital SGs have a positive impact
on cognitive ability, daily behavioral capacity, and depression.
The primary outcomes of interest were an increase in cognitive
ability scores (assessed with the MMSE and the MoCA), an
increase in daily behavioral capacity indicators (assessed with
the Barthel Index, the Katz Index, the Lawton and Brody Index,
the Korean version of the Modified Barthel Index [K-MBI],
and the Activities of Daily Living [ADL] scale), and a reduction
in depression (assessed with the Goldberg Anxiety and
Depression Scale [EADG], the 15-item Geriatric Depression
Scale [EDG-15], and the Cornell Scale for Depression in
Dementia [CSDD]).

JMIR Serious Games 2024 | vol. 12 | e55785 | p.240https://games.jmir.org/2024/1/e55785
(page number not for citation purposes)

Zuo et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Study selection flowchart based on PRISMA guidelines, 2020. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Study Characteristics
Table 2 and Multimedia Appendix 4 [34-47] show the overall
characteristics of the included studies. All 14 studies were
published before 2023. The sample sizes ranged from 17 to 112,
and 714 older adults aged >60 years were enrolled in the
included studies, including 340 (47.6%) subjects in the SGG
and 374 (52.4%) subjects in the CG. All participants were older
adults with cognitive impairment, but they had not been

diagnosed with psychiatric disorders. All interventions were
based on digital SGs, and their durations ranged from 4 weeks
to 12 weeks. The interventions lasted from 45 minutes to 5 hours
each week. Both group training and individual training methods
were used [34-47]. All 14 studies [34-47] were subdivided into
digital SG training methods (exergames or video games,
cognitive training games, computerized CBT games, and
biofeedback games).
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Table 2. Characteristics and findings of the included studies (N=14)a.

Reported results and conclusionTime
frame
(weeks)

DiseaseAge (years):
SGG and CG,
range (aver-
age)/mean (SD)

Sample size: SGGb and

CGc, n/N (%)

LocationStudy

Result: Postintervention, the K-MMSEd score of the
SGG was higher than that of the CG.

Conclusion: Computer-based CBTe training might
have beneficial effects on general cognitive function

in the early stage of ADf.

4DementiaSGG: 64-78
(71.1)

CG: 61-78 (69.9)

SGG: 10/20 (50)

CG: 10/20 (50)

Republic
of Korea

Yang et
al [34]

Result: Postintervention, the MoCAg score of the
SGG was higher than that of the CG.

Conclusion: The mobile health (mHealth) interven-
tion is feasible for implementation in older people

12DementiaSGG: (average):
70.5

CG: (average):
71

SGG: 16/33 (48)

CG: 17/33 (52)

Hong
Kong, Chi-
na

Kwan et
al [35]

with cognitive impairment and is effective at enhanc-
ing cognitive function.

Result: Postintervention, the K-MMSE, K-MoCAh,

and DQoLi scores of the SGG were higher than those
of the CG.

Conclusion: The research group showed significant
improvement in cognitive function after training.

4DementiaSGG: 69-81
(75.42)

CG: 65-90
(73.33)

SGG: 12/24 (50)

CG: 12/24 (50)

Republic
of Korea

Lim et
al [36]

Family SGsj are believed to help improve cognitive
function.

Result: Postintervention, the K-MMSE and ADLk

scores of the SGG were higher than those of the CG.

Conclusion: Through this preliminary study, we
verified that the newly developed computerized

3MCI, AD,
dementia

SGG: 65-83
(74.5)

CG: 65-82 (74)

SGG: 10/20 (50)

CG: 10/20 (50)

Republic
of Korea

Lee et
al [37]

cognitive rehabilitation program is effective in im-
proving cognitive function.

Result: Postintervention, the MMSEl and ADL scores
of the SGG were higher than those of the CG.

Conclusion: Interactive games can improve the cog-
nitive function and daily living ability of patients
with senile dementia.

12DementiaSGG: 62-83
(71.89)

CG: 61-82
(71.63)

SGG: 44/88 (50)

CG: 44/88 (50)

Fujian,
China

Yang
[38]

Result: Postintervention, the MMSE score of the
SGG was higher than that of the CG.

Conclusion: Sports games can improve the cognitive
function of patients with senile dementia.

8DementiaSGG: 73-85 (79)

CG: 72-86 (79)

SGG: 73/112 (65)

CG: 39/112 (35)

Nether-
lands

Van
Santen
et al
[39]

Result: Postintervention, compared to the CG, the
MMSE score of the SGG was significantly higher

and the CSDDm score was significantly lower.

Conclusion: Somatic interactive game interventions
can improve memory and language function and re-

8DementiaSGG: 75-87
(81.74)

CG: 78-89
(84.26)

SGG: 18/38 (47)

CG: 20/38 (53)

Zhejiang,
China

Zheng
et al
[40]

duce depression in older patients with dementia, but
the impact on cognitive function and ADL needs to
be explored.

Result: Postintervention, the MoCA score of the SGG
was higher than that of the CG.

Conclusion: Sensory stimulation combined with
sensory interaction games can improve cognitive
function.

12DementiaSGG: 61-80
(71.74)

CG: 60-80
(72.65)

SGG: 47/94 (50)

CG: 47/94 (50)

Shandong,
China

Wu et al
[41]

Result: Postintervention, the MMSE score of the
SGG was higher than that of the CG.

Conclusion: Gamification maximizes engagement
with cognitive training by increasing motivation and

4DementiaSGG: 67-82
(75.2)

CG: 68-85 (76.9)

SGG: 21/42 (50)

CG: 21/42 (50)

United
Kingdom

Savulich
et al
[42]

could complement pharmacological treatments for

amnestic MCIn and mild AD.
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Reported results and conclusionTime
frame
(weeks)

DiseaseAge (years):
SGG and CG,
range (aver-
age)/mean (SD)

Sample size: SGGb and

CGc, n/N (%)

LocationStudy

Result: Postintervention, compared to the CG, the
MMSE, MoCA, and DQoL scores of the SG were
higher and the CSDD score was significantly lower.

Conclusion: Individually adapted exergame training
improves lower extremity functioning, cognitive
function, and depression in long-term-care facilities.

8DementiaSGG: 79-90
(84.7)

CG: 78-91 (85.3)

SGG: 23/45 (51)

CG: 22/45 (49)

BelgiumSwin-
nen et al
[43]

Result: Postintervention, the MoCA score of the SGG
was higher than that of the CG.

Conclusion: Exergaming-based Tai Chi is comparable
to traditional Tai Chi for enhancement of cognitive
function.

12DementiaSGG: 68-80
(74.6)

CG: 66-79 (73.4)

SGG: 16/33 (48)

CG: 17/33 (52)

Taipei,
China

Liu et al
[44]

Result: Postintervention, the MMSE score of the
SGG was higher than that of the CG.

Conclusion: Encouraging patients to perform virtual
reality– and game-based training may be beneficial
to prevent cognitive decline.

8MCI, de-
mentia

SGG: 67-78
(72.6)

CG: 67-78 (72.7)

SGG: 34/68 (50)

CG: 34/68 (50)

Republic
of Korea

Thapa
et al
[45]

Result: Postintervention, the MMSE and ADL scores
of the SGG were higher than those of the CG.

Conclusion: This approach is effective for neurocog-
nitive stimulation in older adults with dementia,
contributing to maintaining cognitive function in AD.

5DementiaSGG: 77-88
(82.6)

CG: 77-90
(84.14)

SGG: 10/17 (59)

CG: 7/17 (41)

PortugalOliveira
et al
[46]

Result: Postintervention, the MMSE and ADL scores
of the SGG were significantly higher and the EGD-

15o and EADGp scores were significantly lower than
those of the CG.

Conclusion: The Wii video console has a positive
influence on older people by increasing cognitive
ability, enhancing the level of ADL, and improving
the psychological status.

8MCISGG: 85.05
(8.63)

CG: 83.25 (8.78)

SGG: 40/80 (50)

CG: 40/80 (50)

SpainJahouh
et al
[47]

aPublication type: journal paper; study design: randomized controlled trial (RCT); study population: older adults; setting: clinical.
bSGG: serious game group.
cCG: control group.
dK-MMSE: Korean version of the Mini-Mental State Examination.
eCBT: cognitive behavioral therapy.
fAD: Alzheimer’s disease.
gMoCA: Montreal Cognitive Assessment.
hK-MoCA: Korean version of the Montreal Cognitive Assessment.
iDQoL: Dementia Quality of Life.
jSG: serious game.
kADL: activities of daily living.
lMMSE: Mini-Mental State Examination.
mCSDD: Cornell Scale for Depression in Dementia.
nMCI: mild cognitive impairment.
oEGD-15: 15-item Geriatric Depression Scale.
pEADG: Goldberg Anxiety and Depression Scale.

Risk of Bias and Quality Assessment
Figures 2 and 3 show the results of the risk-of-bias assessment.
All 14 papers [34-47] described the randomization methods in
detail. The blinding method was detailed in 7 (50%) studies: 4

(57%) of these studies were double-blind trials [40,44,45,47],
while 3 (43%) were single-blind trials [36,37,46]. The average
Jadad score across all included studies was 4.7, indicating
fair-to-mild quality.
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Figure 2. Risk-of-bias graph.

Figure 3. Risk-of-bias summary of the 14 studies included.

Meta-Analyses

Cognitive Ability Indicators
Of the 14 studies, 10 (71%) [34,36-40,42,45-47] involving 409
(57.3%) older adults (n=272, 66.5%, in the SGG and n=237,
33.5%, in the CG) assessed the effects of SGs on older adults’
cognitive ability based on MMSE scores. Because different
evaluation tools were used, the SMD was considered the pooled

effect size measure. The pooled results revealed a low degree

of heterogeneity among the studies (P=.23, I2=23%),
necessitating the use of a random effects model for the
meta-analysis. Figure 4 demonstrates that cognitive ability
scores in digital SGs significantly increased between the 2
groups under investigation (SMD 2.11, 95% CI 1.42-2.80;
P<.001). Of the 14 studies, 5 (36%) [35,36,41,43,44] involving
229 (32.1%) older adults (n=114, 49.8%, in the SGG and n=115,
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50.2%, in the CG) assessed the effects of SGs on older adults’
cognitive ability based on MoCA scores. Because different
evaluation tools were used, the SMD was considered the pooled
effect size measure. The pooled results revealed a low degree

of heterogeneity among the studies (P=.33, I2=13%),

necessitating the use of a random effects model for the
meta-analysis. Figure 5 demonstrates that cognitive ability
scores in digital SGs significantly increased between the 2
groups under investigation (SMD 2.75, 95% CI 1.98-3.51;
P<.001).

Figure 4. Forest plot for MMSE. MMSE: Mini-Mental State Examination.

Figure 5. Forest plot for MoCA. MoCA: Montreal Cognitive Assessment.

Daily Behavioral Capacity Indicators
Of the 14 studies, 6 (43%) [37,38,40,43,46,47] involving 448
(62.7%) older adults (n=225, 50.2%, in the SGG and n=223,
49.8%, in the CG) assessed the effects of SGs on older adults’
daily behavioral capacity based on the Barthel Index, the Katz
Index, the Lawton and Brody Index, the K-MBI, and the ADL
scale. Because different evaluation tools were used, the SMD

was considered the pooled effect size measure. The pooled
results revealed significant heterogeneity among the studies

(P=.03, I2=91%), necessitating the use of a random effects model
for the meta-analysis. Figure 6 demonstrates that daily
behavioral capacity scores in digital SGs significantly increased
between the 2 groups under investigation (SMD 0.53, 95% CI
0.06-0.99; P=.03).

Figure 6. Forest plot for daily behavioral capacity indicators.

Depression Indicators
Of the 14 studies, 4 (29%) [34,40,43,47] involving 292 (40.9%)
older adults (n=145, 49.7%, in the SGG and n=147, 50.3%, in
the CG) assessed the effects of SGs on older adults’ depression
based on the EADG, the EDG-15, the Geriatric Depression
Scale (GDS), and the CSDD. Because different evaluation tools
were used, the SMD was considered the pooled effect size
measure. The pooled results revealed a low degree of

heterogeneity among the studies (P<.001, I2=80%), necessitating
the use of a random effects model for the meta-analysis. Figure

7 demonstrates that cognitive ability scores in digital SGs
significantly increased between the 2 groups under investigation
(SMD –2.08, 95% CI –2.94 to 1.22; P<.001).

In conclusion, the included studies reported scores on the
MMSE, MoCA, the Barthel Index, the Katz Index, the Lawton
and Brody Index, the K-MBI, the ADL scale, the EADG, the
EDG-15, and the CSDD. A total of 3 outcomes were evaluated:
cognitive ability, daily behavioral capacity, and depression. The
SGG had significantly greater total MMSE scores than the CG

(SMD 2.11, 95% CI 1.42-2.80; P=.23, I2=23%), as shown in
Figure 4. The SGG had significantly greater total MoCA scores
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than the CG (SMD 2.75, 95% CI 1.98-3.51; P=.33, I2=13%),
as shown in Figure 5. In addition, a reduction in daily behavioral
capacity indicators was observed based on the Barthel Index,
the Katz Index, the Lawton and Brody Index, the K-MBI, and
the ADL scale. The SG led to increased daily behavioral

capacity scores in the SGG (SMD 0.53, 95% CI 0.06-0.99;

P=.03, I2=91%), as shown in Figure 6, compared to the CG.
The SGG also showed a decrease in depression based on the
EADG, the EDG-15, and the CSDD (SMD –2.08, 95% CI –2.94

to –1.25; P<.001, I2=80%), as shown in Figure 7.

Figure 7. Forest plot for depression indicators.

Subgroup Analyses
Subgroup analyses of daily behavioral capacity and depression
scores were performed based on the country of intervention
(outside or within Europe) and the duration of intervention
(weeks). For daily behavioral capacity, significant differences
were found in the SMD between the 2 subgroups: within Europe
(P=.85) [43,46,47] and outside Europe (P<.001) [37,38,40].
SGs had a significant effect on the outcome in the
outside-Europe group (SMD 6.68, 95% CI 5.08-8.28; P<.001),
as shown in Figure 8. For depression, significant differences
were found in the SMD between the 2 subgroups: within Europe
(P<.001) [43,47] and outside Europe (P=.02) [34,40]. SGs had
a significant effect on the outcome in the within-Europe group
(SMD –2.08, 95% CI –2.94 to –1.22; P<.001), as shown in
Figure 9. Of the 6 (43%) studies, 4 (67%) [38,40,46,47] reported
a pooled effect of an intervention duration of ≥8 weeks (SMD
0.67, 95% CI 0.19-1.16; P=.007). For the remaining 2 (33%)
studies [37,43], the pooled effect within the intervention period

was as follows: SMD −1.32, 95% CI −3.05 to −0.42; P=.14.
The effects of SGs on daily behavioral capacity during the 2
periods of intervention were significantly different from those
in the CG (P<.001), as shown in Figure 10. For depression, no
significant differences were found in the SMD between the 2
groups after >8 weeks (P=.005) [40,47] or <8 weeks (P=.008)
[34,43], as shown in Figure 11. Among the 4 (29%) studies on
depression indicators [34,40,43,47], 2 (50%) [40,47] had a
combined effect in an intervention duration of ≥8 weeks (SMD
−2.57, 95% CI −4.00 to −1.13; P=.005). For 2 (50%) studies
[34,43] in which the intervention duration was <8 weeks, the
combined effect within the intervention period was as follows:
SMD −4.95, 95% CI −7.84 to −2.07; P=.008. An intervention
period of 8 weeks or more had a significant effect on reducing
cognitive impairment in older adults (Figure 11). Compared to
with the CG, the effects of SGs on depression during the 2
periods of intervention were significantly different, and a
significant difference between the 2 groups was found (P<.001),
as shown in Figure 11.

Figure 8. Forest graph showing subgroup analysis of daily behavioral capacity based on the country of the intervention.
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Figure 9. Forest graph showing subgroup analysis of depression based on the country of the intervention. CSDD: Cornell Scale for Depression in
Dementia; GDS: Geriatric Depression Scale.

Figure 10. Forest graph showing subgroup analysis of daily behavioral capacity based on the duration of the intervention.

Figure 11. Forest graph showing subgroup analysis of depression based on the duration of the intervention. GDS: Geriatric Depression Scale.

Sensitivity Analysis
In the sensitivity analysis (Table 3), we excluded the study by
Yang et al [38] and observed a significant change in
heterogeneity from 91% to 0%. We hypothesized that the
outcome of daily behavioral capacity indicators may have been
the possible source of heterogeneity in this study. Additional
possible reasons included the inclusion of patients, specific

treatment modalities, and inconsistencies in clinical indicators
between domestic and foreign countries. The patients included
and specific treatment modalities, as well as the clinical
indicators applied, in this study were as follows: Yang et al [38],
Fujian (China), age 61-83 years; older adults with cognitive
impairment, participated in somatosensory interactive games,
and completed the MMSE and the ADL scale. All these different
factors were possible sources of heterogeneity.
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Table 3. Sensitivity analysis for daily behavioral capacity indicators after excluding a few studies.

Heterogeneity analysesTool usedStudy excluded

I2 (%)P valueχ² (df)

92<.00174.09 (6)Barthel IndexJahouh et al [47]

90<.00161.17 (6)Katz IndexJahouh et al [47]

92<.00174.02 (6)Lawton and Brody IndexJahouh et al [47]

92<.00174.01 (6)K-MBIaLee et al [37]

92<.00174.07 (6)IADLbOliveira et al [46]

91<.00169.67 (6)ADLcSwinnen et al [43]

0.525.18 (6)ADLYang et al [34]

92<.00173.31 (6)ADLZheng et al [40]

aK-MBI: Korean version of the Modified Barthel Index.
bIADL: Instrumental Activities of Daily Living.
cADL: activities of daily living.

Publication Bias
We found that the funnel plots for the MMSE (Figure 12a),
MoCA (Figure 12b), daily behavioral capacity indicators (Figure
12c), and depression indicators (Figure 12d) were all

symmetrical, indicating the absence of publication bias. P>.05
indicated the absence of obvious publication bias. The Begg
test (P=.03) and Egger regression (P=.026) also indicated a lack
of publication bias.

Figure 12. Funnel plots for (a) MMSE, (b) MoCA, (c) daily behavioral capacity indicators, and (d) depression indicators. MMSE: Mini-Mental State
Examination; MoCA: Montreal Cognitive Assessment.
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Discussion

Principal Findings
This study systematically evaluated the efficacy of training
older adults with cognitive impairment using digital SGs,
drawing upon data from 14 studies with a total of 714
participants. Our findings revealed that digital SGs significantly
alleviate depression and yield large improvements in cognitive
ability and daily behavioral capacity. This suggests that SGs
offer a highly effective alternative for older adults with cognitive
impairment. Due to statistical heterogeneity, these results should
be interpreted with caution. In this study, sensitivity analysis
was used to explore the major sources of statistical heterogeneity
to determine the impact of a single study on overall risk. The
type of intervention (various digital SGs), sample size (range
17-112), intervention duration (range 4-12 weeks), weekly
intervention time (range 45-300 minutes/week), type of CG
(traditional Taijiquan group, routine health care group, music
group), cultural background, measurement tools, or other
confounding factors may have caused heterogeneity. To the
best of our knowledge, this is the first meta-analysis and
systematic review evaluating the effectiveness of the 3 outcome
indicators of serious gameplay in older adults with cognitive
impairment. In this study, SGs were found to significantly
increase cognitive ability and daily behavioral capacity and
decrease depression.

Previous studies have explored the effects of digital SGs on
cognitive ability [57], daily behavioral capacity [95], and
depressive emotion problems [96] in patients with MCI or AD.
However, previous studies have reported inconsistent findings
regarding the effects of digital SG therapy on cognitive function
[21,60-62], daily behavioral capacity [52,63], and depression
[21,50,64-66] in older adults with MCI or AD. This systematic
review included the recent literature (2017-2023) and examined
3 indicators of the effects of SGs on cognitive ability, daily
behavioral capacity, and depression among older adults with
MCI or AD. Consistent with previous findings, our results
indicated positive effects of SGs on MMSE [97] and CSDD
[50,98] scores and negative effects on depression on EDG-15,
EADG, and GDS scores. In addition, there was a significant
increase in cognitive ability (measured with MoCA) and daily
behavioral capacity (measured with the ADL scale, the K-MBI,
the Instrumental Activities of Daily Living (IADL) scale, the
Katz Index, the Barthel Index, and the Lawton and Brody Index).
This systematic review is the first to simultaneously test the
effects of SGs on the 3 indicators of cognitive ability, daily
behavioral capacity, and depression. This systematic review
also divided the subgroup analysis of weeks and continental
plates, which was not available in previous systematic reviews.

SGs are defined as games that are not for entertainment purposes
and are mainly used for prevention, education, diagnosis,
screening, and rehabilitation [99,100]. The word first appeared
in 1968 when Abt [101] named his new book on SGs. According
to Clark’s [101] proposed treatment, games can exist in a variety
of forms, including (1) exergames or video games that require
physical exercise as part of playing the games [38,39]; (2)
cognitive training games, which aim to maintain or improve

users’ cognitive abilities (eg, executive function, memory,
learning) [34-37]; (3) computerized CBT games, which are
video games that provide CBT to the users; and (4) biofeedback
games, which are video games that use electrical sensors
attached to the player to receive information about the player’s
body state (eg, electrocardiogram sensors) and seek to influence
some of the player’s body functions (eg, heart rate). Special
care units (SCUs), also known as dementia care units, began to
appear in the United States in the 1980s for older adults with
dementia [102]. With an increase in the number of older adults
with dementia and the diversification of the demand for
dementia care in the market, these SCUs provide not only
services to older adults in institutions but also family counseling,
care support, and community therapy services to older adults
with MCI [103]. At the policy level, the United States also
launched the National Plan to Address Alzheimer’s Disease in
2012, with the goal of preventing and effectively treating AD
by 2025 [104]. The latest SG therapy has also had a positive
impact on easing the stress of dementia among older adults in
US society [66]. However, the attention to older patients with
MCI and AD in the West is much earlier than in China.
Model-based projection data put China’s older adults with
dementia at 6.73-15.7 million in 2025; the number of older
adults with dementia will increase to 10.018-23.3754 million
in 2035 [105]. China’s Circular on the Promotion of Dementia
Prevention and Treatment Action (2023-2025) [106] formally
focuses on groups such as older adults with MCI and AD at the
national policy level. Ren et al [11] found that the 2015 annual
treatment cost of patients with AD in China was US $167.74
billion, with ever-rising treatment costs expected to reach US
$1.8 trillion by 2050. Older care facilities, social work stations,
and counseling services in China may use SGs to carry out
nonpharmacological treatments for patients with MCI and AD.
This will provide both physical and psychological health
improvements to older adults and at the same time reduce the
financial burden on China. In traditional Chinese society,
positive family and social relationships contribute to physical
and mental health [107]. Due to the “Xiao Dao” culture, this
also constitutes a unique social security system for older adults
[108,109]. However, rapid industrialization and urbanization
have changed these traditional arrangements [110]. Today, older
adults are less likely to live with and interact with younger
generations, which has resulted in older adults being isolated
[111]. This has a direct impact on access to social care and
financial security and even affects the physical and mental health
of older adults [112]. SGs can provide opportunities for older
adults to interact with others [113] and reduce the negative
emotional impact on them [114]. In addition, the sports elements
included in SGs [115] can exercise older adults’cognitive ability
[67] and daily behavioral capacity [116] and may even promote
intergenerational relationships [117]. Our findings also show
that SGs can have a positive impact on cognitive ability and
daily behavioral capacity and decrease depression in older
adults. With this in mind, we suggest that nursing home
caregivers, social workers, and psychologists consider using
SGs in their work and collaborate with SG professionals to bring
benefits to older adults with MCI or AD. This will slow down
the cognitive loss in older adults with MCI or AD to a certain
extent.
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Strengths and Limitations
Compared with previous studies [90,118,119], this review is
the only one to specifically evaluate the effects of SGs on older
adults and related types of games. Because the study was
conducted in strict accordance with PRISMA guidelines, it was
a high-quality, transparent review. Only RCTs were included;
this is the most rigorous method of studying causal relationships
[120,121]. Therefore, the conclusions of this review are more
credible. In this review, there was minimal publication bias.
We searched 12 worldwide databases and included research
from the United Kingdom, China, Belgium, the Netherlands,
Portugal, Spain, and Korea. We also performed forward and
backward checks of reference lists, and an all-around search
strategy was applied. We searched a database of gray literature
without restricting the search to a specific comparator,
population, setting, or country, which made the samples more
representative. Since all the processes (ie, data extraction,
research selection, evidence quality assessment, and bias risk
assessment) were independently conducted by 4 reviewers, there
was no risk of bias in this review. In addition, because we used
the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) method to evaluate the quality of
evidence, this review will enable readers to draw more accurate
conclusions. Where possible, our statistics integrate data, which
will increase not only the power of the research but also
estimates of the effects of digital SG therapy on cognitive ability,
daily behavioral capacity, and depression. Moreover, due to the
large sample size, we performed a subgroup analysis and a
sensitivity analysis. In addition, this review used pre- and
postintervention outcome data from each group to evaluate the
effectiveness of each meta-analysis. All previous studies have
reported the SD and average overall cognitive changes pre- and
postintervention in each group. In addition, in these studies,
there were significant differences in overall cognition between
groups at baseline.

The limitations of this study should also be considered. First,
due to the design of the systematic review, a causal relationship
with a clear structure could not be inferred. Second, the outcome
indicators of anxiety (EADG scores) and quality of life
(Dementia Quality of Life (DQoL)) were also related to the
mental health of older adults with cognitive impairment.
However, with only 1 study reporting these findings, a
comparison could not be made, so we did not include these
indicators. Third, because of the limitations of the designs of
the included studies, the randomization and blinding methods
used were seldom described in detail. Only 11 studies described
the randomization method. In contrast, randomization was only
mentioned in other studies, but no explanation of the method
used was provided. Blinding was only implemented in 7 studies.
Fourth, since many potentially eligible studies were pilot RCTs
or quasiexperiments published before 2017 or in languages
other than English, we excluded them. As a result, some related
research may have been missed. The reason for excluding these
studies is that the internal validity of pilot RCTs and
quasiexperiments is lower than that of RCTs [122,123]. In
addition, we were also unable to translate all the non-English
research literature. In our previous review, we found some
studies published before 2017. However, serious progress has

been made in the field of gaming in the past 7 years, so we did
not include RCTs published before 2017. Fifth, this review
focused on the short-term effects of SGs. This meta-analysis of
pre- and postintervention data did not include follow-up data.
We found that follow-up data were reported in only 4 studies,
and there was no consistency between the follow-up periods.
Therefore, it was impossible to evaluate the long-term effects
of SGs on the cognitive ability, mental health, and daily
behavioral capacity of older adults. The quality of the evidence
in our meta-analysis was average, which may have affected the
internal validity of the findings. Sixth, in this review, interest
intervention was limited to SGs used as therapeutic interventions
on digital platforms, so it would not have been possible to
comment on and check the effectiveness of SGs and nondigital
SGs used for other purposes, such as monitoring, screening, or
diagnosis.

Research and Practical Implications
Since the review concentrated on the effectiveness of SGs in
improving cognitive ability, daily behavioral capacity, and
depression among older adults with cognitive impairment,
researchers should evaluate the effectiveness of SGs by
performing further reviews of their positive effects on cognitive
abilities (eg, processing speed, executive function, learning,
memory, speed), daily behavioral capacity (eg, executive
function, capacity for reaction, upper limb activity), and mental
health (eg, anxiety, stress, sleep quality, quality of life) among
people in different age groups. We included some studies from
middle-income countries, so the generalizability of the findings
of this review may be limited to these countries. As the cultural,
social, and economic conditions of middle-income countries
are different, additional relevant research should be carried out.
To date, only a few studies have assessed the effectiveness of
SGs in improving cognitive ability. Therefore, additional
research is needed to help draw clearer conclusions about the
effectiveness of SGs. Due to the lack of follow-up data, the
long-term effects of SGs were not evaluated in this review. To
assess the long-term cognitive effects of SGs in a worldwide
context, researchers should follow up with participants. A few
studies did not report the SD or average global cognitive changes
in each group before and after the intervention. In the future,
relevant studies need to report this information to evaluate the
effect more accurately. Because most of the existing studies
have problems reporting results and choosing the randomization
process, 8 studies had a low risk of overall bias. Therefore, when
developing and reporting on RCTs, researchers should use
recommended tools (eg, RoB-2 [124]) and follow recommended
guidelines to avoid the aforementioned biases. Many studies
have examined the worldwide impact of digital SGs on the
cognition of healthy older adults [57], but this review revealed
that only 14 studies have investigated the effects of digital SGs
on older adults with cognitive impairment. We hope that
researchers can perform additional research in this area to fill
this gap.

According to the results of this review, SGs, especially digital
SGs, exhibit greater effectiveness than a lack of interventions.
These findings have meaningful implications for clinical practice
since the use of SGs can improve cognitive ability and daily
behavioral capacity and decrease depression in older adults with
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cognitive impairment. However, these findings should be
interpreted with caution because the quality of the evidence is
low in most meta-analyses. Moreover, most of the studies
included in this review had some problems in terms of overall
bias. Except for 7 studies [34,39,41-43,45,47], in all the other
included studies, heterogeneity was high and the total effect
was not accurate enough. Therefore, before more strong
evidence is obtained, psychiatrists and psychologists should
consider SGs as a complement to existing interventions rather
than a direct substitute. In addition, the number of older persons
worldwide will grow exponentially in the next few years, so we
can try to use SGs to lighten the burden on the health care
system. We can use SGs to improve the physical, psychological,
social, and motor functions of older persons with cognitive
impairment, thereby improving their quality of life [54,125].
Currently, many old people live alone and have limited social
interactions, which can often lead to increased morbidity and
mortality [126]. Older adults can play SGs in a relatively cozy
environment (ie, at home), thus promoting their connections
with friends and family [51]. In all the studies, the platforms
for SGs were mobile devices (tablets and smartphones). Mobile
devices are more popular than game consoles, cheaper than
computers, and easier to access; thus, they are particularly
popular. As of 2021, there were more than 7.1 billion mobile
device users and 15 billion mobile devices worldwide [127].
Game and app developers can work together to develop SGs
aimed at improving the mental health, daily behavior capacity,
and cognitive ability of older people. These SGs can be operated
and played using mobile devices. A survey of a small number
of studies conducted in middle-income countries revealed that
these countries seem to prefer SGs more than high-income
countries do [128]. Middle-income countries lack many
psychological professionals (currently 1 for every 10 million
people). Therefore, more SGs should be developed in
middle-income countries to improve the cognitive ability, mental

health, and daily behavioral capacity of older persons in those
countries.

Conclusion
Overall, SGs, particularly digital SGs, may be associated with
increased cognitive function and daily behavioral capacity, as
well as decreased depression, among older adults with cognitive
impairment. However, we are still unable to draw definitive
conclusions on the safety and effectiveness of SGs in improving
the cognition, behavioral capacity, and mental health of older
people with cognitive impairment. This is due to the poor quality
of existing meta-analysis evidence, which is mainly caused by
concerns about the bias of most studies, the accuracy of the total
effect, and the high degree of evidence heterogeneity. Therefore,
until more reliable evidence is obtained, psychiatrists,
psychologists, patients, and social workers should all regard
SGs as a complement to existing interventions rather than a
direct substitute. Before SGs are used, their effectiveness and
safety should be further reviewed and evaluated, mainly in terms
of improving daily behavioral capacity (eg, reaction ability,
executive function, upper limb activity) of people with or
without cognitive impairment in different age groups, cognitive
ability (eg, processing speed, executive function, learning,
memory), and mental health aspects (eg, stress, anxiety, sleep
quality, quality of life). Further research is needed to assess the
safety of SGs, the effects of sports games, and their long-term
effects. In the future, further research on methods for increasing
the motivation of participants, reducing the rate of missing data,
and maintaining the effects of SGs is needed. Second, due to
study limitations, it was impossible to perform subgroup
analyses for intervention types. Consequently, in-depth and
stratified discussions and comparisons of different intervention
types were performed. In the coming years, it will be necessary
for researchers to perform higher-quality studies with larger
samples to verify the effectiveness of SG for older adults with
cognitive impairment.
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CBT: cognitive behavioral therapy
CG: control group
CSDD: Cornell Scale for Depression in Dementia
DQoL: Dementia Quality of Life
EADG: Goldberg Anxiety and Depression Scale
EDG-15: 15-item Geriatric Depression Scale
GDS: Geriatric Depression Scale
IADL: Instrumental Activities of Daily Living
K-MBI: Korean version of the Modified Barthel Index
MCI: mild cognitive impairment
MMSE: Mini-Mental State Examination
MoCA: Montreal Cognitive Assessment
PICOS: Population, Intervention, Comparison, Outcomes, and Study Design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
SCU: special care unit
SG: serious game
SGG: severe game group
SMD: standardized mean difference
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Abstract

Background: Immersive virtual reality (VR) is a promising therapy to improve the experience of patients with critical illness
and may help avoid postdischarge functional impairments. However, the determinants of interest and usability may vary locally
and reports of uptake in the literature are variable.

Objective: The aim of this mixed methods feasibility study was to assess the acceptability and potential utility of immersive
VR in critically ill patients at a single institution.

Methods: Adults without delirium who were admitted to 1 of 2 intensive care units were offered the opportunity to participate
in 5-15 minutes of immersive VR delivered by a VR headset. Patient vital signs, heart rate variability, mood, and pain were
assessed before and after the VR experience. Pre-post comparisons were performed using paired 2-sided t tests. A semistructured
interview was administered after the VR experience. Patient descriptions of the experience, issues, and potential uses were
summarized with thematic analysis.

Results: Of the 35 patients offered the chance to participate, 20 (57%) agreed to partake in the immersive VR experience, with
no difference in participation rate by age. Improvements were observed in overall mood (mean difference 1.8 points, 95% CI
0.6-3.0; P=.002), anxiety (difference of 1.7 points, 95% CI 0.8-2.7; P=.001), and pain (difference of 1.3 points, 95% CI 0.5-2.1;
P=.003) assessed on 1-10 scales. The heart rate changed by a mean of –1.1 (95% CI –0.3 to –1.9; P=.008) beats per minute (bpm)
from a baseline of 86.1 (SD 11.8) bpm and heart rate variability, assessed by the stress index (SI), changed by a mean of –5.0

(95% CI –1.5 to –8.5; P=.004) seconds–2 from a baseline SI of 40.0 (SD 23) seconds–2. Patients commented on the potential for
the therapy to address pain, lessen anxiety, and facilitate calmness. Technical challenges were minimal and there were no adverse
effects observed.

Conclusions: Patient acceptance of immersive VR was high in a mostly medical intensive care population with little prior VR
experience. Patients commented on the potential of immersive VR to ameliorate cognitive and emotional symptoms. Investigators
can consider integrating minimally modified commercial VR headsets into the existing intensive care unit workflow to further
assess VR’s efficacy for a variety of endpoints.

(JMIR Serious Games 2024;12:e62842)   doi:10.2196/62842
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Introduction

Patients with critical illness experience many noxious sensations,
stress, and restricted mobility while being treated in intensive
care units (ICUs). There is a burgeoning evidence base
demonstrating a loss in mental, emotional, and physical
functioning after critical illness. Approaches to improve the
experience of critical illness and functional outcomes after
hospitalization are needed.

Immersive virtual reality (VR) has been proposed as a promising
tool to address these issues [1,2]. Immersive VR often involves
the use of a headset to project the viewer into an interactive
artificial environment that elicits the feeling of embodiment in
the artificial environment [3]. Preliminary work assessing the
efficacy of immersive VR for physical and cognitive
mobilization [4-8], sleep [9], distraction from pain [10,11], and
mood [12,13] has been performed, with many further trials
ongoing.

A major challenge to applying the results from prior studies of
VR is that there are numerous permutations of how, when, and
for whom immersive VR might be used. For example, the
equipment [14], particular VR experience [14,15], and clinical
purpose [3] may all vary. Potential barriers that might influence
whether VR is accepted could be specific to the setting,
providers, and patients for which the VR is being used [16].
Accordingly, widely variable uptake has been reported in prior
studies [6,17,18]. Thus, it is difficult to infer, from the current
literature, how acceptable VR might be in a particular situation.

In this study, we evaluated the feasibility of an immersive VR
experience for patients admitted to one of 2 ICUs at a single
institution. We hypothesized that patients with critical illness
in the ICU would be interested in experiencing immersive VR;
patients and staff would encounter minimal barriers to its use;
and that VR usage would be associated with improvements in
qualitative and quantitative accounts of mood, anxiety, and
well-being.

Methods

Study Design and Setting
We performed a prospective, mixed methods, nonrandomized
feasibility study of patients with critical illness using immersive
VR headsets. The study was conducted in 2 ICUs (a 25-bed
medical ICU and a 16-bed cancer-specialty ICU that cares for
both medical and surgical critically ill patients with cancer) at
a single institution in Salt Lake City, Utah, United States.

Reporting follows the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guidance for
observational research (Multimedia Appendix 1)[19].

Ethical Considerations
The study was approved by the University of Utah Institutional
Review Board (00170975). Patients were individually consented
with a waiver of the requirement for written documentation of
consent. Patients were not offered compensation for
participation. Deidentified data were recorded in case report
forms that were later digitized for analysis.

Recruitment
Patients who were potentially eligible for study inclusion were
identified by attending physicians after daily rounds on days
when study staff were available for enrollment. To be included,
patients needed to be 18 years or older, admitted to the ICU,
free from delirium [20] (as assessed by their providers, nurses,
and able to pass an additional attention screen), and able to
consent on their own behalf. Exclusion criteria included severe
visual or auditory impairments (eg, legal blindness or deafness),
isolation precautions for infection, recent condition that could
be potentially exacerbated by VR (eg, seizure, uncontrolled
nausea, traumatic brain injury, history of psychosis, or admission
for a mental health crisis), or other craniofacial injury
prohibiting headset use. Additionally, patients under current
use of an orofacial mask to deliver positive airway pressure
ventilation were excluded as the mask precluded headset use;
however, intubated patients, patients receiving high-flow nasal
cannula, and patients receiving oxygen via a regular face mask
were eligible to participate.

After patients were identified as potential candidates, nursing
staff were approached to identify any conflicting patient-care
tasks (eg, physical therapy or travel for diagnostic testing or
procedures). Patients were then approached about whether they
were interested in trying an experimental immersive VR therapy.
Patient demographics, reasons for admission, and comorbidities
were assessed by chart review of clinical notes. All patients
who were identified as potential research participants by their
attending physicians were screened for inclusion and approached
if eligible.

Experimental Protocol
Participating patients were presented with 3 visual analog scales
(1-10) asking them to rate their current overall well-being, level
of anxiety, and level of pain. Preintervention heart rate signals
were recorded using a BIOPAC MP160 system for 5 minutes
prior to VR initiation (Figure 1).
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Figure 1. Experimental setup, as demonstrated by study personnel. Two laptops were used to ensure the adequacy of monitoring, project the real-time
virtual reality experience of the patient to troubleshoot any technical issues or adverse effects, and to transcribe interview responses after the experience.
The Meta Quest headset was chosen out of several possibilities owing to the lack of fabric components to facilitate cleaning after use.

Patients were offered 1 of 3 commercially available VR
experiences delivered by a Meta Quest Pro headset (Meta): an
urban travel experience (YouTube VR; Google LLC), a nature
experience (Nature Treks VR; GreenerGames), or a synthetic
landscape experience (TRIPP). In all 3 scenarios, the
experiences involved passive exploration of the environment
and did not involve use of the hand controllers (Figure 2).
Patients planned to use the VR headset for at least 5 minutes,
with an option to continue for up to 15 minutes if desired.
Physiologic recording was continued for 5 minutes after VR
use was complete.

After completing the VR experience, 5 minutes of
postintervention vital signs recording and visual analog scale

assessments of well-being, anxiety, and pain were administered.
These scales were modeled on the Visual Analog Mood Scale
[21], Numeric Visual Analog Anxiety Scale [22], and Verbal
Numerical Rating Scale for pain [23], respectively (Multimedia
Appendix 2).

Lastly, a semistructured qualitative interview was conducted to
elicit feedback. A moderator guide (Multimedia Appendix 3)
consisting of open-ended questions aimed at understanding the
patient’s overall experience using the VR headset was
administered by a trained researcher. The responses for each
participant were transcribed concurrently by 2 researchers in
individual Microsoft Word documents. The participant responses
were deidentified to maintain patient confidentiality.
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Figure 2. Screenshots from the virtual reality experiences. Patients chose between one of the following experiences: YouTube VR (Google LLC; top
panel), Nature Treks VR (GreenerGames; bottom left panel), or TRIPP (TRIPP Inc; bottom right panel).

Data Analysis
The qualitative data from the semistructured interviews were
analyzed using thematic analysis, a 6-phase method for
organizing, identifying, and summarizing patterns and themes
[24]. In the first phase, known as data familiarization,
researchers carefully reviewed, extracted, and organized the
textual data in Microsoft Excel. The second phase involved
generating initial codes for the data using a grounded theory
approach, which explores participants’attitudes, beliefs, norms,
and processes to develop hypotheses from the data rather than
testing preexisting hypotheses [25]. In the third phase, the
assigned codes were aggregated to uncover underlying patterns,
themes, and subthemes. Phases 4 and 5 focused on reviewing,
refining, and defining these themes, subthemes, and codes.

Finally, in phase 6, the results of the thematic analysis were
summarized and reported.

A sample size of 20 participating patients was targeted in
accordance with rule-of-thumb guidance for a pilot study
emphasizing qualitative assessment and protocol feasibility
[26]. Descriptive statistics of participants and nonparticipants
in VR were used to describe the population of interest. For
physiologic signals, the first 2 minutes of pre-VR recording
were compared to the first 2 minutes after the VR experience.
Kubios automatic beat detection software was used to preprocess
the heart rate data [27]. Heart rate variability was characterized
by the square root of the Baevsky stress index (SI) [28]. Pre-post
comparisons of vital sign data and mood assessments were
performed using paired 2-sided t tests. Statistical analyses were
performed using Stata version 18 (StataCorp) and the code is
openly available on GitHub [29].
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Results

Patients were enrolled between November 8, 2023, and February
6, 2024. A total of 35 patients were identified as potential
candidates and approached, 20 (57%) of whom agreed to
participate in the VR experience (Figure 3). Comorbidities and
reasons for ICU admission mirrored those of the general ICU
population (Table 1).

Characteristics of participants and nonparticipants are listed in
Table 2. The age of participants (mean 61, SD 17 years) did not
differ significantly (P=.33) from that of nonparticipants (mean
54, SD 22 years); however, nonparticipants were significantly
more likely to have previously used VR (4/15 vs 1/20; P=.005).

Among the 20 patients consenting to participate, 19 completed
at least 5 minutes of the VR experience (1 did not begin VR
due to uncontrolled pain, but completed the pre-VR baseline
data collection) and 18 completed all study assessments (1 had
competing care needs prior to the interview). Participants used
VR for a mean of 10 (SD 3) minutes. Among the 19 participants
who completed the experience, 10 (53%) chose the travel

experience, 5 (26%) chose the nature experience, and 4 (21%)
chose the synthetic experience. No cybersickness or other
adverse events occurred.

Among the 17 patients with valid heart rate data (1 patient had
an excess artifact), the mean heart rate prior to initiation of the
VR experience was 86.1 (SD 11.8) beats per minute (bpm),
which decreased by 1.1 (95% CI 0.3-1.9; P=.008) bpm by the
end of the experience. Mean heart rate variability, based on the

SI, was 40 (SD 23) seconds-2 at baseline and decreased by 5.0

(95% CI 1.5 to 8.5; P=.008) seconds-2.

At baseline, participating patients reported moderate overall
well-being (mean 6.5, SD 2.1 on a 1-10 visual analog scale with
10 being the best; n=20), anxiety (mean 4.0, SD 2.8 with 1
indicating no anxiety; n=20), and pain (mean 3.9, SD 2.8 with
1 indicating no pain; n=20). Overall mood improved by a mean
of 1.8 points (95% CI 0.65-3.0; P=.002; n=19) from baseline,
anxiety decreased by 1.7 points (95% CI 0.8-2.7; P=.001; n=19),
and pain decreased by 1.3 points (95% CI 0.53-2.1; P=.003;
n=19) after use of immersive VR (Figure 4).

Figure 3. Enrollment flow diagram. VR: virtual reality.
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Table 1. Characteristics of patients approached (N=35).

ValueCharacteristics

58 (19)Age (years), mean (SD)

11 (31)Female, n (%)

Comorbidities, n (%)

12 (34)Type 2 diabetes

6 (17)Atrial fibrillation

3 (9)Chronic obstructive pulmonary disease

7 (20)Congestive heart failure

2 (6)Obstructive sleep apnea

3 (9)Chronic kidney disease

2 (6)Deep vein thrombosis

5 (14)Cirrhosis

5 (14)Cancer (any)

Common reasons for ICU a admission, n (%)

10 (29)Respiratory failure

4 (11)Glucose/electrolytes

3 (9)Thromboembolism

3 (9)Gastrointestinal bleed

2 (6)Heart failure

2 (6)Sepsis

aICU: intensive care unit.

Table 2. Characteristics of patients who declined or agreed to participate in the virtual reality (VR) experience.

P valueAgreed (n=20)Declined (n=15)Characteristics

.3361 (17)54 (22)Age (years), mean (SD)

.345 (25)6 (40)Female, n (%)

.40Race/ethnicity, n (%)

1 (5)0 (0)Asian

1 (5)0 (0)Black

0 (0)1 (9)Native Hawaiian/Pacific Islander

18 (90)10 (91)White

.413 (15)3 (27)Hispanic

.130 (0)1 (11)Hearing impairment, n (%)

.989 (45)4 (44)Wears eyeglasses, n (%)

.32Respiratory support, n (%)

0 (0)1 (9)Face mask or variant

6 (30)1 (9)High-flow nasal cannula

9 (45)5 (45)Nasal cannula

5 (25)4 (36)None

.0051 (6)4 (57)Prior VR use, n (%)
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Figure 4. Overall mood, anxiety, and pain scores before and after use of immersive virtual reality. All scores were assessed using visual analog scales
(see Multimedia Appendix 2) on a 1-10 scale, with 10 being best for overall mood and 1 being best for anxiety and pain. The paired t test was used for
comparisons and 95% CIs of the mean change are presented in parentheses.

Five themes were commonly mentioned in the post-VR
interviews (Table 3). Use of the VR headset to view relaxing
scenery content was met with approval by all patients. Patients
had a variety of positive responses with use of the VR headset,
which was described as “good,” “easy,” “enjoyable,”
“comfortable,” and “pleasant.” These responses indicate overall
acceptance and satisfaction.

Patients also identified potential benefits of VR in alleviating
symptoms of anxiety and depression. Many reported a reduction
in feelings of anxiety, nervousness, and isolation, suggesting a
positive impact on mental well-being. Several patients
highlighted that the VR intervention helped distract them from

their current pain symptoms. The immersive nature and engaging
VR content enabled patients to briefly “forget” about their pain
and discomfort. The VR environment was described by patients
as “calming,” “relaxing,” and “meditative.” The opportunity to
escape the ICU environment and immerse themselves in nature
or travel scenery was highly valued, contributing to a sense of
relaxation and calm.

Lastly, most patients reported having no problems using the
VR headset. A few patients reported experiencing slight
discomfort with the headset weight and difficulty seeing the
side visuals. No patients reported motion sickness or
claustrophobia.

Table 3. Themes and representative quotes from interviews after immersive virtual reality (VR) use among patients in the intensive care unit.

Representative quoteTheme

“It was comforting, it was easy, from start to finish it’s so calm, it felt so fast. I don’t mind wearing it longer. it was
my first time using it, I was amazed.” [P18]

Acceptance of the VR system

“I think will help someone like me, facing what I face, sitting here for all days, waiting for my surgery, being anxious,
not having anything to do, and not being allowed to eat or drink. I really appreciate you guys showing up. It really
helps me.” [P20]

Improvement in mental health
symptoms

“I forgot about the pain, some of it is there. I feel relaxed and comfortable, it took me out of my mind and I’m able
to focus on the virtual world, I like what I see, it’s so beautiful.” [P09]

Distraction from pain symp-
toms

“Mostly the calmness, being calm helps you deal with your physical issues better, and the visual experience has a
lot of benefits, it helped me forget that I have clog in my lung.” [P16]

Feelings of relaxation, calm-
ness

“No, don’t have any problem with it, it could be lighter with the headset. The side part it’s a bit blurry, but the other
it’s good. It will be good to wear my glasses.” [P12]

Problems using the VR headset
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Discussion

Principal Findings
In this feasibility study of commercially available immersive
VR use among critically ill patients, we found that most patients
did not have prior experience with VR technology but had high
levels of interest and acceptance of the technology. Participants
commented on VR’s potential to alleviate cognitive and
emotional symptoms. Changes in heart rate variability were
consistent with increased relaxation. Only minor technical
challenges and no severe adverse effects were noted.

Comparison to Prior Work
Prior work has explored the potential for immersive VR for
several ICU use cases [1]. However, this previous work reported
widely variable rates of uptake and hinted at a “digital divide,”
where older patients may be less interested in new technology
[30]. In contrast, we found high levels of participation among
patients of all ages. Thus, VR might be considered for study
even in settings that frequently care for older adults. We found
that patients who had previously used VR were less likely to
participate in our study. However, this might indicate that the
novelty of the experience drove participation in this feasibility
study. Interest may improve in prior users if VR were offered
as a validated treatment. Only a minority of patients who did
not participate gave reasons related to the VR itself.

After use, several participants commented on the potential of
the therapy to address anxiety and foster relaxation or calmness.
This was corroborated by the improvement in vital sign
correlates of relaxation, such as improved heart rate variability.
Some [6], but not all [18], prior studies of VR have shown
consistent changes in vital signs.

Participants also highlighted the potential of VR to distract from
pain, which is consistent with current guidance from the Society
of Critical Care Medicine that recommends consideration of
“cybertherapy [VR]” for this purpose [31]. The high usability
scores and low rate of technical challenges with “off-the-shelf”
commercially available options suggests that extensive
customization is not a prerequisite for use. Furthermore, we did
not observe claustrophobia, nausea, or “cybersickness” in any
patients. Cybersickness may be less common with more modern
VR headset technology that minimizes latency [32] and
discordance between virtual and actual head positioning [33],
which could explain why this was not encountered in our study.
In contrast to prior work suggesting that nature scenes may
maximize relaxation [15], travel was the most frequent VR
experience choice among our participants. The potential for VR
to enable “escape” from the ICU was also frequently mentioned
in qualitative interviews.

Strengths and Limitations
Strengths of this study include the assessment of both
quantitative and qualitative dimensions of the VR experience,
which both support the feasibility and potential utility of using
VR in this group. In addition, there were few exclusion criteria
and thus the sample of patients is expected to broadly represent

characteristics of critically ill patients without delirium. Lastly,
we demonstrated and reported an off-the-shelf and replicable
experimental setup that investigators can use as a starting point
for future studies.

However, several limitations also deserve mention. First,
nonrepresentative sampling of research participants may have
occurred due to only enrolling patients during select times when
study staff were available. Despite exhaustive screening of
patients who were identified as potential candidates during these
times, we cannot fully describe what characteristics may have
influenced which patients were judged to be potential candidates
for the study by attending physicians. Second, there was no
control group. Time trends and the influence of conversing with
study staff may also contribute to changes in symptoms and
vital signs, although we attempted to stabilize physiologic trends
with a 5-minute run-in period and structured interview guides
were used to focus the conversation. Third, prior work suggested
that VR’s effectiveness correlates with the degree of immersion
[34], which we did not directly assess. However, we chose not
to attempt to eliminate distractions to better emulate the
conditions and degree of immersion expected in actual use.
Fourth, our quantitative outcome scales are slightly modified
from previously validated work, and thus the reported effect
sizes should not be compared to other interventions or
established minimally important differences. Lastly, the uptake
of VR may differ when it is offered as a treatment for specific
conditions as opposed to offering the opportunity to help assess
feasibility, particularly among patients who have previously
used the technology.

Future Directions
This work has several important implications for the study of
VR in the ICU. We used commercially available technology
and found that the sessions were acceptable to patients. This
suggests that customization of either software or hardware is
not necessarily required for some VR use cases. Furthermore,
we found high interest among critically ill patients. Lastly, we
encountered minimal disruptions to patient care or study
protocols, with 95% of the patients completing the experience
and 90% completing all study assessments. This suggests that
protocols to study the impact of VR can be integrated into usual
ICU care with little impingement on clinical workflows.
Evaluation of the usability in patients excluded from the current
work, such as those with mild delirium or more severe emotional
symptoms, could help establish the potential of studying
immersive VR in additional high-risk populations.

Conclusions
We found that a relatively short session of off-the-shelf
immersive VR is acceptable to critically ill patients; resulted in
improved pain, anxiety, and overall mood scores; and did not
result in side effects or present major technical challenges. This
work suggests that studies on the effect of VR on
patient-relevant outcomes in the context of critical illness are
feasible. Investigators can consider VR study protocols that do
not involve substantial technology customization or large
changes to patient care workflows.
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Abstract

Background: The misuse and overuse of antibiotics accelerate the development of antimicrobial resistance (AMR). Serious
games, any form of games that serve a greater purpose other than entertainment, could augment public education above ongoing
health promotion efforts. Hence, we developed an evidence-based educational serious game app—SteWARdS Antibiotic
Defence—to educate players on good antibiotic use practices and AMR through a game quest comprising 3 minigames and
interaction with the nonplayer characters.

Objective: We aimed to evaluate the effectiveness of the SteWARdS Antibiotic Defence app in improving the knowledge of,
attitude toward, and perceptions (KAP) of appropriate antibiotic use and AMR among the public in Singapore.

Methods: We conducted a 2-arm parallel randomized controlled trial, recruiting visitors aged 18-65 years from 2 polyclinics
in Singapore. Intervention group participants had to download the SteWARdS Antibiotic Defence app (available only in English
and on the Android platform) on their smartphones and complete the quest in the app. Participants took half a day to 2 weeks to
complete the quest. The control group received no intervention. Knowledge questions on antibiotic use and AMR (11 binary
questions) were self-administered at baseline, immediately after the intervention, and 6-10 weeks post intervention, while attitudes
and perception questions (14 three-point Likert-scale questions) were self-administered at baseline and 6-10 weeks post intervention.
We also collected participants’ feedback on app usage.

Results: Participants (n=348; intervention: n=142, control: n=206) had a mean age of 36.9 years. Intervention group participants
showed a statistically significant improvement in mean knowledge score (effect size: 0.58 [95% CI 0.28-0.87]) compared with
controls after accounting for age, educational level, and exposure to advertisements on antibiotics and AMR. Intervention
participants also showed a statistically significant improvement in mean attitude-perception scores (effect size: 0.98 (95% CI
0.44-1.52)) after adjusting for marital status and race. A majority of participants agreed that the “SteWARdS Antibiotic Defence”
app improved their awareness on antibiotic use (135/142, 95.1%) and AMR (136/142, 95.8%). About 73.9% (105/142) of the
participants agreed that the app is easy to use, 70.4% (100/142) agreed that the app was enjoyable, and 85.2% (121/142) would
recommend the app to others.

Conclusions: Our educational serious game app improves participants’ KAP on appropriate antibiotic use and AMR. Public
education apps should be engaging, educational, easy to use, and have an attractive user interface. Future research should assess
the effectiveness of interventions in facilitating long-term knowledge retention and long-lasting behavioral change.

Trial Registration: ClinicalTrials.gov NCT05445414; https://clinicaltrials.gov/ct2/show/NCT05445414

International Registered Report Identifier (IRRID): RR2-10.2196/45833
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Introduction

The World Health Organization declared antimicrobial
resistance (AMR) as one of the top 10 global public health
threats in 2019 [1]. Antibiotic-resistant bacteria can cause human
infections that are harder to treat, leading to higher medical
costs, decreased work productivity, and increased mortality
[2-4]. By 2050, AMR is projected to cause 10 million annual
deaths and up to US $100.2 trillion in economic losses
worldwide if nothing is done to slow its progression [5]. The
widespread misuse and overuse of antibiotics, often driven by
the public’s lack of knowledge regarding appropriate antibiotic
use and AMR, contribute to AMR progression [6,7].

The need to educate the public on appropriate antibiotic use and
AMR is apparent, as better knowledge of antibiotic use was
found to be associated with favorable antibiotic attitudes, which
lowered the odds of expecting and receiving an antibiotic
prescription [8]. Despite yearly public outreach [9] and multiple
national educational campaigns on antibiotics and AMR [10],
misconceptions about antibiotics—such as believing that
antibiotics treat viral infections—continue to persist among the
Singaporean population [7,8]. Traditional efforts to educate the
public on antibiotic use and AMR have shown ambiguous
effectiveness [11,12]. Hence, the lackluster effectiveness of
existing efforts to prevent antibiotic misuse and overuse provides
an impetus to explore novel public education methods beyond
traditional modalities (eg, posters and pamphlets) [13].

Serious games have emerged as a promising tool for health
education and health promotion across various fields recently
[14]. This learning modality encompasses online and offline
tools that use gamification—the use of game-playing
elements—to provide an enhanced learning experience. Studies
have shown promise of serious games in improving the
short-term health knowledge, attitudes, and beliefs of young
people, but the studies were too heterogeneous to prove the
efficacy of this learning modality [15,16]. There were fewer
serious games studies with older adults, but a web-based serious
game co-designed with members of the public to raise pancreatic
cancer awareness found a statistically significant improvement
of pancreatic cancer awareness [17].

Serious games have also been used to promote good antibiotic
use behaviors [16,18]. Preliminary evidence of serious games
interventions on antibiotic use and AMR has shown promise in
improving the knowledge of appropriate antibiotic use [16,19].
However, these studies were primarily focused on children and
students. Adults have greater access to antibiotics and are more
likely to pass down antibiotic use behaviors to the younger
generation [13]. Hence, it is essential to educate young adults
on appropriate antibiotic use. Existing studies also limited
participants to a controlled environment with restricted playing
time and may not fully capture real-world behavior.
Furthermore, many studies overlooked the importance of

long-term knowledge retention. The paucity of high-quality
randomized controlled trials (RCTs) in the real-world setting
highlights a pertinent gap in the evidence base of serious games
for public education.

Singapore offers an excellent environment for evaluating serious
game applications (apps) given its high smartphone penetration
rate (92%) [20] and emphasis on digital transformation [21].
Hence, we developed an evidence-based serious game
app—“SteWARdS Antibiotic Defence”—to deliver adult
education on appropriate antibiotic use and AMR and aimed to
evaluate its effectiveness in improving knowledge of, attitude
toward, and perceptions (KAP) of antibiotic use and AMR in
Singapore. We also sought user feedback on the “SteWARdS
Antibiotic Defence” app.

Methods

Study Design
We conducted a parallel 2-arm RCT with a 6- to 10-week
follow-up period. Participants in the intervention group had to
download and complete the quest in the “SteWARdS Antibiotic
Defence” app on their smartphones, while controls received no
intervention.

Study Setting
We recruited patients and their caregivers from 2
government-funded primary care clinics (ie, polyclinics) in
Singapore. Recruitment occurred from January to March 2023,
and follow-up was completed in early June 2023. The 23
polyclinics in Singapore manage 20% of Singapore’s primary
health care needs by providing subsidized services such as
medical treatment for acute and chronic conditions, vaccinations,
and health education [22]. Participants seen at the polyclinics
mainly have acute conditions that are managed outside the health
care setting. Hence, while our study recruitment and baseline
data collection occurred in the policlinics, the study intervention
and follow-ups were administered outside the health care setting.

Eligibility Criteria
Participants were 18-65 years of age, had access to an Android
smartphone, and were English literate. We excluded those with
visual or cognitive impairment, not proficient with smartphone
apps, and those unable to install Android mobile apps from the
study.

Intervention

App Development
The “SteWARdS Antibiotic Defence” app is an evidence-based
serious game mobile app developed by the study team, in
collaboration with Temasek Polytechnic (a public tertiary
institution in Singapore), to educate the public on appropriate
antibiotic use and AMR. Players learn about appropriate
antibiotic use and effective methods to recover from
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uncomplicated upper respiratory tract infections by interacting
with the nonplayer characters (NPCs) releasing bite-sized
information and playing the minigames in the app. We derived
the educational content in the app from a rigorous review of
knowledge gaps [7,8,23], antibiotic guidance [24], and inputs
from health care professionals. The in-app messages were also
adapted to the local context to ensure their relevance to players
[25]. A few knowledge questions in the postgame and
postintervention surveys were reverse scored to reduce to
learning effect on knowledge gains. The bite-sized messages
and knowledge questions can be found in Tables S1 and S2 in
Multimedia Appendix 1.

The pre- and postgame knowledge questions were embedded
at the beginning and the end of the quest to reinforce knowledge
retention (Figure 1). Completing the 11 baseline knowledge

questions is a prerequisite to proceed to the minigames while
completing the postgame knowledge questions is a prerequisite
to fulfill the requirements of the intervention. Players are
allowed to play the minigames repeatedly once they pass the
level, but they can complete the pre-post survey only once.
There is an in-app WhatsApp helpline for participants to contact
the study team should they encounter technical difficulties. The
feedback form link is also embedded in the app and appears
after the completion of the postknowledge survey. Study team
members (data collectors) provided intervention group
participants with a onetime unique code to access the app during
recruitment. The unique code allowed us to track the pre-post
knowledge survey responses, time spent on the app, and
interactions with the NPCs anonymously. We did not analyze
the time spent on the app due to glitches that affected data
quality.

Figure 1. An example of a knowledge question embedded in the app. Participants are expected to complete 11 preintervention knowledge questions,
followed by the game quest and 11 post–intervention knowledge questions to complete the intervention.

Game Components
There are 3 “worlds”—the “Supermarket,” “Park,” and “Train
station”—that lead to the minigames in the app. Each “world”

comprises 2 NPCs and a minigame. The supermarket is linked
to the Tower Defence game; park is linked to the Match3 game;
and train station is linked to the Endless Runner game (Figures
2-5).

Figure 2. Interaction with a nonplayer character (NPC) at the park. Bite-sized messages on good antibiotic use practices were released through
interactions with the NPCs. The rightmost NPC leads to the Tower Defence game.
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Figure 3. The Tower Defence game consists of 9 levels. The top figure shows the game interface with C-Stin turrets and the super bug (level 9). The
subsequent figures show the messages released at the beginning of level 9 to teach players about the concept of antimicrobial resistance. Players have
to choose the appropriate turrets and strategically place them at appropriate locations to effectively target their enemies (bacteria or viruses).
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Figure 4. The Endless Runner game can be accessed via the train station (picture on top). The game reinforces the message that antibiotics are effective
only against bacteria and not viruses. Players collect coins while running and use the antibiotic gun or immunity gun to shoot at bacteria or virus obstacles,
respectively. Coins collected from the Endless Runner game can be used to purchase turrets in the Tower Defence game.
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Figure 5. The Match3 game can be accessed via the park (picture on top). The game educates players on good health habits by focusing on sleep
hygiene, nutrition, immunization, and physical exercise. Players are required to match 3 or more similar tiles within a specific time limit to successfully
clear each of the 10 levels. Bite-sized messages are released before the start of each game to remind players of maintaining a healthy lifestyle.

There are 9 levels in the Tower Defence game to teach players
about antibiotics and AMR. The first 2 levels teach players that
antibiotics are effective against bacteria and the next 2 introduce
the concept that antibiotics are bacteria-specific. Levels 5 and
6 educate players that antibiotics are not effective against
viruses, levels 7 and 8 are reinforcements of previously taught
concepts, and the last level educates players on antibiotic
resistance by introducing a superbug that requires an expensive
antibiotic (turret) to cure (kill the superbug). Players have to
earn coins by passing Tower Defence levels and playing the
Match3 and Endless Runner games.

The Endless Runner game is accessible via the train station.
The game reinforces the message that antibiotics are effective
only against bacteria and not viruses. Players collect coins while
running to purchase turrets in the Tower Defence game, and
use the antibiotic gun to shoot away bacteria obstacles and the
immunity gun to shoot the virus obstacles.

The Match3 game is accessible via the park. The game educates
players on good health habits by focusing on sleep hygiene,
nutrition, immunization, and exercise. Players are required to
match 3 or more similar tiles within a specific time limit to
successfully clear each of the 10 levels.

Further details of the design and principles of the “SteWARdS
Antibiotic Defence” app can be found in our published protocol
[25]. Individual participants were followed up according to
recruitment schedule from the point of recruitment. Participants
took between half a day to 2 weeks to complete the intervention.

Outcomes
The primary outcome of interest was the change in KAP scores
of antibiotic use and AMR. The secondary outcome was the
level of user satisfaction for the “SteWARdS Antibiotic
Defence” app. Primary outcomes were assessed for the
intervention and control groups at baseline, immediately post
intervention (intervention group only), and 6-10 weeks post
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intervention (from baseline for controls) via self-administered
questionnaires. Knowledge was measured via 11 True/False
questions, while attitudes and perceptions were measured via
14 questions on a 3-point Likert scale. Details of the KAP
questionnaire are available in our published protocol [25]. For
the intervention group, satisfaction with the “SteWARdS
Antibiotic Defence” app was measured with 4 questions on a
5-point Likert scale and the reason(s) for recommending or not
recommending the app to others, and suggestions for
improvement were obtained via open-ended questions upon
quest completion.

Sample Size
Assuming an effect size of 0.334 (95% CI 0.260-0.407) based
on other serious games studies [18], we estimated a minimum
sample size of 142 per group to detect a significant change in
the knowledge score at a power of 80% and an a level of .05.
We initially planned to recruit 200 participants per arm to
account for a 30% attrition rate. We later increased the
recruitment numbers to 240 per arm to account for a 40%
attrition rate as we observed higher-than-expected dropout rates.

Study Procedures
Recruitment occurred on weekdays during the polyclinic’s
opening hours. Staff members of the polyclinics were trained
to recruit participants in their respective polyclinics. The data
collectors would walk through every level of the polyclinic
systematically to recruit participants daily. We also displayed
digital recruitment posters around the polyclinics, so that
interested visitors could contact the study team. However, only
2 participants contacted the study team via digital posters.

Data collectors approached the patient or the visitor nearest to
them who seemed to fall in the eligible age category (18-65
years of age) to explain the study while systematically walking
around the polyclinic. Next, the data collectors explained the
study to the persons they approached and informed them of the
possibility of being randomized into either the “survey group”
(control) or the “app and survey” (intervention) group. Informed
consent was obtained from interested participants before asking
participants to pick a card to determine the group assignment.
Participants knew which group they were assigned to as the
intervention group participants were asked to download the app
after their demographic data was collected. Baseline data
collection occurred after randomization because the pre-post
knowledge questions were built into the app. We collected
participants’ KAP responses and demographic data at baseline
and reimbursed them a small fee for completing the baseline
surveys. All participants received the same amount of
reimbursement at the baseline. Reimbursement was tiered to a
higher value for the follow-up surveys to motivate participants
toward task completion.

Baseline Data Collection
The baseline data collection process differed slightly between
the intervention and control group participants. Intervention
group participants had to complete the Attitudes-Perception
demographic questionnaire on an iPad and install the
“SteWARdS Antibiotic Defence” app on their smartphones.
The data collector then provided the participant with a unique

code to gain access to the app. Upon logging into the app,
participants had to complete 11 baseline knowledge questions,
followed by a walk-through of the basic features of the app.
Controls completed the KAP and demographic questionnaire
on an iPad.

Control Group Follow-Up
A study team member (ie, data collector) sends participants a
detailed WhatsApp message 6 weeks after their recruitment
date to inform them to complete the postintervention KAP
questionnaire. The study team member sent a reminder if
participants did not complete the questionnaire 2 weeks after
the first WhatsApp message.

Intervention Group Follow-Up
Participants had to complete the “SteWARdS Antibiotic
Defence” game quest and satisfaction survey and inform the
study team via WhatsApp upon intervention completion. Six
weeks after participants complete the intervention, a study team
member sends a detailed WhatsApp message to inform them
to complete the postintervention KAP questionnaire. A study
team member reminded participants who did not complete the
quest 2 weeks after recruitment and 2 weeks after sending the
first KAP WhatsApp message.

Withdrawals and Loss to Follow-Up
Participants who became uncontactable during the study period
were classified as loss to follow-up cases while those who
indicated that they wished to be withdrawn from the study were
considered as withdrawn cases. Withdrawn cases were asked
to uninstall the app and were not further contacted.

Randomization
Eligible participants were 1:1 block randomized into the
intervention or control group. Each block comprised 2
intervention and 2 control allocations. Participants determined
their allocation by picking cards in the block, which was reset
after all cards were drawn.

Blinding
Participants were not blinded to the intervention as the data
collectors had to explain the "SteWARdS Antibiotic Defence"
app to participants assigned to the intervention group. Apart
from the data collectors, all other study team members
(including the data analyst) were blinded to the group
assignment.

Data Analyses
We initially planned to take the intention-to-treat approach in
analyzing the study data but eventually took the per-protocol
approach, as our app usage data showed that participants who
did not complete the game quest had too few interactions with
the app to derive any benefit from the intervention. We
standardized the total Knowledge and Attitude-Perception scores
to 100% to illustrate the pre-post changes in scores. Correct
answers are coded as 1 while wrong answers are coded as 0.
Similarly, the “correct” attitudes are coded as 1 while neutral
and “incorrect” attitudes are coded as 0.
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Chi-square tests and Mann-Whitney U tests were used for
univariate baseline comparisons. Weighted least squares
regressions (weighted on preintervention scores) were used to
assess the effect of the intervention on knowledge and KAP
scores. The best regression model was chosen based on the
lowest Akaike Information Criterion. All statistical assumptions
were checked to ensure the accuracy of analyses. STATA
(version 15; StataCorp LLC) was used for all statistical analyses.

Participant feedback was analyzed qualitatively using thematic
analysis. OJT telephoned participants to elaborate on any
ambiguous feedback and categorized the feedback into themes.
ZH reviewed and discussed the categorization with OJT until
a consensus was reached.

Ethical Considerations
This study was approved by the National Healthcare Group
Domain Specific Review Board (2022/00479) in Singapore.
Informed consent was obtained from participants after the data
collector had fully explained the study to them. Each participant
was given a unique research ID linked to their personal details
(eg, name and contact details). Only National Healthcare Group
Domain Specific Review Board–approved study team members
have access to participant data. All identifiable information is
stored in password-protected files in the institutions’ server.
Data collected from the surveys and app contained only the
participants’ research IDs. Participants were reimbursed SGD

5 (US $3.82) for completing the baseline and demographic
survey, SGD 10 (US $7.64) for completing the postintervention
survey, and SGD 25 (US $19.10) for completing the app
intervention and satisfaction survey (intervention group
participants only).

Results

Participant Flow
We approached 1985 patients and visitors of polyclinics for 3
months, and 57.6% (1144/1985) of patients consented to take
part in our study. Of these consenting participants, 41.1%
(470/1144) of them did not own an Android phone, 8.7%
(100/1144) did not meet our age requirements, 7.0% (80/1144)
of them were not proficient in the English language, 0.6%
(7/1144) of them had difficulty downloading the app, and 0.6%
(7/1144) of them had visual or cognitive impairment. We
block-randomized 42.0% (480/1144) of participants who were
screened for eligibility into 2 study arms. Of these randomly
assigned participants, 85.8% (206/240) of them in the control
group and 59.1% (142/240) of them in the intervention group
completed the study and had their outcomes assessed. About
40.8% (98/240) of intervention group participants did not
complete the game quest (16 withdrew; 82 dropped out) in the
app (CONSORT [Consolidated Standards of Reporting Trials]
flowchart shown in Figure 6).
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Figure 6. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of a 2-arm randomized controlled trial conducted on participants
recruited from government-funded primary care clinics between January 2023 and March 2023 in Singapore. A total of 1985 people were approached,
1144 were screened for eligibility, and 480 were recruited into the study and randomized equally into the control or intervention group. The outcomes
of 142 intervention participants and 206 controls were eventually assessed.

Recruitment
Recruitment occurred between January 2023 and March 2023,
and follow-up was completed by early June 2023. We ceased
recruitment when we achieved 240 participants per arm.

Baseline Data
Table 1 shows participants’ baseline characteristics. The
randomization produced comparable groups as there were no
significant between-group differences in participants’
sociodemographic characteristics at baseline. Participants had
a mean age of 36.9 (SD 12.2) years. Our participant profile fits
Singapore’s population profile in terms of ethnicity (252/348,
72.4% Chinese; 61/348, 17.5% Malay; and 24/348, 6.9%

Indian), education level (128/348, 36.8% had tertiary education),
and housing type (275/348, 79.0% residing in conventional
public housing flats). There were also no significant
between-group differences in the mean baseline knowledge
score of 8.4/11 (SD 1.6), but the attitude-perception score was
significantly higher in controls (mean 9.6, SD 2.6) than in
intervention participants (mean 8.8, SD 3.0). In addition, 60.1%
(209/348) of participants had no exposure to advertisements on
antibiotic use at baseline.

The randomization produced comparable groups as there were
no significant between-group differences in participants’
sociodemographic characteristics at baseline. Our participant
profile fits Singapore’s population profile in terms of ethnicity
and housing type.
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Table 1. Baseline characteristics of the randomized controlled trial participants recruited from government-funded primary care clinics between January
2023 and March 2023 (N=348).

P valueControl group (n=206)Intervention group (n=142)All participantsBaseline characteristics of respondents

Sociodemographic factors

.2137.6 (12.3)35.9 (12.0)36.9 (12.2)Age (years), mean (SD)

.64Sex, n (%)

105 (51.0)76 (53.5)181 (52.0)Male

101 (49.0)66 (46.5)167 (48.0)Female

.79Race, n (%)

146 (70.9)106 (74.7)252 (72.4)Chinese

38 (18.5)23 (16.2)61 (17.5)Malay

16 (7.8)8 (5.6)24 (6.9)Indian

6 (2.9)5 (3.5)11 (3.2)Other races

.24Educational level, n (%)

81 (39.3)47 (33.1)128 (36.8)Tertiary educationa

125 (60.7)95 (66.9)220 (63.2)Nontertiary education

.36Marital status, n (%)

101 (49.3)65 (45.2)169 (48.7)Married

104 (50.7)77 (54.2)178 (51.3)Unmarried

.98Housing, n (%)

48 (23.3)33 (23.2)81 (23.3)HDBb 3-room flat and below

114 (55.3)80 (56.3)194 (55.8)HDB 4 or 5-room flat

44 (21.4)29 (20.4)73 (21.0)Above HDB 5-room/private proper-
ty

Knowledge, attitude, and perceptions on antibiotics and AMRc

.34Advertisement on antibiotic use, n (%)

78 (37.9)61 (43.0)139 (39.9)Had seen advertisements

128 (62.1)81 (57.0)209 (60.1)Had NOT seen advertisements

.168.3 (1.7)8.5 (1.6)8.4 (1.6)Knowledge score, mean (SD) (maximum
score: 11)

.0049.6 (2.6)8.8 (3.0)9.3 (2.8)Attitude-perception score, mean (SD)
(maximum score: 14)

aTertiary education: university and above.
bHDB flat: flats developed by Singapore’s public housing authority.
cAMR: antimicrobial resistance.

Change in Knowledge Score
The mean standardized knowledge score improved from 77.6%
at baseline to 82.4% postgame and 83.5% 6-10 weeks post
intervention among intervention group participants, while
controls had a modest improvement of 75.4% from baseline to

78.1% at 6-10 weeks post baseline (Figure S1 in Multimedia
Appendix 1).

The multivariable regression analyses (Table 2) showed that
intervention group participants had greater improvement in
knowledge than controls (between-group differences: 0.58, 95%
CI 0.28-0.87) after accounting for age, educational level, and
exposure to advertisements on antibiotics and AMR.
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Table 2. Multivariable weighted least squares regression analysis of the association between the intervention and knowledge score at 6-10 weeks
postintervention.

Outcome: 6-10 weeks of postintervention knowledge scoreModel variables

VIFaP valueEffect size (95% CI)

Randomization groupb (reference: control)

1.04<.0010.58 (0.28 to 0.87)cIntervention

Knowledge

1.08<.0010.24 (0.17 to 0.32)cBaseline knowledge score

Age group (years; reference: 18-25 years)

1.91.001–0.75 (–1.19 to –0.31)c26-35

2.49.07–0.43 (–0.90 to 0.03)36-50

2.05.09–0.45 (–0.99 to 0.08)51-65

Marital status (reference: not married)

1.51.07–0.32 (–0.67 to 0.03)Married

Education status (reference: nontertiary education)

1.13<.0010.77 (0.45 to 1.09)cTertiary education

Advertisement on antibiotics and AMRd (reference: have not seen advertisements)

1.05.010.39 (0.09 to 0.69)cHave seen advertisements

aVIF: variance inflation factor.
bIntervention group participants had greater improvement in knowledge than controls after accounting for age, educational level, and exposure to
advertisements on antibiotics and AMR.
cP<.05.
dAMR: antimicrobial resistance.

Change in Attitude-Perception Score
The mean standardized attitudes-perception score improved
from 62.6% at baseline to 77.7% post intervention among
intervention group participants, while controls had a modest
improvement of 68.9% from baseline to 71.9% post intervention
(Figure S1 in Multimedia Appendix 1). The proportion of
intervention group participants with the “correct” attitudes and
perceptions increased for all 14 statements post intervention
(Figure S2 in Multimedia Appendix 1). However, intervention
group participants continue to have misconceptions about

antibiotic use after completing the game quest. The proportion
of participants with correct responses for the statement “I need
antibiotics to recover from serious symptoms from the common
cold and flu” increased from 29.6% (42/142) pre- to 46.5%
(66/142) postintervention, and for “I need antibiotics if I
continue to have flu symptoms after two weeks” increased from
22.5% (32/142) pre- to 38.7% (55/142) postintervention.

The multivariable regression analyses (Table 3) showed that
intervention group participants had greater attitudes-perception
improvement than controls (0.98 [0.44-1.52]) after accounting
for marital status and ethnicity.
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Table 3. Multivariable weighted least squares regression analysis of the association between the intervention and attitude-perception scores at 6-10
weeks postintervention.

Outcome=6-10 weeks of postintervention attitude-perception scoreModel variables

VIFaP valueEffect size (95% CI)

Randomization groupb (reference: control)

1.30<.0010.98 (0.44 to 1.52)cIntervention

Attitude-perception

1.26<.0010.46 (0.39 to 0.53)cBaseline attitude-perception score

Education status (reference: nontertiary education)

1.67.110.56 (–0.13 to 1.26)Tertiary education

Ethnicity (reference: Chinese)

1.84<.001–2.86 (–3.56 to –2.15)cMalay

1.71.006–1.28 (–2.19 to –0.36)cIndian

1.03.85–0.19 (–2.10 to 1.72)Others

Marital status (reference: not married)

1.67<.001–1.39 (–1.99 to –0.78)cMarried

aVIF: variance inflation factor.
bIntervention group participants had better attitudes-perception improvement than controls after accounting for marital status and ethnicity.
cP<.05.

App Satisfaction
The majority of participants agreed that the “SteWARdS
Antibiotic Defence” app improved their awareness on antibiotic

use (135/142, 95.1%) and AMR (136/142, 95.8%). About 73.9%
(105/142) of the participants agreed that the app is easy to use,
70.4% (100/142) agreed that the app was enjoyable, and 85.2%
(121/142) would recommend the app to others (Table 4).

Table 4. Satisfaction in using the “SteWARdS Antibiotic Defence” app (N=142).

Responses, n (%)App satisfaction

User experiencea: How far would you agree that the app:

135 (95.1)Improved awareness on antibiotic use

136 (95.8)Improved awareness on antimicrobial resistance

105 (73.9)Is easy to use

100 (70.4)Is enjoyable to use

User satisfaction

121 (85.2)Would recommend the app to others

aUser experience was measured on a 5-point Likert scale. We report the proportion of respondents who agreed with the statements on user experience.
The majority of participants agreed that the “SteWARdS Antibiotic Defence” app improved their awareness on antibiotic use and AMR. More than
70% agreed that the app is easy to use, enjoyable, and would recommend the app to others.

Participants who would recommend “SteWARdS Antibiotic
Defence” found the app user-friendly, fun, enjoyable, and
interesting. Some participants also lauded the app’s unique
learning modality and felt that the intervention addressed an
important public health topic, raised their awareness of AMR,
and improved their knowledge on appropriate antibiotic use
(Table S3 in Multimedia Appendix 1).

It provides information about antibiotic resistance in
an easy to understand, engaging way.

It is much more engaging compared to reading or
[looking] through long videos.

Participants who would not recommend the app mainly had a
poor user experience and were frustrated with technical
difficulties in navigating the app. Some technologically astute
players found the game boring, repetitive, and unfulfilling.

There were technical issues that made completing the
game annoying.

One participant found no value in recommending the app to
friends or family member working in health care. Those who
found the games difficult to play (mostly older adults) or
experienced usability issues (eg, small fonts) also expressed
dissatisfaction with the intervention.
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Seniors may not be able to understand how to play
the games.

Suggestions for App Improvement
Suggestions to improve the quality of “SteWARdS Antibiotic
Defence” include the following (Table S4 in Multimedia
Appendix 1):

Refining Game Mechanics
Participants pointed out that the minigames should focus on
reinforcing concepts the study team intended to teach. For
example, 1 minigame leans toward self-care instead of teaching
about antibiotics use and AMR. Some participants also
suggested improving the game’s instructional clarity, calibrating
the in-game economy to optimize the game’s difficulty level,
and increasing the number of interactive elements.

The upgrades in the Tower Defence Game is
overpowered and makes it too easy.

Let users know how much the coins earned from
“endless runner” are worth. This ties into the other
game “tower defence” because you need coins to
build the towers.

Enhancing the User Interface
Participants suggested having a consistent art style, larger word
fonts to cater to older adults, and graphics with a closer
resemblance to bacteria and viruses.

Maybe the educational message displayed before each
game can be read out.

The 3D games can have better art style to match with
the other 2D games and environment.

Having More App Features
Suggested app features include adding music and sound effects
within the minigames, allowing players to create personal
profiles, and in-app game demonstrations.

More sound effects would be nice.

Bug Fixes
Participants suggested to improve the app’s responsiveness,
sensitivity, speed, and fixing the glitches.

Developer to look into the app responsiveness and
the graphics.

Discussion

Main Findings
We evaluated the effectiveness of an evidence-based serious
game mobile app in improving the KAP of appropriate antibiotic
use and AMR among Singapore residents. To our knowledge,
this is the first RCT assessing the effectiveness of a serious
game mobile app intervention for public education on
appropriate antibiotic use and AMR. We also assessed the
effectiveness of the app in short-term knowledge retention at
6-10 weeks post intervention, which has often been overlooked.
Furthermore, we assessed the app in a real-world context in the

community and not in the controlled environment of an
experimental setting.

We observed a statistically significant effect size of 0.58 (95%
CI 0.28-0.87) in knowledge improvement, which concurs with
other serious game studies on chronic disease management
among young people [26] and healthy lifestyle promotion [27].
However, a similar Singapore study on dengue prevention
observed significant improvements of participants’ knowledge,
attitudes, and practices from baseline but no between-group
mean differences [28]. The difference in observations is likely
attributed to the exposure of relevant information sources among
controls in the dengue study, which attenuated the effects of
the app intervention. Tertiary-educated adults were positively
associated with higher postintervention scores. They may fare
better at learning the more difficult AMR concepts as studies
have shown that AMR concepts are hard to teach. Participants
with no or limited understanding of the etiology of antibiotic
resistance would face difficulty connecting AMR with antibiotic
misuse [29]. Furthermore, misconceptions about antibiotic use
are generally hard to rectify.

We also observed a statistically significant effect size of 0.98
(95% CI 0.44-1.52) in attitude-perception improvement with
the “SteWARdS Antibiotic Defence” app. Other studies have
found mixed results in the effectiveness of serious games in
improving the adoption of healthy behaviors, such as fruit and
vegetables intake among adolescents [15]. The effectiveness of
serious games in changing attitudes and perceptions are hard
to measure as studies are often multifaceted. Therefore, it is
essential to have well-designed interventions targeted at the
correct population, well-accepted by participants, and with
attainable goals for interventions to be successful. While we
recruited participants between 18 and 65 years of age, the app
was originally developed for young adults as this group of
people was found to have the lowest knowledge in antibiotic
use and AMR [7].

Our “SteWARdS Antibiotic Defence” app received an overall
positive rating, but the ratings should be interpreted with caution
as the satisfaction survey was only completed by participants
who finished the game quest in the app. It is unclear whether
participants dropped out of the intervention due to dissatisfaction
with the app or a lack of time to complete the quest. Other
studies assessing the effectiveness of serious games in health
education have observed high satisfaction among participants
[30,31]. However, there is limited evidence on the satisfaction
with health education delivered via serious games in the general
population and even fewer studies report participant satisfaction.
Hence, the feedback and suggestions we gathered from
participants are valuable in identifying population-specific
shortcomings of the intervention and informing app
enhancements that could increase the success of intervention
scale-ups.

Despite a modest improvement in KAP scores in the intervention
group, improved health literacy may not translate to desired
behavioral change [13,32]. Health literacy interventions have
led to improved health outcomes in some studies, but the links
between health literacy improvement and behavioral change
have not been established with higher-quality studies [33].
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Effective interventions are also integral to attaining successful
behavioral change. One way to improve the learning outcomes,
suggested by our participants, is to weave the intended learning
concepts into the game mechanics rather than displaying
informational text boxes for players to read. Such enhancements
would possibly improve user engagement and lead to better
learning outcomes [34].

A few limitations exist in our study. First, measurement errors
in KAP scores might occur if intervention group participants
had requested their friends or family members to help with study
completion. Nonetheless, controls could also have had help in
completing the postintervention survey. Therefore, any bias
which attenuates the intervention's true effect is likely toward
the null. Second, there is a ceiling effect for participants with
near-perfect baseline scores, which could attenuate the positive
effects of the intervention. Third, we randomized participants
prior to baseline data collection because the knowledge
questions were embedded in the app. Fourth, there may be a
learning effect in the intervention group as these participants
completed the knowledge questionnaire 3 times. Hence, the
positive effects observed in the intervention group could be a
combination of the serious game and learning effect from the
immediate postgame survey. Including a study group with a
traditional form of learning (eg, brochures) may enable us to

assess the effect of the serious game app more accurately.
Finally, we included only attendees at 2 government-funded
primary care clinics (polyclinics). Despite the limitations in
recruitment, the sociodemographic distribution of our
participants is representative of the Singaporean population.
Hence, our findings are generalizable to the rest of the country.

In addition, we noticed several older adults rejecting study
participation due to a lack of interest in completing the mobile
app quest. Their lack of interest implies an additional effort to
change their mindsets, and serious game interventions may not
be the best modality for educating older adults on public health
issues. Reminders were also integral in driving the app
completion rate. Hence, the actual uptake rate may be lower in
the population. Future research should assess the effectiveness
of interventions that facilitate long-term knowledge retention
and long-lasting behavioral change in antibiotic use and AMR
[35].

Conclusions
Our educational serious game app improves participants’ KAP
on appropriate antibiotic use and AMR. Public education apps
should be engaging, educational, easy to use, and have an
attractive user interface. Interventions should also aim to achieve
long-term knowledge retention and long-lasting behavioral
change.
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Abstract

Background: Sleep games are an emerging topic in the realm of serious health game research. However, designing features
that are both enjoyable and effective at engaging users, particularly university students, to develop healthy sleep habits remains
a challenge.

Objective: This study aims to investigate user preferences for 3 sleep game prototypes, that is, Hero’s Sleep Journey, Sleep
Tamagotchi, and Sleepland, and to explore their popularity and perceived utility in promoting sleep health.

Methods: A mixed methods approach was used in this study. Quantitative and qualitative data were collected through a co-design
workshop involving 47 university students. Participants were presented with storyboard cards of game features and were asked
to provide an overall rating on each game, as well as ratings for individual features. They were also encouraged to provide
free-form comments on the features and suggest improvements. In addition, participants were asked to express their preferences
among the 3 games regarding which game they would most like to play and which one they found most useful for promoting
sleep health.

Results: Surprisingly, while Hero’s Sleep Journey was the most popular choice among participants, Sleep Tamagotchi was
perceived as the most beneficial for improving sleep health. Relevance emerged as an overarching theme in the qualitative data
analysis, with 3 interconnected dimensions: psychological relevance to users’ personal lives, logical relevance to sleep health,
and situational relevance to users’ circumstantial context. We discussed how the 3 dimensions of relevance address the autonomy
and relatedness constructs outlined in the self-determination theory and proposed 3 design recommendations.

Conclusions: Our serious sleep game prototypes demonstrated the potential to engage university students to develop healthy
sleep hygiene. Future sleep game designs should aim to create a sense of relevance to users’ personal lives, sleep health goals,
and situational contexts. Rather than a one-size-fits-all approach, it is essential to develop a wide range of game genres and
features to cater to diverse users. Aligning game features with sleep health goals and educating users on the design rationale
through sleep knowledge are also important aspects. Furthermore, allowing users to customize their game experience and manage
technology boundaries is necessary to nurture a sense of control and autonomy in the process of forming good sleep hygiene.

(JMIR Serious Games 2024;12:e64063)   doi:10.2196/64063

KEYWORDS

serious games; sleep hygiene; sleep technologies; co-design; relevance; self-determination theory; digital health; persuasive
technology; behavior change
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Introduction

Background
Sleep plays an important role in sustaining physical and mental
health [1]. Not having enough good sleep is associated with an
increased risk of cardiovascular diseases, metabolic disorders,
temporary and permanent cognitive impairment, and mental
health issues [2,3]. However, attaining adequate sleep is often
challenging for many university students, and poor sleep quality
is frequently associated with poor sleep hygiene in this
population [4-7]. Sleep hygiene encompasses 4 interconnected
dimensions: establishing a regular sleep-wake cycle, creating
a nighttime routine, optimizing the sleep environment, and
cultivating healthy daily habits [8]. Sleep research has
demonstrated that behavior changes targeting sleep hygiene
positively impact sleep health among clinical populations [8,9],
indicating the potential application of behavior change
technology for promoting healthy sleep behavior. Despite this
potential, the development of such technologies in the domain
of sleep health has generally been limited in focus and scope
[10].

There have been previous attempts to incorporate playful
elements into improving sleep hygiene to make the process
more engaging and effective [11]. These efforts can be broadly
categorized into tangible approaches and mobile apps. Tangible
approaches use physical tools or materials, such as worksheets
[12], tactile game boards [13], and aroma tokens [14]. In
addition, various alarm clocks have been introduced with designs
to awaken users in effective and creative ways. Examples
include Ruggie (Windustries Limited), which requires users to
step on it; Gun O’Clock (Bandai Namco), which necessitates
shooting a target; and Clocky (CLOCKY, LLC) and the
Helicopter Alarm Clock (Toyo Trading), which must be chased
to deactivate. These approaches challenge users by incorporating
active tasks to turn off the alarm.

With respect to mobile apps, many attempts have been made
to develop various sleep games. Some focus on relaxation by
integrating peaceful and calm elements within the game design
(eg, Harmony [Logitech Europe SA], SpinTree 3D [Tabasco
Games], and Sheep Sleep [Superpea Ltd]), while others guide
users through relaxation techniques such as breathing exercises
(eg, Loona [KEYi Technology Co, Ltd] and Mindllama Breathe
Sleep better [Llama Luna Apps]). Certain games promote
mindfulness regarding bedtime routines [15], screentime before
bed [16], and daily habits related to sleep [14] or incentivize
the maintenance of healthy bedtime habits (eg, Sleep Town
[Seekrtech] and Pokémon Sleep [The Pokémon Company]).
Despite this variety, most of these apps function as alarm clocks,
offering playful methods to wake users up and regulate their
sleep patterns. They typically present specific missions (eg,
Early Bird Alarm Clock [ONEYEAR], Sleep as Android: Smart
alarm [Urbandroid Team], AlarmClock Xtreme [Agilesoft
Resource], ChallengeAlarm [Nicole Ocean], Alarmy [Delight
Room Co, Ltd], and TurboAlarm [Francisco Javier Castaño
Gómez]) or incorporate minigames, such as simple shooting
games or puzzles, requiring players to achieve certain goals to
deactivate the alarm (eg, AlarmMon [Malang Studio Co Ltd],

Vmons [Vmons App], Wakey [Kanetik], AlarmBuddy [Alarm
Buddy], and Unicorn Alarm [NETIGEN Apps]).

While there are numerous games and gamified apps to enhance
sleep hygiene, there remains significant room for improvement.
First, as noted earlier, existing solutions are primarily designed
for mobile apps or custom tangible artifacts. At this point,
smartwatches offer unique advantages over other types of
technology, such as reduced blue light exposure, timely
interventions, and the capacity to track different health indicators
[17,18] and sleep metrics [19], with reasonable accuracy [20].
Nevertheless, surprisingly little work has explored the potential
of smartwatch games for promoting sleep hygiene.

Second, current sleep games and gamification systems primarily
target the nighttime routine and, to a lesser degree, the regularity
of sleep-wake cycles and sleep environment optimization. Only
1 study has explored the design space surrounding daily
activities, particularly caffeine intake, for sleep hygiene
improvement [14]. Targeting daytime activities that promote
better sleep represents a vast design space, including strategies,
such as receiving early morning sunlight exposure, having meals
early, and avoiding late naps or caffeine consumption close to
bedtime [21-25]. Furthermore, it is still unclear how
incorporating daily activities to improve sleep health will be
received by users of sleep hygiene technologies.

Finally, most current services aim to improve sleep quality
through gamified apps rather than actual games that provide a
fully playful and immersive experience. The potential of games
for behavior changes and persuasive technologies is well
documented [26] but surprisingly underexplored in the domain
of sleep health.

This Study
This work seeks to explore how smartwatch-based sleep health
games are perceived by potential users and could in turn be used
as effective tools for improving sleep hygiene. We achieve this
by tapping into the unexplored dimensions of sleep hygiene
games using a participatory design approach, aiming to provide
insights and design implications that contribute to the future
development of serious sleep hygiene games.

Methods

Conceptualization and Design of Smartwatch Sleep
Games

Overview
In prior work, we adopted a co-design approach that gathered
a cohort of university students to participate in the brainstorming
and design of sleep health technologies targeted at addressing
the sleep health needs of this population more accurately [4].
A total of 51 university students participated in 3 co-design
workshops. Thematic analysis of the qualitative data generated
9 themes, including health tracking, sleep environment
optimization, sleep literacy, community, recommendation,
gamification, generative artificial intelligence, materializing
sleep with learning, and personalization. For more details on
the workshop and resulting initial design insights, refer to the
study by Liang et al [4]. Building on these design insights and
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evidence-based sleep health knowledge, we developed 3
low-fidelity prototypes of smartwatch sleep games that
addressed various themes identified as important by the

participants of the initial workshop (Figure 1). The game
features for each prototype and their designs are described in
more detail in the subsequent sections.

Figure 1. Prototype mockups of the 3 smartwatch sleep games.

Hero’s Sleep Journey: Power Up Hero With Your Sleep
to Fight Monsters
Hero’s Sleep Journey (HSJ) focuses on leveraging the powerful
motivational effects of role playing and avatars [27-29]. It

features a hero avatar as the main visual theme and is centered
on adventure and mission completion. Users play as a hero who
grows stronger through good sleep hygiene and fights monsters
to protect their village. Some of the core game features are
summarized in Textbox 1.

Textbox 1. Summary of core game features of Hero’s Sleep Journey.

Core game features of Hero’s Sleep Journey

• Regain health points through sleep: players restore their hero’s vitality by ensuring adequate sleep, with an emphasis on sleep duration and quality.

• Fight monsters through healthy daily habits: players fight monsters that attack the village by performing various healthy daily habits, such as
exercising, walking, stretching, and so forth. Successfully defeating monsters rewards players with in-game currency, which can be used to hire
additional heroes or change avatars, as well as buy accessories and weapons that can further improve their hero’s abilities.

• Complete daily sleep hygiene challenges: players can complete a small number of special challenges each day to gain unique rewards for their
hero, such as extra currency, exclusive weapons or accessories not available in the shop, and stat increases that can further improve their hero’s
abilities. Examples of special challenges include but are not limited to walking a set amount of distance, taking a certain number of steps in an
hour, or reaching a specified heart rate.

Sleep Tamagotchi: Raise Virtual Pets With Your Sleep
Sleep Tamagotchi (ST) leverages the charm of a virtual pet to
engage players in improving their sleep hygiene [30,31]. The

central theme involves a cute digital pet that guides users in
developing and maintaining healthy sleeping habits. Some of
the core game features are summarized in Textbox 2.

Textbox 2. Summary of core game features of Sleep Tamagotchi.

Core game features of Sleep Tamagotchi

• Complete daily routines with pet: players can complete various daily activities with their pet, such as stretching, walking, and exercising at
appropriate times of the day. These activities are proven to benefit night sleep according to sleep science studies [6,7].

• Prompting healthy sleep practices: players will be prompted with notifications and in-game animations of their pet performing desired activities
at appropriate times of day or night (eg, walking, stretching, taking a bath, getting ready for bed, and sleeping).

• Customization rewards for healthy sleep practices: players earn rewards and gifts for their pet through sleeping well, maintaining a consistent
sleep schedule, and forming good sleeping habits.
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Sleepland: Building Village With Your Sleep
Sleepland focuses on using the motivational power of
construction games, that is, games where players combine or
configure objects to organize and build things [32]. Specifically,
it features building construction as its main visual theme,

allowing players to create and develop their own land or town.
Users are tasked with the challenge of restoring a Japanese
village using their sleep power, which is accumulated through
healthy sleep hygiene activities. Some of the core game features
are summarized in Textbox 3.

Textbox 3. Summary of core game features of Sleepland.

Core game features of Sleep Tamagotchi

• Engaging game narrative: A guardian spirit visits players and asks for the player’s help in fixing an old countryside village so that they can have
a beautiful place to watch over and protect again. The player has daily interactions with this guardian spirit and slowly learns about the village,
its people, and its history over time as they progress through the game.

• Healthy sleep hygiene rewards: When players sleep, they can meet goals and reinforce healthy behaviors to gain points. Meeting goals for the
first time, such as sleeping earlier or reducing screen time, will allow them to repair the village and expand its boundaries. In addition, maintaining
existing healthy sleep behaviors will reward the player with in-game currency, which can be used to build within the village and customize its
look.

• Repair the village: The repair stage involves fixing habits that users want to change, such as waking up earlier, sleeping earlier, reducing screen
time, or drinking more water for the first time. Meeting these goals allows users to repair places and items in the village.

• Build within the village: Players can build new habits by repeating healthy behavior over time. As players build up these new habits, they receive
in-game currency that allows them to build new things within the village to customize its look, layout, and feel.

Co-Design Workshop

Participants
We distributed flyers and posters around the campus of the
Kyoto University of Advanced Science (KUAS). A total of 45
participants (self-identified as female participants: n=7, 16%;
and self-identified as male participants: n=38, 84%) attended
the workshop. The age of the participants ranged between 18
and 35 years. In total, 9 (20%) participants had prior experience
using a smartwatch or wristband for self-tracking. All
participants were undergraduate or graduate students enrolled
in the Faculty of Engineering at KUAS during the time of the
workshop.

Workshop Flow
Before beginning the main activities of the workshop, we
provided an introduction to the workshop goal as well as
background information on serious games, wearable

sleep-tracking technologies, and sleep hygiene. Participants
were given an icebreaker activity to encourage collaboration
and discussion among one another. Following the icebreaker,
participants were briefed on the main findings from the initial
workshop and given background information about the sleep
game. They were then presented with storyboard cards depicting
features from all 3 prototypes. In total, 2 examples of these
storyboard cards are shown in Figures 2 and 3. Each card
included 4 questions on the backside: “How useful is this feature
for improving sleep?”; “Would you use this feature?”; “Could
anything be improved?”; and “Free comments.” The first 2
questions required participants to rate the feature on a Likert
scale ranging from 1 to 4, with higher ratings indicating a more
positive appraisal of the feature. The last 2 questions are
open-ended. Participants formed groups of 4 to 6 people to
evaluate each feature of the 3 prototypes and were encouraged
to openly share their feedback within their groups. Once all
features were evaluated, the cards were collected.
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Figure 2. Storyboard of the friendly nudge feature in Sleep Tamagotchi.

Figure 3. Storyboard of the fighting monster feature in Hero’s Sleep Journey.
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At the conclusion of the workshop, participants completed the
5-factor player traits questionnaire [33], a validated instrument
with 25 items, administered in paper format. This questionnaire
assessed participants’ preferences for different game elements
and playing styles. Using this tool provided a deeper insight
into the participants’ inclinations toward each sleep game.
Alongside the questionnaire, participants were also surveyed
about the amount of time they spent playing games per week
as well as their preferences among the 3 games regarding which
one they found most useful for promoting sleep health and which
game they would most like to play.

Data Analysis
This study used a mixed methods approach, resulting in a
comprehensive collection of both quantitative and qualitative
data from the workshop. Initially, all data were collected on
paper and subsequently digitalized into spreadsheets for analysis.
For the quantitative data analysis, histograms were created to
illustrate participants’ ratings of each game’s overall appraisal
and individual features. The qualitative data, consisting of
participants’ free-form comments, were analyzed using thematic
analysis. In total, 3 authors independently conducted the coding,
and discrepancies were resolved through discussion. Instead of
using a predefined coding schema, codes were inductive and
identified iteratively by repeatedly reviewing the comments.
These codes were then grouped into 8 themes, which will be
detailed in the Qualitative Findings section.

Ethical Considerations
The study was approved by the ethics review board of Kyoto
University of Advanced Science (23E04). Participants signed
informed consent forms before the start of the workshop and
received an Amazon gift card (approximately US $20) upon the
completion of the workshop. Data were anonymized to protect
the privacy of the participants.

Results

Participants
Understanding player traits is essential for designers to create
games that resonate with their target audience. We received
96% (43/45) of the responses to the 5-factor player traits
questionnaire. Nearly half (21/43, 49%) of the respondents
primarily demonstrate the esthetics trait, highlighting their
appreciation for a game’s visual and auditory elements, such as
graphics, sound, and art style. The second most common trait
is the narrative trait (11/43, 26%), revealing their preference
for complex storylines within games. In addition, 21% (9/43)

demonstrated dominant social traits, reflecting their preference
for social interaction during gameplay and their desire to feel
connected to other players. As for game-playing hours, most
respondents (31/43, 72%) reported spending a modest amount
of time playing games, typically between 1 and 10 hours per
week, which aligns with the global average of around 8.5 hours
per week [34]. In addition, 19% (8/43) spent 11-20 hours per
week, while only 7% (3/43) spent more than 21 hours per week
on gaming.

Quantitative Findings
We received responses from 96% (43/45) of participants
regarding their preferences for the 3 sleep game prototypes. Our
results revealed a notable discrepancy between the popularity
and perceived usefulness of sleep games. When asked which
game prototype they would most like to use, 56% (24/43) of
the respondents selected HSJ, 30% (13/43) chose ST, and only
14% (6/43) opted for Sleepland. By contrast, when asked which
game prototype they found most helpful for improving sleep,
67% (29/43) identified ST, 23% (10/43) picked HSJ, and only
9% (4/43) selected Sleepland.

For the perceived utility of individual features, we received
ratings and feedback from 91% (41/45) of participants for both
Sleepland and HSJ and 84% (38/45) of participants for ST.
Table 1 shows the portion of respondents who answered “yes”
to the question “Would you use this feature?” The most popular
features across 3 sleep games are sleep reports, sleep rewards,
and daily challenges, which have a clear and direct relation to
changing sleep hygiene behaviors and providing concise
feedback on that progress. In contrast, the least popular features
are fighting monsters and hero selection in HSJ and sleep
education in ST. These features either obfuscated the focus on
sleep hygiene or required extraneous amounts of effort to
process.

A similar tendency was observed in the histograms of
respondents’ ratings for each game prototype and individual
feature, as illustrated in Figure 4. Consistent with participants’
willingness to use the features, the hero selection and fighting
monster features of HSJ as well as the sleep checklist and sleep
education features of ST received lower ratings from
participants. In contrast, the sleep health report and Guardian’s
task features of Sleepland, the sleep health points and daily
challenges features of HSJ, and the sleep report and sleep
rewards features of ST received higher ratings, indicating greater
appreciation for these features. Meanwhile, features such as
Gachapon and motivational nudges of ST exhibited more
variance in their scores.
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Table 1. The proportion of respondents who answered “yes” to the question “Would you use this feature?”

Respondents, n (%)Game and individual feature

Sleep Tamagotchi (n=38)

33 (87)Sleep report

32 (84)Sleep rewards

27 (71)Motivational message

27 (71)Sleep checklist

26 (68)Step reward

26 (68)Friendly nudges

25 (66)Multiplayer

24 (63)Gachapon

19 (50)Sleep education

Hero’s Sleep Journey (n=41)

37 (90)Sleep health points

34 (83)Daily challenges

26 (63)Hero selection

18 (44)Fighting monsters

Sleepland (n=41)

36 (88)Sleep health report

33 (80)Guardian task

31 (76)Building

Figure 4. Histogram of participants’ ratings to the question “How useful is this feature for improving sleep health?” (1=not useful and 4=very useful).
HSJ: Hero’s Sleep Journey; ST: Sleep Tamagotchi.

Qualitative Findings
Thematic analysis identified 8 themes, with 2 that arose from
participants’ suggested improvements for each game or feature.

Game Genre Impacts the Popularity of Sleep Games
Our observations suggest that the genre of the game influences
participants’ perceptions of its features. Many participants who
indicated their preference for HSJ were originally fans of
role-playing games (RPGs), drawn to the fantasy environment

embodied by the theme and storyline of the HSJ game. For
instance, the participants said the following:

(The HSJ game) has a clear energy and having to
sleep to fight is pretty cool. [P24]

It’s a good idea to have a role-playing game. Having
a main hero character has always been the ‘apple of
the eye’ for people in movies and games. So having
a hero against a villain is a good idea for games.
[P35]
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Similarly, participants who favored Sleepland were originally
fond of building games, while those who chose ST felt
connected to animals and pets. They said the following:

I love world-building games where you can create
your own little corner of peace! [P4]

I like gathering resources and using them to build
something up, and this would be a fun way to get
points and work towards a satisfying village. [P10]

I really enjoy games related to pets that we have to
take care of or fight for. [P23]

Different Preferences Between Competitive and
Noncompetitive Players
Another primary factor influencing participants’ preferences
for different sleep game prototypes was their orientation toward
competitive or noncompetitive gameplay. The HSJ game
distinguished itself as the most interactive game among the 3,
featuring level-up mechanics and customization that appealed
to competitive players. P34 noted the following:

The hero character is very interesting with the
upgrade potential. I could make my own customizable
character different from my friends. [P34]

In addition, a few participants found HSJ useful for improving
sleep due to its motivating and engaging nature. In total, 4
participants who voted for HSJ believed that the daily challenges
would motivate them to “be more mindful of sleep health” and
they would “try to sleep well so that the hero can win.” P13
mentioned that “progress can be made much faster (in HSJ)
compared to the other two (games) due to the element of
competition.”

Conversely, not all participants identified as competitive players.
Some preferred Sleepland and ST precisely for their passive
nature. Compared with HSJ, Sleepland was considered less
complicated because, as P3 said, “the tasks can be automated,
and it takes minimum input from the users.” The pet theme of
ST was also perceived as more lighthearted compared with the
other 2 games, as P5 noted, “I don’t think I would be a
competitive sleeper, which is the requirement for Hero’s Sleep
Journey.” Unlike HSJ, which excites players, ST causes less
stress as, according to P5, “it seems like a fun app in an
easygoing manner. Not too competitive. And feels like a very
gently encouraging app.”

Emotional Impact of Sleep Games
Participant feedback highlights the emotional impact of sleep
games. Interacting with cute pets in ST seems to create an
affection effect that reinforces positive behavior change by
fostering a sense of companionship and mirroring behavior.
Participants reported feeling connected to virtual pets, with
some expressing willingness to “do anything for a cute virtual
pet, even sleeping early” or “try to complete any tasks that a
virtual pet gives me.” Furthermore, the friendly nudge feature
in ST was praised for its companionship effect, potentially
enhancing users’ motivation. P5 commented as follows:

It might be a bit boring to do walks or exercises on
your own, so it would be nice to have some
encouragement from a virtual pet. [P5]

Virtual pets may also have a mirroring effect, as stated by P40:

When you are taking care of the animals routine, you
can have a perceptive of your own routine. [P40]

A similar effect was also noted in the HSJ game. One participant
associated the healing during sleep with the healing process of
the hero character, thus considering an RPG the most suited for
sleep health intervention.

Nevertheless, we also observed potential negative emotions that
sleep games may elicit, particularly in relation to reward
features. While rewards can serve as external motivation for
some participants, others expressed concerns that earning health
points or completing tasks in HSJ may induce unnecessary
stress. In addition, rewards based on sleep quality may
inadvertently trigger rumination, since factors like the amount
of deep sleep are often beyond an individual’s control.

Alignment With Sleep Health Enhances Perceived Utility
of Game Features
Surprisingly, the most popular game is not necessarily perceived
as the most useful. While HSJ seemed to be the most popular,
ST was perceived as the most useful. The primary reason for
ST’s perceived utility lies in its features, which are more focused
on sleep health and less distractive from the sleep goal.

More than one-third (13/38, 34%) of the participants considered
the ST features highly pertinent to sleep health, stating that ST
“has the most sleep and helpful driven features out of the three”
(P12). They acknowledged that “there are lots of features that
could help me improve my sleep health even if the features or
tasks might not be interesting” (P22). Sleep report and sleep
education were 2 features that participants highly appraised for
their potential positive impact on users’ awareness of sleep
health. They considered the sleep education contents useful and
informative, and the sleep reports would allow users to “look
back in the long run” to “analyze sleep patterns” so that “users
can be in touch with this for a longer period without getting
bored” (P43). These features help users stay focused on
improving sleep health without overengaging with features that
are not critical for sleep health. As P30 stated, “the other games
will make you get distracted and prioritize your game more than
your sleep.”

Similarly, due to the perceived direct link to sleep, the sleep
reward features in all 3 prototypes, which manifested differently
as a building feature in Sleepland, a sleep health points feature
in HSJ, and a sleep reward feature in ST, were highly praised
by participants. In contrast, the step reward feature in ST, while
also a form of reward, garnered less interest. Given the unclear
relationship between step count and sleep quality improvement,
participants were less inclined to engage with this feature.

Game Features Distracting From Sleep Health
We observed that some interactive features, despite being fun
and engaging, were considered distracting from the goal of
improving sleep health. Participants noted that the diversity of
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tasks in HSJ is likely to keep users engaged. P1 stated the
following:

The range of possible tasks is the most diverse in
Hero’s sleep journey, so it is most likely to keep me
engaged the longest. [P1]

However, participants also acknowledged that these interactive
features are not necessarily tied to improvement in sleep quality,
just as one participant mentioned:

It looks the most fun to me. It also feels like the most
interactive one. Although I don’t feel like it would
help improve my sleep like the other two. [P12]

Similar complaints were noted about Sleepland by P12, “it
(Sleepland) feels more like Clash of Clans than a sleep
improving app.”

Features Influencing Perceived Autonomy
Participants’ preferences for game features were influenced by
their perception of autonomy while engaging with those features.
They highly valued the flexibility of tasks in Sleepland and ST,
emphasizing the importance of being able to “choose their tasks”
and “do them at any time” to avoid interference with their work
or class schedule. In contrast, the hero selection feature in HSJ
received criticism for requiring frequent user choices. Excessive
customization imposed a sense of forced action that
compromises autonomy. Similarly, the sleep checklist feature
imposes a sense of forced action. Participants stated that they

would be “too tired at the end of the day to check the list” (P12)
and “people have different strategies in winding down for sleep”
(P22).

The daily challenge features, including the friendly nudge
feature in ST, a daily challenge feature in HSJ, and the
Guardian’s task feature in Sleepland, may also compromise
autonomy. For example, participants found that the 10,000-step
goal was too laborious and challenging to achieve, preferring
apps that do not dictate their actions. P45 preferred to do things
by herself, and she did not “need the app to tell me what to do.”
In addition, concerns were raised regarding the potential frequent
notifications resulting from the daily challenge features.
Participants expressed worries that these notifications could be
disruptive and cause annoyance rather than motivation.

Suggested Improvements

Overview
Participants offered valuable feedback for improving the sleep
games, as summarized in Textbox 4. The suggestions largely
fall into 2 categories: enhancing the game experience and
aligning the game with sleep health goals and outcomes.
Suggestions for improvement included customization options,
diverse reward structures, and integration of community features.
In addition, participants emphasized the importance of aligning
game features with sleep health goals, such as discouraging
oversleeping and providing personalized sleep
recommendations.

Textbox 4. Summary of participants’ suggestions for improvement.

Suggestions for enhancing the game experience

• Avoid excessive notifications

• customization (game characters, daily challenge list, and goals)

• personalized reward (bonus rewards for streaks and higher rewards for people with a worse sleep baseline)

• community and social features

• support multisensory interaction (voice input and vibration)

Suggestions for better alignment with sleep health

• Provide personalized sleep recommendations

• align daily challenges and rewards with the day-night cycle

• discourage oversleeping

Suggestions for Enhancing Game Experience
Participants highlighted the need to maintain personal space
and avoid excessive notifications, which can become intrusive
and bothersome. Allowing users to customize their notification
preferences, including whether and when to receive notifications,
was considered essential. Customization in other areas of the
game was also valued. Along the same line, daily challenges
should be tailored to match a user’s capability and daily routine.
As P1 stated, “a nice middle ground must be found regarding
the difficulty of the daily challenges so as to not demotivate the
player.” Diversifying game resources, such as introducing
various hero and pet types and various forms of in-game
currency such as gold and mana, was suggested to enhance the

gaming experience. Participants also proposed the idea of
assigning different heroes with unique skills that tackle a set of
“daily challenges tailored to specific aspects of sleep hygiene”
(P27). For example, 1 hero could “focus on exercise for better
sleep,” while another could “focus on sleep preparation” (P27).

Participants highly valued the sleep reward features in all 3
games but suggested that rewards should not follow a linear
structure. They proposed awarding bonus points for maintaining
streaks and offering higher rewards to those with a low sleep
baseline as strategies to encourage consistent, healthy habits
and recognize users’ progress. In addition, some participants
expressed interest in incorporating penalties for not adhering
to good sleep schedules or neglecting daily challenges. They
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also appreciated the concept of progressive difficulty in the
game, with the challenge levels increasing as users advanced.
This approach may help maintain engagement and interest while
fostering a sense of accomplishment over time.

They also advocated for more community and social features
in the games, such as fostering collaboration, competition, team
play, and enabling users to share or trade items with other
players. For instance, 1 participant suggested allowing users to
“visit and interact with other users’ villages” in the Sleepland
game.

Furthermore, participants valued the use of multisensory
interaction. They proposed the integration of pet sounds,
ringtones, and vibration patterns as effective ways to boost user
engagement and immersion in the ST game.

Suggestions for Better Alignment With Sleep Health
Participants also offered a variety of suggestions to align game
features with sleep health, that is, using more endogenous
designs [35,36]. These proposals aim to integrate gaming
experiences with healthy sleep habits and encourage users to
develop better sleep practices grounded in scientific evidence
in sleep research.

While recognizing the value of checking sleep statistics,
participants emphasized the importance of providing
personalized recommendations based on users’ current sleep
patterns and predicted future sleep quality. Several participants
emphasized the importance of aligning daily challenges and
rewards with the day-night cycle. For the Sleepland game, P35
suggested implementing a timeline for tasks, such as “sleeping
only at night to gain points and exercise in the morning to earn
points.” P3 recommended that “sleeping during specific hours
of the day should allow the hero to heal faster.” To minimize
distractions from the app during sleep hours, P10 proposed that
“if the village is viewed during designated sleep time” in the
Sleepland game, “some repairs should be undone.”

Oversleeping appears to be a common issue among university
students. Participants underscored the importance of
discouraging oversleeping, even suggesting penalties for doing
so. As P35 noted, “sleeping too much (more than 7-8 hours)
should result in point deduction.”

By contrast, a few participants expressed concerns about
rewarding players based on sleep quality, arguing that rewards
should instead focus on sleep habits and discipline, such as
maintaining a consistent sleep schedule. They noted that sleep
quality can be beyond a person’s control, whereas habits and
discipline are more manageable.

Discussion

Principal Findings
All 3 sleep games incorporate various persuasive strategies,
including self-monitoring, reminders, and rewards, addressing
the themes that emerged in our initial co-design workshop [4].
However, not all games or their individual features were
perceived as equally useful or engaging. Our findings underscore
the pivotal role of the relevance of game features in participants’
perceptions of the utility of sleep games. Relevance can be

broadly defined as something “important to the matter at hand.”
The search for relevance is a fundamental aspect of human
cognition, and things are relevant to an individual when they
have a positive cognitive effect [37]. The relevance of game
experience has been recently explored in [38]. In the field of
serious games, the importance of relevance has been studied in
learning games [39,40]. Previous research has found that
relevance influences motivation, adherence, and initial
technology adoption. While the importance of relevance has
been somewhat recognized in health games [41], no study has
thoroughly explored this topic.

Through our analysis, 3 interconnected aspects of relevance
emerged: relevance to users’ personal experience, relevance to
sleep health, and relevance to users’ situational context. We
mapped these 3 dimensions of relevance in sleep games to
different types of relevance identified in the literature:
psychological relevance, logical relevance, and situational
relevance [42]. Through the lens of self-determination theory
[43,44], we discuss how these dimensions of sleep game
relevance can fulfill users’ psychological needs, particularly
autonomy and relatedness, thereby promoting healthy sleep
behavior change.

Relevance of Sleep Game to Players’ Personal
Experience and Preferences

Overview
Participants’ inclination to engage with sleep games is heavily
influenced by their prior game experience and personal
preferences, highlighting the importance of creating
psychological relevance in the design of serious sleep games.
Our findings indicate that participants preferred sleep games
that aligned with their favorite game genre. For example, those
fond of RPGs favored HSJ, while others attracted to pet-related
themes were more inclined toward ST. Participants’preferences
for sleep games were also shaped by their orientation toward
competitive or noncompetitive gameplay: competitive players
preferred HSJ, and noncompetitive players leaned toward ST
and Sleepland.

Several participants emphasized their sense of connection to
the game characters as a main reason for their willingness to
engage with the game, further highlighting the importance of
sleep hygiene games to create psychological relevance. In HSJ,
for example, the hero healing feature serves as a metaphor for
the restorative effects of sleep, framing the player’s actions as
instrumental in restoring the hero’s vitality. Similarly, users
care for virtual pets in the ST game, prompting them to reflect
on their own schedules as they maintain a regular schedule for
the virtual pet. This creates a digital twin effect [4], aligning
with the strategy of similarity used in other health-interventional
games [26]. The sense of psychological relevance reduces
psychological barriers and enhances the sense of autonomy for
behavior change. In contrast, the guardian’s task feature in
Sleepland, which involves repairing damaged villages, did not
seem to foster the same association with the healing benefits of
sleep for humans, possibly due to a lack of similarity and
relevance between repairing a lifeless object and human
recovery. The importance of establishing an emotional
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connection in serious games has been previously highlighted
in [45-47]. Our findings contribute further evidence within the
context of sleep health. Game design elements that foster
psychological relevance to players’ prior game experiences and
personal lives, particularly those that elicit feelings of autonomy
and relatedness, may be crucial to the initial adoption of sleep
game technologies.

Design Recommendation 1: Diversify Game Genres and
Create Relatable Characters
Sleep games need not adhere to a one-size-fits-all design.
Instead, offering a variety of game genres allows users to choose
those that resonate most with their preferences and personal
experiences, thereby transforming the external demand for
healthy sleep behavior change into a more self-determined,
personally endorsed, and volitionally initiated process.
Furthermore, creating game characters that users feel connected
to will enhance perceptions of self-relevance and promote a
sense of relatedness [48-50]. This, in turn, boosts intrinsic
motivation to engage with the game and healthy behavior
change.

Relevance of Sleep Game Features to Sleep Health

Overview
The second dimension of relevance for sleep games revolves
around whether the game features logically contribute to
improving sleep. As a form of serious game, sleep games use
game design elements to influence players’ behavior toward
better sleep health. Aligning game design with the serious
context poses a well-acknowledged challenge in serious game
research [51,52], and sleep games are no exception.

Our findings indicate that perceived relevance to sleep health
significantly influences the utility value of game features, which
in turn leads players to feel more competent in the act of
improving sleep health. Features that directly focus on sleep,
such as sleep education and sleep rewards in ST, were highly
regarded for their relevance and potential to improve sleep. This
relevance was considered a major reason why ST could be more
effective than the other 2 games. Conversely, features, such as
fighting monsters in HSJ, while enjoyable, were not directly
linked to sleep health and were consequently rated as the least
popular among all HSJ features. Furthermore, several
participants expressed concern that features irrelevant to sleep
health might distract users from their sleep goals, potentially
harming rather than improving sleep. This concern reflects the
tension between the health care context and the entertainment
nature of games highlighted in previous studies [53]. Addressing
this tension requires careful alignment between the serious
context and the game features following established design
frameworks [41,53]. Indeed, participants made pertinent
suggestions on how to better align the game design with sleep
health goals, including aligning daily challenges and rewards
with the day-night cycle and discouraging oversleeping.

Interestingly, we observed that the perceived utility of sleep
game features does not always match their actual utility. Some
features, despite having a direct positive impact on nighttime
sleep supported by scientific evidence, were not perceived as
relevant by many participants. Features such as the daily

challenges in HSJ and friendly nudges in ST encourage users
to engage in daytime activities conducive to better sleep. These
activities represent meaningful behaviors for improving sleep
and empower users to achieve their sleep goals. However, not
all participants immediately recognized the relevance of these
activities and were hesitant to engage with them. For instance,
while some participants understood the connection between
daytime physical activity and nighttime sleep, others did not.
While goal mechanisms have been proven effective in serious
games, particularly in educational settings [54], our study shows
that it is equally, if not more important, to communicate the
rationale behind these goals to users, particularly regarding their
logical relevance to improving sleep.

We also found that perceived relevance alone is not sufficient
for users to engage with a feature. Despite its perceived
relevance, the sleep education feature in ST was the least
popular. Instead of presenting educational content in long text,
the sleep education feature could be gamified and presented in
smaller chunks through gameplay, as exemplified in [55].

Design Recommendation 2: Align Game Features With
Sleep Health and Help Users Understand the Rationale
Behind Design
Educational content of sleep knowledge can be embedded within
the game’s narrative and tasks; for example, introducing a
character that provides sleep tips as part of the storyline or using
interactive elements, such as quizzes, minigames, and challenges
that reward users with in-game benefits for learning about sleep
health [55].

Relevance of Sleep Game Features to Players’
Situational Context

Overview
The third dimension of relevance for sleep games involves the
situational or circumstantial context of users, akin to the notion
of situational relevance discussed in prior research [56]. This
notion of “life context” has also become an important issue
identified in recent behavior change literature [57]. A key
finding of this study is that frequent game interactions during
the daytime are not always welcomed, as participants’
willingness to engage with those features varied across the day.
While sleep games do not necessarily need to be played at night
[14], it is important to maximize the situational relevance of
daytime interactions to avoid compromising the sense of
autonomy.

All 3 games implemented features that address daytime
activities. There is a large body of evidence showing that
numerous daytime activities can influence nighttime sleep [4,5],
making daytime interactions a natural design target for sleep
games. However, many participants expressed concerns about
being disrupted by notifications irrelevant to the activities at
hand, especially during classes or other busy times.
Consequently, features likely to generate excessive notifications,
such as friendly nudges and sleep education in ST, were rated
as the least popular features among the workshop participants.
Several participants mentioned that they do not need the sleep
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game app to dictate their actions, indicating a compromised
sense of autonomy due to potentially excessive notifications.

One way to address the potential interruptions caused by
excessive notifications is through boundary management
[58,59], which ensures that notifications are pushed at
appropriate timing and are relevant to the users’ situational
context. This can be achieved through direct approaches, such
as user customization, or indirect approaches, such as leveraging
contextual information and users’behavior patterns to determine
optimal notification timing [60]. For example, many participants
were reluctant to engage in sleep games immediately upon
waking, as they preferred to prioritize their daily routines over
gaming. This observation aligns with previous research
indicating that people’s acceptance of notifications varies
throughout the day [61] and that they are less likely to attend
to notifications in the morning compared with other times of
the day [62].

Ensuring the relevance of sleep game features to users’
situational context addresses their psychological needs for
autonomy. Besides customizing notifications, participants
expressed a desire for autonomy in completing daily challenges
to gain a sense of competence. Users prefer daily challenges to
be achievable rather than feeling frustrated about not being able
to accomplish them. For example, instead of setting a default
goal of 10,000 steps, step goals should be customizable because
users may have busy schedules, prefer biking over walking, or
prefer indoor exercise over outdoor walking on some days. On
the basis of these findings, we propose the third design
recommendation mentioned subsequently.

Design Recommendation 3: Support Boundary
Management Through Manual and Automatic
Customization
Allow users to choose when and how often they receive
notifications. Make it possible for users to opt to receive
notifications only in the morning, evening, or at specific times

that suit their daily routines. Contextual information from other
apps, such as calendar, GPS, and sleep profile, can be used to
customize notification settings automatically, avoiding sending
notifications during busy periods, meetings, or events. Providing
a variety of choices and allowing users to configure a daily
challenge list according to their daily schedule is another way
to enhance the situational relevance of sleep game features.

Limitations
This study has several limitations. First, our participants
predominantly consist of male international students enrolled
in a Japanese university. As a result, the findings may not be
readily applicable to other demographic groups. Second, all
participants had prior experience playing video games, which
could potentially limit the generalizability of our results to
individuals who do not engage in gaming. Third, due to the
small sample size, we were not able to quantify the associations
between player traits and their preferences for sleep game
features. We will expand the participant pool to include a more
diverse demographic and investigate the preferences of
individuals with limited or no prior gaming experience.

Conclusions
This study examined university students’preferences for 3 sleep
game prototypes and their perceived utility in promoting sleep
health. Results showed a notable divide between the popularity
and perceived utility of the games. HSJ was favored for
enjoyment, while ST was seen as more effective for improving
sleep health. This highlights the potential of serious games to
enhance sleep hygiene, especially when game features are
perceived as relevant. Key factors influencing perceived utility
include prior gameplay preferences, perceived relevance to sleep
health, and avoiding excessive interactions. Our findings suggest
focusing on psychological, logical, and situational relevance in
game design. We recommend diversifying game genres, aligning
features with sleep health, and managing technology boundaries
effectively.
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Abstract

Background: Digital mental health interventions could sustainably and scalably prevent and reduce loneliness in older adults.
We designed an app containing 29 text-based games and a questionnaire-administering chatbot to stimulate intergenerational
contact.

Objective: This study aims to evaluate the feasibility of a social gaming app in reducing loneliness among older adults by
evaluating recruitment strategies, data collection procedures, and gameplay activity.

Methods: This mixed methods study recruited participants via newsletters, articles, and a social media campaign. We used
semistructured interviews and descriptive analysis of questionnaire answers and game data to assess feasibility. Key measures
included recruitment reach and efficiency, participant demographics, in-app activity, and app usability and engagement feedback.

Results: The social media campaign reached 192,641 potential participants, resulting in 1363 game downloads. A total of 155
participants (aged 65 years and older: n=34, 21.9% and aged less than 65 years: n=121, 78.1%) provided informed consent,
yielding a conversion rate of 0.08%. The recruitment campaign focusing on distanced playful interaction had a significantly
(P<.001) higher click-through rate (1.98%) than a campaign focusing on research participation (click-through rate=0.51%;
P<.001). The overall conversion rate from advertisement exposure to research participation was 0.08%. Participants had a mean
age of 48 (SD 16) years. The 65 years and older group averaged 70 (SD 5) years, while the less 65 years group averaged 42 (SD
12) years. Additionally, 45.2% (57/126) reported at least moderate levels of loneliness at baseline. Of the initial 554 players, 91
(16.4%) remained active after the first week, and 32 (5.8%) remained active for more than 90 days. Active participants tended
to interact with those within their own age group, as indicated by a Pearson correlation of r=0.31 between the ages of the message
sender and receiver. Interviews with 12 (48%) participants (aged 65-79 years; female: n=12, 83%) revealed barriers such as
excessive chatbot questions and a mismatch between the target group and app design focus. Questionnaire completion rates
dropped from 46% at baseline to 10% at follow-up.

Conclusions: These findings underscore the challenges of recruitment and retention for older adults in a fully digital social
gaming intervention. Effective recruitment strategies and targeted app design are crucial for engagement. Based on these insights,
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future interventions should focus on simplified interfaces, clear guidance for gameplay, and addressing the specific needs and
preferences of older adults, thereby enhancing the effectiveness of digital mental health interventions.

(JMIR Serious Games 2024;12:e52640)   doi:10.2196/52640
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Introduction

In the Netherlands, people younger than 55 years (20%) and 95
years (62%) experience moderate to severe loneliness [1]
according to the De Jong Gierveld Loneliness Scale (DJG) [2,3].
Loneliness increases with age due to social network changes,
availability of family members and friends, opportunities for
transportation, and health problems [4-6]. Loneliness, in turn,
exacerbates these health factors [7], thus creating a negative
feedback loop.

There are 2 reasons for limited robust evidence for loneliness
interventions: a lack of randomized, blinded trials [8-14] and
the difficulty with recruitment. Lonely participants are hard to
include in studies, as people typically do not self-identify as
lonely or fear the stigma of loneliness [15].

Local interventions are often not scalable without demanding
vast resources and are often not transferable to other contexts
[16-20]. Digital mental health interventions (DMHIs) might
increase efficiency and reach, standardize data gathering, and
reduce the costs of care and workforce needed [21]. Such
DMHIs have been successfully used in several
psychotherapeutic, cognitive remediation, and telepsychiatric
interventions and applied to healthy aging and disorders such
as attention-deficit/hyperactivity disorder and dementia [22].
The use of DMHIs to reduce loneliness in older adults is scarce.
During the COVID-19 pandemic, DMHIs were successfully
used to reduce loneliness. However, these DMHIs were not
easily scalable and did not focus on strengthening the social
networks of an older population [16,23,24].

Applied gaming is a type of DMHI using the idea of “serious
gaming” to achieve goals other than entertainment [22]. It adds
playful design and game dynamics elements to an intervention
to, for example, promote engagement, enhance intervention
efficiency and efficacy, and possibly induce behavioral change
[25]. Social gaming, a specific form of serious gaming,
stimulates the creation of friendships and social interaction
[26-29] and can mitigate feelings of loneliness [29]. However,
game mechanics and personal factors such as stress levels may
affect individual outcomes [30,31]. For example, 1 study found
that individuals playing to increase social interaction may
experience less loneliness, but people playing for diversion from
daily life may feel lonelier [31]. As such, social games need to
be designed and evaluated purposefully, as the effect of gaming
on loneliness may vary across individuals.

This study evaluated a loneliness-targeting gaming intervention
co-designed with game developers, design experts, and
representatives from aging communities. Our research aim was
to describe the recruitment and inclusion process and search for
options for improved efficiency in games for health studies.

Methods

Ethical Considerations
The local ethics committee of the Radboud University Medical
Center (2020-6645) reviewed the study and judged it not to fall
within the remit of the Medical Research Involving Human
Subjects Act. Therefore, the ethics committee approved the
study based on the Dutch Code of Conduct for Health Research
and Responsible Use, the Dutch Personal Data Protection Act,
and the Medical Treatment Agreement Act. Participants
provided informed consent in-app before data collection. No
compensation was provided to participants, and data was
securely stored in a database compliant with European laws
(SO 9001, 27001 and NEN 7510), ensuring privacy and
confidentiality according to the Dutch Personal Data Protection
Act.

Participants
The research aimed to streamline the recruitment and inclusion
process and identify ways to enhance efficiency in health-related
gaming studies. This study did not involve specific sample size
calculations for the recruitment aim, although our original study
focused on measuring social interaction through gaming. For
details on the sample size calculation of the original study, see
Multimedia Appendix 1 [32-34].

We recruited participants via newsletters, studies, workshops,
project websites, and all project partners’ networks and social
media channels (mainly through Facebook campaigns).
Recruitment through the social media campaign lasted from
August 2020 to February 2021 (ie, 6 months). The app remained
available after the campaign ended. Recruitment efforts mainly
targeted potential players aged 65 and older. However, younger
players were also targeted to allow younger players to invite,
assist, and play with older players. For example, we organized
a gaming cocreation workshop with children and included one
of the games they created in the app.

No exclusion criteria were applied to prevent in-game social
network formation restrictions, allowing everyone to download
the app. Participants were divided into 2 groups for analysis:
older adults are those aged 65 years and older (“65+”) and
younger adults are those younger than 65 years (“65–”) in
accordance with the United Nations’ definition [35]. We chose
65+ as the cutoff age because this period is characterized by
retirement (the average age at retirement is 65 years and 11
months [36]) and good health, often referred to as “the third
age” [37]. This group is also considered well-suited for
preventative measures against loneliness later in life [38].

After downloading the app, agreement to the terms of conditions
was mandatory to use the app, which included sharing backend
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data (eg, message type and timestamp and game session
information). Participants were then provided information, asked
for informed consent, and administered questionnaires by a
chatbot. Finally, Dutch-speaking participants 65 years or older
could enroll in poststudy interviews assessing user experience
regarding game and study design. For more information on
participant demographics, see Multimedia Appendix 2.

Playing Together App

Development Process
The PlayingTogether (“SamenSpelen”; Games for Health) app
development used an iterative design process between the
research team, the game developers, and the target group
(Multimedia Appendix 3).

Game Description
PlayingTogether is a photography and text-based social gaming
platform on iOS and Android consisting of 29 mini-games
designed to elicit personal social interaction. These games are
chat groups allowing synchronous and asynchronous interaction,
themed around a specific set of rules. Examples include playing
Hangman (“Galgje”) and exchanging photographs of objects
starting with the last letter of the thing depicted in the previous
photo (“Fotoslang”).

User Interface (UI)
There were 2 major UI versions during this study. The first
version was available at launch containing a black-and-white
appearance with line art icons as game avatars. The black and
white color scheme allowed less distraction regarding design
and game mechanics during iterative feedback rounds with
target users, as gaining feedback on these aspects was the main
goal in this initial phase.

The design closely resembled commonly used messenger apps
to facilitate user-friendliness, as over 70% of Dutch people aged
65-75 years used messaging apps in 2019 [39]. However, we
focused game design on compatibility with all age groups to
make the app more appealing to younger family members and
promote inter-generational gameplay. Figures S4A-S4C in
Multimedia Appendix 4 show the first version’s home page,
game repository, and conversational chatbot, respectively.
Subsequently, according to a user voting campaign via
Facebook, we introduced a new UI, as seen in Figures S4D-S4F
in Multimedia Appendix 4. The updated design was developed
to aim for a fun and playful feeling for all ages.

Data Collection
We collected data through semistructured interviews and the
app. The app collected data through a questionnaire
administering chatbot, helping to boost completion rates as
participants can stay in the app to answer questionnaires in a
conversational format. In addition, it provides game data by
storing backend information regarding gameplay.

Recruitment Data
The numbers of impressions and clicks were stored to monitor
the reach versus the effectiveness of the recruitment campaign.
Impressions refer to the number of people seeing the ad, while

clicks refer to the number of people clicking on the link provided
within the ad.

Questionnaires
The chatbot was preprogrammed to administer 5 questionnaires
at baseline. Participants started by answering a Personal
Information Questionnaire (PI) containing questions regarding,
for example, marital status, work status, living situation, and
education. Next, a mobility score was calculated using the Life
Space Assessment [40], which has been translated into several
languages with acceptable validity and reliability [41,42], and
more recently translated, though not yet validated, for Dutch
older adults [43]. This score ranges from 0=totally bed-bound
to 120=independently traveled out of town daily [44]. Next,
loneliness scores were measured at baseline and repeated after
1, 2, and 3 months as the primary outcome measure by DJG,
which was developed and validated in the Netherlands [2,45]
and translated to several different languages later on [46]. It
consists of a 6-item scale for emotional loneliness and a 5-item
scale for social loneliness, with the total loneliness score being
categorized into 4 levels: 0-2=not lonely, 3-8=moderately lonely,
9-10=severely lonely, and 11=very severely lonely. The Older
Persons and Informal Caregivers Survey, developed and
validated in the Netherlands [47,48], provided information on
demographics, morbidity, quality of life, functional limitations,
emotional well-being, social functioning, and health services
use [47]. Finally, the Network Domain Identification and
Significance (NDIS) questionnaire, developed and validated in
the Netherlands [32], provided information on participants’
social networks at baseline and end of participation. Participants
aged 65+ had to answer all questionnaires, while younger
participants only answered the PI and DJG questionnaires.

Game Data
Game data entails a session creation timestamp, a list of player
IDs, session IDs, and game names. We stored message length,
timestamp, sender ID, and type (text or photo) for every message
sent within a session. Social network data is stored implicitly
through message receivers and senders. Player IDs were linked
with profile creation time at first login and, if given, their age.

Interviews
Participants who agreed to be contacted for a qualitative
evaluation were asked to participate in a semistructured
telephone interview in March 2021. All interviews were voice
recorded and conducted by a female project member (EH)
according to an interview guide (Multimedia Appendix 5) with
primarily open-ended questions structured around the following
main topics: barriers and facilitators regarding the app, games,
and chatbot. Participants provided informed consent before their
interviews, field notes were taken during the interviews, and
the audio recordings were transcribed verbatim and anonymized
afterward. Data saturation was reached after 12 interviews.

Analysis

Assessment of App Download Funnel
We applied A/B testing to compare social media recruitment
strategies where A focused on participation in research and B
focused on distanced playful interaction. Each focus was divided
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into 3 different emphases. For focus A, the emphasis was on
A1: reducing loneliness in older adults, A2: studying the effect
of gaming on valuable interpersonal contact, and A3: the impact
of gaming on well-being. Focus B involved the emphasis on
B1: the need to play together due to the COVID-19 pandemic,
B2: the app facilitating more family time, and B3: encouraging
play on special occasions often used for social interaction (eg,
Christmas).

We used Facebook’s A/B testing functionality to analyze the
effectiveness of these recruitment strategies. This method
randomly advertised the 2 focuses and their underlying
emphases while recording their total number of impressions
and the number of resulting clicks. Then, the click-through rate
(CTR), that is, clicks divided by impressions, and total
conversion rate (CR), that is, the total number of app downloads
divided by impressions, were calculated from these numbers to
measure recruitment strategy effectiveness. Finally, a z test for
independent proportions was used to calculate whether CTRs
significantly differed between advertisement focus A and B.

To assess recruitment effectiveness outside social media
channels, the chatbot also asked participants how they learned
about the app or study: advertisement or paper, newsletter,
acquaintance, project website, social media, or other.

Assessment of In-App Participant Funnel
We assessed the total number of active profiles at critical points
in the participant journey to uncover bottlenecks in app usage.
This entailed evaluating the number of people who gave consent
to the terms and conditions, agreed to read and provide informed
consent to the questionnaire chatbot, answered the
questionnaires at different time points, and sent messages.

Analysis of In-Game Collected Data
Python (Python Software Foundation) was used for a descriptive
analysis of sample characteristics, usage dynamics, and social
network information. The degree distributions are described
using the mean, minimum, maximum, and SD. Furthermore,
the median is reported with the first and third quartiles. A
preliminary descriptive analysis of app effectiveness was
performed by assessing DJG scores over time. Furthermore, the
Pearson correlation r is used on message data to relate the age
of the message’s sender and receiver, providing an outcome
between r=–1 and r=1. A value of 1 means that everyone only
communicates with their own age group, –1 means that everyone
avoids communicating with their own age group, and 0 implies

that communication is random regarding age. When analyzing
network structure, we refer to components, that is, islands of
connected players in which no connections exist between players
on other islands. Using these components could increase an
individual’s social network naturally as it provides information
to introduce the individual to previously unknown friends of
friends. Therefore, nonfully connected components (ie, not
everyone in the component knows one another) could be used
for targeted introductions and network growth.

Analysis of Interviews
The interview transcripts were coded using ATLAS.ti (ATLAS.ti
Scientific Software Development GmbH) and analyzed
thematically to identify relevant and overarching themes [49].
Two researchers (JJ and EH) independently coded the
interviews, discussing codes and differences afterward.

Results

Overview
Among the 155 participants who provided informed consent,
the average age for all participants was 48 (SD 16) years. The
“65+” group had an average age of 70 (SD 5) years, while the
“65–” group had an average age of 42 (SD 12) years. Both
groups exhibited characteristics of being predominantly healthy,
highly educated, married, female, living independently with
others, and having children (Multimedia Appendix 2). In total,
57 out of 126 (45.2%) participants who completed the DJG
questionnaire at baseline reported at least moderate levels of
loneliness. The subgroup of 13 out of 27 (48.1%) participants
aged 65 and older, experienced moderate loneliness, while 8
out of those 27 (30%) reported severe loneliness. Twenty-five
participants gave consent to be contacted by the researchers, of
whom 12 (48%; female: n=12, 83%) consented to be
interviewed.

Participant Recruitment

Overview
Figure 1 depicts a higher CTR for focus (P<.001) on distanced
playful interaction (CTR=1.98%) than focus A on research
participation (CTR=0.51%). However, the reach of focus A was
greater (70.2% of total impressions). Focus B generated more
clicks, with 49.64% of the total number of clicks from the
campaign emphasizing family interaction (B1: CTR=2.10%,
number of impressions=22.35%). The total CR of the social
media campaign was 0.33%.
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Figure 1. The flow of potential participants from ad exposure to informed consent. On the top level, the number of impressions is shown with the
number of clicks and CTR per ad focus and emphasis. The middle level depicts the origin of how participants found the app. The bottom level illustrates
in-app participant flow through different consent stages, ending with the number of participants 65 years or older (65+) and participants younger than
65 (65–). CTR: click-through rate.

Of the 1363 downloads, 823 participants only agreed to the
mandatory terms and conditions, and 540 participants also
agreed to receive research participation information, where the
chatbot asked for informed consent. Of these 540 participants,
353 (65.3%) ignored the chatbot, 32 (5.9%) refused, and 155
(28.7%) gave informed consent. Among the 155 participants,
121 (78.1) were 65–, while 34 (21.9) were 65+. The total CR
from advertisement exposure to research participation was
0.080% (ie, number of consent/impressions=155/192.641). As

channels other than social media were also used, this total CR
is an upper bound.

Regarding timing, Figure 2 shows an increase in participants
at the app’s launch due to initial recruitment efforts. A
participant inflow peak follows due to the recruitment campaign
between December 18, 2020, and January 4, 2021, followed by
a decreased growth, stagnating at around 10 new participants
per month. This stagnation indicates the importance of active
and continuous recruitment efforts.

Figure 2. Participant influx over time per age group since the start of recruitment.

JMIR Serious Games 2024 | vol. 12 | e52640 | p.307https://games.jmir.org/2024/1/e52640
(page number not for citation purposes)

Châtel et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Feedback Through Qualitative Interviews
Some interviewees indicated that they did not invite someone
else because the invitation process was unclear. Furthermore,
some indicated that the app was not enjoyable enough to invite
someone. One of the participants said:

It was a barrier for me that I was going to involve
others in something that annoyed myself. [Participant,
female, 78]

Data Collection Procedures and Intervention
Acceptability

Overview
Questionnaire adherence was relatively steady for PI (N=29,
N=109), DJG, and the Life Space Assessment questionnaires
at baseline. However, there was a drop from 28 to 15 participants
(a 46% drop) who completed the NDIS questionnaire after
completion of the Older Persons and Informal Caregivers Survey
questionnaire (Figure 3). During the following months,
questionnaire completion rates were further reduced to 3
participants (10% relative to baseline), after which the 65+
group’s completion rate remained stable while the 65– group
continued to decline.

Figure 3. Questionnaire adherence compared to baseline (t0), with follow-up questionnaires each consecutive month. PI: Personal Information
Questionnaire; DJG: De Jong-Gierveld Loneliness Scale; LSA: Life Space Assessment; TOPICS: The Older Persons and Informal Caregivers Survey;
NDIS: Network Domain Identification and Significance.

Feedback Through Qualitative Interviews
Most interviewees expressed that the chatbot presented
information pleasantly and explained the study goal well.
However, to some, the chatbot felt slightly artificial, childish,
or communicated too quickly. In addition, for some questions,
the goal was judged unclear, so interviewees did not feel
motivated to answer these questions, as 1 participant illustrated:

I did not exactly understand what it was about. So
was that questionnaire, with all those contacts, to see
if I have contacts? Or to see if I have many contacts?
Or was it about finding people with whom I wanted
to play a game? That was not clear. [Participant,
male, 77]

Interviewees also indicated that the questionnaires contained
too many questions, making the average questionnaire duration
unpleasant. One of the participants indicated:

I was filling out questionnaires all the time, and I
didn’t like that. [Participant, male, 77]

When asked how often interviewees were willing to answer
questions, they indicated that monthly would be fine, provided
it was not too long. Additionally, the NDIS required participants
to disclose information about others, which many interviewees
did not appreciate.

Participant Gameplay

Overview
Out of the initial 554 participants, 91 (16.4%) remained active
after the first week, and 32 out of the 554 (5.8%) participants
had more than 90 days of activity. Furthermore, assessing design
choices toward intergenerational play, we found participants
tended to play with players in their age stratum (r=0.31; Figure
4 and Multimedia Appendix 6).
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Figure 4. Age of message sender and receiver. Each dot represents a message from the sender (x-axis) to the receiver (y-axis), based on their respective
age.

Feedback Through Qualitative Interviews
Interviewees mentioned that the games were amusing, intuitive,
and clearly explained. The games were often considered
somewhat slow, old-fashioned, and childish in terms of content
and appearance. Some indicated that the games should be more
challenging and usually stopped playing after a few times. One
of the participants mentioned:

Yes, I find it a bit, simple. They are party games, and
there is little challenge in it. [Participant, female, 66]

The number of games was considered enough by some and too
low by others. Furthermore, interviewees mentioned not seeing
the added benefit of the games in this app over established
digital games. Interviewees mentioned that the games are most
suitable for playing with children rather than with other adults.
However, the interviewees who invited someone else generally
invited a good friend or partner of the same generation.

Discussion

Principal Findings
This study investigated the recruitment and inclusion process
of a serious game app to reduce loneliness in the older
population. Due to the high dropout during the recruitment and
onboarding process, substantial overshooting of the intended
sample size was required. Of the 193,361 potential participants
reached through social media, plus an unknown number through
other channels, only 0.08% of participants provided informed
consent, indicating significant challenges in recruitment. The
A/B testing revealed that the campaign focusing on distanced
playful interaction had a significantly higher CTR (1.98%) than
the campaign focusing on research participation (CTR=0.51%).
In-app activity analysis indicated that 16.4% of participants
(n=91) remained active after the first week, but only 5.8%
(n=32) stayed active for over 90 days. Interviews highlighted
barriers such as excessive chatbot questions and a mismatch
between the app’s design and the target group’s preferences.
These findings underscore the difficulties in recruitment and
retention.

Even though these low participation rates are considered typical
in digital epidemiological research [50,51], especially in studies

where enrollment is completely web-based [52], evidence for
higher participation rates among older adults (though
inconclusive) increased expectations [51]. Due to the nature
and goal of our app, it is also possible that the stigma on
loneliness [15] played a role in the low recruitment rate.
Furthermore, the study’s timing during the COVID-19
quarantining period made in-person recruitment strategies (eg,
workshops and talks) more challenging, if not impossible.

Most growth came from social media, recruiting more than 200
people in 1 month through Facebook, suggesting participants
can be reached. However, few participants completed the entire
study. Additionally, when aiming to reach new participants
through existing ones, the game did not result in players inviting
others once they logged into the app. To that end, improvements
to increase game satisfaction must be implemented. This
mouth-to-mouth recruitment is considered powerful and should
be prioritized [53]. One of the possibilities could be introducing
a feature to recommend the game to a Facebook friend and
receive in-game rewards. Another way to improve recruitment
is to optimize organic user acquisition by, for example,
increasing visibility at the top of distributor channel lists like
the Apple App Store and Google Play Store, updating metadata
often and using metadata keywords based on seasonal contexts
[53-55].

After the first week post download, 16.4% of participants
remained active; 5.8% remained active after the first 90 days.
The questionnaire retention rate remained around 10% compared
to the baseline. These retention rates comply with gaming
industry standards where a 7-day retention rate of 8.6% and
30-day retention rate of 3.5% in European countries are regular
among highly rated gaming apps [56]. Internet-based
interventions also experience low retention rates compared to
traditional interventions, especially in older populations [57-59].
However, intervention research attrition usually needs to be
much lower than that of the gaming industry; attrition of 45%
is already described as high [58-61]. Furthermore, player types
and participation reasons play a role in retention [62], as
differences could exist between players joining for gameplay
versus those joining to participate in research. This mismatch
between gaming and research standards might imply that initial
sample sizes must be much higher than anticipated.
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Data collection procedures (ie, backend data collection and
chatbot) were considered pleasurable and straightforward.
However, language use needs to be adapted per age category
as older participants found the chatbot speaking too childlike.
The chatbot’s tone is essential as negative emotions regarding
the chatbot might affect interaction willingness [63], possibly
resulting in communication breakdown and increasing the
number of missing values [64]. Furthermore, the questionnaires
were considered too long and complicated. However, as the
attrition rates after 1 month of play were similar between older
adults and the younger group, it seems that questionnaire
duration is not the only limiting factor, as the younger group
did not need to answer all questionnaires. Additionally, even
though interviewees preferred answering questionnaires in the
app or on the computer, research shows that most older adults
prefer answering questionnaires on paper or, if digitally, on the
computer [65]. Therefore, our method of administering
questionnaires could have been a barrier.

The games were designed to facilitate inter-generational contact,
and participants confirmed they were most suited for children
and older adults playing together. However, we found that most
people played within their age stratum (ie, good friends and
partners), corresponding with the literature suggesting that
people of different ages do not uniformly intermingle [66]. This
age segregation is not only a matter of preferences [66-69], but
also a matter of institutional, spatial, and cultural segregation
based on age [67,70-72]. Indicating that the design choices
toward intergenerational gameplay did not have their intended
effect and possibly even had an adverse impact as older users
felt the app was too childish. However, the app is possibly only
perceived as “childish” as participants did not interact with it
within the context of its intergenerational intention.

Strengths and Limitations
The first strength of this study is the use of A/B testing as it
helped understand recruitment through social media by
providing insights into the discrepancy between the extensive
reach needed and app downloads realized. Furthermore, it
allowed for adjusting recruitment strategies and optimizing
recruitment. A second strength is that we provide a detailed
qualitative and quantitative evaluation of an innovation built
with stakeholders (ie, older persons and game innovation
companies), allowing for iterative analysis and improvement
in a controlled and verifiable manner. A third strength regards
the data collection during the COVID-19 pandemic. Loneliness
has increased during COVID-19 [73,74] and many people,
especially older adults, had less in-person social contact [75].
Therefore, the need for digital inclusion of older adults increased
[76,77]. Furthermore, research shows that older adults use digital
technology to improve social connectedness [78,79] and change
how they use and adopt new technology during the COVID-19
pandemic [79]. The PlayingTogether app has the potential to
fill the need for digital inclusion as it aims to make digital
communication easy and accessible, possibly positively
influencing some players to engage more with the game.

A first limitation is the timing of data collection during the
COVID-19 pandemic as it made in-person recruitment strategies
more difficult and therefore reduced inclusion numbers and

lessons learned about the effectiveness of in-person recruitment
strategies (eg, workshops and presentations). Consequently,
recruitment shifted toward digital strategies. Though this made
calculating the advertisement reach possible, it possibly caused
the substantial filtering of 99.02% which is still a lower estimate
as reach increases when adding unknown contributions through
different channels. A second limitation is the representativeness
of the target group in the in-game sample. Participants were
few (ie, N=155), relatively young, highly educated, and not
lonely, so the participant pool did not reflect the target group
well. By campaigning toward a broad audience, we believed
younger players would invite older potential participants; as
lonely, more senior adults are hard to reach [80]. Though we
successfully recruited a younger target group, this indirect
recruitment did not occur, highlighting the difficulty of reaching
a diverse group which hampers the game design process and
assessment as the target group is underrepresented. A third
limitation is that the app was in iterations of active development
during the study, including an update on UI. This is also the
case in most other eHealth innovations, as the iterations of
innovation cannot wait until the end of a (slow) trial evaluation
with long-term follow-up. However, making direct comparisons
between players became more challenging with several app
versions. Nevertheless, the interviewees’ experiences did not
differ between versions, indicating that the underlying problems
were more profound than those covered by the updates. Finally,
our intervention was designed too broad, with the intention to
attract both older adults and their grandchildren. We tested game
mechanics with older adults and grandchildren, but the
intersection of games and questionnaires was not tested.
Furthermore, the new UI, although it received the most votes
in a digital campaign, was not rigorously tested by older adults
and the younger generations. Therefore, the app might have felt
“childish” for older adults, and too simple for younger
generations, which made the app unsuccessful in connecting
the different generations. This might have been overcome by
more rigorous pilots and repeated tests within this intended
context.

Future Directions
Based on the data and insights gained in this study, we deem
the following matters important to address before further
(large-scale) evaluation or implementation of social games in
alleviating loneliness in older adults. First, game experiences
must provide clear guidance to start and continue gameplay.
One option could be to introduce volunteers scouted to keep
communication energetic. They could catalyze communication
and “break the ice” while monitoring participant activity so
necessary changes can promptly be implemented. Second, the
intervention needs a sharply defined target group that thoroughly
tests the app and the intervention procedures. Our approach of
using a mixed target group, comprising both older and younger
generations, posed challenges in effectively engaging either
demographic. Third, substantial initial recruitment investments
and continuous advertisement strategies are essential for
long-lasting digital effectiveness trials. Current efforts are
insufficient for scaling up, as shown by a 99.92% drop from
exposure to download and a 90% dropout rate after 1 month.
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In-person recruitment could enhance engagement and reduce
dropout rates.

There is increasing literature on digital gaming interventions
and loneliness [81] and web-based interventions containing a
gaming feature and loneliness [82]. However, we believe that
further large-scale evaluation only becomes viable once these
concerns are addressed. This study adds insights into the gap
between the reach of potential participants and the actual
recruitment outcome. Furthermore, we have shown how to
design, develop, recruit for, and improve games for older adults
and where these aspects might need to be improved for future
endeavors.

Conclusions
We describe the development process and participant funnel
from advertisement to app usage to provide context and guidance

for future work. These stages often remain unreported even
when crucial for acceptance and, thus, effectiveness. As such,
this study underlines the difficulty of recruiting and retaining
older adults in a social gaming intervention focused on
loneliness. We showed that combining the target group with a
hybrid solution to attract different generations leads to difficulty
in providing a user experience where all users understand the
app’s intent and feel appropriately addressed. Furthermore, we
have shown the discrepancy between advertisement reach and
the number of included participants. This filtering process shows
that casting a wide net does not necessarily result in high
participation rates, indicating that expectations and recruitment
strategies should be realistically assessed when initiating such
interventions. More focused small-scale, in-person recruitment
strategies might therefore be more effective in increasing
participation and decreasing attrition.
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Multimedia Appendix 2
Participant demographics.
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Multimedia Appendix 3
Stages in app design process. An overview of the design process’s different stages (project specification, development, and
testing). We first specified a problem statement, followed by identifying the target group. Then a minimal viable product prototype
was made and released, and a series of tests and feedback rounds with participants followed.
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Multimedia Appendix 4
User interface of the app. Panels A, B, and C show the first user interface in gray tones. Panels D, E, and F show the user interface
based on what users found most appealing through a feedback campaign. Panels A and D show the home screen with the
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participants’ chatgroups. Panels B and E depict the game repository screen with a short explanation of each game and a carousel
through which the user can swipe for more games. Panels C and F depict the appearance of a chatgroup, in this case, that of the
chatbot administering questionnaires.
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Multimedia Appendix 5
Interview guide.
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Multimedia Appendix 6
In-depth analysis of participant gameplay.
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Abstract

Background: This study explores gamification in the design of virtual patients (VPs) to enhance the training of Swedish military
medics in trauma care. The challenges related to prehospital trauma care faced on the battlefield require tailored educational tools
that support military medics’ education and training.

Objective: The aim of the study is to investigate how to design VPs with game elements for Swedish military medics to support
learning in military trauma care. By understanding the reasoning and perceptions of military medics when interacting with VPs,
this study aims to provide insights and recommendations for designing VPs with game elements that are specifically tailored to
their needs.

Methods: The study involved 14 Swedish military medics of the Home Guard–National Security Forces participating in a
tactical combat care course. Participants interacted with 3 different VP cases designed to simulate military trauma scenarios. Data
were collected through think-aloud sessions and semistructured interviews. The data were analyzed using interaction analysis,
structured by the unawareness, problem identification, explanation, and alternative strategies or solutions (uPEA) framework,
and reflexive thematic analysis to explore participants’ reasoning processes and perceptions and identify possible game elements
to inform the VP design.

Results: Mapping the military medics’ reasoning to the uPEA framework revealed that study participants became more creative
after making a mistake followed by feedback and after receiving a prompt to make a new decision. The thematic analysis revealed
6 themes: motivation, “keep on trying”; agency in interaction with VPs; realistic tactical experience; confidence, “I know that
the knowledge I have works”; social influence on motivation; and personalized learning. Participants suggested that game elements
such as scoring; badges; virtual goods; progress bars; performance tables; content unlocking; hints; challenge; control; imposed
choice; narrative; avatars; sensation; randomness; difficulty adapting; competition; leaderboards; social pressure; progression;
and renovation can promote engagement, motivation, and support confidence in decision-making.

Conclusions: Gamification in the design of VPs represents a promising approach to military medical training, offering a platform
for medics to practice medical and tactical decision-making in a risk-free environment. The insights gained by the study may
encourage designing VPs with game elements, as well as including possibly wrong decisions, their consequences, and relevant
feedback, that may support military medics’ reflections and decision-making.
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Introduction

Background
Virtual patients (VPs) have the potential to support the training
of competencies required to operate in military settings [1]. VPs
are interactive, computer-based simulations of real-life clinical
scenarios designed to support health care and medical training,
education, or assessment [2]. Gamification, the use of game
elements in nongaming contexts [3], is gaining interest in
education. Examples of game elements include scoring, avatars,
badges, storytelling, and adaptive difficulty levels [4,5]. The
incorporation of these elements in education has shown promise
in enhancing engagement, motivation, and improving learning
outcomes, particularly when these elements promote learning
behaviors and attitudes [6]. Gamification appears to be at least
as effective as traditional educational methods and often more
effective for improving knowledge, skills, and satisfaction in
health professions education [7].

Game elements can be combined with other educational methods
or technologies. For instance, when gamification is combined
with extended reality technologies, such as virtual reality and
augmented reality, it offers a powerful approach to modern
education by creating immersive and interactive learning
environments that make learning more engaging and motivating.
The integration of gamification with extended reality can thus
transform traditional pedagogical methods, leading to more
meaningful and student-centered learning [8]. Applying game
elements in the design of VPs for military trauma training has
the potential to provide learners with active learning
opportunities to prepare for providing medical services under
austere conditions [9].

In Sweden, the Home Guard–National Security Forces [10] is
a military reserve force of the Swedish Armed Forces that
consists mainly of local rapid response units. In addition to
personnel who have completed their national service or basic
military training, the Home Guard includes a large proportion
of various specialists, including military medics.

The Swedish model of military prehospital emergency care has
3 levels, where the first level expects that a wounded soldier on
the battlefield shall receive first aid from another soldier or a
military medic as soon as possible [11]. The education and
training to become a military medic requires essential skills
vital to wartime scenarios, where medics are tasked with
providing initial basic life support and assisting military nurses
or physicians.

Prehospital trauma care on the battlefield differs significantly
from that practiced in the civilian sector, particularly in terms
of the types and severity of injuries encountered. Military
medical personnel face additional challenges in providing care
to their wounded teammates under tactical conditions. Unlike
natural disasters or civilian incidents such as traffic accidents,

where the immediate danger typically subsides and care can be
administered in relative safety; battlefield medics might need
to deliver care while under hostile fire; frequently dealing with
multiple casualties; limited resources; and harsh environmental
conditions such as rain, cold, and darkness.

Hemorrhage is the leading cause of preventable death in both
military and civilian trauma, making the outcomes of care
provided in tactical settings critically important. As gun violence
rises in some European countries, injuries more commonly
associated with the battlefield, such as gunshot and blast
wounds, are increasingly seen in civilian life, representing a
growing public health concern [12]. However, the nature of
gunshot wounds caused by military ammunition often differs
from those typically encountered in civilian settings, primarily
due to the higher velocity and a greater kinetic energy of military
rounds, which result in more extensive tissue damage [13].

Treatment guidelines developed for the civilian setting do not
necessarily translate well to the battlefield. Sometimes, solutions
need to be improvised [14]. Courses such as the Tactical Combat
Casualty Care (TCCC) initiative are a set of evidence-based,
prehospital trauma care guidelines customized for use on the
battlefield. These guidelines may be used by battlefield medics,
corpsmen, and pararescuemen to acquire trauma management
strategies that integrate medical principles with effective
small-unit tactics. The curriculum for this training outlines
specific objectives, emphasizing the military medics’ need to
comprehend the effects of trauma on the human body, administer
subsequent treatment, and deliver initial prehospital care.
Following the training, military medics are expected to be able
to make critical decisions on the battlefield, combining medical
care with tactical decision-making [15].

While military medics across different armed forces may have
varying duties and organizational structures, their exposure to
handling trauma patients is limited. This challenge is further
compounded by a lack of research on the learning processes
and educational strategies tailored to support the training of
military medics [14].

The educational value of VPs can be understood through the
experiential learning theory [16], which emphasizes the
importance of action and reflection in a safe environment that
can tolerate errors [17,18]. VPs may offer a potential solution
in preparing military medics by providing a controlled
environment where they can practice their skills, make critical
decisions, and learn from their mistakes without real-world
consequences, ensuring they are better prepared for situations
they may face in the field. The risk-free environment offered
by VPs has been previously emphasized as their key
characteristic in a systematic review of VP descriptions [19].
Through VP simulations, military medics can experience a
breadth of scenarios, from the common to the rare and complex,
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ensuring they are better prepared for situations they may face
in the field.

Despite the potential of VP simulations to enhance military
medical training, there is a lack of studies focused on
incorporating gamification into the design of VPs for military
medics. This gap highlights the need to explore how to
effectively integrate game elements into VP design to meet the
unique demands and learning objectives of military trauma
education while increasing engagement.

Aim
The aim of the study is to investigate how to design VPs with
game elements for Swedish military medics to support learning
in military trauma care. By understanding the reasoning and
perceptions of military medics when interacting with VPs, this
study aims to provide insights and recommendations for
designing VPs with game elements that are specifically tailored
to their needs. The study has two research questions:

1. How do Swedish military medics reason when interacting
with the VPs?

2. What are the military medics’ perceptions of VPs?

Methods

Study Setting and Participants
A course took place from October 21 to 28, 2023, in a military
training area located in Väddö, Sweden, as part of the TCCC
training for the Swedish Home Guard. The training aimed to
teach Home Guard soldiers basic concepts of TCCC (as part of
the TCCC Combat Lifesavers course [TCCC-CLS]) based on
the published guidelines [20,21]. This was the first time the
TCCC-CLS course took place for the Swedish Home Guard,
using the US-standardized TCCC training guidelines and
material. The course was attended by 30 participants; 14 (47%)
participants were recruited to participate in the study with
purposeful sampling. Participants with different professional
backgrounds were included to achieve variation in the data [22].
In particular, 11 (37%) participants were soldiers of the Home
Guard in Sweden with mixed backgrounds and 3 (10%)
participants were course instructors.

Data Collection
The data collection took place on October 27, 2023, in Väddö,
Sweden. A think-aloud method was used while each participant
interacted individually with the 3 VP cases, to answer the first
research question. Directly after the think-aloud sessions, each
participant discussed the cases in semistructured interviews.
Two authors (NS and KK) conducted think-aloud and
semistructured interviews with the 14 participants.

Development of the VPs
Three VP cases were developed using the Open Labyrinth
open-source system [23]. The content of the VP cases was
cocreated with the support of the Home Guard of Sweden in
collaboration with the instructors in combat casualty care. The
content was designed first in a PowerPoint (Microsoft
Corporation) format. To inform the decision points and the
content of the VPs, recorded sessions took place with Home

Guard members with mixed backgrounds, specifically educators
with backgrounds in medicine, nursing, ambulance nursing,
combat casualty care, and TCCC-CLS. The 3 cases addressed
trauma management caused by gunshot and blast injuries. The
cases included key medical and tactical decisions. The medical
decisions concerned the use of the <c>ABCDE protocol [21]
where the “c” relates to stopping the catastrophic bleeding.
Because the medics learn the <c>ABCDE protocol and the
military alternative “MARCH” (massive hemorrhage, airway,
respirations, circulation, head injury, and hypothermia), the VPs
were developed without explicitly referring to the letters of the
acronyms, as these can easily be memorized without full
understanding of each letter’s meaning. For instance, instead
of phrasing a decision alternative as “select A,” the VPs listed
the decision as “select to check the airway.”

Design Principles
The VP cases were developed using design principles identified
in the literature and the authors’ own experience. Photos from
exercises and educational materials of the Home Guard in
Sweden, along with images generated using OpenAI’s DALL-E
artificial intelligence system [24], were used. A key design
principle was to “emphasize a feeling of presence by keeping
the patient visible.” To maximize the sense of presence and not
let the interaction become an overly theoretical exercise, the
trauma patient was kept visible during every decision the learner
made as if the patient was in front of the learner.

We aimed to emphasize the participants’control and the feeling
of being in charge rather than a spectator. The interaction with
the VP focused on the user’s next step, enhancing emotional
involvement and placing the responsibility for patient care on
the learners, requiring them to act quickly and manage the
visible trauma. VPs were designed to prompt learners to make
decisions as if they were a military medic using first-person
language, for example, “I decide to approach the injured
soldier.” This approach aimed to immerse the learner in the role
and responsibility of a military medic. Incorrect medical
decisions, such as failing to prioritize stopping catastrophic
bleeding, would result in patients dying from hemorrhage.
Suboptimal tactical decisions endangered the user’s character,
potentially resulting in injury or death.

The VPs were designed as linear scenarios [25]; if a wrong
decision was made, the learner was asked to try again. By
clicking “try again,” the learner would be navigated back to the
previous key decision node, either medical or tactical, and asked
to try again. There was one possible pathway for all VPs, leading
to one final case outcome.

A 2-fold scoring system was developed to gamify the VPs,
awarding or deducting 10 points for every correct or incorrect
medical or tactical decision. Figures S1-S3 in Multimedia
Appendix 1 visualize the 3 VPs, with TKD representing tactical
key decisions and MKD representing medical key decisions.
Table S1 in Multimedia Appendix 1 provides an example of
the key decision content of VP1.

The 3 cases were designed with varying levels of difficulty. The
first case was the simplest medically, while the third was the
most complex. However, the first case involved massive
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bleeding, making its simplicity not immediately apparent. The
scenario provided hints about suspicious objects in the remote
area, requiring the user to prioritize tactical safety before
assisting the patient. The second case was somewhat more
challenging, involving facial bleeding that needed to be
controlled in a remote area with an active threat, requiring the
medic to approach the patient carefully while taking cover
behind stones. In the final case, the patient initially appeared to
be in good condition—smiling but slightly confused—yet
eventually died due to brain bleeding. In all 3 scenarios, the
learner assumed the role of a military medic, tasked with aiding
an injured soldier. Each case began with a critical tactical
decision, where a wrong choice led to the medic’s death, either
from stepping on a cluster bomb or coming under enemy fire.
Prioritizing safety was essential in all cases, even though it was
not always immediately obvious.

Piloting the VP Cases
Two researchers, associated with Karolinska Institutet, both
with civilian nursing backgrounds and specific experience with
medical education, gamification, and civilian emergency and
medical education, respectively, were contacted for piloting the
VP cases. The 2 researchers conducted the think-aloud sessions
and participated in the semistructured interviews. At the last
step, they provided feedback as experts, using experience from
gamification, emergency medicine, and medical education. After
receiving feedback and improving the VPs, the content was
validated with the Home Guard combat casualty care course
leader.

Think-Aloud
Think-aloud is a technique where the participant is asked to
talk-aloud while solving a problem. Participants are encouraged
to verbalize their thoughts as they work through the task.
Think-aloud is a method that, in principle, does not lead to much
disturbance of the thought process [26]. In our study, participants
were prompted to elaborate on their decision-making while
playing the cases.

Interaction Analysis
Interaction analysis was used to analyze the video-recorded
think-aloud sessions. Interaction analysis brings focus on the
important moments in the learning activity, such as the
interaction of military medics with the VPs and their reasoning
while making tactical and medical key decisions. This method
eliminates the researchers’ bias by grounding assertions on the
video-recorded sessions, making them verifiable [27].

The primary objective was to identify recurring patterns of user
actions while interacting individually with the VPs. First, NS
and KK reviewed the video-recorded think-aloud sessions. We
observed that the participants’comments increased considerably
whenever they made a mistake. Therefore, we decided to map
the data from the think-aloud sessions to the unawareness,
problem identification, explanation and alternative strategies
or solutions (uPEA) framework to analyze how they reasoned
in relation to becoming aware of problems and dealing with
those, particularly after encountering consequences of wrong
decisions. Our analysis followed a deductive-inductive approach
to qualitative data analysis [28]. The uPEA framework has been

previously used to analyze participants’ reflections during
post-simulation debriefings [29].

Semistructured Interviews
Semistructured interviews were conducted to understand how
the military medics perceive the VPs and how game elements
can inform the VP design. An interview guide with questions
was developed by the first author, reviewed by 2 additional
authors (AAK and KK), and the questions can be found in Table
S2 in Multimedia Appendix 1.

Thematic Analysis
To analyze the semistructured interviews and identify patterns
and themes in the dataset, a reflexive thematic analysis was
used following the 6-step approach suggested by Braun and
Clarke [30]. The thematic analysis was conducted by the first
author (NS) and discussed with AAK and KK in a collaborative
and reflexive manner, aiming to achieve richer interpretations
of meaning. First, the transcripts were generated using the
automatic transcription tool Word (Microsoft Corporation)
“transcribe.” NS actively revisited all interviews and recordings
and went through the automatically generated transcripts to edit
them and generate preliminary notes; then codes were created
to encapsulate the meaning of the text. In an iterative manner,
themes were actively developed and revisited to form the results
and emphasize themes relevant to the research questions.

An additional round of coding was dedicated to associating the
participants’ statements to game elements. Using a framework
by Toda et al [4] and Maheu-Cadotte et al [5], which we
previously used in our research, we performed this mapping
organically following a deductive-inductive approach. We
actively connected phrases from participants’ discussions to
game elements based on our experience in gamification.

Reflexivity
The reflexive thematic analysis as outlined by Braun and Clarke
[30] is a widely recognized method for identifying, analyzing,
and reporting patterns (themes) within data. Their approach
emphasizes the importance of the researcher’s reflexivity in the
analysis process. NS has a background in health informatics
and an interest in educational technologies, particular VPs, and
gamification. This background has been informing the way that
the interview data were interpreted. KK has a background in
interaction design and is a senior researcher within the field of
medical education, with a particular interest in
technology-enhanced learning. AAK has a background in
computer science and is experienced as a researcher in topics
around technology-enhanced medical education and clinical
reasoning.

Ethical Considerations
Ethics approval was sought from the Swedish Ethical Review
Authority (diarienr 2016/1701-31), followed by an amendment
in 2020 (diarienr 2020-01660). The Swedish Ethical Review
Authority exempted the study from the requirement for ethics
approval, as it did not involve handling sensitive personal data,
as defined by the Swedish Ethical Review Act.

The video recordings were limited to capturing the laptop
screens used, demonstrating participants navigating through the
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VPs with synchronized voice audio tracks of the participants.
No identifiable data about the observed participants were
collected. Recordings began only after each participant received
oral and written information about the study. Participation could
be interrupted at any time without any consequences. All study
participants signed a consent form.

Results

Overview
A total of 14 military medics participated in the think-aloud and
interview sessions. All participants completed the 3 VP cases.
The VP cases and the nodes visited by the participants are
visualized in Figures S4-S6 in Multimedia Appendix 1. Most
visited nodes are visualized with dark gray ranging to light gray
and white for less-visited nodes and nodes not visited at all. The
number within each node shows the number of clicks per node.

Swedish Military Medics’Reasoning When Interacting
With the VPs

Overview
The uPEA categories were mapped to the participants’
discussions around key decisions as follows: “unawareness”
was used to refer to how participants were unaware of a problem
that they would subsequently encounter and become aware of.
The participants could, for example, comment on the
background information, text, and images seemingly unaware
of any pending danger or risks just before making a mistake.

“Problem” was used to refer to reflections on how the
participants realize that they made a suboptimal or incorrect
decision. At this point, they discover that the consequences of
their decision were not the desired ones. “Explanation” was
used to categorize discussions and explanations of why the
problem occurred, for instance, to justify a wrong decision made
by the participant. The category “alternative strategies or
solutions” was used to refer to alternative decisions made after
recognizing the problem and considering actions that would
avoid similar issues in the future. An overview of different kinds
of reflections made by the participants during the different
phases is presented in Figure 1.

An example of a participant’s (participant 10) reasoning, mapped
to the uPEA framework, is presented in Figure 2. The example
outlines the participant’s reasoning process, starting with his
initial unawareness of the risks as he decides to proceed toward
the injured patient without hesitation. As he moves forward and
steps on a mine, he realizes that he had overlooked the danger,
identifying this as the problem (P, which stands for problem
identification). He then provides an explanation for his mistake,
attributing it to the brevity of his military training (E, which
stands for explanation). Finally, he elaborates on how he would
act differently in a similar situation in the future (A, which
stands for alternative strategies or solutions).

The interaction analysis and the uPEA mapping allowed us to
generate the following categories that bring insights about how
military medics reason while interacting with the VPs.

Figure 1. An overview of different kinds of reflections observed during the different phases of the unawareness, problem identification, explanation
and alternative strategies or solutions framework. VP: virtual patient.

JMIR Serious Games 2024 | vol. 12 | e63390 | p.321https://games.jmir.org/2024/1/e63390
(page number not for citation purposes)

Stathakarou et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. An example of a participant’s reasoning mapped to the unawareness, problem identification, explanation and alternative strategies or solutions
framework (participant 10).

Unawareness

Overview

Participants were often unaware of factors that contributed to
the error that they would later make. They seemed not to reflect
on the aspects that they would later bring up as important in
their explanations. For instance, participants would exclaim that
they should hurry to the wounded patient without encouraging
self-help because it was part of their role as a combat medic
without mentioning the risks involved. Alternatively, looking
at an image of a wounded patient concluded that the patient
would probably not die, thus apparently unaware of the risk that
the patient had latent fatal injuries. In subsequent sections, we
have categorized different themes of unawareness.

Unawareness of How to Interpret Symptoms or Signs and
Map These to the Algorithm

In the first VP case, the term “massive bleeding” was used, and
all participants recognized the necessity to prioritize it and stop
the bleeding. Thus, everyone made the correct medical decision
in the first VP. However, in the second case, several military
medics were confused when the term “pulsatile bleeding” was
introduced instead of the usual term “catastrophic bleeding”
and had difficulty mapping the <c>ABCDE algorithm to the
case, even if there were hints of the necessity to prioritize to
stop the bleeding. This implies that even if the participants have
been trained to the protocol with clear examples of what step
to prioritize, they had difficulties applying the same concept to
a broader case without a clear hint referring to “catastrophic”
bleeding:

There are many things to do, but I need to prioritize
cleaning the mouth so that he can breathe. It would
be good to stop the bleeding too...But it [the injury]

is on the face and jaw...But there is pulsating bleeding
in the injured area...It is not catastrophic bleeding.
Then one could try...I am between these two [pointing
at two options, to stop the bleeding vs to clean the
mouth]. I will select this one thought [to clean the
mouth]. [Participant 5]

Unawareness of How to Determine Medical Priorities or
Urgency

In the second VP case, the patient with trauma on the face
caused confusion because of the anatomical location, as the
trauma was around the missing jaw. Many participants thought
that they should try to free the airway and prioritize breathing
instead of stopping the bleeding:

I will try to see whether there are things one can see
[in the mouth] so that I can take them out. And then
I will try to stop the bleeding, but this is after I check
the airways, so this is the order I would follow...
[Participant 4]

In the third VP case, a picture of a smiling patient appears, who
has internal brain bleeding. Although the case is considered
medically challenging, several medics understood that there
might be a head injury, even if the medical urgency was not
always clear, which resulted in the patient’s death:

I think he has a head injury. He is probably not going
to die, and he doesn’t seem to have anything wrong
with his limbs... [Participant 11]

Unawareness of How to Perform a Medical Procedure

While dealing with the second VP case, some participants
thought that it was practically impossible to stop the bleeding
around the mouth area. Therefore, they proceeded with other
priorities. While the anatomical positioning of the injury might
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have influenced their decision-making, the practical perception
of how to stop the bleeding and its feasibility was unclear to
some of the participants:

If it is pulsatile bleeding, it is not easy to set
something [means like a tourniquet] on the face. So,
I will select to free the airways. [Participant 8]

Unawareness of Tactical Threats or Care Under Fire Plan

Many medics were confused in making a decision between
“directing the casualty to move to cover and apply self-aid” and
“selecting to run to help the patient.” Directing the casualty and
encouraging self-aid is one of the priorities of the first phase of
the care under fire or threat, according to the TCCC protocol.
However, given the design of the VP, which presented a
bleeding patient screaming for help, many medics rushed to
help the bleeding patient, which resulted in stepping on a cluster
bomb and injuring themselves:

...I am safely approaching the injured person on my
knees. Securing my weapon, I realize very soon,
within seconds, probably, that I have to go forward
[to the injured person] because I see that he probably
bleeds a lot. I see no reason to encourage self-help
because he is actually an injured person, and I am a
combat medic. [Participant 10]

Problem Identification

Overview

The VPs provided feedback to the users after each correct or
incorrect decision. Sometimes the feedback was just textual,
but often the consequences of a decision were quite concrete,
so that it was obvious to users that they had made a mistake. If
a user was not careful enough and stepped on a mine, such a
decision would result in an explosion injuring them, presented
in an image. In this section, we describe the reactions and
reflections of the participants when it became clear that they
had made an incorrect decision. These varied between
acceptance, acceptance with a large portion of disappointment,
questioning the priorities that should be made, and not accepting
the mistake.

Accepts or Realizes the Mistake (Often Disappointedly)

Some participants accepted the mistake after it became obvious
to them, through experiencing the consequences or through the
VP feedback. Often, realizing and accepting the mistake
involved disappointment:

...So is it over now? [after stepping on a cluster-bomb,
which resulted in an explosion]. [Participant 3]

…Oh, no! I should have been thinking of my own
safety first. [Participant 5]

Questions Priorities

Reactions to the wrong decision-making also included
questioning the priorities presented in the VP. For example,
questioning the priorities in the basic management plan for care
under fire or threat, where instead of the tactical priority “return
fire and take cover,” the participants had to select “direct
casualty to move to cover and apply self-aid if able or when

tactically feasible, move or drag casualty to cover” because, in
the case, there were no enemies presented:

So, isn’t the first priority to kill the enemies?
[Participant 1]

Does Not Accept the Mistake

In some other cases, the participants did not accept the mistake
after it became obvious to them:

This was wrong, ok. I need to read the text again.
Aha, ok, it states that it is pulsatile bleeding. It is just
that I read wrongly. Yes, I will stop the bleeding first.
It is just that I read wrongly. [Participant 2]

Explanations

Overview

After having made a mistake, the participants would often stop
to reflect on why the mistake took place. Participants offered
explanations to why they selected a suboptimal option, such as
lack of tactical training, and they sometimes also seemed to
rationalize their decisions and attribute mistakes to limitations
of the VP scenarios or their interpretations. This process often
involved participants justifying their actions by uncovering
aspects they had not initially considered.

Introduces New Aspects That Were Previously Disregarded

There is no sign of threat in the picture; that’s why I
thought of running to help [the patient]. There can
be more cluster-bombs on the way, and that’s why I
would follow the same pathway as him. But of course,
there are risks on the way... [Participant 3]

The Case Was Medically Difficult to Interpret

It was wrong, yes, but it is a bit difficult to stop the
bleeding on the mouth area...That’s how I thought
[and skipped it]. When the patient looks like that
[pointing at the picture], then I should clear the mouth
because otherwise he will not have a free airway. But
if it is catastrophic bleeding, then of course I will
have to press [stop the bleeding] first...But the picture
is limiting the understanding of how serious the
catastrophic bleeding is. [Participant 7]

The Case Was Tactically Challenging

I come from the civilian sector, meaning I haven’t
done a long military training. [Participant 5]

Questions How the VP Presents the Case or Reality

VP limitations that were mentioned to justify wrong
decision-making were the (1) picture limitations, (2) a limited
number of listed alternatives to choose from, (3) a limited
number of options to select at a time, and (4) limited sensory
simulation (only sight is involved, and no other senses)

In a real situation, one receives more information.
One has a smell, a taste; it is like déjà vu. I think I
would perform better if I was there, and I had all
these things in front of me, so I don’t need to get all
this information [from the VP text]. It would be a long
text to give all these details, i.e. how much he is
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bleeding from the face...But one can’t quantify that
either, right? [Participant 5]

Alternative Strategies or Solutions: Makes Use of Images
in the VP to Dramatize and Play Out Imaginary Courses
of Actions and Remake Decisions
At the last stage of the reasoning, some of the military medics
shifted from justifying their wrong decision-making to reflecting
and remaking correct decisions. Not all participants would
reflect on alternative solutions and quickly just selected another
VP option. However, others engaged in describing scenarios,
dramatizing, and playing out imaginary courses of action that
they could have chosen instead of making the error. Two
examples of participants immersing themselves in the role of a
military medic are presented in blockquotes later and in Figure
2. These 2 participants had previously made the wrong decision
to quickly approach and help a wounded soldier, without
sufficient caution, thereby becoming injured:

I see now that it seems to be in the picture an open
territory and that it might be challenging to hide
oneself. But there seem to be stones on the ground,

and I can imagine that there must be somewhere a
bigger stone that I can use to hide myself...If there
was a lot of fire going on, I would have approached
Sandstedt [the wounded soldier] carefully, ready to
exchange fire. If there were enemies around, I would
shoot them and prioritize that over Sandstedt, so that
we avoid being two dead people. [Participant 1]

Military Medics’ Perceptions of VPs

Overview
The thematic analysis resulted in the following themes:
motivation, “keep on trying”; agency in interaction with VPs;
realistic tactical experience; confidence, “I know that the
knowledge I have works”; social influence on motivation; and
personalized learning. Within each theme, corresponding game
elements were developed through the second round of coding
and linked to the participants’discussions. These game elements
were inspired by previous studies [4,5] and were further
developed and defined based on the authors’ experience. Table
1 presents a summary of the game elements mapped to the
themes and defines them within the context of this study.

Table 1. Summary of defined game elements and how they map to the developed themes.

ThemesDefinitionsGame elements

1, 4, and 6Assigning points for correct actions or decisions and deducting points for incorrect ones to provide
feedback and encourage improvement

Scoring

1Visual symbols of achievement awarded for completing specific tasks or reaching milestonesBadges

1Digital items earned through performance that can be collected or used within the VPa environmentVirtual goods

1Visual indicators showing the learner’s progress through tasks or learning objectivesProgress bars

1Detailed overviews of the learner’s performance across multiple tasks or criteriaPerformance tables

1Access to new content or pathways based on the learner’s performance or decisionsContent unlocking

1Clues provided to help learners find the correct answers without giving them away directlyHints

1Elements designed to test the learner’s abilities and maintain engagementChallenge

1 and 2Digital representations of the learners or patients within the VP environmentAvatars

2The player’s ability to influence the game environment and outcomes through their actionsControl

2Providing learners with multiple decision options and requiring them to select a specific one to proceed,
preventing further progress in the virtual patient scenario until the correct choice is made

Imposed choice

2The structured sequence of events and choices that shape the learner’s experienceNarrative

3The use of sensory stimuli, such as visual and auditory cues, to enhance immersionSensation

3Introducing unpredictable elements into the simulation to create a more realistic and challenging envi-
ronment

Randomness

4 and 6Adjusting the level of difficulty based on the learner’s performanceDifficulty adaptation

5Encouraging learners to compete with each other, often through leaderboards or similar mechanismsCompetition

5Rankings that display top scores to motivate learners through competitionLeaderboards

5Influence from peers or the community that can motivate or demotivate learnersSocial pressure

6Opportunities to retry decisions and improve outcomes based on feedbackRenovation

6Tracking and visualizing a learner’s development and achievements over timeProgression

aVP: virtual patient.
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Theme 1: Motivation, “Keep on Trying”
Motivation was a central theme in the discussion with the
participants. While referring to the VPs, participants reflected
on features and aspects that could enhance motivation during
their interactions. Participants discussed scoring and its potential
to increase motivation by encouraging continuous efforts to
achieve higher scores. Participants also highlighted badges and
virtual goods [5] as elements that could boost motivation and
reward good performance. For instance, participants mentioned
collecting stars or virtual items, such as virtual food, as
incentives for performing well.

Visual progress bars [4] and performance tables [5] were
suggested to visualize medical and tactical decision-making
progress while interacting with the VPs. For instance, the
participants suggested that virtual progress bars with color could
depict correct, suboptimal, and wrong decision-making. In
addition, participants suggested that branched VPs could unlock
content [5] and allow them to interact through avatars [5] with
different pathways depending on their decisions, enabling them
to explore the consequences of their actions. Content unlocking
refers to access to new content or pathways based on the
learner’s performance or decisions. This mechanism could
motivate participants to perform actions correctly to unlock
more content.

Overall, participants appreciated direct feedback after making
a wrong decision. However, they suggested that feedback should
provide hints [5] of the correct answer rather than giving it away
directly to challenge [4] the participants and maintain their
interest:

...Progress bars would be good to see where you are,
for example, in your way. One can have one progress
bar with yellow, green, and red for tactical decisions,
and one can have another one yellow, green, and red
for medical decisions. [Participant 4]

...Say, for example, if you get a certain point, you
would then be able to unlock something...You can
unlock something for the avatar. It could be anything,
it doesn’t have to be anything that really matters, but
if I succeed in this [task], then a can of Präriegryta
[a stew traditionally served in the military]
appears—Congratulations! You have now unlocked
Präriegryta! A reward, which may have no impact
whatsoever on my ability to solve upcoming tasks. I
just think it would be fun, and it would make me
wonder, what will happen next? The next thing could
be: Here is a package of the Swedish Armed Forces’
skin ointment, it’s silly, but I think the human brain
is wired to seek these kinds of rewards, and they don’t
have to have any real value... [Participant 5]

Theme 2: Agency in Interaction With VPs
Agency in interaction with the VPs was discussed in terms of
how participants navigate and interact with the VP environment.
Participants highlighted the importance of having a sense of
control over their actions and decisions within the VP
environment. They mentioned that, in certain cases, they felt

limited in their decision-making and movement within the
environment.

Participants suggested that they would appreciate more freedom
in decision-making and how they could move around in the
environment. However, answering with just free-text answers
was perceived as more challenging; participants suggested that
such an option should be combined with listed decision
alternatives, known as imposed choice [4]. Imposed choice
refers to decisions made from a set of given options, which can
help guide the learning process.

The participants also discussed the importance of narrative [4],
which is the structured sequence of events and choices that
shape the learner’s experience. They believed that being able
to navigate within the VP by making choices listed in the VPs,
combined with an interactive free-text menu, would give them
a feeling of freedom and help unfold the scenario.

In addition, the participants mentioned the importance of the
agency provided by avatars. They believed that avatars could
enhance the feeling of control over the environment, which
could influence motivation positively:

Yes, like it’s “high alert,” okay? But there is always
much more information available. How do we assess
the threat level right now? Do we have an external
barrier in the form of surveillance? Have we set up
an alarm system? Is the terrain mined, or can they
[the enemy] just walk in? I need to know that!
Because I will behave differently based on this
information...So, yes, the medical and tactical
[scoring], it’s the tactical I am talking about; that’s
where it’s very difficult if I can’t make entirely tactical
decisions because the information isn’t there. Or the
options I would have liked are not there... [Participant
1]

When it comes to graphics, I don’t think it is so
important in a way, I think that I value the autonomy
of the player the most. For instance, I would like to
be able to create something by myself if I can give a
name to my character or give it my name. [Participant
5]

[The interactive menu] gives you a bit more freedom
if there is something else you would like to do, but
the option is not there. [Participant 9]

Theme 3: Realistic Tactical Experience
The significance of delivering authentic, realistic experiences
through VPs was discussed by the study participants. They
highlighted the importance of the tactical environment, which
may influence their decision-making. This theme is closely
related to theme 2 and how immersion in the virtual environment
representation can support the users’ sense of agency.
Participants frequently mentioned the visual detection of
potential threats or enemies within the VP simulation as an
example of realism. Multimedia elements, such as sound,
pictures, and video, can enhance the feeling of presence and
improve the perception of the virtual environment. Sensation
[4], which involves visual and auditory stimuli, was highlighted
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as crucial for improving the experience. This includes virtual
worlds, virtual reality, or augmented reality to engage the senses.

Participants noted that the tactical environment is constantly
changing and unpredictable, often intersecting with medical
decisions. This interplay makes military medical professionals
distinct from civilian ones. Therefore, participants implied that
the characteristics of the tactical environment should be highly
visible and emphasized in the virtual environment. They
suggested using multimedia elements to enhance realism and
aid in understanding the tactical environment. Randomness as
a game element [4] refers to the unpredictable elements
introduced into the simulation, which can create a more realistic
and challenging environment. This can simulate the
unpredictability of real-life scenarios, making the experience
more immersive and engaging. Realistic cases were perceived
to enhance engagement and influence the sense of agency in
the VP interaction:

I know what I would do, and I know what the game
[VPs] would like me to do. The more the war
environment and the situation is clarified, the tighter
these two become. For instance [in the last case], I
didn’t know if they were still shooting, and that’s why
I decided to run into the building. If I knew, if there
were people screaming, if I knew something was
happening...Now my intuition told me that the
shooting had stopped, so I wanted to get into the
building...It is important with sound; to be able to
listen the sounds of a war, someone can hear things
before they come. [Participant 3]

One gets already a lot of information from the
picture...[referring to the second VP]. Someone can
embed videos for 5-10 seconds so one gets a better
idea of the patient. [Participant 7]

Theme 4: Confidence, “I Know That the Knowledge I
Have Works”
Participants felt that high scoring could increase their
confidence, encourage them to continue interacting with cases,
and thus enhance learning. They reflected that their previous
combat casualty care training was applicable when managing
the VPs and that this was reflected in their scores. Alternatively,
participants commented that they needed more practice if they
did not achieve the highest scores.

Adjusting the difficulty of presented educational content based
on the learners’ performance scores is known as difficulty
adaptation [5] of the designed cases. Participants suggested that
if the tasks are too challenging, they may become discouraged
by low scores. Conversely, very easy cases might not challenge
learners enough. Participants thought the cases were relevant
to the course content, quizzing knowledge they had received,
with the first and second cases being medically easier than the
third one. Participants suggested that feeling unable to solve
cases due to high difficulty levels could negatively influence
their motivation:

I learned [from the VPs] that the knowledge I got
from the course works [after looking at his final
score]. [Participant 5]

Yes, it’s good [the scoring]! And it is also good to get
a patient that isn’t possible to save. It’s good to
know...that you don’t [always] have a chance...that
you are done. But the percentage of such cases cannot
be too high, because then you will lose
motivation...It’s the same thing when you talk about
game development: if you have too much, too difficult,
then people quit. They will lose interest; you have to
have some “wins” too. [Participant 4]

Theme 5: Social Influence on Motivation
Participants mentioned that scoring could be fun and enjoyable,
particularly that higher scores increased their enjoyment of
interacting with the VPs. They believed that social elements,
such as group competition, could be motivating. Competition
[4] involves encouraging learners to compete with each other.
Leaderboards [5] are rankings that display the top scores of
participants, motivating learners through visible performance
comparisons. Participants suggested that displaying the top 3
players’ scores to everyone could act as a goal for others to
achieve. However, they also thought that low scores should not
be visible, as this could embarrass individuals and cause
demotivation. Social pressure [4] refers to the influence from
peers or the community that can either motivate or demotivate
learners. In this context, participants mentioned that visible
scores and rankings could exert social pressure, influencing
their motivation positively or negatively. While high scores and
top rankings can be motivating, low scores can create negative
feelings and reduce motivation:

I don’t think that one should have everyone’s score
in a list, but maybe one could have a list with the ones
having the highest score, let’s say Gustafsson, that
has 77 points. Then I want to beat Gustafsson and
get a higher score and I will keep on trying. But then
on the other hand, the one who is lower on the list, if
I had 26 points for example out of 100, then I wouldn’t
like it to be visible. Then everyone would see that I
have difficulties [with the game] and then I would
lose motivation...I think that it would be good if the
list just showed the top 3 or 5. [Participant 5]

Theme 6: Personalized Learning
Participants highlighted the importance of personalized learning,
where feedback and progression are tailored to the individual’s
performance. Scoring can provide personalized feedback on the
number of correct decisions made during interactions with VPs.
This feedback helps learners understand their current knowledge
level and identify areas needing more practice.

Progression [4] refers to tracking and visualizing a learner’s
development and achievements over time. Participants suggested
that users could log in and interact with VPs, with the system
tracking their progression. This tracking allows users to see
their current knowledge level and identify areas needing more
practice. Participants also suggested receiving personalized
material to practice based on previous performance. This feature
aligns with the game elements of scoring and progression, where
specific feedback on progress influences participants’confidence
levels and personalized learning paths.
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Furthermore, the system could enable users to repeat specific
decisions after receiving negative feedback, promoting mastery
in learning by allowing users to retry and improve their scores.
Renovation [4,31] allows users to face the consequences of their
actions and try again once their previous actions have failed.
The participants perceived positively the fact that they could
have a second chance to make a new decision, after failing with
the first one, because it enabled them to realize wrong decisions
and improve them.

Finally, participants suggested that they would be willing to
practice decision-making with a library of VPs that offer a mix
of varying levels of difficulty, allowing for continuous and
adaptive learning experiences:

I learned [from the VPs] that I need to practice
more...One can complete the VP and get some form
of assessment about the performance and then receive
tasks to do. [Participant 1]

The scoring could be a way to see how well you are
doing and someone could perhaps log in and see next
time maybe that there are new things and tasks to do.
The scoring can provide information about whether
one has improved or is at the same level, so that I
think it can be a good thing and that one might get a
personal login or something so that one can follow
the statistics on. [Participant 9]

It is very good that one is given the option to try things
again after one gets to know what the problem is.
Because sometimes one has been making the wrong
decision and one continues in the same direction
[without noticing the mistake]. Here one knows, ok
this is wrong, I am going to try again and make
another decision…. I think it is good to get feedback
immediately after making a mistake, and then provide
them again with different decision alternatives. But
it should not give away the right answer, like stopping
the bleeding, directly, because then it becomes too
easy. [Participant 11]

Discussion

Principal Findings
This study investigated how to design VPs with game elements
for Swedish military medics. The interaction analysis of the
think-aloud sessions, structured with the uPEA framework, and
the thematic analysis of interviews provided insights about the
participants’ interactions and design preferences. The insights
gained may encourage designing VPs with game elements, as
well as integrating errors that may support military medics’
reflections and decision-making.

Overall, the VPs were positively received and effectively
highlighted problems, leading to reflection and discussion. In
the first VP case, the medics were confused; they lacked
awareness of possible threats posed by the tactical environment
and injured themselves by rushing to help patients. A shift was
noted where most medics became tactically more aware,
resulting in improved tactical decisions in the second and third
VP cases. It is likely that the medics realized the consequences

of their wrong tactical decisions in the first VP and applied this
experience in the second and third VP. This observation shows
the potential of VPs as an educational aid to support learning
of situational awareness. This pattern was not observed in
medical decision-making due to the varied medical challenges
in each case, preventing the transfer of insights from one VP to
another.

While analyzing how the participants explained their mistakes,
we observed that some participants showed reluctance to accept
their mistakes, attributing errors to the limitations of the VPs,
such as the absence of 3D pictures and audio. They emphasized
the importance of authentic and realistic experiences,
particularly in detecting potential threats. For instance, being
able to visually detect potential threats and enemies in the VPs
was frequently mentioned as an example of “realism.” While
the 2D pictures and lack of sound do limit the presentation of
the environment, this expectation may diverge from the reality
of actual military operations, where threats often may remain
concealed or unexpected. This raises the question about the role
of realism in educational simulations and how fidelity to
real-world conditions is realized in simulations [32].

Realism, although highlighted as important by the participants,
is not the overall goal of simulation. Using various techniques
that enable reflection to support decision-making may be more
important. A study by Massoth et al [33] observed that
high-fidelity simulation led to equal or even worse performance
as compared with low-fidelity simulation. A previous systematic
review noted that “presenting realistic patient scenarios with a
great degree of freedom cannot be an excuse for neglecting
guidance in relation to learning objectives” [17]. In some cases,
“departing from realism” can enhance the quality and
effectiveness of training by allowing participants to have a
second chance, repeat scenarios after debriefings, or slow down
the deterioration of a patient to provide time for reflection [34].

Although feedback and prompts for corrective actions may
reduce the “realism” of field conditions—where consequences
of wrong decision-making may not come with a possibility of
correction—it was perceived positively by the participants.
Feedback helped them recognize poor decision-making and
personalized the learning experience. Unlike dialogue-oriented
VPs, which primarily simulate clinical encounters through
scripted interactions, our study’s VPs enabled reflection by
allowing participants to analyze their decisions and learn from
their mistakes.

Purposefully selected multimedia elements, such as pictures,
audio, and videos, can enhance the perceived realism and
participants’ understanding of the tactical environment. In our
study, we used the generative AI application DALL-E [24] to
generate realistic patient images in various simulated contexts.
Such educational use of the new generation of artificial
intelligence tools in VP design has been suggested also
elsewhere [35] and seems to be a viable solution to increase
realism, situation awareness of the simulation, and learner
emotional engagement. Emphasizing the characteristics of the
military environment in simulations was perceived as important
in our study, as it allows participants to practice dealing with
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consequences that might be challenging to face in a live
simulation.

Some of the participants mentioned feeling constrained while
navigating in the VPs because of the limited number of listed
decision alternatives they had to choose from. An interactive
menu, where one can type in keywords, or a complementary
free-text box could enable participants’ wish for agency in
decision-making, combined with several listed decision
alternatives. In addition, participants mentioned that they value
the agency in the interactions with the VPs, for instance, to be
able to navigate freely in a virtual environment. Avatars were
discussed as a positive feature to enhance motivation and the
feeling of controlling the environment.

VPs effectively highlighted errors by showing the negative
consequences of suboptimal choices, scoring performance, and
providing textual feedback after decisions. What initially seemed
like a limitation—such as the lack of sound and videos, which
might lead to an incomplete understanding of the tactical
environment—actually promoted participants’ imagination and
creativity. Many participants progressed from recognizing errors
to reflecting on explanations and considering alternative
solutions. Similarly, a previous study found that facilitators
helped learners shift from focusing on explanations to generating
alternative solutions by dramatizing scenarios [26].

In our study, the think-aloud sessions supported this reflection.
To more effectively raise users’ levels of reflection, VPs could
be designed to prompt learners to consider why a mistake was
made and think about next steps before presenting optional
paths. Reflective practice and feedback, crucial for developing
expertise, have been emphasized in several studies and align
well with our findings [36,37]. VPs allow users to make
mistakes and receive feedback, providing valuable opportunities
for reflection on decision-making. Studies suggest that feedback
in VPs can positively influence learning outcomes [17,38].

The participants also argued for various game elements that
they believed would enhance the learning experience by making
it more enjoyable, increasing their confidence, and providing
reassurance that they were making the right decisions. These
elements included scoring, badges, virtual goods, progress bars,
performance tables, content unlocking, hints, challenge, control,
imposed choice, narrative, avatars, sensation, randomness,
difficulty adaptation, competition, leaderboards, social pressure,
progression, and renovation.

Feedback was suggested to be realized in the way of providing
hints for the correct answer and not giving away the right answer
directly. Scoring and feedback can add a personalized dimension
to learning; participants suggested that they would like to have
access to several short cases to be able to log in to the VP
platform and receive challenges in the form of new cases to
solve. Personalized feedback would allow them to train
competencies based on their performance, while it would allow
them to monitor their progress and understand which
competencies they need to train and improve. Visual progress
bars depicting progression and achievements in medical and
tactical decision-making were suggested as an alternative to
visualize scoring by the participant.

Scoring of the users’ performance was viewed as an element
that can motivate users to keep on trying to improve. Although
all participants agreed that scoring is a useful feature, many of
the participants had not noticed the scores in the VP cases of
this study as the scores were not placed in a prominent place
on the screen. Scoring has been previously used in studies in
various forms, to inform the participants about their progress.
In a previous study, scoring was presented in the form of a
trauma score [39], tracking the management of the trauma
patient. Achatz et al [40] used a similar concept, presenting
scores in the form of “health points” to depict how well the
patient responded to the decision-making and events taking
place in the game. Participants suggested that obtaining good
scores makes the learning experience enjoyable and adds
confidence, as it indicates that the knowledge they acquired
during their training is useful. Similarly, previous studies have
demonstrated that scoring-based game mechanics effectively
motivated players and enhanced their learning engagement in
a Swedish emergency department game [41].

According to the study’s participants, displaying the third to
fifth top scores to everyone can motivate learners to compete
with each other, reflecting the concept of leaderboards.
However, participants also noted that displaying less successful
performance in the form of low scores could undermine the
learners’ reputation and lead to negative feelings. Social aspects
and gaming preferences may vary across different cultures and
professions. Some participants suggested integrating competition
into VPs to increase motivation. However, other studies have
reported that stakeholders in emergency medicine believe
competition is not aligned with the culture of health care
professionals [41]. Future studies should therefore carefully
consider the target end users when designing and implementing
competition as a game element.

Participants suggested that future efforts could focus on
developing a VP repository with short cases and supporting the
creation of VPs tailored to different levels, roles, and
experiences of Swedish Home Guard members. Such VP
repositories already exist for general medicine [42], and the
idea could be transferred to military medicine education. This
approach could further explore the potential of accelerating the
design of VPs. In addition, future research could examine
whether the design principles and game elements are applicable
to other military medicine professionals and across different
cultural and operational contexts.

According to the literature, serious games may improve
performance in life-saving interventions on the battlefield
[43,44]. Future research should investigate how gamification
and specific game elements can enhance learning outcomes and
the long-term retention of skills and knowledge acquired through
gamified VP interactions.

We acknowledge that the context and culture of Swedish
military medics may not fully generalize to other military or
medical training environments. Moreover, the number of
participants was limited (14) and therefore caution should be
taken when considering how findings may transfer to other
contexts. However, it is important to note that this study is
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qualitative in nature, where the depth and richness of the data
are prioritized over the sample size.

While the uPEA framework might suggest that mistakes were
the primary focus of the interaction analysis, we used it to
understand how participants became more creative and
reconsidered decisions when reflecting on mistakes. These
insights could inform future VP designs.

The reflexive thematic analysis followed the 6-step approach
suggested by Braun and Clarke [30]. While this is an established
and flexible approach, it is highly interpretive, encouraging the
experiences of the researchers to influence and inform the
themes. Although this subjectivity can affect the consistency
and replicability of the findings, it also serves as a strength in
the context of this study. Our experience and familiarity with
gamification strategies allowed coding game elements and
informing the developed themes within the semistructured
interviews. This capability was crucial, given that the
participants were not well familiar with gamification
terminology and thus unable to explicitly name these elements
themselves. Through the reflexive thematic analysis, our study
draws out implicit references to game elements and interprets

discussions around participant experiences that are aligned with
gamification concepts. This approach leverages the inherent
subjectivity of our analysis to produce deeper insights that might
otherwise be overlooked by the use of other methodologies.

Conclusions
Gamification has the potential to enhance VP design and offer
flexible learning opportunities to support the education and
training of Swedish military medics. The uPEA framework
provides a useful lens for understanding decision-making during
interactions with VPs, helping to inform how mistakes followed
by feedback in VPs can promote reflection and creativity.

Game elements may effectively leverage the potential of VPs
by fostering motivation, enabling personalized learning,
supporting agency, and enhancing the confidence of military
medics. Emphasis may be placed on representing austere aspects
and consequences of the tactical environment. Incorporating
opportunities to make errors followed by direct, constructive
feedback mechanisms in the VPs may further enhance learning
outcomes, encouraging critical reflection and continuous
improvement.
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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) usually begins in childhood and is often accompanied by
impairments in social functioning. Virtual reality (VR) has emerged as an adjunctive tool to embed in social skills training to
enhance the social skills of children with ADHD, but its effectiveness requires further investigation.

Objective: This study aims to enhance the social skills of children with ADHD by examining the feasibility and effectiveness
of VR-based training in comparison to traditional social skills training.

Methods: A 3-arm randomized controlled trial was conducted with 90 children with ADHD aged 6-12 years. Participants were
randomly assigned to 3 weeks of 12-session VR-based social skills training, traditional social skills training, or a waitlist control
group of equivalent duration. Outcome measures included assessments by a clinical psychologist who was blinded to group
assignments, the Social Skills Improvement System Rating Scale, the Behavior Rating Inventory of Executive Function, and the
Simulator Sickness Questionnaire, conducted at baseline and after the intervention.

Results: The preliminary results support the feasibility and acceptability of VR training for children with ADHD aged 6-12
years. Analysis showed that the VR and traditional social skills training groups experienced a statistically significant improvement
in the clinical psychologist assessment of social skills and parent-rated self-control, initiative, and emotional control after the
intervention compared with baseline. The VR group performed significantly better than the traditional social skills group on
social skills assessed by clinical psychologists (F2,85=76.77; P<.001) and on parent-rated self-control (F2,85=18.77; P<.001),
initiative (F2,85=11.93; P<.001), and emotional control (F2,85=17.27; P<.001). No significant between-group differences were
found for parent-rated cooperation and inhibition (all P>.05).

Conclusions: The findings provide preliminary evidence supporting the feasibility and superior effectiveness of VR-based
social skills training compared to traditional approaches for enhancing social skills and related executive functions in children
with ADHD. These results suggest that VR may be a valuable tool to embed within social skills interventions for this population.
Further research is warranted to explore the long-term impacts and generalizability of these benefits.

Trial Registration: ClinicalTrials.gov NCT05778526; https://clinicaltrials.gov/study/NCT05778526

International Registered Report Identifier (IRRID): RR2-10.2196/48208
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Introduction

Overview
Attention-deficit/hyperactivity disorder (ADHD) is one of the
children’s most common neurobehavioral disorders [1], with a
global prevalence of 5.3% [2] and a prevalence of 7.6% among
children aged 3-12 years [3]. Inattention, impulsivity, and
hyperactivity are the 3 main categories of ADHD symptoms,
which are associated with nontypical cognitive and behavioral
functioning due to their influence on the regulation of emotions
and brain networks. Persistent patterns of inattention,
impulsivity, and hyperactivity that interfere with daily
functioning are considered ADHD [4]. Meanwhile, these
symptoms may contribute to social difficulties and peer
problems due to a deficit in social executive function skills [5].

Children with ADHD often experience specific social skills
difficulties that can affect their interactions and relationships
with others [6]. These children may struggle to think before
acting, leading to impulsive behaviors that can disrupt
conversations or be seen as socially inappropriate [7]. They may
have difficulty considering the consequences of their actions,
leading to difficulty in maintaining self-control during social
interactions. They also have trouble sustaining attention during
conversations and missing important details or cues [8]. They
often move excessively, are restless, or have difficulty staying
in a particular place, making it difficult to actively participate
in group activities, take turns, or engage in cooperative play
[9]. Furthermore, difficulty regulating emotions can affect social
interactions in children with ADHD [10], leading to outbursts
of anger, frustration, or impatience. These emotional challenges
can strain relationships with peers and make it difficult to
respond effectively to social situations. This persistent social
impairment can lead to peer rejection and exacerbate academic
failure, depression, and anxiety [11,12]; thus, addressing social
impairment during childhood is critical.

Social skills training is one of the ubiquitous approaches to
ameliorating social behaviors in people with ADHD. The
training usually involves a combination of didactic instruction
and role playing activities [13]. Effective social skills
interventions offer strategies and support to help children with
ADHD improve their social competence, navigate social
situations better, and foster positive relationships [14]. However,
this method may be restricted by time and space, and imagining
actual situations during training is difficult for children with
ADHD.

Virtual reality (VR)–based interventions are considered an
effective alternative to traditional social skills training, providing
the immersion of a digital environment and engaging users in
the learning process [15]. VR can produce various scenarios
that are not easily and safely operated in contrast to equivalent
real-life training programs [16,17]. Typical VR-based

interventions for ADHD use immersive digital environments
that simulate real-world social and academic situations. For
example, these interventions may place the child in a classroom
setting with various auditory (eg, classmates chatting and teacher
lecturing) and visual (eg, posters on walls and other students
moving around) distractions [18,19]. By requiring the child to
maintain focus and inhibit responses to these distractions within
the VR environment, the intervention aims to improve their
inhibitory control and attention regulation skills [20]. The VR
setting allows the child to practice these skills in a safe,
controlled space without the consequences of real-world
mistakes.

Additionally, VR interventions may present the child with digital
social scenarios, such as interacting with digital peers or
authority figures. These scenarios allow the child to observe
and practice appropriate social behaviors, like taking turns,
making eye contact, and responding to social cues, which can
be challenging for children with ADHD [21]. Immediate
feedback and the ability to repeat scenarios within VR can help
consolidate these social skills.

By incorporating these types of immersive VR environments,
the interventions leverage the unique affordances of VR to target
the core cognitive, behavioral, and social deficits associated
with ADHD engagingly and safely. Social skills training using
VR technology exists, and the efficiency of such applications
has been demonstrated; however, beneficiaries are mainly those
with autism spectrum disorders, schizophrenia, and intellectual
disabilities [22-25]. A VR-based intervention to enhance the
social interaction skills of children with ADHD is limited, and
its effectiveness has not been empirically studied.

Theoretical Background
The VR-based social skills intervention is rooted in social
learning theory, as developed by Bandura [26]. Social learning
theory posits that individuals can acquire new behaviors,
attitudes, and emotional responses by observing the actions and
consequences experienced by others [27]. This observational
learning process is a key mechanism by which children develop
social competence and navigate complex interpersonal
situations. For children with ADHD, deficits in social skills are
often linked to challenges with attention, impulse control, and
emotional regulation—factors that can hinder their ability to
effectively observe, process, and learn from social cues and
interactions [28]. The immersive nature of VR provides an ideal
platform to address these challenges and leverage the principles
of social learning theory [15].

Within the VR environment, children with ADHD can observe
modeled social behaviors and their consequences in a safe,
controlled setting. This allows them to focus on the relevant
social cues and responses without the distractions or anxiety
that may arise in real-world interactions [29]. The VR-based
intervention can facilitate observational learning and cognitive
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processing of adaptive social behaviors by presenting diverse
social scenarios and modeling appropriate social skills.

The VR-based intervention incorporates opportunities for active
practice and role playing of these observed social skills. This
aligns with Bandura's emphasis on the importance of engaging
in enactive learning, where individuals have the chance to
rehearse and refine new behaviors [26]. The immediate feedback
and reinforcement provided within the VR environment can
further support the acquisition and consolidation of social skills.
Importantly, social learning theory also highlights the role of
self-efficacy—an individual’s belief in their ability to
successfully execute a behavior [29]. By providing a supportive,
scaffolded learning environment in VR, the intervention aims
to enhance children’s confidence and self-efficacy in navigating
social situations, ultimately promoting the generalization of
social skills to real-world contexts.

By incorporating social learning theory [26] into VR-based
social skills training, an effective and engaging learning
environment that aligns with the unique needs and challenges
of children with ADHD can be provided. The VR-based
approach leverages the power of observation, modeling,
reinforcement, and cognitive processes to promote the
acquisition and generalization of adaptive social skills,
empowering children with ADHD to navigate social interactions
with greater confidence and success.

Rationales of VR-Based Social Skills Training for
ADHD
While traditional social skills training has been used to help
children with ADHD, they may be limited by logistical
constraints and difficulty simulating real-world social scenarios
[13,14]. VR technology offers a promising alternative, as it can
immerse participants in customizable social environments that
are difficult to replicate in physical settings [15-17]. VR-based
interventions have been shown to effectively target social skills
deficits in populations such as autism spectrum disorder and
schizophrenia [22-25].

However, research on the use of VR-based social skills training
for children with ADHD is limited. A few existing studies have
focused on using VR to address ADHD symptoms like
inattention and impulsivity but have not specifically examined
the impact on social skills [30]. Given the unique social
challenges faced by this population and the potential benefits
of VR-based training, there is a clear need for rigorous
investigation into the feasibility and efficacy of VR-based social
skills interventions for children with ADHD.

This study aims to address this gap by examining the feasibility
and effectiveness of VR-based social skills training for children
with ADHD, in comparison to a traditional social skills training
approach and a waitlist control group. Drawing on social
learning theory, the VR-based intervention is designed to
leverage the immersive, engaging features of VR to enhance
observational learning, skill practice, and self-efficacy in
navigating social situations. Findings from this randomized
controlled trial (RCT) will provide valuable insights into the
potential of VR-based interventions to improve social
competence in children with ADHD.

Methods

Study Design
In this study conducted at The Hong Kong Polytechnic
University (ClinicalTrials.gov NCT05778526), a 3-arm RCT
was implemented from November 2023 to February 2024. The
participants were assigned randomly to 3 groups: the VR training
group, the traditional social skills training group, and the waitlist
control group, maintaining a 1:1:1 ratio. The VR training group
received 12 sessions for 3 weeks, with each session lasting 20
minutes. Similarly, the traditional social skills training group
also underwent 12 sessions in 3 weeks, with each session lasting
20 minutes. These intervention durations and frequencies align
with the findings of a study by Willis et al [14], which reported
intervention durations ranging from 2 to 12 weeks and weekly
time commitments of 60-90 minutes. Therefore, the chosen
intervention duration and frequency in our study are considered
appropriate based on existing research. Participants randomized
to the waitlist control group were offered VR training after 1
month when data were collected. The guardians of the
participants were reminded to attend the training via phone in
the first 4 sessions and then via WhatsApp (Meta Platforms) or
WeChat (Tencent Holdings Ltd) in the fifth and eighth sessions,
respectively. There were no follow-up reminders issued in the
following 4 sessions. The protocol of the RCT was published
[31]. The study followed the CONSORT (Consolidated
Standards of Reporting Trials) guidelines (Multimedia Appendix
1).

Ethical Considerations
This study received approval from the institutional review board
at The Hong Kong Polytechnic University
(HSEARS20221221003) and was conducted from November
2023 to February 2024. It adhered to the principles outlined in
the Declaration of Helsinki, which included ensuring participant
anonymity and obtaining informed consent from the guardians
of the participants. Participation was voluntary. Informed
consent was obtained through a clear process, ensuring that
guardians fully understood the study’s purpose, procedures, and
potential risks. Participants were also given the option to
withdraw from the study at any time without penalty. Data
collected during the study were anonymized to protect
participant confidentiality.

Recruitment
Participants were recruited from the children and youth
community centers through extensive advertising, including
posters and advertisements on social media. A web-based
registration form was created for the interested guardian to
register. Interested guardians who provided written informed
consent were further evaluated for inclusion and exclusion
criteria.

Eligibility criteria for participants were as follows: (1) aged
between 6 and 12 years; (2) Chinese ethnicity; (3) residing in
Hong Kong; (4) having received a diagnosis of ADHD by Child
Assessment Service in Hong Kong or via private practice; (5)
stable on pharmacological and psychological treatment for
ADHD 8 weeks before baseline (determined by health care
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professionals based on medication data and behavioral
observation); (6) no initiation or change of pharmacological
treatment for ADHD during the intervention period; (7) ability
to read Chinese and speak and listen to Cantonese by the child
and by at least one of their legal guardian; and (8) willing to
provide informed consent by the participants’ legal guardians.

Exclusion criteria were as follows: (1) comorbid autism; (2)
mental health disorders; (3) an estimated IQ lower than 85 (using
the Wechsler Intelligence Scale for Children—Fourth Edition);
(4) autism spectrum disorder (previously diagnosed by health
care professionals), (5) comorbid acute psychiatric disorder
(previously diagnosed by health care professionals); and (6)
severe physical disability (eg, blindness, deafness) or learning
disability (eg, dyslexia).

Procedure and Interventions
Potential participants’ guardians completed a telephone
prescreening. Following consent, the guardian showed the
diagnosis of ADHD of the participants and completed the
baseline assessment for the participants. The randomization was
conducted using a computer-generator randomizer to generate
the random allocation list. The randomization was undertaken
by another research assistant not directly involved in the study.
A number generated by the computer will be assigned to each
eligible subject who will be randomly allocated to the 3 different
groups by using the number.

VR Training Group
The VR training aimed to enhance the social interaction skills
of children with ADHD. Participants in this group wore a
head-mounted display and 2 controllers during the training. The
intervention included three real-life scenarios, including (1) a
classroom and playground, (2) a mass transit railway station
and carriages, and (3) a supermarket and restaurant (Multimedia
Appendix 2). These scenarios were purposefully designed to
simulate real-life social situations, allowing participants to
practice and refine their social skills in a controlled and
supportive digital environment. Gamification elements were
integrated into the immersive VR training, including dynamic
simulations and real-time feedback to provide immediate
correction of participants’ behaviors.

Each scenario contained approximately 20 or more tasks for the
participants to complete. Participants underwent 1 scenario in
1 session. The sequences of the scenarios used in each session
were the same for all participants. Each session lasted for a
maximum of 20 minutes to ensure the concentration of the
participants and prevent any physical effects [32]. The duration
was adjusted subject to the emotions of the participants during
the training. During the intervention, a research assistant guided
the participants in completing the tasks. Multimedia Appendix
3 shows the participants conducting the intervention.

Traditional Social Skills Training Group
Participants in this group were educated in social skills through
traditional methods, including role-playing activities and didactic
instruction. Four modules, including (1) how to introduce
yourself and basic social skills, (2) how to listen to others, (3)
how to share with others, and (4) learning to know how people

feel and how to empathize, were covered in the training, which
has been adopted in previous studies [33]. Each participant was
taught by 1 instructor. The content of the training and the
duration of each session were kept similar to the VR training
group.

Waitlist Control Group
Participants in this group received no training and were not
allowed to change or initiate their medical treatment during the
study period.

Outcome Measures
Data were collected at 2 time intervals, including baseline (T1)
and immediately after the last sessions (T2) to determine the
feasibility and effectiveness of the RCT.

Primary Outcome: Social Skills
The social skills of the participants were evaluated by the
guardians of the participants and a clinical psychologist. The
guardians rated using the Social Skills Improvement
System-Rating Scales, which has been validated in children
with ADHD [34]. A total of 31 items were selected from the
self-control, initiative, and cooperation subscales of the Social
Skills Improvement System–Parents. The clinical psychologist
used a modified version of Riggio basic social skills assessment
[35] to evaluate the participants. This involved a 20-minute
conversation in which the clinical psychologist observed and
assessed their social skills. To minimize unblinding bias during
the assessment, each participant will be identified by a case
number.

Secondary Outcome

Executive Functioning

The executive functioning of the participants was measured by
the subscale of inhibition (16 items) and emotional control (10
items) of the Behavior Rating Inventory of Executive
Function-Parents, which is useful in Chinese children with
ADHD [36]. The executive functioning of the participants was
evaluated by the guardians of the participants.

Motion Sickness

The motion sickness or physical discomfort of subjects using
the VR was measured by the Simulator Sickness Questionnaire
[37], which was administered at T2 to the participants in the
VR training group only.

Satisfaction

Satisfaction with training was measured by a 7-point Likert
scale administered at T2 to the VR training group.

Feasibility and Acceptability Outcomes

Feasibility was assessed through participants’ retention of the
intervention. The attendance of the participants during the
interventions was recorded, and absence from any training
session was considered nonadherence.

Justification of Sample Size

A sample size of 20 subjects per group can attain at least 80%
power and 90% confidence according to the study of Whitehead
et al [38]. We intended to recruit 90 participants (30 per group),
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assuming a conservative attrition rate of 25% to 30% [19], to
reliably determine these outcomes.

Statistical Analysis
All statistical analyses were performed in the SPSS (version
28, IBM Corp) software and were 2-sided with a level of
significance of P<.05. The data analysis complied with the
principles of intention-to-treat analysis. The subjects’
demographic information was summarized into categorical
variables with frequency and percentage. The change between
T1 and T2 of each group was tested by a 2-tailed t test. Analyses
of covariance (adjusted for possible confounding factors) were
conducted to evaluate the within-group effects and
between-group effects in terms of outcomes. Effect sizes were
measured by Cohen d and 95% CI. To assess the improvement
during the intervention period among the 3 groups, F tests were
performed on primary and secondary outcome measures at T1
and T2.

Results

Participant Characteristics
Between November 2023 and February 2024, we enrolled 108
participants in our study. However, 10 participants were
excluded before randomization due to not meeting the inclusion
or exclusion criteria, and 8 declined to provide written consent.
Consequently, 90 participants, along with their guardians, agreed
to participate in the study. These participants and their guardians
agreed to join the study and were randomly assigned to the VR
training (n=30), traditional social skills training (n=30), or
waitlist control group (n=30). Baseline characteristics were
balanced among the 3 groups without statistically significant
differences (Tables 1 and 2). The mean age for the VR training,
traditional social skills training, and waitlist control groups were
8.63 (SD 1.90), 8.30 (SD 1.70), and 8.67 (SD 1.45) years,
respectively. All participants attended mainstream schools.
Table 1 presents the participants’ baseline demographic
characteristics and outcome measure scores, respectively.

Table 1. Baseline data for the VRTa, TSSTb, and WLCc groups.

P valuedWLC (n=30)TSST (n=30)VRT (n=30)Variables

.60Sex, n (%)

24 (80)26 (87)23 (77)Male

6 (20)4 (13)7 (23)Female

.208.67 (1.45)8.30 (1.70)8.63 (1.90)Age (years), mean (SD)

.29ADHDe subtype, n (%)

26 (87)24 (80)19 (63)Combined

3 (10)4 (13)7 (23)Inattention

1 (3)2 (7)4 (13)Hyperactivity or impulsivity

.73Medication, n (%)

15 (50)17 (57)18 (60)Yes

15 (50)13 (43)12 (40)No

Outcomes variables, mean (SD)

.4924.23 (6.27)25.60 (7.16)26.23 (6.40)Clinical psychological assessment of social skills

Social Skills Improvement System–Parents

.8431.60 (5.00)31.02 (3.79)31.57 (4.10)Self-control

.7719.65 (4.08)19.78 (4.30)20.43 (4.91)Initiative

.1711.98 (2.67)11.00 (2.68)12.07 (1.82)Cooperation

Behavior Rating Inventory of Executive Function–Parents

.4433.05 (6.45)32.20 (4.76)31.20 (5.46)Inhibition

.6019.67 (5.42)18.92 (3.35)18.53 (4.19)Emotional control

aVRT: virtual reality training.
bTSST: traditional social skills training.
cWLC: waitlist control.
dChi-square test or F test.
eADHD: attention-deficit/hyperactivity disorder.
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Table 2. Social skills and executive functioning according to the group before and after the intervention

Effect sizes,
Cohen d (95%
CI)

Between-group
analysis

Within-group analysis, P
value

WLCc (n=30),
mean (SD)

TSSTb (n=30),
mean (SD)

VRTa (n=30),
mean (SD)Outcome variables

VRT
vs
WLC

VRT vs
TSST

P val-
ue

F test
(df)

WLCTSSTVRTT2T1T2T1T2T1

3.29
(2.50-
4.06)

1.50
(0.91-
2.07)

<.00176.77
(2, 85)

.73<.001<.00124.50
(5.17)

24.23
(6.27)

30.63
(6.57)

25.60
(7.16)

38.20
(2.83)

26.23
(6.40)

Clinical psychologi-
cal assessment of

social skillsd

Social Skills Improvement System–Parentsd

0.44
(–0.08
to
0.95)

0.44
(–0.08
to 0.95)

<.00118.77
(2, 85)

.500.003<.00131.50
(4.70)

31.60
(5.00)

31.93
(2.78)

31.02
(3.79)

33.33
(3.56)

31.57
(4.10)

Self-control

0.40
(–0.11
to
0.91)

0.24
(–0.27
to 0.74)

<.00111.93
(2, 85)

.59.001.0119.60
(3.92)

19.65
(4.08)

20.20
(4.02)

19.78
(4.30)

21.13
(3.80)

20.43
(4.91)

Initiative

0.07
(–0.44
to
0.57)

0.42
(–0.09
to 0.93)

.480.74 (2,
85)

.61.05.3312.03
(2.51)

11.98
(2.67)

11.37
(2.16)

11.00
(2.68)

12.17
(1.58)

12.07
(1.82)

Cooperation

Behavior Rating Inventory of Executive Function–Parentse

–0.52
(–1.03
to
–0.00)

–0.24
(–0.74
to 0.27)

.001f7.10 (2,
85)

<.001.003.0234.97
(6.75)

33.05
(6.45)

33.00
(4.05)

32.20
(4.76)

32.00
(4.45)

31.20
(5.46)

Inhibition

–0.69
(–1.20
to
–0.16)

–0.40
(–0.91
to 0.11)

<.00117.27
(2, 85)

.89<.001<.00119.63
(4.91)

19.67
(5.42)

17.98
(2.68)

18.92
(3.35)

16.83
(3.08)

18.53
(4.19)

Emotional con-
trol

aVRT: virtual reality training.
bTSST: traditional social skills training
cWLC: waitlist control group.
dHigher scores indicate better social skills.
eHigher scores indicate poor executive functions.
fHeterogeneity variance between independent groups was assessed using Levene test (P>.05 indicates no significant difference in variances).

During the training, all participants in the VR training group
attended 12 sessions, 1 participant in the traditional social skills
training group withdrew after 3 sessions due to time constraints,
and 11 participants in the waitlist control group withdrew due

to participation in other similar trainings, change of the
pharmacological treatment, time constraints and loss to follow
(Figure 1). Findings provided promising evidence of
participants’ acceptance of the VR training.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. ITT: intention-to-treat; TSS: traditional social skills; VR: virtual
reality.

Effects of the Interventions on Outcomes
The mean scores for the clinical psychologist assessment of
social skills and parent-rated executive functioning and social
skills of the 3 groups at T1 and T2 are illustrated in Table 2.
Significant improvements between T1 and T2 in the VR training
group and the traditional social skills group in terms of clinical
psychologist assessment of social skills and parent-rated
self-control, initiative, and emotional control were found.
Significant deterioration of parent-rated inhibition was also
found. No statistically significant difference between T1 and
T2 was found in the 3 groups in terms of parent-rated
cooperation. In consideration of confounding variables, the
assumption of normality, that is, homogeneity of variance
between independent groups, was met in clinical psychologist
assessments of social skills and parent-rated self-control,
initiative, cooperation, and emotional control.

Clinical psychologist assessments of social skills had a
statistically significant difference between groups (F2,85=76.77;
P<.001), in which the VR training group was 7.57 higher than

the traditional social skills training group (d=1.50, 95% CI
0.91-2.07) and 13.70 higher than the waitlist control group
(d=3.29; 95% CI 2.50-4.06).

A statistically significant difference was found between groups
(F2,85=18.77; P<.001) regarding parental ratings of self-control,
with the VR training group being 1.40 higher than the traditional
social skills training group (d=0.44; 95% CI –0.08 to 0.95) and
1.83 higher than the waitlist control group (d=0.44; 95% CI
–0.08 to 0.95). Parent-rated initiative had a statistically
significant difference between groups (F2,85=11.93; P<.001),
in which the VR training group was 0.93 higher than the
traditional social skills training group (d=0.24; 95% CI –0.27
to 0.74) and 1.53 higher than the waitlist control group (d=0.40;
95% CI –0.11 to 0.91). Parent-rated cooperation had no
statistically significant difference between groups.

For parent-rated emotional control, the VR training group was
1.15 lower than the traditional social skills training group
(d=–0.40; 95% CI –0.91 to 0.11) and 2.80 lower than the waitlist
control group (d=–0.69; 95% CI –1.20 to 0.16), and this
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difference was statistically significant (F2,85=17.27; P<.001).
The determination of parent-rated inhibition was not feasible
due to significant heterogeneity in variance between the
independent groups.

Regarding cybersickness in participants in the VR training
group, no participant reported discomfort, fatigue, headache,
eyestrain, nausea, difficulty concentrating, blurred vision, and
dizziness during and after the training. A total of 16 participants
were sweating during the VR training. All participants were
satisfied with the VR training (mean 6.77, SD 0.43).

Discussion

Principal Findings
To our knowledge, this is the first RCT to evaluate the feasibility
and acceptability of social skills training for children with
ADHD developed through VR technology and clinically
assessed by an independent clinical psychologist. Acceptance
and satisfaction with the VR training by participants were high.
Our findings showed that participants in the VR training and
traditional social skills groups experienced significant
improvements in social skills, self-control, initiative, and
emotional control. Compared with the traditional social skills
training group, the VR training group improved more in social
skills, self-control, initiative, and emotional control. These
results are preliminary; however, the results may be considered
useful given their positive impact on social skills and executive
function in children with ADHD.

Comparison With Prior Work
The findings match those observed in earlier studies that
VR-based social skills training and traditional social skills
training could improve the social skills of children, and
VR-based intervention had a better performance than traditional
social skills training [25,39]. The results suggest that VR-based
interventions may be a promising approach for helping children
with neurobiological disabilities, such as ADHD and autism
spectrum disorder, acquire social skills due to the immersive
and engaging nature of VR. Previous meta-analyses have shown
that VR-based interventions are effective in improving cognitive
function (ie, learning and attention) in children with ADHD
[19,40,41], although these comparisons require caution due to
the different purposes of the training and intervention protocols.
The focus of our VR training program was to improve children’s
social skills, rather than improving their cognitive function as
in previous studies.

The result of VR intervention containing significant
improvement in the self-control of children with ADHD seems
to accord with the study of Witowska et al [42], which suggested
that VR interventions can promote sustained focus and attention,
which are essential components of self-control, by presenting
engaging and visually stimulating tasks. The immediate
feedback loop generated by the VR system can help children
with ADHD understand the relationship between their behaviors
and outcomes, facilitating self-monitoring and self-regulation.
VR interventions can promote self-control by reinforcing desired
behaviors and highlighting the impact of impulsive or impulsive
actions.

This study found that VR-based intervention could improve the
initiative of children with ADHD. This may be attributable to
the sense of autonomy and self-determination that VR provides,
allowing children to make choices and decisions within the
digital environment [43]. The opportunity to experience success
and skill development through VR-based feedback and
reinforcement can also boost children’s confidence and
willingness to initiate social interactions [39,44]. Additionally,
interaction with digital characters or avatars may foster a sense
of relatedness and social connectedness, encouraging children
to practice and refine their social skills within the VR
environment [45].

Contrary to expectations, no significant differences were found
between VR training and traditional social skills training in
terms of inhibition and cooperation. This differs from previous
suggestions that digital classroom remediation could improve
the inhibition of children with ADHD [18]. The absence of peer
involvement in this study, as opposed to the successful peer
interactions emphasized in prior research [46], maybe a factor
contributing to the lack of differentiation between the 2 training
approaches in enhancing cooperation. Further research is needed
to directly compare the effects of VR-based interventions on
self-control, initiative, inhibition, and cooperation across diverse
populations, including children with ADHD, individuals with
autism spectrum disorder, and neurotypical adults, to elucidate
the specific mechanisms and contextual factors that influence
the efficacy of VR-based approaches for different groups.

While the results of this study appear to be consistent with the
previous studies on the positive effects of VR-based intervention
on emotional control [47,48], it is important to note that the
current sample of children with ADHD may respond differently
to the VR intervention compared to other populations, such as
individuals with autism spectrum disorder or neurotypical adults.
Differences in cognitive profiles, developmental stages, and
specific challenges faced by these groups could lead to variations
in the effectiveness of the VR-based approach.

It was suggested that VR can evoke emotional experiences
through a sense of “being there” in the digital environment [49].
VR alters individual experiences by motivating users to try new
things and allowing them to alter habitual emotional responses
[50]. The sample groups of previous studies were different from
ours in that their participants were adults and older adults; thus,
the analyses must be interpreted with caution. Further research
is needed to directly compare the effects of VR-based
interventions on self-control and related outcomes across diverse
populations, including children with ADHD, individuals with
autism spectrum disorder, and neurotypical adults. Such
comparative studies would help elucidate the specific
mechanisms and contextual factors that contribute to the efficacy
of VR-based approaches for different groups.

An important consideration for this study is the
cost-effectiveness of the VR-based social skills intervention
compared to the traditional in-person approach. While a full
cost-effectiveness analysis was beyond the scope of this study,
we were able to gather some preliminary data on the relative
costs of the 2 interventions. The VR-based intervention required
1 part-time research assistant at a rate of HK $70 (US $9) per
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hour to guide each participant through the digital scenarios. In
contrast, the traditional in-person training involved 1 teacher
with a special education background at a rate of HK $200 (US
$25.74) per hour for each participant. This suggests the
VR-based approach may be significantly more cost-effective,
requiring less specialized personnel time per participant.
Additionally, the VR equipment and software can be reused
across multiple participants, whereas the in-person training
requires the teacher’s time for each session. This further implies
the VR intervention could have lower marginal costs as the
number of participants increases. While these initial cost
comparisons are promising, a more rigorous cost-effectiveness
analysis would be needed to fully evaluate the economic
feasibility of implementing VR-based social skills training on
a larger scale. Factors such as the upfront investment in VR
hardware, software licensing fees, and training for research
assistants would also need to be considered. Future research
should explore these cost implications in more depth to
comprehensively assess the economic viability of VR-based
social skills interventions compared to traditional approaches.

In summary, our findings suggest that creating VR environments
with different social interaction scenarios for children with
ADHD may have some practical implications. VR can be
particularly beneficial in improving basic social skills,
self-control, initiative, and emotional control, although it was
less effective in enhancing inhibition and cooperation in children
with ADHD. Thus, VR may be appropriate for providing
training in social skills, self-control, initiative, and emotional
control. Additionally, children with ADHD reported high levels
of satisfaction and motivation during short-term VR-based
interventions, suggesting that VR training could be a useful first
phase in assisting these children in acquiring social skills in a
community setting.

Limitations
Although the effects of VR training are evident, potential
limitations should be considered when interpreting the results.
First, the small sample size recruited for this study may have
limited the statistical power to determine differences between
groups; nevertheless, this study provides important insights.
Second, the design of this RCT had no follow-up period, and
thus, the long-term effects after the intervention are unknown.
Third, the trial was conducted with a highly specific type of
population, and the results may not generalize to more complex
ADHD populations. Fourth, a key limitation was that the

satisfaction of the participants in the traditional social skills
training group was not measured. Evaluating the participants’
satisfaction, engagement, and perceptions of the traditional
training approach would have provided valuable comparative
insights. Without this information, it is difficult to fully assess
the relative benefits and drawbacks of VR training compared
to the standard intervention from the participants’ perspectives.
Future studies should consider incorporating participant
satisfaction measures for all intervention groups to enable a
more comprehensive evaluation of the different training
methods. Fifth, although age differences across groups were
found to be insignificant, the sample size within multiple age
groups was limited, with some age groups having only 1
participant. This uneven distribution restricts our ability to
conduct robust subgroup analyses to understand the differential
effects of VR-based intervention versus traditional social skills
training on social skills across various age groups. Given that
social skills in children with ADHD are known to improve with
age, this limitation highlights a significant knowledge gap in
our study. Future research should aim to recruit a larger and
more evenly distributed sample across different age groups to
enable more detailed age-specific analyses. Finally, the sample
size of this study may not provide sufficient statistical power
for conducting subgroup analyses. This limitation means that
our findings primarily reflect general comparisons between the
intervention groups rather than nuanced insights into how
different age groups respond to VR-based intervention versus
traditional social skills training. Researchers should consider
this limitation when interpreting our results and should design
future studies with larger sample sizes to ensure adequate power
for subgroup analyses.

Conclusions
This RCT investigated the feasibility and effectiveness of using
VR in improving the social skills of children aged 6-12 years
with ADHD. The results showed that VR training was more
effective than traditional social skills training in terms of
enhancing basic social skills, self-control, initiative, and
emotional control. VR and traditional social skills training can
enhance basic social skills, self-control, initiative, and emotional
control in children with ADHD. These encouraging findings
require further confirmation with large-scale interventions to
determine the sustainability of the effects. Continued research
in this area will contribute to the development of evidence-based
practices and interventions that can ultimately improve the social
outcomes and quality of life for this vulnerable population.
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Abstract

Background: Adolescence is a critical developmental stage that is particularly vulnerable to the initiation of tobacco use. Despite
the well-documented health risks associated with tobacco use, it remains prevalent among adolescents. Games for health are a
promising strategy for tobacco prevention, using experiential and social learning theories to enhance engagement and improve
behavior change.

Objective: This pilot study aims to (1) compare the social game–based program Storm-Heroes to a nonsocial program regarding
adolescents’ personal and social experiences and (2) examine how these experiences predict higher tobacco knowledge and
perceived risks of vaping and conventional tobacco use.

Methods: In a cluster-randomized comparative design, 4 after-school sites (N=79 adolescents) were recruited in person and
randomized in a single-blinded format to 1 of 2 interventions: the social game Storm-Heroes (44/79, 56%) or the nonsocial
program A Smoking Prevention Interactive Experience (ASPIRE; 35/79, 44%). A study team member supervised both interventions.
Data were collected at baseline, immediate follow-up, and a 1.5-month follow-up (45/74, 61% retained). Repeated measures
mixed effects models were conducted.

Results: A total of 45 participants continued until the 1.5-month follow-up. Participants in the Strom-Heroes group were more
likely to increase their perceived risk of vaping (B=0.40; P<.001), perceived risk of conventional tobacco use (B=0.35; P=.046),
and tobacco knowledge (B=1.63; P<.001) than those in the control condition. The usability level of the program was related to
a higher perceived risk of vaping (B=0.16; P=.003) and conventional tobacco use (B=0.16; P=.02) by follow-up. Attention to
the program was also related to higher perceived risk of vaping (B=0.12; P=.002) and conventional tobacco use (B=0.14; P<.001).
Distraction was not related to either perceived risk of vaping (P=.15) or perceived risk of conventional tobacco use (P=.71). In
contrast, both more attention (B=0.60; P<.001) and less distraction (B=–0.37; P<.001) were related to higher tobacco knowledge.

Conclusions: The increased perceived risk of vaping and conventional tobacco among Storm-Heroes participants aligns with
the program’s goals of improving participants’ awareness of the risks associated with tobacco use and their tobacco knowledge.
However, distraction weakened the effect of the program on tobacco knowledge, indicating that emphasis needs to be placed on
minimizing distraction for better outcomes. With the results of this study, researchers can work to advance the current version
of Storm-Heroes and amplify engagement in the program to improve its potential for preventing adolescents’ initiation of tobacco
use.

Trial Registration: ClinicalTrials.gov NCT02703597; https://clinicaltrials.gov/study/NCT02703597
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Introduction

Background
Adolescence is a critical developmental stage that is particularly
vulnerable to the initiation of tobacco use [1-3]. Research
indicates that exposure to nicotine during this period is
associated with substantial impairments in brain growth,
psychological harm, and long-term physical health outcomes
[4,5]. Despite the well-known risks associated with adolescent
tobacco use, the rates of use among this age group remain a
concern. In 2023, approximately 28% of high-school students
and 14.7% of middle-school students reported ever using a
tobacco product [6,7]. Of the youth who reported ever using
tobacco products, approximately 50% of them are current
tobacco users [6,7]. As a result, the need for tobacco prevention
is evident.

One particularly promising strategy for tobacco prevention is
the application of games for health. Gameplay can include an
amalgam of entertainment and education strategies to drive
health behavior change [8]. On the basis of the experiential
learning theory and the social learning theory, the immersive
nature of gameplay facilitates a successful learning process
through a playful and entertaining environment [9,10].
Game-based interventions can increase motivation, engagement,
and overall sustainability of health behaviors [11]. In addition
to our work, researchers have shown the success of games for
health through randomized controlled trials [12-15].

Engaging gameplay has proven to be a promising avenue for
tobacco prevention [16]. On the basis of a systematic review
[17], most games for combustible tobacco prevention and
cessation have leveraged the use of rewards and interactive
activities to drive behavior change. Among these interventions,
success was primarily observed in smoking cessation games
rather than in prevention efforts [17,18]. In contrast, games
meant for vaping or e-cigarette prevention have recently shown
success. One example is a game called “Invite Only VR,” which
showed improvement in e-cigarette knowledge, nicotine
addiction knowledge, perceived addictiveness of e-cigarettes,
and perceptions of harm [19]. In addition, 1 comprehensive
game covering vaping and combustible tobacco,
smokeSCREEN, improved antitobacco beliefs and tobacco

knowledge [20]. These results highlight the potential success
of game-based interventions.

By including various gaming elements (eg, competition,
collaboration, reward, goal setting, and storytelling), games can
provide flexibility in addressing different issues pertaining to
tobacco use. One qualitative study for the design of tobacco
prevention games examined adolescents’ gaming preferences
and showcased the elements of cooperation, storytelling, and
physical performance as key experiential learning elements for
tobacco prevention [21]. The findings suggest that gaming
elements can be combined to design an effective and engaging
tool that covers the complexities of different tobacco products
and addresses unique topics pertaining to this risky behavior.

A Social Game–Based Intervention
This line of research on gaming elements for tobacco prevention
led to the design of a social game–based intervention, called
Storm-Heroes, which is ideal for education systems (eg, schools
and after-school programs). As a social game, Storm-Heroes
offers adolescents the opportunity to witness and model healthy
behaviors, such as rejecting tobacco, thereby promoting tobacco
risk education [21]. With social gaming, Storm-Heroes relies
on the social learning theory by promoting interpersonal
discussions and boosting self-efficacy through the practice of
skills to stay tobacco free. In addition, Storm-Heroes conveys
normative feedback, influencing adolescents’ risk perceptions
regarding tobacco use [21]. This aligns with the health beliefs
model, which posits that psychosocial factors such as social
interaction and peer pressure can promote risk perception and
ultimately encourage behavior change [22]. Through these
mechanisms, Storm-Heroes serves as a tool for tobacco
prevention, leveraging peer influence and normative feedback
to positively impact adolescents’ perceptions of tobacco use
risks and improve knowledge.

Study Objectives
The purpose of this pilot study is to (1) compare the social
game–based program Storm-Heroes to a nonsocial program
with respect to adolescents’personal and social experience with
the program and (2) examine the role of adolescents’experience
with the program in predicting higher perceived risk of vaping,
perceived risk of conventional tobacco use, and knowledge by
follow-up. Table 1 clarifies the hypotheses tested in this study.
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Table 1. List of hypotheses.

Hypothesis statementsTypes of hypothesis

Personal experience • Engagement with Storm-Heroes will result in higher attention, lower distraction, and higher recognition of program
imagery than engagement with a nonsocial equivalent program.

• Engagement with Storm-Heroes will result in perceptions of better usability, higher level of fun, better narrative
quality, more enjoyment, and more creative freedom than engagement with a nonsocial equivalent program.

Social experience • Engagement with Storm-Heroes will result in higher engagement in peer-to-peer discussions and better quality of
discussions than engagement with a nonsocial equivalent program.

Tobacco-related outcomes • Engagement with Storm-Heroes will result in improved perceived risk of vaping and higher perceived risk of
conventional tobacco use (cigarettes, cigars, and little cigars) than engagement with a nonsocial equivalent program.

• Engagement with Storm-Heroes will result in improved tobacco knowledge than engagement with a nonsocial
equivalent program.

User experience mecha-
nisms of change

• Personal experience factors and social interactivity will predict higher perceived risk of vaping, perceived risk of
conventional tobacco use, and tobacco knowledge by follow-up while controlling for program allocation.

Methods

Study Design
To pilot-test adolescents’ experience with Storm-Heroes, this
study involved a 2-arm single-blinded cluster-randomized
comparative trial. The pilot study was conducted in June 2021
at 4 after-school sites in Florida, and it was registered at the
ClinicalTrials.gov registry, as part of a larger study (identifier:
NCT02703597). Its components adhere to the CONSORT
(Consolidated Standards of Reporting Trials) and
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) guidelines [23,24]. We assessed demographic
information at baseline and program experience at immediate

follow-up. We measured perceived risk of vaping, perceived
risk of combustible tobacco use, and tobacco knowledge at
baseline and 1.5-month follow-up.

A Brief Description of the Interventions
We compared Storm-Heroes with A Smoking Prevention
Interactive Experience (ASPIRE), a nonsocial program that is
similar to Storm-Heroes in terms of session structure and type
of health content. Table 2 describes the differences and
similarities in design elements for Storm-Heroes and ASPIRE.
A detailed description of the intervention is provided in
Multimedia Appendix 1 [25-32], which follows the Template
for Intervention Description and Replication (TIDieR) checklist
[33]. Multimedia Appendix 2 presents the
CONSORT-EHEALTH items.

Table 2. Differences and similarities in elements for Storm-Heroes and A Smoking Prevention Interactive Experience (ASPIRE).

Mechanism of actionASPIREStorm-HeroesElements

Presenting both programs with the TTM ensures that adolescents receive
consistent health information and persuasive messaging based on the
processes of change.

YesYesHealth content based on

TTMa

By leveraging narratives, these videos deliver messages that correct
misconceptions about the prevalence and acceptability of tobacco use,
shaping adolescents’ perceptions to align with healthy norms.

YesYesEntertainment-education
videos

This interaction engages adolescents through a digital platform, making
learning about tobacco risks engaging and interactive.

YesYesHuman-computer interac-
tion

Gameplay improves engagement and provides a simulated environment
where adolescents can learn through experience and build confidence.

NoYesGameplay

Social interaction encourages adolescents to discuss tobacco risks and
refusal skills with peers, enhancing their understanding and commitment
to staying tobacco free.

NoYesSocial interaction

Combines online and offline activities to keep adolescents engaged and
reinforce learning in various contexts.

NoYesHybrid format

The dosage and frequency ensure that adolescents receive similar and
consistent exposure for both programs.

5 weekly sessions for 45
min each

5 weekly sessions
for 45 min each

Dosage and frequency

aTTM: transtheoretical model.

ASPIRE is a computer-guided intervention that uses engaging
videos and interactive activities across 5 sessions over 5 weeks,
with each session lasting approximately 45 minutes. It aims to

enhance information retention and guide adolescents toward a
tobacco-free lifestyle by engaging users through text,
animations, videos, and activities. ASPIRE is evidence based
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and tested for tobacco prevention. The intervention program is
freely accessible over the web [34,35].

The Storm-Heroes intervention was developed collaboratively,
involving a game designer, a research team with tobacco
education expertise, and a youth design committee. Messages
were designed using scientific evidence and message-framing
strategies to impact tobacco risk perception, knowledge, and
intention to use. The intervention aims to educate adolescents

about tobacco risks, environmental consequences, and impacts
on social and mental well-being, incorporating 367 unique
antitobacco messages based on the transtheoretical model [36]
and empowerment theory. The design process resulted in a
dynamic and socially engaging educational program,
Storm-Heroes, combining digital and in-person elements. It
seamlessly integrates web-based components with game-based
tabletop activities, including ASPIRE-derived videos and
game-based social activities for group interaction (Figure 1).

Figure 1. Depiction of Storm-Heroes activities and game board.

In Storm-Heroes, adolescents engage within a narrative. They
play the role of friends on an island struck by a storm bringing
tobacco products, harmful chemicals, and disease. To combat
the storm’s effects and save their island, teams embark on
quests, participating in entertainment-education videos and
activities. Before engaging in the program, adolescents are
grouped using a validated social network algorithm. The
grouping process ensures that each participant with high
intentions to use tobacco is grouped with close friends who do
not intend to use tobacco, facilitating constructive support during
activities. Storm-Heroes offers adolescents 5 main activities
delivered on validated board game material. These include trivia
with multiple-choice questions, acting where one member
silently acts as others guess, drawing for guessing from sketches,

speaking out for verbal clues, and teamwork scenarios presenting
group dilemmas. The activities aim to engage teams in
collaborative problem-solving around tobacco-related topics.
Multimedia Appendix 1 describes the activities and how they
are presented to players. The materials of Storm-Heroes include
informative background information in game-based social
activities, such as scripts and task instructions, a tabletop game
board, decks for board game cards, dice, tokens, and pons. The
materials can be accessed by reaching out to the researchers.

Both ASPIRE and Storm-Heroes cover a comprehensive list of
health topics related to tobacco, including its composition,
effects on the body and brain, environmental impact, and
strategies for tobacco prevention and advocacy (Multimedia
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Appendix 1). The content is structured consistently across both
programs, covering aspects from understanding tobacco to
building skills for a tobacco-free lifestyle and community
activism.

Ethical Considerations
The institutional review board for human subject research at
the University of Florida approved this study (IRB201903082).
Adolescents and their parents were informed of the study’s
purpose and procedure. They provided written informed parental
consent and written informed child assent. During data collection
sessions, participants were reminded of the study purpose,
procedures, risks, and that they could withdraw from the study
at any time. Participants completed the surveys in a private
classroom with supervision. Participants were asked to maintain
the confidentiality of their own identity and the identity of other
participants. Participants received up to US $50 as
compensation. Data were deidentified before analysis.

Study Procedures
A total of 4 after-school sites located in Florida were randomly
selected for recruitment. After approval from the program
directors, a verbal announcement reached adolescents at these
sites, and interested adolescents completed child assent and
parental permission. For participation, adolescents needed to
be aged 11 to 18 years (inclusive) and enrolled in a middle
school or high school. Adolescents also needed to be
comfortable using a computer and the internet.

During recruitment, adolescents and their parents were informed
offline that the study aimed to improve adolescent health through
an interactive program in Florida after-school sites; that the
study may take approximately 2 months and 1 week; and that
they will engage in activities, surveys, and interviews. The
incentive was described to potential participants, and they were
informed that participation is voluntary and confidential and
that the data would be securely stored at the University of
Florida. Recruitment and data collection took 3 months to
complete.

Participants started their experience with the intervention 3 to
7 days after they completed the baseline survey. The statistical
team generated the random allocation of sites to each condition.
In ASPIRE and Storm-Heroes, participants used similar
computers and had private classrooms for participation. A study
team member was available for technical assistance and
supervision. A volunteer site staff trained in youth engagement
was present to ensure that participants did not deviate from the
requested data collection procedures. Participants completed
surveys in a supervised classroom setting immediately after the
intervention and again 1.5 months later. Participants completed
other survey assessments at follow-up (data not included in this
paper).

Implementation of Each Intervention
Our study staff were trained to implement the program at the
after-school sites. They traveled to each study site location to
administer the ASPIRE and the Storm-Heroes programs.
Participants were not told which intervention was of interest to
the researchers. During the site visits, study staff recorded

attendance, ensured that the appropriate regimen was
implemented, and addressed any questions or concerns
participants had during the sessions.

At each site designated to receive ASPIRE, adolescents engaged
in five 1-hour sessions exclusively focused on the full ASPIRE
program. This regimen was conducted similarly to previous
work on ASPIRE. At each site designated to receive
Storm-Heroes, participants were first organized into groups
comprising 3 to 6 individuals, determined by the outcomes of
the social network survey conducted at baseline. With the aid
of the social network algorithm, the study team grouped each
at-risk adolescent (those indicating the highest intention to use
tobacco) with 2 to 5 of their closest peers exhibiting lower
intention to use tobacco. Unexpectedly, it was observed that
some participants were absent during certain sessions. As a
result, the grouping was re-evaluated using the algorithm for
the sessions when participants were absent. Within their groups,
participants were instructed to engage in ASPIRE activities,
followed by game-based social activities within the board game.
The duration of board game play varied for each session
depending on the length of the assigned ASPIRE activity.

Measures
We assessed the measures through web-based closed surveys
in a classroom setting, and a study staff was available for
assistance. Survey measures have been previously tested and
validated. Multimedia Appendix 3 [34,37-47] includes a detailed
description of the main measures, measure references, and
Cronbach α values when applicable.

At baseline only, we included survey questions pertaining to
potential confounders and demographic characteristics, including
age, sex at birth, ethnicity, race, average grade at school, the
number of detentions at school, parents’ highest level of
education, and perceived skills in playing board games. At
baseline, we also measured the status of using vaping products,
cigarettes, and cigars or little cigars using the Minnesota
smoking index [37].

At both baseline and 1.5-month follow-up, we measured
perceived risk of vaping, perceived risk of using conventional
tobacco products (cigarettes, cigars, and little cigars), and
tobacco knowledge [38,39] (Multimedia Appendix 3).

At immediate follow-up, we collected data regarding
participants’ experience with each of the programs using
validated measures. First, to check for expected differences and
similarities between the ASPIRE and the Storm-Heroes
conditions, we assessed measures pertaining to key program
features. We expected group differences with respect to
perceived social interactivity [40] and group similarities with
respect to attitude toward the program, visual esthetics, and
emotional involvement [41-44]. Next, to assess engagement,
we measured recognition of program imagery, attention to the
program, and distraction from the program [45-47]. To capture
user experience, we assessed participants’perceptions regarding
the usability of the program [42,43], level of fun [41], narrative
quality [42,43], program enjoyment [34], and creative freedom
[42,43]. Considering the role of social interaction in the success
of Storm-Heroes, we asked participants to indicate if they
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engaged in any discussions with their peers after the program.
If they confirmed that they engaged in discussions, they were
then asked to share the content of their discussion through an
open-ended qualitative question. With a mixed methods
approach, the qualitative responses were analyzed and coded
to identify if participants discussed the program or tobacco
(coded 1) or not (coded 0).

Statistical Analysis
We conducted statistical analyses using Stata (version 14;
StataCorp LP). Considering cluster-randomization, we used
multilevel generalized linear mixed effects models (GLMMs).
For all GLMMs, we identified demographic characteristics that
may need to be included in the models. In every GLMM, an
after-school site was modeled as a random effect nested within
the intervention condition, and the intervention condition and
time (and their interaction) were modeled as fixed effects.
GLMMs use maximum likelihood estimation, producing
unbiased estimates when data are assumed to be not missing
completely at random.

To conduct GLMMs using a target power of 0.85 and an effect
size of 0.23 to perceived risk of vaping with an α value of .05,
the estimated sample size was 45 participants [39]. We estimated
that 75 adolescents would be needed to test the hypotheses, with
an anticipated completion rate of approximately 60% (45/75).
Considering the pilot nature of this study, this sample size was
considered sufficient for the study of short-term secondary
outcomes.

First, with GLMMs, we tested for any baseline differences
between the 2 conditions with respect to demographic
characteristics (eg, age, sex at birth, gender identity, grades at
school, number of detentions, parental education level, and
perceived skills playing board games). Second, with one-way
ANOVA and chi-square tests, we examined attrition by testing
differences between those retained and those lost to follow-up
with respect to the outcome variables at baseline and other
potential confounding factors.

Next, with GLMMs, we examined group differences for
outcomes of interest. We conducted GLMMs predicting 5 types
of outcomes. Manipulation check outcomes included perceived
social interactivity, attitude toward the program, visual esthetics,
and emotional involvement. Outcomes pertaining to participants’
attention to the program included general attention, distraction
from the program, and recognition of imagery from the program.
Personal experience with the program included perceptions
regarding program usability, level of fun, narrative quality in
the program, program enjoyment, and creative freedom.
Communication outcomes included engagement in discussions
and quality of discussions. Tobacco-related outcomes included
perceived risk of vaping, perceived risk of conventional tobacco
use, and tobacco knowledge. Models predicting tobacco-related
outcomes included group assignment, time, and the
group-by-time interaction term as predictors. Following these
models, we examined the role of attention to the program and
personal experience factors in predicting tobacco-related
outcomes.

For qualitative data, we conducted a thematic analysis of
participants’ responses to the open-ended question on
engagement in discussion. We aimed to look for themes
pertaining to tobacco, the program, or both. Next, we generated
a binary variable that indicates if participants positively
discussed tobacco or the program.

Results

Participants
In terms of demographics, the average age of the participants
was 13.55 (SD 1.65) years, with 5% (40/74) of the participants
aged ≤13 years, 58% (43/74) being female at birth, and most
(56/72, 78%) being Black or African American. Approximately
37% (26/70) of the participants reported having at least 1 friend
who vapes, and approximately 13% (9/69) of the participants
reported having at least 1 friend who smokes a combustible
product. Table 3 presents the demographic characteristics by
group.
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Table 3. Baseline participants’ characteristics.

P valueASPIREa (n=35)Storm-Heroes (n=39)Total sample (N=74)Characteristics

.96bAge (y), n (%)

21 (64)19 (49)40 (56)≤13

12 (36)20 (51)32 (44)>13

.83bSex at birth, n (%)

10 (29)21 (54)31 (42)Male

25 (71)18 (46)43 (58)Female

.17bRace , n (%)

21 (64)35 (90)56 (78)Black or African American

12 (36)4 (10)16 (22)Not Black or African American

.96bEthnicity, n (%)

10 (30)6 (15)16 (22)Hispanic or Latinx

23 (69)33 (85)56 (78)Not Hispanic or Latinx

.31bGrades at school, n (%)

19 (56)16 (41)35 (48)Mostly A

15 (44)23 (59)38 (52)Mostly B or C

.50bParents’ level of education, n (%)

26 (76)27 (69)53 (73)Received a college degree

8 (23)12 (31)20 (27)Did not receive a college degree

.45bNumber of detentions at school, n (%)

32 (91)26 (67)58 (78)None

1 (3)9 (23)10 (13)≥1

2 (6)4 (10)6 (8)≥2

.82c3.41 (0.99)3.49 (0.84)3.45 (0.91)Perceived board game skills, mean (SD)

.11c5.34 (17.86)1.29 (2.83)3.14 (12.32)Number of friends who vape, mean (SD)

.52c0.84 (2.76)0.55 (2.390)0.68 (2.54)Number of friends who smoke, mean (SD)

.49c3.25 (0.93)3.07 (0.97)3.15 (0.95)Perceived risk of vaping, mean (SD)

.41c3.37 (0.84)3.26 (0.81)3.31 (0.82)Perceived risk of conventional tobacco use,
mean (SD)

.58c10.14 (2.99)10.45 (3.19)10.30 (3.07)Tobacco knowledge, mean (SD)

aASPIRE: A Smoking Prevention Interactive Experience.
bSignificance testing with mixed effect logistic regression to adjust for group randomization (categorical variables).
cSignificance testing with mixed effect regression to adjust for group randomization (continuous variables).

Attrition
No harm or unintended effects occurred in this study. In this
study, >100 adolescents expressed interest, and 79 enrolled,
with the 4 sites randomly assigned to either Storm-Heroes or
ASPIRE. In total, 94% (74/79) of the adolescents completed

the baseline survey. Among baseline participants, 55% (41/74)
participated in the posttest experience survey and 61% (45/74)
participated in the 1.5-month follow-up survey (Figure 2).
Participants who did not complete surveys had left the
after-school site or did not attend the site on the day of data
collection.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. Participants were allowed to participate in any survey assessment
over time. ASPIRE: A Smoking Prevention Interactive Experience.

Participants in Storm-Heroes were as likely to continue to

follow-up assessment as those in ASPIRE (χ2
1=3.2; P=.07).

There were no significant differences between participants who
did and those who did not continue to the 1.5-month follow-up
with respect to baseline perceived risk of vaping (F1,73=3.74;
P=.06), perceived risk of conventional tobacco use (F1,73=2.43;
P=.12), tobacco knowledge (F1,58=2.40; P=.13), sex at birth

(χ2
1=0.5; P=.50), age (F1,76=0.94; P=.34), being Black or

African American (χ2
1=2.2; P=.14), being Hispanic or Latinx

(χ2
1=0.1; P=.75), grades at school (χ2

1=0.6; P=.44), parents’

level of education (χ2
1=0.2; P=.34), the number of friends who

vape (F1,68=0.59; P=.44), the number of friends who smoke
(F1,67=2.92; P=.09), or perceived skills in playing board games
(F1,70=0.57; P=.45). These data are further detailed in
Multimedia Appendix 4.

Manipulation Checks
We checked to ensure that participants expressed positive
attitudes toward both interventions equally. There was no
significant difference between the 2 conditions with respect to
attitude scores (B=0.76; P=.07) or visual esthetics of the
program (B=1.28; P=.14). With both interventions being
entertainment based, there was no significant difference between
the conditions with respect to being emotionally involved in
the content (B=0.31; P=.56). As expected, participants who
received Storm-Heroes perceived the program to be more
socially interactive than those who received ASPIRE (B=5.33;
P=.02).

Checking for Confounders
We tested potential confounding effects of demographic
characteristics. There were no significant differential effects on
perceived risk of vaping as a function of perceived board game
skills, race, or the number of detentions. Being younger

(P<.001), being male (P=.001), being non-Hispanic (P=.02),
having friends who vape (P=.001), having friends who smoke
(P<.001), and having parents with lower education level (P=.04)
moderated the effect of Storm-Heroes on perceived risk of
vaping.

There were no significant differential effects on perceived risk
of conventional tobacco use as a function of age, perceived
board game skills, ethnicity, race, and number of detentions.
Being male (P<.001), having friends who vape (P<.001), having
friends who smoke (P<.001), and having parents with lower
education level (P=.04) moderated the effect of Storm-Heroes
on perceived risk of conventional tobacco use.

There were no significant differential effects on tobacco
knowledge as a function of age, ethnicity, race, or the number
of detentions. Having lower boardgame skills (P<.001), being
female (P=.001), being non-Hispanic (P<.001), having friends
who vape (P<.001), having friends who smoke (P=.01), and
having parents with lower education level (P<.001) moderated
the effect of Storm-Heroes on tobacco knowledge.

Personal Experience
Mixed effects models controlling for confounders showed that
participants who received Storm-Heroes were significantly more
likely to be distracted during the program (B=1.36; P=.002)
and less likely to recognize images from the program (B=1.68;
P<.001). However, they were more likely to pay attention to
the program than those who received ASPIRE (B=1.30; P=.02).
By examining the interaction between intervention groups and
distraction, we found that distraction weakened the effect of
Storm-Heroes on recognition of program imagery (B=–0.49;
P=.005).

Participants who received Storm-Heroes found the program to
have significantly better usability (B=0.88; P=.001), higher
level of fun (B=4.14; P=.001), better narrative quality (B=2.66;
P=.001), more enjoyment (B=2.16; P=.047), and more creative
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freedom (B=1.90; P=.047) than participants who received
ASPIRE.

Communication Outcomes
Participants who received Storm-Heroes were significantly more
likely to talk to others during the program (odds ratio [OR] 4.99,
95% CI 1.04-23.85; P=.04). They also experienced a better
quality of peer-to-peer discussions (B=2.16; P=.047). According
to the open-ended questions about the content of their
discussions, participants who received Storm-Heroes were
significantly more likely to discuss the program and the negative
effects of tobacco with their peers than those who received
ASPIRE (OR 5.63, 95% CI 1.25-25.29; P=.02). By examining
the role of social interactivity, it was found that participants

who found the program to be socially interactive were
approximately twice as likely to talk about the program and the
negative effects of tobacco (OR 1.98, 95% CI 1.28-3.07;
P=.002).

Tobacco-Related Outcomes
Mixed effects models indicated that group allocation by time
was significantly related to perceived risk of vaping
(group-by-time: B=0.35; P=.001; Figure 3A). Participants who
received Storm-Heroes were significantly more likely to exhibit
a higher perceived risk of vaping at follow-up than participants
who received ASPIRE, controlling for perceived risk of vaping
at baseline (B=0.40; P=.02; Table 4).

Figure 3. Adjusted predictions of condition-by-time. Coefficients and P values show significance of the group-by-time interaction effect. Perceived
risk measures can range between 1 and 4, while tobacco knowledge can range between 0 and 22. ASPIRE: A Smoking Prevention Interactive Experience.
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Table 4. Multilevel models predicting the perceived risk and tobacco knowledge.

Model 3: predicting tobacco
knowledge at follow-up (n=19)

Model 2: predicting the perceived risk of
conventional tobacco use at follow-up
(n=42)

Model 1: predicting the perceived
risk of vaping at follow-up (n=42)

P valueB (SE)P valueB (SE)P valueB (SE)

.0021.75 (0.56).0460.35 (0.18).020.40 (0.17)Receiving Storm-Heroes

————a<.0010.60 (0.17)Perceived risk of vaping at
baseline

——<.0010.68 (0.19)——Perceived risk of conventional
tobacco use at baseline

.010.53 (0.21)————Tobacco knowledge at baseline

——.06–0.28 (0.15).16–0.44 (0.31)Number of detentions

<.0010.93 (0.21)————Average grades at school

.680.76 (1.84)————Parents’ level of education

aNot available; the models were fitted based on identified key covariates.

Participants in the Storm-Heroes condition were significantly
more likely to exhibit an increase in perceived risk of
conventional tobacco than participants in the ASPIRE condition
(group-by-time: B=0.40; P<.001; Figure 3B). Participants in
the Storm-Heroes condition were significantly more likely to
exhibit higher perceived risk of conventional tobacco use at
follow-up than participants in the ASPIRE condition, controlling
for perceived risk of conventional tobacco at baseline (B=0.35;
P=.046; Table 4).

Participants in the Storm-Heroes condition were significantly
more likely to exhibit an increase in tobacco knowledge than
participants in the ASPIRE condition (group-by-time: B=1.63;
P<.001; Figure 3C). Participants in the Storm-Heroes condition
were significantly more likely to exhibit higher tobacco
knowledge at follow-up than participants in the ASPIRE
condition, controlling for tobacco knowledge at baseline
(B=0.53; P=.01; Table 4).

Experience Factors Predicting Tobacco-Related
Outcomes
Controlling for group allocation, the results showed that the
usability level of the program was related to a higher perceived
risk of vaping (B=0.16; P=.003) and conventional tobacco use
(B=0.16; P=.02) by follow-up. Attention to the program was
also related to higher perceived risk of vaping (B=0.12; P=.002)
and conventional tobacco (B=0.14; P<.001). Distraction was
not related to either perceived risk of vaping (P=.15) or
perceived risk of conventional tobacco use (P=.71). In contrast,
both more attention (B=0.60; P<.001) and less distraction
(B=–0.37; P<.001) were related to higher tobacco knowledge.
A follow-up exploratory analysis of moderation indicated that
distraction weakened the effect of receiving Storm-Heroes on
tobacco knowledge by follow-up (group-by-distraction:
B=–6.67; P<.001).

Discussion

Principal Findings and Comparison to Prior Work
This paper describes a pilot cluster-randomized comparative
trial examining the short-term effectiveness of Storm-Heroes,

a social game–based intervention, in improving secondary
tobacco-related outcomes, including perceived risk of tobacco
use and tobacco knowledge. The paper also presents results
from adolescents’ experience with the intervention and its
prediction of such outcomes. We hypothesized that adolescents’
engagement with Storm-Heroes would result in (1) better quality
of program experience; (2) improved perceived risk of vaping
and conventional tobacco use; and (3) improved tobacco
knowledge compared with the engagement in ASPIRE, a
nonsocial, non–game-based equivalent program.

The increased perceived risk of vaping and conventional tobacco
among Storm-Heroes participants aligns with the program’s
goals of improving participants’ awareness of the risks
associated with tobacco use. With antitobacco messages
designed to communicate tobacco risk, Storm-Heroes may have
effectively presented the severity of tobacco-related harm. The
comprehensive content in Storm-Heroes is designed with key
risk communication strategies, including emotionally involving
gain-framed and loss-framed messages that cover the
psychological, physiological, medical, and environmental
consequences of tobacco use [25]. In addition, along with other
theoretical frameworks, the program design is grounded in the
health belief model and empowerment theory, promoting
perceived susceptibility [48] and self-efficacy [49,50]. The
game-based social activities in Storm-Heroes allow adolescents
to engage in interactive learning experiences that empower them
to recognize and internalize the harms of tobacco, motivating
them toward tobacco-free lifestyles [21].

The Storm-Heroes group showed a significant increase in
tobacco knowledge scores from baseline to 1.5-month follow-up.
Knowledge gained among Storm-Heroes participants compared
to ASPIRE participants may be the outcome of both exposure
to information within the program and increased motivation to
seek information elsewhere (eg, from school teachers, the
internet, etc). First, by integrating multimedia resources and a
proactive learning approach, Storm-Heroes aimed to equip
adolescents with comprehensive knowledge. As supported by
previous research [25], the program’s tobacco education content
was carefully designed to cover several key topics (Multimedia
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Appendix 1) and promote a holistic understanding of
information from a wide array of tobacco products [25]. In
addition, the gameplay aspect of Storm-Heroes encourages
structured information retention that can support knowledge
gain. Second, gameplay and other entertainment-based
programming have been shown to stimulate interest in
understanding health issues and ultimately promote health
information seeking beyond the content of a program [12,51,52].
This information-seeking behavior may ultimately contribute
to increased knowledge. In addition to the tobacco-related
outcomes, we identified user experience differences between
the 2 programs.

In the context of program experience, our results indicate that
participants expressed similar positive attitudes toward both
programs, with no significant difference in attitude scores or
perceived visual esthetics. Emotional involvement in the content
was also similar between the 2 groups. However, Storm-Heroes
was perceived as more socially interactive than ASPIRE.
Supportive of previous research, the similar attitude toward
both interventions suggests that entertainment-based approaches,
regardless of social interactivity, can effectively engage
adolescents. However, Storm-Heroes was perceived as more
socially interactive than ASPIRE, which aligns with previous
findings indicating that interactive elements enhance program
appeal [21,53,54]. As supported by the social learning theory
and a systematic review of tobacco education programs,
incorporating social features into interventions can promote
health behavior change by fostering a sense of peer support for
adolescents [55]. Our results suggest that while
entertainment-based approaches effectively engage adolescents,
perceived social interactivity of Storm-Heroes may play a unique
role in its success.

Our results further indicated that participants in the
Storm-Heroes program were more likely to engage in
conversations with others during the program and experienced
better-quality peer-to-peer discussions compared to those in the
ASPIRE program. They were more likely to discuss the program
and the harm of tobacco use. This suggests that Storm-Heroes
may have included strategies that successfully encourage healthy
dialogues among participants. Theoretical frameworks such as
the extended elaboration likelihood model [56] support the
ability of entertainment-based programming to promote healthy
interpersonal discussions. This has been particularly evident
when it comes to sensitive health topics such as contraceptive
use, organ donation, and underage tobacco use [52,57-59]. Our
results show that participants who found the program to be
socially interactive were more likely to engage in healthy
discussions. In line with the social learning theory, social
interaction can facilitate social modeling and promote healthy
learning [60,61]. Future research could further investigate the
mechanisms that allow Storm-Heroes to drive these
communication outcomes.

Participants who received Storm-Heroes were more likely to
be distracted during the program and less likely to recall images
from it. Nevertheless, they were more attentive overall compared
to ASPIRE recipients. While Storm-Heroes led to more
distractions and lower image recall, its higher attention levels
imply deeper engagement despite potential distractions.

However, the challenge lies in balancing engagement with lower
distractions, as distractions may undermine the program’s
effectiveness. While distraction did not significantly impact
perceived risk of vaping or conventional tobacco use, it was
negatively associated with tobacco knowledge, thereby hindering
adolescents’ learning and retention of information. Future
research should focus on implementation strategies to minimize
distraction for Storm-Heroes. For example, using a flipped
classroom approach can allow adolescents to receive
tobacco-related information at home through entertaining videos
and engage in social activities in class to practice what they
learned [62]. This implementation strategy can reduce cognitive
load, thereby optimizing engagement without compromising
health education [63].

The findings support the original mechanisms of action outlined
in Table 2. The significant increase in attention among
participants who received Storm-Heroes highlights the
effectiveness of using engaging and interactive elements such
as gameplay and social interaction. Despite an increase in
distraction and a lower recognition of program imagery,
participants who received Storm-Heroes reported higher levels
of usability, fun, narrative quality, enjoyment, and creative
freedom compared to those who received ASPIRE. These factors
likely contributed to enhanced perceived risk and knowledge,
as suggested by the mechanisms of action. The enjoyment and
narrative quality could have facilitated social interactions and
discussions about tobacco, while the creative freedom and
program interactivity bolstered participants’ engagement and
practice of tobacco-free skills. Although distraction diminished
the program’s impact on recognizing program imagery, the
overall roles of positive reception and attention underscore the
potential of Storm-Heroes to effectively leverage the social
learning theory and the health belief model to promote tobacco
prevention among adolescents. Considering the pilot nature of
this study, we invite researchers in games for health to further
explore these mechanisms.

This study advances our understanding of how game-based
approaches that leverage social elements can be strategically
applied to address adolescent tobacco use. While existing
research has highlighted the potential role of personal
engagement in games in driving health outcomes [20,64], this
study distinguishes itself by focusing on social gameplay. The
study specifically examines the comparative effectiveness of a
socially interactive game versus a nonsocial program. By
integrating social interactivity with tobacco prevention
strategies, the research provides new insights into how
interactive elements can enhance engagement and improve
outcomes such as tobacco knowledge and perceived risks.

Unlike previous studies [26,65], which have broadly addressed
game-based learning, our study delves into the unique role of
multiplayer gameplay and its impact on adolescent tobacco
prevention. The findings underscore the unique role of social
games in fostering meaningful peer-to-peer discussions and
elevating tobacco risk awareness among adolescents. Moreover,
while previous research highlighted the need to boost
engagement by lowering the negative effect of social influence
[26,65], this study demonstrates that multiplayer gameplay can
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be affected by distractions, and minimizing these distractions
can optimize the educational impact of social games.

Limitations
First, this study ended with a relatively low retention rate (45/74,
61%). By the time this study reached 1.5-month follow-up,
adolescents were at a transition out of the after-school summer
period, entering the fall semester, and ultimately, several of
them were not available to continue in the study. In addition,
several participants had to leave early during the data collection
at the 1.5-month follow-up, which led to a low sample of
participants who completed the knowledge index. This low
retention rate could have influenced the study’s results by
reducing the generalizability and statistical power. While our
use of repeated measures mixed effects modeling allowed us to
account for missing data, future studies could mitigate this
limitation by planning data collection at more stable periods,
such as during school class sessions, and by enrolling a larger
initial sample size to account for potential dropouts.

Second, although this study showed a change in short-term
outcomes (ie, tobacco risk perception and knowledge), we did
not examine a long-term change in tobacco use behavior. It
must be noted, though, that this early pilot trial was meant to
test the potential for adolescents’experience with Strom-Heroes
to drive risk perception and knowledge. The lack of long-term
behavioral data may limit the ability to draw conclusions about
the program’s effectiveness in reducing actual tobacco use over
time. To address this, future research should include longer
follow-up periods and assess behavioral outcomes to provide a
more comprehensive evaluation of the program’s impact.

Third, this study did not examine the specific types of
discussions adolescents engaged in during their interactions.
Without a detailed analysis of the content of these discussions,
it is not possible to investigate how the program influences
communication behaviors or the outcomes of these discussions.
Future studies could enhance the research by incorporating
qualitative methods, such as focus groups or interviews, to
explore the content and context of these discussions, thereby

providing deeper insights into the program’s impact on social
interactions.

Fourth, from an implementation perspective, the study required
staff members to deliver the program to each classroom and
moderate the sessions. This approach may limit the program’s
scalability and dissemination potential. The reliance on staff
for program delivery could also introduce variability in
implementation quality. To improve this, future efforts should
consider adapting the procedures to allow teachers to deliver
the program. This would not only facilitate broader reach but
also create a more sustainable implementation model. Using
Proctor’s Framework for Implementation Outcomes, future
studies could evaluate the program by assessing teachers’
adherence to key steps, the quality of their engagement, their
satisfaction, and the perceived feasibility of the program.

Implications
The results of this study suggest that Storm-Heroes can be a
promising intervention for tobacco prevention. Nevertheless,
we must further examine strategies that may allow us to
minimize distractions while maximizing engagement to boost
the success of this intervention. Once the design of this program
is clear, it becomes possible to further investigate its success
by examining its long-term effects on actual tobacco use. In
addition, promoting peer-to-peer interactions can improve the
impact of such interventions by facilitating knowledge
dissemination and perceived tobacco risks. In the long run,
going beyond these short-term outcomes, randomized trials with
longitudinal data collection can provide valuable insights into
the success of Storm-Heroes in preventing actual initiation of
tobacco use and identify the factors that may promote long-term
prevention outcomes. Future researchers can work to identify
the specific program components and delivery methods that
contribute to enhancing adolescents’ experience and improving
tobacco-related outcomes. In addition, by identifying effective
components responsible for an improved program experience,
we can design novel interventions that can be tailored to target
specific groups of adolescents and address their unique needs
concerning different tobacco products.
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Abstract

Background: Young people are particularly at risk of developing mental health problems, a challenge exacerbated by the
COVID-19 pandemic. Digital tools such as apps and chatbots show promise in providing accessible, cost-effective, and less
stigmatized ways of strengthening their mental health. However, while these interventions offer benefits, they extend mental
health measures beyond traditional therapeutic settings and relationships, which raises ethical concerns due to the absence of
established guidelines and regulations. This is particularly notable for technologies incorporating serious gaming elements. In
addition, adolescents are in a sensitive and at times vulnerable phase, which shows great potential for the effective use of preventive
and sensitizing mental health measures. Considering the lack of an integration into existing mental health structures among many
young users, ethical considerations become crucial.

Objective: This scoping review aims to build a knowledge base on the ethical aspects of developing and implementing gamified
digital mental health interventions for young people.

Methods: We conducted a search on research articles and conference papers from 2015 to 2023 in English, German, and Spanish.
We identified 1815 studies using a unique combination of keywords in the databases Scopus, Web of Science, MEDLINE, and
PsycINFO. After removing duplicates (741/1816, 40.8%), we included a total of 38 publications in this review following a double
screening process.

Results: This review found that ethically relevant aspects were discussed with regard to (1) research ethics, (2) ethical principles
(including privacy, accessibility, empowerment and autonomy, cultural and social sensitivity, and co-design), (3) vulnerable
groups, and (4) social implications (including implementation using facilitators in specific social contexts, relationship with other
therapeutic options, economic aspects, and social embeddedness of technologies).

Conclusions: This scoping review identified a prevailing limited interpretation of “ethics” as research ethics across the included
publications. It also shows a lack of discussion on the social embeddedness of technologies and that co-design is frequently
viewed in instrumental terms and vulnerability is mostly addressed pragmatically. Through providing concrete examples of how
mental health researchers and game designers thus far have addressed and mitigated ethical challenges in specific interventions,
this review illustrates how ethical issues do or do not prompt diverse reflections, mitigation strategies, and actions. It advocates
for ethics to be integrated as an ongoing practice throughout all stages of developing and implementing serious game elements
in mental health interventions for young people.
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Introduction

Background
Mental health is a major global concern that has been
exacerbated by the COVID-19 pandemic [1]. The stage of life
up to and including adolescence represents a window of both
particular sensitivity and vulnerability but also opportunity with
respect to mental health. Aversive experiences during this time
can establish a lifetime trajectory of poor mental health, whereas
a number of supportive factors can protect future mental health
[2]. Young people today are often described as “digital natives”
due to their familiarity with digital technology, having grown
up with it [3]. Consequently, digital mental health interventions
[4,5], including digital games [6], are particularly promising in
reaching and supporting this population with accessible,
cost-effective, and less stigmatized ways of strengthening their
mental health [7].

While digital mental health interventions offer benefits, they
extend mental health measures beyond traditional therapeutic
settings and relationships and, thereby, raise specific ethical
concerns [8,9]. Although studies and guidelines on the ethical
aspects of digital mental health technologies have been
published [10-12], there is a knowledge gap regarding young
people. Guidelines and regulations are still needed for this group
[13]. A rare exception is one scoping review on the ethical
aspects of digital mental health for young people that included
studies up to October 2020. It found ethical potential related to
accessibility, therapy facilitation and prevention, empowerment,
and high acceptability. Risks concerned privacy, patient mistrust,
stigma, access inequalities, cross-cultural differences, clinical
validation, ethical and legal guidance, and consent [14].
Considering the rapid technological advancements, new insights
are likely available now. In addition, the aforementioned review
did not explicitly focus on serious games, namely, digital
interactive tools designed to address mental health issues
through engaging gameplay. Thus far, the literature on the ethics
of serious games [15-17] has largely evolved separately from
the literature on mental health interventions for young people.

In light of this gap in the ethics literature, this scoping review
showed ethical aspects of gamified digital mental health
interventions for young people aged between 10 and 25 years.
Such interventions have been designed for a broad spectrum of
mental health needs, ranging from preventive measures for the
general youth population to treatment for mild and severe
conditions [18]. We define mental health broadly to include
specific mental health diagnoses as well as more general
well-being related to emotional regulation and feelings of
connectedness and belonging. In this review, digital
interventions encompass those designed for interactive use on
computers and mobile devices and in extended realities such as
augmented and virtual reality. This review included
interventions self-identified as games or incorporating gamified
elements without focusing on specific game mechanics.

While we focused on specific predefined ethical principles and
issues, such as autonomy, empowerment, privacy, and equity,
we also explored additional ethical considerations that emerged
from the discussed papers. This review conceptualized ethical
aspects as multifaceted concerns that arise throughout all stages
of intervention development and implementation. These extend
beyond research ethics and institutional approvals to also
encompass game design decisions and broader considerations,
such as environmental impact, economic factors related to
funding, and the roles of facilitators such as teachers and
therapists.

Objectives
This review identified the various ethical considerations
discussed by developers and researchers when describing
specific interventions for young people that include gameplay
elements. We asked the following research questions (RQs):

• What are ethical aspects of gamified digital mental health
interventions for young people? (RQ 1)

• What needs to be considered in the development of gamified
digital mental health interventions for adolescents to
mitigate ethical challenges? (sub-RQ 1)

• What ethical aspects does the literature identify with regard
to vulnerable groups and who is identified as a vulnerable
group (eg, specific diagnoses and social markers)? (sub-RQ
2)

• What are relevant social implications (eg, public or private
funding, school-based or home-based environment, and
regulatory frameworks)? (sub-RQ 3)

This review is part of the larger Horizon Europe–funded project
“ASPbelong” (2023-2027 [19]). The project aims to develop
Augmented Social Play, a smartphone-based group
psychotherapeutic intervention that enhances adolescent mental
health by fostering real-world connections and a sense of
belonging.

Methods

Following established scoping review guidelines ([20];
Multimedia Appendix 1 [21]), the selection process for the
literature search followed 4 phases: identification, screening,
eligibility, and inclusion. Moreover, the search was
complemented by asking all team members of the
interdisciplinary Horizon 2022 project ASPbelong, as well as
the participants of a 2023 workshop on prosocial games in
extended realities at the 22nd International Conference on
Mobile and Ubiquitous Multimedia [22], for additional
publications meeting our inclusion criteria—resulting in the
inclusion of one more publication.

Literature Search
To identify studies for our review, we used the scientific
databases Scopus, Web of Science, MEDLINE, and PsycINFO.
These databases allowed for searches across the different
disciplines relevant to this scoping review’s topic, including
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ethics, psychology, computer sciences, and design research. To
answer our RQs, we aimed to find existing research on (1)
ethical aspects of (2) gamified (3) digital (4) mental health
interventions for (5) adolescents. Each part (1-5) was
operationalized using a string of search terms. The search terms
were combined using the Boolean operators OR (within search
strings) and AND (across search strings), adapting the operators
and syntax for different databases as necessary (for the full list
of search terms and the search strings for each database, see
Multimedia Appendix 2).

To identify search terms for strings 2 to 5, we oriented ourselves
using existing reviews on similar topics in high-quality journals
[23-25], modifying them to this review’s focus and
requirements. For the identification of search terms related to
the ethical aspects (search string 1), existing reviews provided
only moderate assistance. In the field of ethics, scoping reviews
are still developing as a methodology. The few existing reviews
on ethical aspects of digital mental health interventions have
either omitted the outcome of ethics to avoid excessively
narrowing the search [26] or used solely the search term “ethics”
or combinations thereof, such as “bioethical issues,” “ethical
analysis,” and “ethical review” [14]. Neither of these search

strategies proved viable for our review. Initial searches yielded
insufficient results when combining search strings 2 to 5 with
“ethics” or related combinations (35 results in Scopus compared
to 755 results retrieved using the final search string). Conversely,
the number of results increased significantly when no
ethics-related search string was included (1245 results in
Scopus).

In response to these considerations, we created a new search
string for ethical aspects that included not only the search term
“ethics” or combinations thereof but also concrete examples of
ethical principles and issues. The search terms were inspired
by a briefing note on the role of technology in mental health
care by the Nuffield Council on Bioethics [11] and on search
terms used in preceding reviews on ethical aspects of digital
health technologies [14,27,28]. The selection process involved
collaborative brainstorming within the author team and was led
by the ethics experts in our authorship team (GR and WS). The
final search terms related to ethical aspects included (1)
explicitly ethics-related search terms, (2) more general search
terms for challenges and advantages, (3) concrete ethical
principles and issues, and (4) a focus on access and equity
(Textbox 1).

Textbox 1. Search group for identifying ethical aspects.

Theme and search terms

• Explicitly ethics-related search terms: ethics, ethical, moral, value, ELSI, and ELSA

• More general search terms for challenges and advantages: risk, benefit, potential, and challenge

• Concrete ethical principles and issues: autonomy, empowerment, privacy, confidentiality, trust, consent, stigma, responsibility, regulatory
framework, and safety

• Focus on access and equity: accessibility, equity, inequity, equality, inequality, bias, digital literacy, socioeconomic, social determinant, and
exclusion

Eligibility Criteria
We included research articles and conference papers in English,
German, and Spanish (languages spoken by the authors) that
were published between 2015 and 2023. The rationale for
excluding publications before 2015 was the rapid evolvement
of digital health technologies that makes it difficult to compare

newer digital interventions to older ones (eg, showing a patient
a video as a digital intervention before 2015 vs the newest
augmented reality technologies). Publications considered for
inclusion addressed ethical aspects of gamified digital mental
health interventions for young people (aged 10-25 years).
Textbox 2 provides a detailed list of the inclusion and exclusion
criteria.
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Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• Period: papers published between 2015 and 2023

• Study types: Research articles and conference papers (plus conference abstracts if titles or abstracts focused on ethics to contact the authors for
further information)

• Language: English, German, and Spanish

• Population: young people (aged 10-25 years; note for the scanning process: include studies with, eg, age ranges of 8-12 or 18-30 years)

• Intervention: the intervention was gamified, including interventions with a gamified aspect; the intervention was digital, including extended
realities (augmented and virtual reality) and apps and other interactive content that can be used on mobile and other devices (ie, smartphones and
computers); the intervention aimed at increasing, stabilizing, or informing about mental health, including mental illness prevention. Mental health
is understood in a broad sense, including feelings of well-being, belonging, social connection, and relatedness; psychotherapeutic and
nonpsychotherapeutic interventions

• Outcome: the publication addressed ethical challenges and advantages when designing and implementing gamified digital mental health
interventions.

Exclusion criteria

• Period: papers published before 2015 and after 2023

• Study types: systematic reviews or reviews, opinion papers, editorials, special issue introductions, doctoral theses, workshops, protocols, and
textbooks

• Language: other languages

• Population: people aged <10 years and >25 years; parenting interventions (eg, interventions designed for parents and interviews with or surveys
on parents); interventions that were tested with students without being designed for young people

• Intervention: the publication studied the harmfulness of excessive media consumption; the intervention was not a mental health intervention but
aimed at, for example, improved physical health or increasing learning motivation; the publication was not based on insights from an existing
intervention, including prototype development, implementation, and user experiences (eg, broad and abstract introductory publications such as
“Addressing children’s mental health issues in the 21st century”); the intervention was a digital tool just to screen for mental health status (ie,
assessment tool); the intervention was tested with students without being designed for young people; the intervention was aimed at screening the
current mental health state (eg, at the start of conventional therapy)

• Outcome: the publication only mentioned the ethics committee’s vote or briefly described some aspects of research ethics (eg, obtaining parental
consent) without other discussions of ethical aspects; the publication only reported on ethically relevant decisions without discussing them.

Screening
Duplicates were removed from the collated papers for screening
(using the review software Covidence [Veritas Health
Innovation] and by hand). In total, 2 independent reviewers
screened the remaining papers, regularly discussing
inconsistencies and uncertainties in decisions (title and abstract
screening: WS as first reviewer and 3 research assistants as
second reviewers; they worked at the University of Birmingham
during a work placement year between the second and final
years of their bachelor’s degrees at other universities and
received training and regular check-ins; full-text screening: VM
and WS). During title and abstract screening, we did not attend
to the outcome inclusion criteria, which addressed ethical
aspects. While the terms in the search group for identifying
ethical aspects (Textbox 1) aimed to ensure the ethical relevance
of the search hits, when jointly screening the titles and abstracts
of the first papers (approximately 50 titles and abstracts assessed
together by VM and WS), we realized that a full-text screening
was necessary to determine the relevance of the publication to
our RQs. We attuned our eligibility criteria when proceeding
with abstract and title screening, adding further exclusion criteria
(ie, interventions tested with students without being designed
for young people and interventions aimed at screening mental

health status). Early screened papers were reassessed to align
with the revised criteria.

During full-text screening, the focus was on the publications’
discussion of ethical aspects. We remained oriented to our
predetermined topics, aligning with the search terms related to
ethical aspects (Textbox 1). In addition, we worked inductively,
being mindful to the discussion of other ethical aspects.

We excluded publications that did not report on any ethically
relevant reflections or discussions. Papers that only mentioned
the ethics committee’s vote or some aspects of research ethics
in a brief way (eg, stating that parental consent was obtained
when involving minors in intervention effectiveness
measurement) were also excluded. We argue that simply
including the reference to an obtained ethics committee vote
and the brief addressing of consent procedures does not
constitute ethical reflection but can best be understood as good
scientific practice or as an appeal to authority. Moreover, we
excluded publications that mentioned ethically relevant decisions
(eg, design decisions on having avatars of different genders)
but did not provide any reflections or further discussions of
these decisions. Inconsistencies were jointly resolved in
dedicated meetings between VM and WS.
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Data Extraction and Analysis
Our approach to data analysis can be best described as an
abductive approach [29] to ethics, being both theory informed
and empirically oriented. This approach did not adhere to a
rigid, predefined concept of ethics. Instead, we intentionally
maintained an open and flexible definition of ethics. We drew
upon ethical considerations mentioned in existing research and
guidelines on digital mental health interventions, as well as our
own experiences. This flexibility facilitated the exploration of
unanticipated ethical aspects in an inductive manner. We began
analyzing data during the full-text screening phase as this
process helped refine our understanding of what ethical aspects
may or may not entail. Thereafter, data analysis followed several
steps.

First, we created a template for extracting data from the 38
included publications with the easy-to-adapt tool from the
review software Covidence (“data extraction template 2,” which
is designed for customized reviews, such as scoping reviews).
This template included categories for general information on
the paper (title, authors, publication year, and outlet), the
characteristics of the study (discipline, aim of the study, and
method), the intervention (country, intervention funding sources,
target population, intervention name, media, type of
gamification, co-design elements, mental health understanding,
and overview of the ethical aspects addressed in the publication),
and ethical aspects (“research ethics (detailed considerations),”
“ethical principle privacy,” “ethical principle: other,” “value
conflicts,” “vulnerable groups,” “social implications,” and “other
ethical aspects”). Information on ethical aspects was inserted
within open-ended fields in the form of direct quotes preceded
by a short summary of a few words. [Author] performed data
extraction as a single reviewer, including a simple check on all
the extracted data after completing extraction in Covidence plus

harmonizing the data and cleaning them from mistakes after
conversion to Microsoft Excel.

Second, we refined the list of ethical aspects in our data
extraction template during data extraction in an inductive
manner adding 4 subcategories that were mentioned across a
considerable number of studies (ie, “ethical principle:
accessibility,” “value conflicts: entertainment vs.
psychological/educational value,” “other ethical aspects: avatar
diversity,” and “other ethical aspects: value of co-design”).
Third, we clustered the insights on each ethical aspect into
meaningful topics based on our short topical summaries of each
extracted quote. This step also involved the formation of new
subaspects as they emerged from the data (eg, “cultural and
social sensitivity” emerged as a new subaspect of “ethical
principles”; see the Results section). Fourth, we analyzed the
publications’ discussions of each ethical aspect and subaspect
identified as a result based on the direct quotes. We described
similarities across the studies as well as special or unique ethical
insights (for a table with all the direct quotes and summaries
extracted, see Multimedia Appendix 3 [30-66]).

Results

Overview
A total of 1075 studies were screened after removal of duplicates
(741/1816, 40.8%). Of the 91 publications that were reviewed
in full text, we excluded 22 (24%) because the described
interventions did not match our inclusion criteria, 27 (30%)
because they did not include ethically relevant outcomes, and
4 (4%) based on other reasons (Figure 1). In the following, we
outline the main characteristics of the publications included,
followed by a discussion of the ethical aspects addressed by
them.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Main Characteristics of the Included Publications
The 38 publications included in this review addressed 32
interventions, whereby 2 (5%) of the papers discussed 3 (9%)
of the interventions each (for a list of each study’s key
characteristics, see Multimedia Appendix 4 [30-66]). Table 1
shows a summarized overview of the studies’key characteristics.
There was a leaning toward more publications in later years.

The distribution of studies showed a focus on the Global North,
with most interventions developed in Europe (most of them in
the Netherlands and Spain, with 3/32, 9% of the interventions
each) followed by North America (7/32, 22% in the United
States and 2/32, 6% in Canada) and Oceania (4/32, 12% in
Australia; 3/32, 9% in New Zealand; and 1/32, 3% as a
collaboration between the 2 countries).
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Table 1. Overview of the included publications’ key characteristics (N=38).

Studies, n (%)a

Year of publication

8 (21)Between 2015 and 2017

10 (26)Between 2018 and 2020

20 (53)Between 2021 and 2023

Continent

15 (39)Europe

9 (24)North America

8 (21)Oceania

4 (11)Asia

1 (3)Africa

1 (3)South America

Authors’ disciplines

13 (34)Interdisciplinary

11 (29)Psychology

7 (18)Human-computer interaction

3 (8)Medicine

2 (5)Education

Aim of the study

12 (32)Understand user experiences: mixed methods

9 (24)Present intervention design

6 (16)Measure intervention impact

6 (16)Understand user experiences: qualitative methods

3 (8)Understand user experiences: quantitative methods

3 (8)Other

Intervention funding source

18 (47)Not mentioned

5 (13)Nongovernmental organization

5 (13)University

5 (13)State institution

4 (11)Mixed funding

1 (3)Research grant

Target population

15 (39)Vulnerable groups

8 (21)Specific age group

6 (16)Young people in school

4 (11)Other

3 (8)University students

2 (5)Young people in face-to-face therapy

Digital media

18 (47)Mobile app

11 (29)Web-based video game

9 (24)Other
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Studies, n (%)a

Co-design elements

17 (45)Not mentioned

12 (32)Co-design approach

9 (24)Feedback from young people during development

Mental health issue addressed

11 (29)Preventive

9 (24)Anxiety or depression

5 (13)Loneliness and belonging

5 (13)Other

4 (11)Social skills

4 (11)Mental health–related issue

Therapeutic approach

22 (58)Other

10 (26)Cognitive behavioral therapy

4 (11)Socioemotional learning

1 (3)Behavioral activation theory

1 (3)Stress coping theory

aSome deviation in the cumulative sum due to decimal rounding.

More than half (21/38, 55%) of the studies aimed to understand
user experiences, mostly applying mixed methods designs, such
as combining surveys among young people with qualitative
methods, or solely qualitative methods. Among the qualitative
methods used were interviews with young people, teachers,
school-based health providers, therapists, and parents, as well
as focus groups and co-design workshops. Nearly half (18/38,
47%) of the publications did not indicate the funding source of
the intervention, which is interesting from an ethical point of
view because different donors can be expected to have different
interests and influence certain decisions of intervention design.
One-third of the publications (15/38, 39%) addressed
interventions for what we interpreted as vulnerable groups
specifically targeting young people with specific mental,
physical, or social needs rather than interventions based on age
or educational level.

In terms of digital media, nearly half (18/38, 47%) of the
publications addressed interventions created as mobile apps,
followed by web-based video games. There was a noticeable
trend of increasing mobile app development over time, with a
median publication year of 2022, compared to web-based video
games, which had a median publication year of 2019. In
addition, 9% (3/32) of the interventions incorporated
biofeedback technologies; 3% (1/32) used automated, interactive
SMS text messaging; 3% (1/32) were collaborative augmented
reality apps; 3% (1/32) were designed as a computer-based
game; and another (1/32, 3%) was designed for PC, website,
and mobile app platforms. Notably, 3% (1/38) of the
publications defined the intervention as comprising not only a
mobile app but also in-person introductory lessons led by a
researcher as well as a debriefing session facilitated by a person
with lived experience of depression [30]. The integration of

these face-to-face interactions alongside the digital components
provides a holistic approach and can add depth to the digital
experiences of young people.

The most frequently used therapeutic approaches were cognitive
behavioral therapy (12/38, 30% of the publications) and
socioemotional learning (5/38, 13% of the publications). Others
included behavioral activation theory (1/38, 3%), stress coping
theory (1/38, 3%), and a strengths-based positive psychology
framework (1/38, 3%). While few (3/38, 8%) reported a mix of
several approaches, a considerable number (15/38, 39%) of the
publications did not indicate following one specific approach,
remaining vague on the mental health framework informing the
intervention.

Finally, nearly all the publications cited previous studies and
policy guidelines on ethically relevant advantages of gamified
digital mental health technologies for young people in their
introductions or conclusions. These advantages typically
included providing cost-effective treatment to better meet mental
health needs, particularly in health care systems with limited
access to care; increasing engagement with therapeutic content
by leveraging young people’s affinity for games and new digital
technologies; and reaching underserved populations, such as
economically disadvantaged youth, adolescents in low- and
middle-income countries, and individuals fearing stigma,
through affordable and widely available digital technologies,
especially smartphones.

Detailed Considerations on Research Ethics
A total of 26% (10/38) of the publications provided detailed
discussions on research ethics. In total, 20% (2/10) of these
publications exhibited careful approaches to engaging with
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Indigenous youth in Canada [31] and New Zealand [32]. They
reflected on their own positions by acknowledging the Western
and Indigenous backgrounds of the author teams. In addition,
they shared their experiences of working with Indigenous
communities in previous projects and emphasized close
collaboration with Indigenous communities from the outset of
study development. For example, the study in Canada formed
an Indigenous committee with community leaders from various
areas with hourly compensation, which jointly devised
recruitment strategies and study design. The Indigenous
committee’s recommendations included qualitative interview
data on adult community members’view on mental health apps,
culturally cointerpreting findings “within a cultural lens” [31],
and planning to store data at the Indigenous community site in
the course of “a post-study action plan” [31]. Moreover, the
study in New Zealand adopted the Indigenous kaupapa Maori
methodology. Instead of a focus on individual change for
improved mental health common to Western psychological
models, it emphasized connections to extended family, past
generations, tribal identity, the environment, and spiritual and
physical well-being [32].

Other detailed reflections on research ethics addressed sensitive
recruitment strategies [33] (see also the Vulnerable Groups
section); informed consent [34-37], which was highlighted as
an iterative process (eg, providing ongoing study information
and ensuring attentiveness during data collection, including
active teacher involvement) in the study by Høiseth et al [34];
and specific financial compensations for study participants (eg,
providing refreshments for and giving away smartphones to
adolescents participating in co-design activities in sub-Saharan
Africa in the study by Pozuelo et al [37]). Furthermore, there
were discussions on implementing additional safeguards for
working sensitively with vulnerable groups (eg, recruiting
people with psychosis through early psychosis teams,
researchers carefully screening for acute symptoms, and
maintaining regular contact with participants via SMS text
message or calls to support with technical issues and other
concerns in the study by Lim et al [38]). Finally, 3% (1/38) of
the publications addressed the power imbalance between
researchers and vulnerable populations as well as the sensitive
handling of data when collaborating with adolescents through
a nongovernmental organization (eg, recordings uploaded by
nongovernmental organization members with permission for
viewing but not for downloading for researchers in the study
by Sockolow et al [39]).

Ethical Principles
We now focus on how the publications implicitly and explicitly
addressed the ethical principles of privacy, accessibility,
empowerment and autonomy, and cultural and social sensitivity.
Strengthening the principle of transparency at the meta level of
communicating design decisions, one publication stated that
“serious games for mental health are seldom described in depth
and there is little research to elucidate components of serious
games that might be useful or appealing” [40].

Privacy
Approximately one-third (12/38, 32%) of the publications
addressed privacy considerations [31,35-37,40-47]. These were

often raised as concerns by young people themselves who
wanted to know how their data were used and protected and
often preferred not to give their personal data [31,40,45]. For
example, one proposed solution to address privacy concerns
was to customize privacy settings in a way that allowed students
to decide whether to upload a profile picture and share personal
information within the app [42]. In an app used by adolescents
in sub-Saharan Africa, where some individuals shared
smartphones within households, the introduction of a personal
unlocking code ensured confidentiality and contributed to
establishing a “safe space” [37]. On a regulative level, one
publication addressed adaptations to comply with the European
Regulation on Data Protection [43].

Moreover, data collection during gameplay was discussed in
relation to privacy safeguards. One publication addressed
maintaining anonymity (children were assigned random animal
“code names” for log-in) while categorizing players’ actions as
“selfish,” “neutral,” or “cooperative” [36]. These categorizations
were used solely for game analysis and were kept from the
children to avoid causing any negative feelings. In another
intervention, players chose their own personal strengths, with
pre- and postmeasurement data collected via a deidentified code
[47].

Furthermore, the publications addressed how to navigate
conflicts between privacy and other values. A home video game
for young children during the pandemic raised questions about
spontaneous parental involvement [44]. While unintended
benefits included “parents observing more closely their child’s
emotional processing, reinforcing new skills, being actively
involved after the sessions, and reflecting on their parenting
role” [44], parent involvement also carried the risk of
misconstruing the purpose of activities, sometimes even using
them as punishment for their children [44]. Another study
thematized the risk of clear communication on privacy settings
disengaging users and aimed at balancing one with the other
[45].

In total, 8% (3/38) of the publications discussed a conflict
between maintaining confidentiality and privacy and ensuring
user safety. Different target groups may require a different
weighting of these values and should ideally be consulted on
this [40]. In the case of a mood self-management app, young
users expressed a preference for retaining control over seeking
help. They suggested using a visible icon, such as heart-shaped
hands, to represent a “safe space to chat” [45] rather than
receiving notifications for immediate emergency assistance. In
addition, they wished not to share personal details such as
names, email addresses, and music preferences on the app to
make sure they would not be put in contact with professional
support services and avoid judgment from other users [45]. In
contrast, in the context of an intervention aimed at suicide
prevention, it was decided to send direct notifications in the
case of concerning input, framed by openly communicated
safety protocols and repeated information on further counseling
options [48].

Beyond game design, the publications addressed the clear
communication of privacy rights, for example, including a
privacy policy in easy language within an app [46] or stressing
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the “importance of training both staff and students to...to ensure
that they understand their rights to confidentiality and data
privacy” [41] in the school context.

Accessibility
A total of 24% (9/38) of the studies addressed a variety of
accessibility issues. One focus was on adaptations for vulnerable
groups, such as socioeconomically disadvantaged adolescents
from ethnic minority groups [39], Indigenous youth [31], and
children with a diagnosis of autism spectrum disorder [49]. For
example, it was recommended to use audio voice-overs for
low-literacy populations [37]. In another study, an interviewed
therapist expressed concerns about using text-based responses
with children with anxiety, noting that one patient felt pressured
to spell and punctuate perfectly, which increased anxiety. To
address this issue, the authors instead recommended providing
multiple-choice responses or emoticons [50]. A study from
Lebanon highlighted the issue of the digital divide in the context
of displaced youth, with some individuals lacking access to
devices and facing unstable internet connections [51].

More generally, the term accessibility was used to describe
certain design elements, such as operable and navigable
functions, understandable text and storylines, and robustness
and reliability [40], or a mechanism to encourage help-seeking
behavior and reduce dropout rates [52]. In addition, discussions
also covered accessibility issues in terms of technological
aspects, including device availability [40] and the compatibility
of the interventions with various types of devices, with a focus
on improving access by ensuring functionality across both
desktop computers and mobile devices [42,53]. This was
achieved through strategies such as using the Unity3D game
engine and reducing server workload to enhance response time
[53]. One publication proposed to address limited storage space
and unstable internet connections through “a low-storage app”
[37] and exploring features that enabled offline access once the
app was downloaded [37].

Empowerment and Autonomy
Some publications (4/38, 11%) addressed the ethical principles
of empowerment and autonomy, foregrounding, for example,
user-controlled choices as important [46]. One study found that
users felt empowered by customization options such as
preference settings. This allowed them to choose between plot
options and select which information the app tracked [45].
Another study addressed how certain elements of serious games
fostered autonomy through in-game activities such as exploring
unfamiliar places; playing with another identity; customizing
their own character; and providing perceivable and
understandable information, an operable interface that allowed
for pauses and the repetition of levels [40], technical robustness
and reliability, and encouragement of self-management and
feelings of nonjudgment as well as the simulation of real life
[40]. Finally, one intervention aimed at neurodivergent children
discussed autonomy as facilitated among therapists, parents,
and children, for example, through collaboratively choosing
in-app goals [54].

Cultural and Social Sensitivity
The studies addressed the need to adapt interventions to the
target group’s cultural and social context. One recurring aspect,
often highlighted by young people themselves [41], was
character and avatar diversity [33,43], ranging from limited
choices between male and female avatars [53] to a broad range
of customization options, which ensured a cast of culturally
relatable characters also with regard to ages, body shapes, social
classes, and common names [31]. Young people’s own ethnicity
and socioeconomic situation received particular reflection in
two of the publications (2/38, 5%), which reported on qualitative
insights from co-design sessions with adolescents from urban
and socioeconomically disadvantaged communities in the United
States [39] and with South African and Ugandan youth [37].
Both interventions adapted characters’ ethnicity (eg, the initial
suggestion of characters in anime style replaced with a portrayal
of adolescents’ body shapes and ethnicities deemed more
appropriate by adolescent co-designers in the study by Sockolow
et al [39]) and game esthetics (eg, esthetics informed by
photographs of schools and nearby areas, as well as by the media
preferences of the participants, in the study by Pozuelo et al
[37]) to adolescents’ lived realities. In addition, the study by
Sockolow et al [39] described adaptations with regard to
language (using adolescents’ speech analysis) and nonplayer
characters. “[C]haracter types that the adolescents often
mentioned as supports or challenges as they made important
decisions in their lives” [39], namely, the “trusted aunt,” the
“good friend,” and the “jealous girlfriend,” were included [39].
Moreover, adolescents’ wish to address problems common to
their daily lives, such as alcohol and cannabis consumption and
teenage pregnancy, and solutions were translated into game
design through “a set of interactive vignettes located in
age-appropriate settings (for example, at school, home,
playground, etc.)” [37].

Sensitivity toward young people’s social situation was also
shown in considering the school context for an intervention set
in a classroom via school-based workshops with adolescents
[55], as well as the context of the COVID-19 pandemic marked
by the fear of illness and the experience of isolation [44]. In
addition, sensitivity toward country-specific cultural practices
can inform design practices. One intervention adapted planned
self-help goals to the strong reliance on authority figures in
Indian schools and stressed the importance of incorporating
local languages [46].

Co-Design
Around one quarter (9/38, 24%) of the studies highlighted the
value of co-design approaches [32-34,39,41,47,52,55-57]. In
general, co-design approaches hold ethical value as they involve
the target group from the outset of intervention development
and can, thereby, better address their needs and mitigate
potential pitfalls. Studies understood co-design as a valuable
process for aligning interventions with the needs and preferences
of users [57], involving vulnerable target audiences such as
minority groups [32,56], and obtaining firsthand insights into
issues such as school refusal viewing youth as experts [34].
Often, the studies focused on the increase in engagement and
enhancing effectiveness [32,47,52,55,56] in rather instrumental
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terms. For instance, one study justified youth involvement as a
strategy to design games as “relevant, appealing, and optimally
engaging to their target audience, increasing the probability that
they will also be shared with family and friends” [52].

Furthermore, two of the publications (2/38, 5%) reflected on
making the co-design process feasible as an iterative process
over the entire development period [55,56], for example, aiming
to involve enthusiastic young people over a longer period [56].
Another study illustrated the creativity inherent to applying
co-design processes, for example, through using “active and
spontaneous role play to elicit dialogue for script development”
[39].

In addition, 13% (5/38) of the publications localized co-design
not only as a practice targeted at user involvement but also
involving multiple stakeholders and their knowledges
[41,47,55,57]. For example, an opioid misuse prevention
intervention engaged adolescents with and without misuse
experiences, researchers on the topic, medical providers, and
school representatives to reflect “their voices and perspectives
for the greatest impact and reach” [41]. One intervention
addressing the topic of young people living with parents with
mental illness emphasized “multiprofessional co-development”
[55] between adults with this experience and adolescents, as
well as playwrights, game developers, computer scientists, and
psychologists [55]. Similarly, another publication explicitly
framed “a robust co-design framework that involved children,
parents, teachers, clinicians, academics, and technical experts
in prototype design, development, and evaluation via rapid
user-testing” [57] as a strength of the intervention. Co-design
was also understood as an ongoing working collaboration
between game developers and psychology or education
researchers [33,47].

Psychological and Educational Value
Nearly a quarter (8/38, 21%) of the publications addressed how
to align the pedagogical goals of serious games targeting mental
health with entertainment logics. Three of these studies (3/8,
38%) merely mentioned this conflict as a general challenge in
gamified intervention development [36,52,67], for example,
referring to the “critique of educational games being a ‘chocolate
covered broccoli’” [36]. The other studies included reflections
on how they practically navigated these values, foregrounding
the value of interdisciplinary collaboration between mental
health or education experts and game designers involved in
project development [47,56,58]. One publication delineated an
iterative process used by the development team for selecting
therapeutic elements and their gamification, which was informed
by young people acting as co-designers. It involved selecting
the most beneficial psychological principles in a process of
prioritization and feasibility reflection aimed at obtaining the
“best ‘bang for our buck’” [56]. Critiquing conventional
gamification approaches, the publications emphasized targeting
players’ intrinsic motivations [45,58].

Moreover, the time- and energy-consuming practices of
interdisciplinary collaboration among team members were
expected to bring about “an exciting future...for games in the
field of mental and emotional health” [58]. Another study on
an in-therapy intervention showed how navigating psychological

or educational and entertainment values depends on the previous
experiences of users; an interviewed therapist cautioned against
using the intervention for regular game players and the risk of
adolescents using the intervention for entertainment only [50].

Finally, 2 of the publications (2/38, 5%) highlighted the potential
of mitigating possible negative effects on mental health through
game design. One publication emphasized young people’s
worries about improper design, “such as when wording was
explicitly directive rather than facilitating autonomous use”
[45], worsening user well-being. Another publication used
calming visuals and audio to counter bad mood effects from the
game’s psychological or educational components [59].

Vulnerable Groups
Targeting vulnerable groups generally raises distinct ethical
considerations. Interventions were designed to address
vulnerability across various factors, including socioeconomic
background [39], existing mental [38,40,57] or physical [60]
health conditions in young people or their parents, disabilities
[49,54], belonging to an ethnic or gender minority group [61],
indigeneity [31,32,56], the experience of forced displacement
[51], and other factors such as school refusal [34].

Some studies (5/38, 13%) addressed representation and
inclusivity concerns essential for meeting the needs of diverse
populations [41,44,56,61,62] (see also the Detailed
Considerations on Research Ethics section). One study noted
the overrepresentation of affluent, highly educated White
families among their participants and highlighted the need to
target socioeconomically disadvantaged and racially diverse
demographic groups with limited access to mental health
resources [62]. Moreover, ensuring inclusivity for vulnerable
groups was related to questions of access to digital technologies,
in particular when developing interventions in the context of
socioeconomically disadvantaged groups and regions [37,39,51]
(see also the Accessibility section). One publication discussed
how enabling users to snooze app notifications allowed them
to use the intervention without fear of stigma [45].

In addition, the studies focused on unique aspects of
vulnerability and highlighted the importance of reflections on
decision-making processes in intervention development
[32,34,37,39,44-46,60,62]. For instance, one study emphasized
the need to tailor virtual reality interventions to the special needs
of socially isolated adolescents in medical settings. It provided
a discussion of technical and design features that alleviate
motion sickness, a common problem during chemotherapy
treatments [61].

Finally, the studies underscored the limitations of
one-size-fits-all approaches. This aimed at ensuring the
relevance and effectiveness of interventions for vulnerable
populations, for example, in the context of Indigenous
communities [32], and advocating for cultural adaptations (see
the Cultural and Social Sensitivity section). A publication on a
collaborative in-class intervention implicitly noted the risk of
reinforcing differences between children less familiar with video
games or slower at tasks and those who finish quickly. To
prevent faster players from getting bored, it suggested offering
them additional mini games until the others caught up [55]. One
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intervention aimed at children with social skill challenges
reasoned to choose a single-player design to “create a safe
environment in which to practice fledgling skills without social
ramifications and avoid the possible iatrogenic effects of
participants reinforcing negative behaviours in other children”
[33]. Moreover, the studies reflected on the challenge of
adapting digital interventions to “a span of ages, disorders, and
abilities” [57] and to the personal needs of patients in the context
of face-to-face therapy, in which personalization, through, for
example, changing the order of levels, may “undermine the
validated integrity of the intervention” [63].

Social Implications

Overview
Approximately two-thirds (23/38, 61%) of the publications
addressed social implications, including issues related to
implementation in specific social and cultural contexts,
relationships with other therapeutic options, economic aspects,
and the social embeddedness of technologies in broader power
dynamics. Moreover, only one publication reflected on the
accreditation process for health technologies. Going through
the process with a regional health quality agency encouraged
ethical reflection through safety, accessibility, usability, and
updating requirements. Feedback from this process prompted
changes such as implementing a revision calendar and a user
tool for suggestions to the app’s administrators [43].

Implementation Using Facilitators in Specific Social
Contexts
Some publications (6/38, 16%) emphasized the importance of
“a plan for real-world implementation” [41] that guarantees that
young people actually use the intervention [41,52,61]. Suggested
strategies included involving youth ambassadors via social
media and manuals for facilitators such as teachers [41]. One
intervention provided “guidelines about the resource’s good
practices” [64] for participating youth upon registration and the
possibility to report misconduct and disrespectful messages
[64]. Often, the complementary use of digital interventions with
face-to-face interactions was recommended, for example,
advocating for a “blended facilitated approach” [44]. One study
adapted an intervention for anger and aggression initially tested
in a hospital to provide nonstigmatized care to children from
minority groups and of lower socioeconomic statuses, addressing
the challenge that “most therapies for children fail in community
‘real-world’ settings” [35].

Several publications (4/38, 11%) addressed the role of
facilitators. For example, an intervention aimed at refugee youth
emphasized the importance of facilitators to debrief “hard to
deal with” [51] themes, for example, through a relaxation
exercise. Another intervention in the sub-Saharan African
context involved peer mentors (ie, trained lay workers) who
actively reached out by phone on a weekly basis to improve
program adherence and answer technical questions [37]. One
publication recommended school-based interventions to be led
by teachers instead of mental health professionals because of
their preexisting connections with the adolescents [65]. In a
video game for children aged 6 to 10 years, empowerment was
engendered by facilitator-led group activities, in particular

“group processes like respect, inclusion, sharing and belonging,
which were transferrable to a small online group through
sensitive and skilled facilitation” [44]. The same study
thematized how facilitators’ initial hesitance toward digital
mental health technologies was mitigated through intervention
implementation, which resulted in increased “technical
confidence and programme fidelity” [44]. Thereby, it shows
how the use of technologies can increase acceptability.

Furthermore, the studies highlighted direct social interactions
with persons experiencing mental disorders as beneficial and
effective [30,53]. For instance, one study discussed how
face-to-face interactions with “lived experience workers” [30]
who had a history of depression fostered “an environment of
reciprocity, making it easier for students to share their own
stories” [30]. It also recommended that a trained teacher or,
ideally, a mental health care professional should be present
during these interactions to support students in need of assistance
and familiarize them with existing mental health support offers
in schools [30]. Direct social interactions were also found to
reinforce destigmatizing effects, for example, when young
people shared their intervention experiences with friends and
family [51].

Parent and family involvement were discussed across several
studies (4/38, 11%) [32,44,50,57]. One study focusing on Maori
youth highlighted a “collectivist approach” [32], involving
whanau (ie, family group) during both development and
implementation, for example, providing resources and
information to support children’s use of interventions [32].
Critically reflecting on parent involvement, other publications
raised concerns, especially when families are involved in
therapeutic difficulties or when parents are hesitant to support
program participation [50]. In addition, one study noted positive
effects of digital interventions on family dynamics, noting
improvements in relationships and increased insights among
family members [44].

Moreover, the studies highlighted the role of schools in
successful implementation [43]. For example, it was
recommended to integrate interventions into existing
school-based prevention programs [48,52] and into the school
curriculum to “increase normalization of mental health education
at school” [30]. Two of the studies (2/38, 5%) addressed
concerns regarding adolescent screen time with the active
involvement of schools [37,46], for example, through
“counsellor-supported use of smartphones during dedicated
school-based sessions” [46].

Finally, one publication posited normative claims, which are
statements about how things should be or what actions are
considered right, regarding developers’ and researchers’
responsibilities after intervention development. It claimed that
“researchers should accept the ongoing responsibility to gather
data that helps to establish the boundaries of acceptable use and
update and evolve guidelines accordingly” [50].

Relationship With Other Therapeutic Options
Several publications (4/38, 11%) emphasized the embeddedness
of digital interventions within other therapeutic options,
underscoring the ongoing importance of face-to-face therapy
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[44,50,54,62]. For instance, one study found that children
generally preferred in-person interactions due to the intimacy
and meaningfulness that arises from being physically together,
the enjoyment of shared activities, and the ability to
communicate openly. It highlighted “the potential for combined,
engaging and resource-effective approaches” [44] that blend
digital and face-to-face elements to cater to varying levels of
needs effectively [44]. The studies framed digital interventions
as “technology-enabled services, which serve to support the
overall service or therapeutic process” [50], rather than as
stand-alone solutions. In addition, the establishment of
“communities of practice” [50] was suggested, where therapists
and intervention developers could share positive and negative
experiences with new technologies to prompt discussions about
“how technologies fit with the broader ecosystem” [50]. For
example, therapists encountered challenges when installing
interventions on organizational computers and when needing
parental consent for app installation [50].

Regarding therapists’ autonomy, there was acknowledgment of
the diverse ways in which therapists use digital interventions
[50]. Some therapists used digital tools as their primary
approach, whereas others only turned to them when traditional
face-to-face methods were met with resistance from young
people [50]. One publication also mentioned the possibility to
alternate between digital and other therapeutic elements within
a single session. In terms of gamification elements, one approach
involved implementing “a specific start and end” [54] to allow
children to transition seamlessly from device use to other therapy
activities.

Economic Aspects
Two publications (2/38, 11%) addressed the economic aspects
of developing and implementing digital mental health
interventions. One study advocated integrating cost-effective
commercial digital interventions into clinical settings to address
resource constraints and treatment delays at the health system
level [57]. Moreover, one publication disclosed potential
financial interests, indicating that the authors’ nonuniversity
organization “may benefit financially from the sale of this game”
[33].

Another topic was funding. The challenge of limited funding
for serious games compared to commercial games was noted
[40]. One publication stressed scientists’ responsibility to
actively influence the commercial gaming industry, advocating
for their proactive engagement to demonstrate “the financial,
as well as health, benefits of providing beautiful, entertaining,
and scientifically validated mental health tools” [52]. In a
nonprofit intervention, funding limitations were a significant
concern, requiring cofunding during development and additional
funding after development for maintenance and updates to
enhance user engagement [43].

Social Embeddedness of Technologies
The studies rarely reflected on the social embeddedness of
technologies within larger governance and power mechanisms.
One publication addressed concerns of adolescents at risk of
school refusal regarding a gamified intervention being “yet
another thing to deal with” [34] among the already

overwhelming demands of their daily lives. To mitigate this
concern, it was suggested to provide players with a “sense of
mastery from their particular position” [34], offer positive
feedback regardless of outcomes, and be mindful toward
in-game formulations [34].

Another publication explicitly considered digital mental health
interventions within larger power dynamics [31]. It found
Indigenous youth’s reluctance to share personal information
via an application being related to historical experiences of
colonization. This reflects “the remaining ties between
technology and colonization, which tend to position technology
as having Western-European ontologies and the legacy of
unethical research practices” [31].

Discussion

Principal Findings
From our review of 38 publications, we identified and classified
various ethical aspects into four areas: (1) research ethics, (2)
ethical principles (including privacy, accessibility, empowerment
and autonomy, cultural and social sensitivity, co-design, and
psychological and educational value), (3) vulnerable groups,
and (4) social implications (including implementation using
facilitators in specific social contexts, relationship with other
therapeutic options, economic aspects, and social embeddedness
of technologies). In the following sections, we highlight how
our analysis shows instrumental conceptions of co-design and
pragmatic approaches to vulnerability, a limited discussion of
technologies’ social embeddedness in current research, and a
limited interpretation of “ethics” as research ethics across the
analyzed studies.

Instrumental Conceptions of Co-Design and Pragmatic
Approaches to Vulnerability
While 18% (7/38) of the studies recognized the value of
co-design, the rationale for adopting this approach often focused
on enhancing appeal and acceptability rather than prioritizing
inclusivity, fostering multiperspective reflection, or engaging
in other ethical considerations. The risk here is reducing
co-design to a tool for determining the preferences of particular
groups of young people. In contrast, research on co-design in
technology development has advocated for “the development
of co-design methodologies that include ethical issues in more
explicit and comprehensive ways” [68]. These research
approaches shift the focus to shared responsibilities among
developers, users, and the public.

Studies focusing on vulnerable groups seldom discussed
intersectionality, referring to the compounded impact of multiple
disadvantages. Instead, these studies addressed the mental health
needs of vulnerable groups pragmatically, aiming to enable the
design and implementation of effective interventions for the
targeted group. Moreover, while the papers emphasized the
importance of addressing the needs of the specific vulnerable
group under study, they lacked reflections on the
decision-making process for prioritizing one vulnerable group
over others. In addition, some studies highlighted the tension
between personalized mental health services and one-size-fits-all
digital interventions that may not cater to individual needs,
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especially when personally experiencing vulnerability. While
customization options such as customizable avatars can address
this issue by enhancing cultural and social sensitivity, therapists
in particular warned about the potential drawbacks compared
to personalized care practices.

Limited Discussion of the Social Embeddedness of
Technologies
Social constructivists have established that the meaning and use
of technology can only be understood by taking its social
embeddedness into consideration [69]. Technology and society
are interdependent, mutually shaping each other [70]—social
factors shape the purpose, methods, and objectives of technology
design, whereas technology may facilitate social change. The
studies included in this review rarely discussed this
interdependency. An exception was a minor comment in one
publication, which addressed how facilitators’ initial doubts
about digital mental health tools were overcome during
intervention implementation [44]. These findings not only
demonstrate how implementing a digital intervention can
enhance acceptance but also implicitly address how it ultimately
alters people’s perceptions of this technology.

Moreover, only 2 of the publications (2/38, 5%) discussed the
social embeddedness of technologies within larger governance
and power mechanisms. One study on developing an
intervention for Indigenous young people addressed the risk of
taking up colonial legacies [31], and another publication
reflected on how digital mental health interventions might
reproduce the structural burden of work overload and stress
[34]. This relates to critical scholarship on serious games, which
discusses the use of serious games for increasing mental health
as part of neoliberal governance strategies, which control life
by applying metrics of utility, productivity, and competitiveness
[71].

In addition, future research should further explore how
accreditation processes with governmental health agencies can
influence ethically relevant design choices, which was only
mentioned in the study by Duarte-Hueros et al [43]. In addition,
insights on decisions not to seek accreditation for health
technologies would be valuable. In fact, almost all the
publications on gamified digital mental health technologies for
young people either omitted or did not mention undergoing
these regulatory procedures.

Finally, most publications (37/38, 97%) largely overlooked
environmental factors except for one study that tentatively
claimed environmental friendliness due to reduced paper use
compared to traditional therapeutic methods [49]. However, as
part of reflecting accessibility issues, other publications
implicitly discussed environmental considerations, such as
addressing limited storage space and internet access in
socioeconomically disadvantaged areas. However, it is also
crucial to reflect on data storage and server load generated by
digital interventions in more affluent contexts.

Identifying Ethical Aspects Beyond Research Ethics
When excluding 43 studies at the full-text screening stage, we
were surprised by how many publications did not report on
“ethics” at all (n=8, 21%), only mentioned an obtained ethics

committee vote (n=10, 26%), or reported on ethically relevant
decisions without discussing them (n=9, 24%; Figure 1). While
we cannot assert whether or how the broader projects underlying
these 23 publications addressed ethical considerations elsewhere
or through their practices, our review indicates a scarcity of
ethical reflection in publications concerning gamified digital
mental health interventions for young people. A considerable
proportion of studies in this review (21/38, 55%) centered on
user experiences. This is unsurprising given our inclusion criteria
limited to studies addressing ethical aspects. Qualitative
methodologies in particular tend to foreground ethical
considerations, facilitating the emergence of novel themes and
fostering critical reflection among users and their care providers
regarding the intervention.

Our results show reflections on diverse ethical challenges and
advantages. However, the studies rarely framed these reflections
as addressing ethical aspects. Hence, the terms “ethics” and
“ethical” were only used in the context of research ethics across
the 38 included publications. This indicates an overall narrow
view of ethics, which confines ethics to aspects relevant only
to interactions with research participants, potentially relegating
it to a bothersome and technocratic prerequisite for institutional
approval. This risks missing out on important reflections on
ethical aspects, which are pertinent not only to research
participant involvement during usability testing and
effectiveness measurements but also across the entire technology
development cycle. One exception is a short conference paper
on an intervention with wearable biosensor technology and 3D
holographic displays. It explicitly addressed “ethical challenges”
[66] in the form of raising questions without providing further
discussions. It asked the following: “Can a robotic agent manage
or mitigate emotional or empathetic distress in young children?
What are the negative consequences of enabling children to
interact with each other’s e-worlds? How do children feel about
sharing their memories in a public space?” [66].

Concerning research ethical reflection, while 82% (31/38) of
the studies indicated an obtained research ethics committee
vote, only 26% (10/38) provided detailed considerations of
research ethics. These insights align with an ongoing scholarly
debate on the drawbacks of the expansion of ethics committees
and similar institutions. Social scientists warn of the potential
disconnect between adhering to predefined ethical codes of
conduct in scholarly research stemming from these
developments [72-74]. This review shows how ethical
reflections can help address critical decisions at every step of
the technology development process.

Limitations and Future Research
Several limitations as well as avenues for future research
emerge. First, during the screening process, contrary to our
initial expectations, it was not possible to assess the relevance
of publications regarding ethical aspects based solely on titles
and abstracts. Consequently, we opted to set aside ethics-related
inclusion and exclusion criteria during abstract and full-text
screening, considering them only during full-text assessment.
While this merits further discussion on how the inclusion of
ethics-related terms shape the search, one limitation of our

JMIR Serious Games 2024 | vol. 12 | e64488 | p.374https://games.jmir.org/2024/1/e64488
(page number not for citation purposes)

Spahl et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


methodology is that we did not cross-verify the relevance of
studies excluded by our ethics-related search terms.

Second, we included relevant gray literature only in our
discussion due to feasibility constraints, but future studies could
explore it more thoroughly for potentially interesting results.
Third, this review examined interventions targeting various
mental health aspects across the board. In future research, it
would be beneficial to address the specific ethical considerations
tied to different understandings of mental health. For instance,
interventions aimed at enhancing social connections may
encounter distinct ethical challenges compared to those focused
on raising awareness about depressive symptoms. Fourth, the
disciplinary backgrounds of the study authors might deserve
closer attention in future research as they might potentially
foster discussions and negotiations of conflicting values.

Fifth, an existing ethical framework for gamified fitness-tracking
apps distinguishes among ethical considerations related to
design, use, and embeddedness in the broader social context
[75]. Our findings implicitly reflect these distinctions. Future
research could further clarify how ethical issues distinctly
manifest at different project stages of gamified digital mental
health intervention development and implementation. Moreover,
the reviewed publications did not address common ethical
concerns in the literature on ethical issues in gamification, such
as exploitation, manipulation, competition, or addiction, which
have been raised in other contexts [76] such as corporate work
[77]. This omission may be due to the publications’ focus not
being on ethics, or it could reflect the underexplored area of
mental health in gamification. This yields opportunities to
further examine the unique ethical issues within the mental
health context.

Seventh, although we initially aimed to analyze ethical
advantages, the publications primarily mentioned these as part
of the interventions’ general context. They referenced the work
of others rather than providing concrete insights from their
specific intervention developments, such as health economic
calculations on the actual cost-effectiveness of a particular
intervention. Such discussions tend to formulate overloaded
expectations without an empirical basis. This aspect deserves
closer attention to mitigate the risk of bordering on rhetoric and
merely invoking “solutionism”—the belief that technology can
solve all problems [78]. Thereby, digital “solutions” might
hinder more holistic approaches and changes to structural flaws.

Finally, only 16% (6/38) of the reviewed publications addressed
interventions in Asia, Africa, and South America. Of these, only

Uganda and India are classified by the World Bank as low- or
lower-middle-income countries. Future research on digital
mental health interventions for young people should further
highlight the importance of understanding the ethical challenges
in these areas of the world [79].

Conclusions
The aim of this scoping review was to map the ethical aspects
of developing and implementing gamified digital mental health
interventions for young people. It showed how the 38
publications included for analysis discussed ethical aspects
across the areas of research ethics, ethical principles, vulnerable
groups, and social implications. It provided concrete examples
from real-world intervention development. Thereby, our findings
illustrate how ethical issues manifest in different interventions
and (do not) prompt diverse reflections, mitigation strategies,
and actions. From this perspective, ethics can be seen as an
ongoing practice not only in research ethical considerations or
in self-imposed “ethics checklists” but also across all project
stages. Examples include economic considerations on funding,
which become pertinent already at the very onset of a project,
and the involvement of facilitators such as teachers and
therapists during development but also afterward when
implementing an intervention.

Methodologically, this review used an abductive approach [29]
to ethics informed by existing research and guidelines on digital
mental health interventions, our own practical knowledge as
ethics researchers, and sensitivity toward empirically emerging
ethical aspects from the included publications. By not working
with a predefined and closed conception of ethics, we were able
to effectively identify ethically significant decisions and
considerations that were not explicitly labeled as ethical
reflections in the publications selected for review.

To conclude, while existing research has rarely addressed the
ethical aspects of gamified digital mental health interventions
for adolescents explicitly, this review identified and analyzed
how publications have addressed ethically relevant decisions
and considerations involved in developing and implementing
these interventions. The examples of ethical reflections provided
in this paper should not be taken as “good solutions” in the
sense of best-practice examples. Rather, this review maps the
breadth of ethical discussions, aiming to foster an understanding
of serious game ethics as an ongoing practice across all project
stages. Beyond ethics checklists, this review advocates for
collaborative critical reflection among mental health researchers
and game developers.
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Abstract

Background: Many adolescents in Uganda are affected by common mental disorders, but only a few affordable treatment
options are available. Digital mental health interventions offer promising opportunities to reduce these large treatment gaps, but
interventions specifically tailored for Ugandan adolescents are limited.

Objective: This study aimed to determine the feasibility and acceptability of the Kuamsha program, an intervention delivered
through a gamified app with low-intensity telephonic guidance, as a way to promote mental health among adolescents from the
general population in Uganda.

Methods: A 3-month pre-post single-arm trial was conducted with adolescents aged between 15 and 19 years living in Wakiso
District, Central Uganda. The intervention was coproduced with adolescents from the study site to ensure that it was culturally
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acceptable. The feasibility and acceptability of the intervention were evaluated using an explanatory sequential mixed methods
approach. Feasibility was assessed by collecting data on trial retention rates and treatment adherence rates. Acceptability was
assessed through a questionnaire and in-depth interviews with participants following the conclusion of the intervention period.
As a secondary objective, we explored the changes in participants’ mental health before and after the intervention.

Results: A total of 31 adolescents were recruited for the study. Results from the study showed high levels of feasibility and
acceptability. Trial retention rates exceeded 90%, and treatment adherence was ≥80%. These results, evaluated against our
predefined trial progression criteria, indicate a successful feasibility study, with all criteria exceeding the thresholds necessary
to progress to a larger trial. App engagement metrics, such as time spent on the app and modules completed, exceeded existing
literature benchmarks, and many adolescents continued to use the app after the intervention. In-depth interviews and questionnaire
responses revealed high acceptability levels. Depressive symptoms trended toward reduction (mean difference: 1.41, 95% CI
–0.60 to 3.42, Cohen d=0.30), although this was not statistically significant (P=.16). Supporting this trend, we also observed a
reduction in the proportion of participants with moderate depressive symptoms from 32% (10/31) to 17% (5/29) after the
intervention, but this change was also not significant (P=.10).

Conclusions: This study presents evidence to support the Kuamsha program as a feasible and acceptable digital mental health
program for adolescents in Uganda. A fully powered randomized controlled trial is needed to assess its effectiveness in improving
adolescents’ mental health.

(JMIR Serious Games 2024;12:e59381)   doi:10.2196/59381

KEYWORDS

adolescents; mental health; Uganda; gamified app; digital interventions; mobile phone; user-centered design; low- and
middle-income countries

Introduction

Background
The prevalence of common mental disorders among adolescents
in Uganda is alarmingly high, with estimates reaching up to
25% [1-3]. When left unaddressed, common mental disorders
such as depression and anxiety can profoundly impact the
developmental trajectories of adolescents, with potentially
long-lasting consequences that extend into adulthood [4].
Furthermore, the pervasive conditions of poverty, coupled with
daily stressors such as exposure to violence and malnutrition,
make adolescents in low-income communities more susceptible
to developing mental health disorders [5,6].

Common mental disorders are underdiagnosed and undertreated
globally, particularly in low- and middle-income countries,
where there is minimal public expenditure on mental health (US
$0.02 per person/y) and an acute shortage of skilled mental
health professionals, especially in rural areas [7-10]. Further
obstacles to accessing treatment include low levels of mental
health literacy and high levels of associated stigma [11-13].
Given the high prevalence and enduring consequences of
depression and anxiety, it is critical to develop scalable and
cost-effective strategies to improve adolescent mental health in
low-income countries like Uganda.

As smartphone ownership and internet access continue to rise
globally, especially among adolescents, digital solutions offer
a promising way to help overcome various obstacles to
expanding mental health services [14]. Digital mental health
interventions offer a range of benefits, enabling broad reach
without substantial per-user expense [15]. They can be accessed
remotely and provide flexibility and convenience to users, who
can discreetly access them where and when they choose,
enhancing accessibility and reducing stigma-related barriers.
Furthermore, by providing an alternative to traditional in-person

treatments, digital mental health interventions can help alleviate
the strain on overloaded health care systems.

Despite the many potential advantages of digital mental health
interventions, studies on their effectiveness in adolescents have
yielded mixed results [16-18]. This variability in outcomes can
be partly attributed to the low levels of user engagement and
high dropout rates characterizing these interventions. For
instance, 96% of users abandon mental health apps within just
15 days of downloading [19]. While a few commercial
smartphone apps attract more users, many lack rigorous
evaluation and have limited fidelity to evidence-based treatments
[20,21]. Furthermore, most available evidence comes from
high-income countries, with few digital interventions
deliberately developed and evaluated in low-income settings
such as Uganda [14]. The effectiveness of these interventions
in these settings is likely compromised, as research consistently
demonstrates that interventions tailored to fit the cultural,
linguistic, and environmental contexts of their target audience
are more effective [22]. This highlights the critical need for
integrating localized insights and user feedback early in the
development process, ensuring interventions are aligned with
the needs and realities of their intended users.

Study Rationale and Objectives
This study, conducted in Uganda and in collaboration with its
counterpart study in rural South Africa, aimed to address these
limitations by developing a digital intervention that not only
fostered active user engagement but also adhered to
evidence-based principles while maintaining relevance and
relatability to the target population. With this vision in mind,
we developed the Kuamsha program, a narrative-gamified
mobile app delivering behavioral activation therapy, an
evidence-based treatment for depression that has been adapted
as a general emotional well-being intervention for adolescents
from the general population [23,24]. The Kuamsha app was
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designed to be supported with weekly phone calls from peer
mentors. The development process, previously described in
another publication [25], involved an iterative co-design process
with 160 adolescents and other stakeholders in Uganda and
South Africa.

The primary objective of this study was to evaluate the
feasibility and acceptability of the Kuamsha program among
adolescents from the general population in Uganda. To assess
this, we used an explanatory sequential mixed-methods design,
whereby we initially gathered quantitative data on the
intervention’s performance, followed by qualitative data to
elucidate these findings. The secondary objective was to explore
changes in participants’ mental health (depressive symptoms,
anxiety, and emotional well-being) by comparing baseline
assessments with those conducted at the end of the intervention.

Methods

Study Design
This study was a 3-month pre-post single-arm trial. Participants
were recruited between November and December 2021, and
in-depth interviews were conducted after the intervention
between April and May 2022.

Study Setting
The study was conducted in catchment areas mapped around
Katabi town in Wakiso District, Central Uganda. Katabi town
represents a periurban area, located approximately 33 km from
Kampala and 11 km from Entebbe. The site combines periurban
communities close to the Entebbe-Kampala Road with relatively
isolated fishing villages, which stretch to the shores of Lake
Victoria.

The study area is socioeconomically disadvantaged, with
subsistence farming as the predominant occupation.
Approximately 50% of adolescents in this area attend secondary
school, while 15% of young individuals (aged between 18 and
30 y) are neither employed nor engaged in formal education.
Literacy rates of individuals aged between 10 and 30 years are
above 87%. The nearest specialist psychiatric resources are in
Kampala, a 2-hour journey by public transportation [26]. Data
from the National Population and Housing Census in Uganda
suggest that >80% of adolescents in Wakiso District own a
mobile phone, and this is increasing steadily [26].

Study Participants
To be eligible to participate, respondents had to be aged between
15 and 19 years at the time of recruitment; be willing and able
to give informed consent (for participants aged ≥18 years or
emancipated adolescents) or assent (if aged <18 years); have a
caregiver willing to provide consent (if aged <18 years); have
an intention to reside in the area for 12 weeks following
enrollment; and demonstrate fluency and literacy in English or
Luganda, as confirmed by a score of 83% (5/6 correct answers)
or higher on a reading comprehension assessment adapted from
the Young Lives study [27].

Study Procedures
We used a systematic random sampling methodology to identify
eligible participants [28]. By starting at a random location for
each cluster and selecting a direction, field-workers visited every
fifth house and determined if there were any eligible adolescents.
When identified, field-workers provided eligible participants
and their caregivers (if adolescents were aged <18 years and
not emancipated) with an information sheet and arranged another
visit at least 24 hours later to review it and obtain informed
consent. For participants aged <18 years, the field-worker took
informed consent from the caregivers during the first screening
visit, if available, or during the second visit. If a house contained
>1 eligible adolescent, we applied the Kish method to select
the individual randomly.

After obtaining informed consent or assent, fieldworkers
interviewed the adolescents at their homes in a private space
using a structured baseline questionnaire. During the same visit,
adolescents were provided with a low-end Samsung smartphone
that had the Kuamsha app preinstalled as well as all its modules
(ensuring accessibility to the content irrespective of an internet
connection).

There were 2 in-person assessments, including the baseline
assessment (week 0) and the end of intervention (week 11). In
addition to these assessments, participants received active
symptom monitoring via SMS text messages sent to the
smartphone at weeks 2.5 and 7.5.

After the intervention, a separate qualitative field-worker visited
all adolescents on another occasion to complete an in-depth
interview. All interviews were conducted in Luganda by
experienced Luganda-speaking qualitative field-workers.
Semistructured interview methods were developed to elicit data
on participants’ experience with the Kuamsha program,
including their perceptions of the app, the peer mentor
component, and the overall usability and impact of the
intervention on their daily lives (Multimedia Appendix 1).
Qualitative field-workers were trained in qualitative interviewing
by CN and DS. Interviews had an average duration of 20 (SD
4) minutes.

The survey instruments and app content were translated and
back translated into Luganda by a team of professional
translators and were checked by a Ugandan bilingual clinical
psychologist for linguistic and cultural accuracy. While
enumerators conducted interviews, data for sensitive questions
were collected using computer-assisted self-interviewing audio
software, where participants listened to prerecorded audio of
the survey questions via headphones and selected their responses
on a tablet screen.

Intervention
Kuamsha is a gamified smartphone app that delivers behavioral
activation therapy using choose-your-own-adventure narrative
stories, which are a popular genre of games in the app store
[25]. The core of the game consists of a choice between 2
stories, and each consists of 6 modules (labeled as “episodes”)
that are played in sequential order. Adolescents were encouraged
to complete 6 modules over the 11-week treatment phase. Each
module takes approximately 15 to 20 minutes to complete and
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covers different behavioral activation skills, such as activity
scheduling, avoiding the traps of negative thoughts, and getting
enough sleep. After completing each module, users were asked
to complete homework activities related to the skill learned in
the module. Users were also encouraged to report the number
of times they completed the homework they set for themselves
and to monitor their mood as they were doing these activities.
The app also incorporates regular mood check-ins and gaming
elements, including in-app points, personalization, adjustable
difficulty levels, and push notifications. Example wireframes
of the app and its main components are depicted in Figure 1,

with additional wireframes available in the Multimedia
Appendix 2.

Each participant was paired with a trained peer mentor, whose
role was limited to helping users understand the app’s content
and overcome barriers to engagement. Adolescents received up
to 7 calls in total, including 1 introductory phone call and 6 calls
to cover module content. To ensure consistency and adherence
to the study protocol, peer mentors conducted weekly calls
based on a predefined fidelity checklist. The details of the
training and supervision of the peer mentors, along with all
measures and tests used, will be described and made available
in a separate publication.

Figure 1. Kuamsha app wireframes.
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Outcomes

Primary Outcome Measures: Feasibility and
Acceptability
The feasibility and acceptability of the intervention were
evaluated using a mixed methods approach.

Feasibility
Feasibility was assessed by collecting data on 2 aspects.

The first aspect was retention in the study at the end of the
intervention period (11 weeks). This was directly linked to our
trial progression criteria (Table 1), where retention rates of
≥90% were considered within the green zone, rates between
<90% and ≥50% fell into the amber zone, and rates below 50%
were categorized as red.

The second aspect was treatment adherence rates, where
adherence is defined as a participant having opened ≥4 of the
6 app modules and as a participant having completed 3 of the
6 phone calls with the peer mentor (excluding the introductory
call that did not cover any module content). Adherence was also
part of our trial progression criteria, which delineated green
zone for adherence levels of ≥70%, amber zone for levels
between <70% and ≥50%, and red zone for levels below 50%.
The treatment adherence rates were complemented with
engagement metrics collected via the app and included the
frequency of app log-ins, module completion rates, total time
spent on the app, the number of weekly activities set to do, and
the frequency of completed weekly activities.

Table 1. Trial progression criteria.

Red zone (%)Amber zone (%)Green zone (%)Criteria

<50<90, ≥50≥90Study retention at 11 weeks

<50<70, ≥50≥70Share of participants that open ≥4 of the 6 app modules

<50<70, ≥50≥70Share of participants that have 3 of 6 phone calls with the peer mentor
(excluding introductory call).

Acceptability
Acceptability of the intervention and study procedures was
assessed through 2 methods.

In the first method, an acceptability questionnaire was conducted
at the postintervention assessment with all participants. The
questionnaire consists of 3 measures: acceptability of
intervention, intervention appropriateness, and feasibility of
intervention [29]. Each measure comprised 4 items, with the
total score ranging from 1 to 5, calculated by averaging the
response scores to the response categories. An average score
was calculated for each of the measures.

In the second method, in-depth interviews with all participants
about their experience in the Kuamsha program were conducted.

Fidelity
The fidelity of delivery of the intervention was assessed through
2 methods. The first method was the adherence of the peer
mentors, defined as the number of sessions that met at least
90% of the criteria for adherence according to the training
protocol. In total, 2 independent raters listened and rated
one-third of all peer mentors’ phone calls stratified by peer
mentors and the treatment phase. Each call was scored using a
specifically developed supervisor feedback form, which
evaluated competence and adherence across 6 domains,
including professionalism, ethical standards, cultural sensitivity,
reflective practice, problem-solving, and participant engagement.
The form also included a fidelity checklist to verify whether
each call was executed timely, lasted between 15 and 20
minutes, and covered key topics. Initially, the raters
independently evaluated 8 calls to calibrate their scoring. Once
they reached a consensus on their scoring approach, they
proceeded to independently assess the remaining calls, selected
randomly, across several weeks.

The second method was the competence of the peer mentors,
expressed as a percentage based on their competency assessment
test. Conducted immediately after the training, this test included
a written test and observation of skills through role-playing.
Tests were scored by the peer mentor supervisor (JLGO) using
a predetermined scoring system.

Secondary Outcome Measures: Changes in Mental
Health
We used the following measures to evaluate changes in
participants’ mental health:

Depressive Symptoms

Depressive symptoms were measured by the Patient Health
Questionnaire Adolescent version (PHQ-A). The PHQ-A is a
well-established measure to assess depressive symptoms over
the preceding 2 weeks [30]. The PHQ-A total score ranges from
0 to 27. A score of 1 to 4 indicates minimal depression, 5 to 9
suggests minor depression, 10 to 14 corresponds to moderate
depression, 15 to 19 indicates moderately severe depression,
and a score of 20 to 27 reflects severe depression [31]. The
PHQ-9 has been used in Uganda and has shown good
psychometric properties among adolescents [32]. Participants
completed this scale at baseline (week 0), at the end of the
intervention (week 11), and as part of the symptom monitoring
(weeks 2.5 and 7.5).

Emotional Well-Being

Emotional well-being was measured by the Warwick-Edinburgh
Mental Wellbeing Scale (WEMWBS). The WEMWBS is a
14-item questionnaire to assess psychological functioning and
emotional well-being [33]. The questionnaire has shown good
validity and reliability across various cultural and geographical
groups, including in Uganda and other sub-Saharan African
contexts [34,35]. The WEMWBS total score for the full-scale
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ranges from 14 to 70, with high scores indicating a higher level
of mental well-being. Participants completed this scale at
baseline (week 0) and at the end of the intervention (week 11).

Anxiety Symptoms

Anxiety symptoms were measured by the Generalized Anxiety
Disorder-7 (GAD-7). GAD-7 is a validated 7-item tool to assess
symptoms of generalized anxiety disorder over the previous 2
weeks [36]. The GAD-7 total score ranges from 0 to 21, with
higher scores representing increased anxiety (0-5 mild; 6-10
moderate; 11-15 moderately severe anxiety; and 15-21 severe
anxiety). Participants completed this scale at baseline (week 0)
and at the end of the intervention (week 11). GAD-7 has been
used previously in Uganda [37-39].

Sociodemographics

Poverty

We used a household asset index designed for Uganda to
estimate the likelihood of households falling below the poverty
line [40]. The tool consists of 10 verifiable items on household
assets and characteristics. Total scores range from 0 (most likely
below a poverty line) to 100 (least likely below a poverty line).

Food Insecurity

We assessed this using the 6-Item Short Form of the Household
Food Security Scale [41]. The tool measures food insecurity
and hunger within the last 12 months. Respondents indicated
how frequently they encountered situations such as running out
of food or skipping meals. Food security status is determined
based on raw scores: 0 to 1 indicates high or marginal food
security, 2 to 4 denotes low food security, and 5 to 6 signifies
very low food security.

Study Progression Criteria

We used predefined trial progression criteria to decide whether
to proceed to a larger trial [42]. These criteria, outlined in Table
1, were structured into 3 distinctive categories, each associated
with specific thresholds. The green zone recommends
continuation to a larger pilot study, the amber zone indicates
the need for cautious advancement with modifications, and the
red zone suggests discussions with the study team about not
progressing to a larger pilot study.

Analysis
Quantitative data were analyzed using Stata (version 17.0;
StataCorp) [43]. For each quantitative outcome, we computed
appropriate summary statistics (eg, proportions, means, SDs,
etc). Mean changes in mental health scores at baseline and
11-week assessment were estimated using paired, 2-tailed t
tests. Statistical significance was set at P<.05. These t tests were
interpreted cautiously as this study was not powered to detect
statistically significant differences.

Qualitative in-depth interviews were audio recorded, transcribed
verbatim, and translated from Luganda into English. The
anonymized transcripts were imported into NVivo (version
12.0; Lumivero) software and analyzed using thematic analysis
[44]. The data analysis team consisted of researchers with
diverse perspectives, including those with extensive experience
in mental health in Uganda and others new to working with this

community, encompassing a range of backgrounds and
experiences.

Data analysis was conducted in phases. In the first phase, 2
researchers (DS and MD) independently coded 5 interviews to
develop a preliminary coding framework focused on identifying
barriers and facilitators of the digital intervention. Inductive
coding was also used to capture additional themes emerging
from participants’narratives. Codes were refined and organized
into broader categories, such as grouping smartphone issues,
app bugs, and mobile data challenges under the overarching
category of technical issues. A codebook was developed with
definitions and examples of codes and categories to guide
subsequent analysis. This refined coding scheme was applied
to all remaining interviews, with researchers meeting regularly
to resolve discrepancies, reach consensus, and ensure
consistency across the dataset. These meetings facilitated further
refinement of the codebook by adding, merging, or clarifying
codes as needed. Representative quotations that reflected key
themes were selected for inclusion in the manuscript.

Reflexivity was integrated into the analysis through reflexive
memoing, allowing researchers to reflect on their assumptions
and biases. Documentation of coding decisions and analytical
reflections strengthened the confirmability of findings. Regular
coder meetings and the use of NVivo software contributed to a
structured and transparent coding process, ensuring
dependability. Credibility was strengthened through cross-coder
verification and discussions with the broader research team,
which included mental health professionals, peer mentors, and
individuals familiar with the local context. This team provided
feedback, reviewed findings, and suggested refinements,
fostering reflexivity and enriching data interpretation.

Data saturation was reached after approximately 20 interviews,
with no new themes emerging in subsequent interviews. This
aligns with previously reported findings [45], indicating that
our sample size was sufficient to capture the primary themes
related to intervention acceptability and feasibility.

Ethical Considerations
The study was reviewed and approved by institutional review
boards in Uganda (Makerere University School of Public Health
and the Uganda National Council for Science and Technology,
with reference numbers HDREC750 and HS72 4ES,
respectively) and the United Kingdom (Oxford Tropical
Research Ethics Committee, OxTREC 72-19). Before
recruitment, we obtained verbal approval from the local council
chairperson and community elders. Written informed consent
was obtained from either the parent or legal guardian of
adolescents aged between 15 and 17 years or directly from
adolescents aged ≥18 years or emancipated adolescents. In
addition, written assent was obtained from participants aged
<18 years. Participant data were anonymized by assigning
unique participant ID numbers at recruitment. All participants
were provided with a smartphone, which they could keep at the
end of the study. Although the app was designed to function
without internet connectivity, participants were also provided
with smartphone data. This ensured that data from the app could
be uploaded to the server for analysis. They did not receive any
other compensation for participation in the study.
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Results

Baseline Characteristics
Characteristics of study participants at baseline are shown in
Table 2 for all 31 adolescents who were enrolled in the
feasibility study. We observed a high prevalence of elevated
depressive and anxiety symptoms among the recruited

adolescents. For our sample, 32% (10/31) of participants
exhibited moderate depressive symptoms (PHQ-A score ≥10),
and 13% (4/31) had moderate to severe anxiety symptoms
(GAD-7 score ≥10). This prevalence is similar to that found in
meta-analyses, where the pooled prevalence of depression was
23.6% and anxiety disorders were 14.4% among children and
adolescents in Uganda [46,47]. Further details of the distribution
of these variables can be found in Multimedia Appendix 3.

Table 2. Characteristics of study participants at baseline (n=31).

ValuesCharacteristics

Sociodemographic characteristics

17.58 (1.43)Age (y), mean (SD)

15 (48)Female, n (%)

2 (6)Married, n (%)

27 (87)Enrolled in school, n (%)

9.65 (2.04)Years of education, mean (SD)

11 (58)aWorked in the past 7 days, n (%)

58.57 (10.77)Household asset index, mean (SD)

14 (61)bFood insecurity, n (%)

Mental health characteristics, mean (SD)

6.52 (4.76)Depression symptoms: PHQ-Ac score

47.68 (12.21)Emotional well-being: WEMWBSd score

4.39 (4.69)Anxiety symptoms: GAD-7e score

aData on “Worked in the past 7 days” is available for 19 adolescents.
bData for food insecurity is only available for 23 adolescents.
cPHQ-A: Patient Health Questionnaire Adolescent version.
dWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
eGAD-7: Generalized Anxiety Disorder-7.

High levels of poverty were observed, as the household asset
index scores between 55 and 59 corresponded to a 27.9%
likelihood of living below the international poverty line of US
$3.10/day (purchasing power parity; 2011 prices). Food
insecurity was prevalent among participants.

Primary Outcome Measures: Feasibility and
Acceptability

Feasibility

Retention in the Study

Figure 2 depicts that we had high retention rates during the
study, with 94% (29/31) of enrolled participants retained until
the end of the intervention assessment. In total, 6% (2/31)
participants declined this final assessment due to lack of time,
although both had engaged with the intervention (completing
≥6 modules and 2 peer mentor calls). In addition, 7% (2/29) of

participants who completed the end of the intervention
assessment were unavailable for interviews as they moved out
of the study area to attend boarding school. Overall, this
retention rate places the study well within the green zone
according to our previously defined trial progression criteria,
which set a benchmark for proceeding to a larger trial at a
retention rate of ≥90%.

As depicted in Figure 2, the SMS text message–based symptom
monitoring system encountered significant feasibility issues,
primarily due to the need for stable internet connectivity for
both sending out messages and receiving incoming data. Efforts
to synchronize the distribution of airtime with the timing of
these SMS text messages were unsuccessful. In addition, the
onset of the COVID-19 pandemic further complicated this aspect
of the study, ultimately leading to the decision to discontinue
the symptom monitoring system.
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Figure 2. Study flow.

Treatment Adherence Rates

The app metrics indicated high levels of engagement (Table 3).
Notably, 97% (30/31) of participants opened ≥4 app modules,

and 81% (25/31) completed ≥3 phone calls with the peer
mentors. Both metrics place user engagement within the green
zone, surpassing our trial progression criteria that mandated a
≥70% adherence rate for both app use and peer mentor calls.

Table 3. Treatment engagement (n=31).

Values

Treatment adherence, n (%)

30 (97)Opened ≥4 app modules

25 (81)Had ≥3 phone calls with peer mentors

App engagement metrics, mean (SD)

38.90 (32.33)Log-ins

19.52 (17.96)Modules opened

12.29 (12.93)Modules completed

6 h 09 min (5 h 52 min)Total time spent on the app

91 (116.72)Completed weekly activities

Peer mentor engagement metrics (total=179 calls)

16.03 (3.35)Phone call duration (min), mean (SD)

10.77 (5.74)Time days between phone calls, mean (SD)

20 (65)Participants who completed all phone calls, n (%)

However, there was considerable heterogeneity in how
adolescents engaged with the Kuamsha app, as indicated by the

SDs (Table 3) and the distribution of key app metrics
(Multimedia Appendix 4). For example, some (6/31, 19%)
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participants logged into the app an average of >8 times per day,
while 1 (3%) participant logged in twice over the entire
treatment phase. Similarly, approximately one-third (12/31,
39%) of the participants completed all available modules, while
approximately a quarter (7/31, 23%) of them did not meet the
recommended dose of 6 modules. This variation also extended
to the type of content explored. Most (21/31, 68%) participants
explored both stories, while 16% (5/31) exclusively engaged
with the song contest story, and 13% (4/31) focused on the
football match story only. However, 1 (3%) participant did not
open either story. These findings suggest that a “one size fits
all” digital approach may not suit all participants, a point further
explored in the Discussion section.

Despite this variability, the results showed that users, on
average, surpassed the recommended treatment dose of 6
modules over the 11-week treatment phase, with an average
completion of 12.29 (SD 12.93) modules. However, some
(10/31, 32%) participants initially rushed through the modules,
particularly when they were first given the phones. This
prompted peer mentors to encourage a structured pace, advising
them to complete 1 module per week to ensure they had
sufficient time for the accompanying homework activities.

Participants spent approximately 6 hours on the Kuamsha app,
on average. Almost half (14/31, 45%) of the participants
continued to use the app even after the study had ended.
Adolescents chose a range of goals to work on during the
intervention period. The most frequently chosen goals included
helping with household chores, reading books, going to bed
early every night, studying, exercising, and trying to make new

friends. In addition, some participants mentioned singing and
playing football, which may have been inspired by the stories
in the app. Some adolescents chose goals that were not clearly
defined, quantifiable, or feasible to achieve within the
intervention period (eg, “I want to live a happy life,” “Be
successful,” and “Become a doctor”). Peer mentors received
training to help refine these goals during the weekly calls.

The number of phone calls with the peer mentors also varied,
with a median of 6 (IQR 2-6) calls and 2 (6%) of the 31
participants completing only 1 call. There was a positive
correlation between the frequency of phone calls with peer
mentors and app engagement. Those who engaged in more calls
were more likely to log in to the app (standardized β
coefficient=0.41, P<.05), suggesting that peer mentors played
a key role in boosting app engagement.

Acceptability

Acceptability Questionnaire

Table 4 presents findings related to participants’ perceptions of
the Kuamsha program at the end of the intervention in terms of
acceptability (acceptability of intervention measure),
appropriateness (intervention appropriateness measure), and
feasibility (feasibility of intervention measure).

The consistently high scores across all categories reflect a strong
positive reception from participants. However, this also makes
it challenging to discern meaningful variations or discrepancies
in the participants’ responses, a challenge that the in-depth
interviews help overcome by providing a more granular
understanding of the intervention’s acceptability.

Table 4. Acceptability questionnaire (n=29).

Values (range 1-5), mean (SD)

Kuamsha app

4.33 (0.58)Acceptability (AIMa)

4.34 (0.56)Appropriateness (IAMb)

4.35 (0.49)Feasibility (FIMc)

Peer mentor calls

4.32 (0.61)Acceptability (AIM)

4.28 (0.61)Appropriateness (IAM)

4.24 (0.63)Feasibility (FIM)

aAIM: acceptability of intervention measure.
bIAM: intervention appropriateness measure.
cFIM: feasibility of intervention measure.

In-Depth Interviews

Overview

We conducted in-depth interviews with 27 (93%) of the 29
adolescents who completed the intervention (female adolescents:

n=13, 48% and male adolescents: n=14, 52%). Overall, we
identified 5 main themes around facilitators to the intervention
and 4 main themes around barriers. A summary of key identified
facilitators is presented in Table 5, and a summary of key
barriers is shown in Table 6.
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Table 5. Summary of key identified facilitators.

QuotesTheme and subtheme

User-friendly app interface

The app was enjoyable and useful • “It teaches, encourages, motivates. I gained patience. I gained a lot.”
[P14, female]

• “The app is going to help in keeping me busy from doing things that
can make me get off track...like drinking alcohol and smoking
cigarettes.” [P4, male]

Easy to use • “Like its graphical interface, the way it was appearing was not com-
plicated. It’s easy to use, and it has simple language.” [P1, male]

Technical characteristics

Convenience and offline functionality • “The app is so simple it doesn’t need airtime, and it didn’t have a
specific time that you should play it. It’s available every time.” [P5,
male]

Cultural validity and gamification

Narrative game format • “The way they were narrating the story it is understood in a way that
it touches you and gives you a feeling that is different.” [P22, male]

• “It’s like you play and learn at the same time.” [P1, male]

Relatable stories • “What you read, it was like going direct to your heart” [P29, male]
• “The graphics were like real, and the activities relate to our behavior

in society...it was really relating to me.” [P6, male]

Uplifting • “Playing those stories...made me happier.” [P30, male]
• “The app takes my stress away.” [P22, male; P10, male]

Peer mentors’ encouragement

Empathic approach • “The peer mentor was a very good person in that he encouraged
me...When I had a problem, he could ask me about it, and we solve
it together. With time, the peer mentor became my friend.” [P6, male]

Emotional support • “Sometimes she called when I am not in a good mood, but I would
not show her that I would talk calmly with her and sometimes by the
time I finished talking to her whatever was disturbing me would have
disappeared.” [P26, female]

• “Whenever he could notice my anger, he could call me by name and
asked me to be calm and indeed I could calm down and feel happy
on my heart. He was almost like my Dad...he was always there to
follow up on me.” [P29, male]

Peer mentors supported adolescents with the app • “The peer mentor gave me advice about how to use the app...I used
to skip the episodes or did all the episodes at once, and she was like,
you have to play one episode in a week.” [P16, female]

• “At first, I wasn’t using the app well, but when the peer mentor called
me and asked me have you done this or that, I remembered that there
are things that I had forgotten to do and I started to correct them.”
[P5, male]

Peer mentors flexibility

Scheduling calls in advance and flexibility in rescheduling • “We usually agreed on the time and day to call...and she would call
at the time. So, it was easy.” [P24, female]

• “Even when already talking to her and you are interrupted, she will
give you time to sort the issue and get back to the call.” [P26, female]
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Table 6. Summary of key identified barriers.

QuotesTheme

Comprehension and literacy skills

Difficulty comprehending the app’s content • “I would have played better...if there was someone who would read
for me the words because it is hard for me to read.” [P21, female]

• “The time it took for reading is hard because I am not interested in
reading.” [P7, male]

• “Sometimes when you are not in a good mood...what you read on
the app might not make much sense to you.” [P20, female]

Technological glitches

Looping bug • “Sometimes when I opened, I had to play the mood like 15 times...and
it used to annoy me.” [P16, female]

Logistical problems scheduling the peer mentor calls

Finding a convenient time to talk • “It was difficult most of the times for the reason being there is when
you are from school very tired and at times you have to go and work
a bit so you end up forgetting.” [P23, male]

Needing airtime to call peer mentors • “Whenever I was in need of some inquiry I had to wait for the peer
mentor to call.” [P30, male]

Length of calls

Calls were too short • “We talk for just 15 mins.... I would have liked to talk for 1 hour.”
[P20, female]

• “I just wanted some extension in time, but she was always busy.”
[P27, female]

Facilitators of the Intervention

The app’s user-friendly design and capability for offline use
were the key facilitators that aligned with the high adherence
rates from our quantitative findings. Participants unanimously
found the Kuamsha app enjoyable, useful, and easy to navigate.
Furthermore, participants appreciated the app’s flexibility, which
allowed them to engage with it at their convenience and without
relying on an internet connection.

Engagement was further enhanced by the app’s culturally
relevant content and interactive gamification elements. Users
were particularly drawn to the narrative storytelling format,
which they found highly relatable and effective in improving
mood and engagement. The characters, especially the coach
and bird, were notable favorites, providing guidance and
resonating with the users’ experiences.

The important role played by peer mentors was consistently
recognized. Many adolescents viewed their peer mentors as not
just guides but as friends who provided invaluable assistance
and guidance. They also guided participants in using the app,
providing tailored advice and reinforcing lessons from the app.
This support was crucial in fostering engagement, with
quantitative data indicating a surge in user interaction after peer
mentor calls.

Finally, many participants appreciated the ability to plan the
weekly calls in advance. They also highlighted that peer mentors
were understanding and accommodating when changes were
needed.

Barriers to the Intervention

Comprehension difficulties were noted as a key barrier, with
some participants attributing this to literacy challenges and
others mentioning that low mood at times affected their ability
to understand the app’s content. This barrier might explain the
varied engagement levels observed, suggesting that some
adolescents might have benefitted from additional support, such
as simplified language or audio aids.

Several participants experienced some technological issues
during the intervention. For example, participants reported that
stories would occasionally restart. We believe that the proximity
of the “restart story” and “continue with story” options may
have led to some confusion, causing participants to inadvertently
restart stories when they intended to pick up where they left off.
In addition, there were incidents where participants
unintentionally deleted the app, requiring follow-up home visits.

Logistical issues with scheduling peer mentor calls were another
barrier, with some participants finding it difficult to align calls
with their personal schedules, including school and work.
Although peer mentors were in charge of initiating the calls,
some participants also mentioned that they would have liked to
have the option to reach out to their mentors directly, a
functionality that was not provided primarily due to practicality
and resource constraints.

The feedback on call durations with peer mentors highlights
varying needs among participants. While many found the
15-minute limit satisfactory, a few adolescents expressed a need
for longer discussions. Some peer mentors also raised this as a
barrier, particularly for adolescents requiring additional support.
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This variation aligns with the variability observed in engagement
metrics, indicating that a uniform approach to peer support may
not fully meet the diverse needs of all participants.

Fidelity of Delivery of the Intervention

Overview

Independent raters evaluated and rated 33.1% (49/148) of calls
made by peer mentors. Of these, 63% (31/49) calls achieved
the minimal adherence criteria of ≥90%, while a higher
proportion, 94% (46/49), reached an adherence of ≥80%.

This indicates a generally high level of adherence among peer
mentors though it also highlights a gradient in the adherence
rates, with a substantial portion of calls not reaching the highest
benchmark set for the study. Furthermore, an examination of
the data reveals that 1 peer mentor’s average adherence was
significantly lower than that of the other 3 mentors (P<.001),
which adversely affected the overall average adherence.

In terms of competence, peer mentors achieved a relatively high
average competency score of 75.8% (SD 5.7%) before starting
with study participants.

Secondary Outcome Measures: Changes in Mental Health

Paired t tests did not reveal statistically significant differences
in depressive symptoms (P=.16), emotional well-being (P=.90),
and anxiety levels (P=.72) before and after the intervention
(Table 7). However, the observed directional changes,
particularly in the PHQ-A, indicate a promising trend in the
expected positive direction, suggesting a potential benefit from
the intervention, despite the lack of statistical significance.
When examining the effect sizes, the PHQ-A also showed a
small effect size (Cohen d=0.30). Supporting this trend, we also
observed a reduction in the proportion of participants with
moderate and moderately severe depressive symptoms
(PHQ-A≥10) from 32% (10/31) to 17% (5/29) after the
intervention, but this change was also not significant (P=.10).

Table 7. Pre- and postintervention results for the Kuamsha program (n=29).

P valueMean difference (95% CI)Cohen d (95% CI)Endline, mean (SD)Baseline, mean (SD)

.161.41 (–0.60 to 3.42)0.30 (–0.22 to 0.81)5.31 (4.77)6.72 (4.77)Depression symptoms:

PHQ-Aa score

.900.34 (−5.17 to 5.86)0.03 (−0.49 to 0.54)47.93 (13.06)48.28 (12.06)Emotional well-being:

WEMWBSb score

.720.34 (−1.62 to 2.31)0.07 (−0.45 to 0.58)4.21 (5.50)4.55 (4.78)Anxiety symptoms: GAD-7c

score

aPHQ-A: Patient Health Questionnaire Adolescent version.
bWEMWBS: Warwick-Edinburgh Mental Wellbeing Scale.
cGAD-7: Generalized Anxiety Disorder-7.

These findings point to the intervention’s potential for positively
impacting mental health, with particular benefits for depression.
Further research with a larger sample size is needed to assess
the potential benefits of the intervention and how this differs
depending on the level of engagement with the intervention.

Discussion

Principal Findings
This study presents findings on the feasibility and acceptability
of the Kuamsha program, a culturally tailored digital
intervention for Ugandan adolescents. The digital platform
delivers behavioral activation therapy through an interactive
narrative gaming smartphone app, complemented by
low-intensity, phone-based guidance from trained peer mentors.

The results suggest that the Kuamsha program is a feasible and
acceptable intervention to support adolescent mental health in
Uganda. Notably, the study achieved excellent retention rates
exceeding 90% and treatment adherence rates surpassing 80%,
with almost half (14/31, 45%) of the participants continuing to
use the app after the intervention. Our results, evaluated against
our predefined trial progression criteria, indicate a successful
feasibility study, with all criteria meeting the green region
thresholds.

Qualitative data from the in-depth interviews and data from an
acceptability questionnaire reinforce the quantitative findings
on the intervention’s acceptability. Participants consistently
described the app as engaging, useful, and user-friendly. The
use of storytelling techniques and game design elements seemed
to have enhanced the user experience, as was the fact that stories
were relatable to our target population. In addition, the flexibility
and offline functionality of the app made it highly accessible
and easier for participants to incorporate the intervention into
their daily lives.

Triangulation of quantitative and qualitative data also provided
insights into barriers and areas for improvement. For example,
while the app achieved high engagement metrics, interviews
revealed barriers related to comprehension difficulties and
technological glitches. While the peer mentors supported
adolescents in solving some of these issues, these glitches
highlighted the need for further user testing and robust technical
support to ensure a smoother user experience. These barriers
offer insights that complement the quantitative data, suggesting
areas for improvement.

Participants found that peer mentors’approachability, guidance,
and communication skills played a pivotal role in enhancing
the Kuamsha program experience. Qualitative findings also
revealed that a subset of participants would have preferred a
more extended interaction with peer mentors, a point that was
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also raised by peer mentors themselves. Such findings suggest
that a more tailored intervention model where the intensity and
duration of support are adaptable to individual needs might be
more effective. This tailored model could range from the
stand-alone app for those who require less support to extended
peer mentorship for those who benefit from more in-depth
interaction to even more personalized in-person sessions for
those with the greatest needs. We plan to explore a more
customized intervention approach in future studies.

Notably, the triangulation of data highlighted a difference
between adolescents’ positive experiences with their peer
mentors and the quantitative evaluation of intervention fidelity.
Although adolescents reported very positive interactions,
quantitative fidelity assessments revealed that only 63% (31/49)
of peer mentor calls met the 90% adherence criterion. While
most rated calls, 94% (46/49), reached an adherence of ≥80%,
several interpretations may explain this discrepancy. First, this
may suggest that peer mentors’ performance varied, with 1
mentor in particular not adhering to the protocol. Second, the
ambitious 90% adherence threshold may have been overly
optimistic, potentially overlooking the realities of implementing
such interventions in a real-world setting. Third, the fidelity
criteria may not have adequately captured the softer skills
involved in building trust and rapport, which were highly valued
by the adolescents. This indicates that the structure of the peer
mentor program might have been too rigid, limiting mentors’
ability to provide emotional support.

The study’s secondary objective was to explore changes in
mental health, specifically depressive and anxiety symptoms
and emotional well-being. While we cannot draw quantitative
conclusions due to the study’s design, qualitative findings
suggest that some participants perceived improvements in mood
and well-being.

Comparison to Prior Work
Our study contributes to the limited research on digital
psychological interventions designed specifically for school-age
adolescents in sub-Saharan Africa, a population for whom few
targeted interventions exist [48-50]. Our findings provide
important insights into the scalability and acceptability of digital
mental health solutions for Ugandan adolescents, a population
largely overlooked in existing research.

Consistent with previous studies, our results highlight the
importance of co-designing interventions with adolescents to
enhance engagement and acceptability [22]. The
narrative-gamified approach, which relies on storytelling and
gaming elements, proved promising, with app engagement
metrics—such as time spent on the app and modules
completed—surpassing benchmarks from prior research
[17,19,51-53].

Furthermore, supporting the app with low-intensity telephonic
guidance significantly enhanced user engagement, aligning with
evidence on the critical role of human support in digital
interventions [18,54-56]. Our findings also suggest that relying
on peer mentors is highly acceptable, offering a scalable model
to treat common mental health disorders, particularly in settings
with limited access to clinicians.

The observed trends in our mental health outcomes are
consistent with the mixed results commonly reported in studies
of digital interventions [18,57-59]. This variability may, in part,
be attributed to the substantial heterogeneity in user engagement.
Both our findings and prior research suggest that tailoring
interventions to the specific needs of individuals could improve
overall outcomes and enhance cost-effectiveness [60-62].

Strengths and Limitations
This study has several strengths. First, it targets an
often-overlooked population, adolescents in sub-Saharan Africa,
who face significant mental health challenges with limited
support [63,64]. Second, the Kuamsha app was developed
through an iterative, user-centered design process with
adolescents and key stakeholders to ensure cultural relevance
and usability [25]. Third, the intervention’s integration of
narrative and game design with evidence-based behavioral
activation therapy, supported by phone-based peer mentor
guidance, created an engaging and scalable therapeutic model.
Finally, feasibility and acceptability were rigorously assessed
using mixed methods and comprehensive app engagement
metrics, all evaluated against predefined trial progression criteria
[42].

Several limitations are noted. First, the sample size of the study
was small, and the lack of statistically significant findings could
be attributed to this. Changes in participants’mental health were
secondary outcomes, and the study was not powered to detect
definitive treatment effects; thus, these results should be
interpreted with caution. Second, this was a single-arm study;
therefore, it is impossible to determine the direct impact of the
intervention without a control group. The sister study in South
Africa, which included an active control group, will provide
further insights into the intervention’s efficacy as well as its
feasibility among adolescents with depression [65]. Third, the
formative work revealed literacy difficulties among some
adolescents; therefore, a reading comprehension test was
included as part of the screening criteria, which might have
excluded the most vulnerable adolescents. To mitigate this, we
attempted to limit the amount of text in the app, and all language
was co-designed and thoroughly tested with adolescents to
ensure it was accessible. Further app development work should
explore the use of audio voiceovers or alternate features to
increase the accessibility of the app to low-literacy populations.
Fourth, we encountered logistical challenges in rolling out the
intervention, including inconsistent mobile coverage and limited
access to charging stations, as not all adolescents had a reliable
place to charge their phones. To address these, we designed the
app to operate primarily offline and distributed solar chargers
where needed. While these measures helped reduce study
disruptions, they may pose challenges for scaling. In future
iterations, we will explore options for optimizing the app’s
battery efficiency and establishing partnerships with local mobile
providers to ensure the intervention is accessible and effective
for all users. Finally, the COVID-19 pandemic posed significant
challenges to the execution of this study, impacting both
recruitment processes and the manner in which the intervention
was delivered. Study participants were enrolled during a period
of global uncertainty, which sometimes led to delays or
modifications in our procedures (eg, dropping the SMS text
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message–based symptom monitoring). The study design did
not allow us to isolate the pandemic’s effects from the
intervention’s effects.

Future Directions
There is an urgent need for scalable psychological treatments
to support adolescent mental health in low-income countries
like Uganda. The findings from this study also suggest that the
Kuamsha program may be adaptable to other low-income
settings with similar sociocultural and socioeconomic contexts.
Key features, such as offline functionality and low-intensity
peer mentor integration, support its scalability across diverse

sub-Saharan African regions, including rural South Africa,
where a sister study was also conducted.

Digital mental health interventions are promising, but few have
been developed explicitly for use or rigorously evaluated with
adolescents in sub-Saharan Africa. The Kuamsha program,
demonstrated here as a feasible and acceptable intervention for
Ugandan adolescents, has the potential to fill this gap. The
insights gathered through this study will inform the adaptation
and enhancement of the intervention to ensure its effectiveness
and accessibility in a fully powered randomization control trial.
By addressing the identified limitations, the Kuamsha program
could potentially offer a valuable addition to the landscape of
adolescent mental health interventions in low-income settings.
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Abstract

Background: For years, Mexico has reported the highest global incidence of school bullying, with approximately 19% of
students going through some form of hostile peer interactions. Despite numerous interventions, these harmful conducts remain
deeply entrenched in educational environments.

Objective: To address this issue, we developed Bernstein, a serious game that promotes assertiveness—an essential protective
factor that reduces the negative effects of bullying.

Methods: Bernstein was designed using multiple composite scenarios, a methodology grounded in cognitive behavioral therapy.
To evaluate the game’s effectiveness, we conducted an exploratory trial using the Rathus Assertiveness Schedule to assess
assertiveness levels before and after the intervention. Participants were high school students who met the inclusion criteria of
being open to playing a serious game (with no prior gaming experience required) and having access to a computer with internet
connectivity for remote participation. A total of 100 students (65 boys and 35 girls) enrolled in the intervention; however, only
46 participants in the treatment group and 46 in the control group completed the study, resulting in a dropout rate of 8% (8/100).
A paired 1-tailed t test was used to compare pre- and postintervention scores within each group, and a one-way ANOVA was
conducted to compare the average score improvements between the 2 groups.

Results: The treatment group showed a pretest mean Rathus Assertiveness Schedule score of –2.78 (SD 25.93) and a posttest
mean of 1.69 (SD 29.48), with a paired 1-tailed t test yielding a P value of .01. The control group had a pretest mean of 2.07 (SD
25.69) and a posttest mean of –2.39 (SD 32.98), with a paired 1-tailed t test yielding a P value of .04. The one-way ANOVA
(between groups) yielded a P value of .006, indicating a statistically significant difference, favoring Bernstein over the alternative
protocol. Participant feedback highlighted the game’s engaging narrative and character design, although usability issues, such as
navigation challenges, were noted as areas for improvement.

Conclusions: The results suggest that Bernstein is a promising tool for promoting assertiveness in high school students, providing
a potential strategy for addressing bullying-related issues. The study underscores the value of integrating Bernstein into educational
programs, offering students a safe and interactive environment to develop resilience. As an exploratory trial, this study faced
limitations affecting the generalizability of findings, including the remote format’s impact on facilitator guidance and a relatively
small sample size. Further trials with larger, more diverse groups are recommended to validate these early results and enhance
Bernstein’s scalability as part of a comprehensive antibullying strategy.

(JMIR Serious Games 2024;12:e58452)   doi:10.2196/58452
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Introduction

Background
“Bullying” is a term used to describe the aggressive and
intentional acts carried out by an individual or a group
repeatedly against an individual [1]. Ever since bullying was
recognized as a psychosocial problem, several research groups
have investigated its causes, as well as possible ways to eradicate
it [2,3].

It commonly takes place in spaces where people spend time
together (eg, school, work, etc). With the advancement of
technology, new forms of bullying have emerged, such is the
case of cyberbullying [4]. An example of cyberbullying is online
harassment. In this form of digital bullying, the abuser has the
advantage of being able to invade the personal space of the
person being bullied at a distance, keeping his or her real identity
anonymous, which in turn allows him or her to provoke greater
fear in the person being bullied [5].

Those who have experienced public humiliation, including
bullying and cyberbullying, are considered to be more likely to
commit suicide [2]. Therefore, worldwide, multiple programs
and initiatives have been carried out to counteract its effects.
However, as studies show, this problem continues to grow [6].

According to information presented by the Organization for
Economic Cooperation and Development, Mexico has held the
first place in cases of bullying at school on various occasions
[7,8]. In 2019, the results of the Programme for International
Student Assessment test indicated that approximately 19% of
students in the country had experienced some form of bullying.
Furthermore, it was stipulated that a significant number of
suicides committed by children in Mexico were due to cases of
bullying, and, unfortunately, these numbers are expected to
increase [9].

To contribute to the solution of this issue, we started a new
project. A recent analysis of interventions to prevent bullying
in schools showed that enhancing interpersonal skills,
particularly assertiveness, stands out as the most effective
protective factor in mitigating its consequences [10]. With this
insight, we decided to develop a solution that promotes said
protective factor.

To appeal to a young demographic, we chose to work with
serious games [11]. A serious game differentiates from regular
games in that they have an additional objective that can be
educational or illustrative [12].

To ensure that the protective factor is properly addressed, we
made use of the multiple composite scenarios (MCS), a
methodology for the design of serious games rooted in principles
of cognitive behavioral therapy (CBT) [13]. Unlike other game
design approaches, MCS offers a unique blend of versatility
and specificity, providing a comprehensive framework for

crafting immersive experiences that properly address mental
problems. The game we created with it is called Bernstein.

Bernstein is a serious game that promotes the development of
assertiveness in high school students. To assess its potential
benefits, we carried out an exploratory trial. This paper outlines
the findings from this intervention, delving into its benefits and
limitations. Furthermore, we discuss our plans for future work
aimed at enhancing its overall effectiveness.

Notions of Bullying
Bullying is the deliberate, intentional, and repeated use of force,
threats, and coercion to abuse; cause fear or distress; dominate;
harm; exclude; and intimidate physically (eg, slapping, hitting,
and kicking), verbally (eg, threatening, yelling, and insulting),
and psychologically (eg, denigrating and belittling) an individual
or a group of people who are unable to defend themselves
[14-19]. Bullies (ie, perpetrators of the aggression) usually
choose their targets based on characteristics such as appearance,
disability, age, race, religion, sex, and so forth [18,20].

People become bullies for various reasons including imitation,
having a low self-esteem, or experiencing violence at home
[21-23]. The person most affected by bullying is the one who
receives the aggressive acts, that is, the recipient. As a
consequence of bullying, those who are bullied may develop
depression, drop out of school, or commit suicide [2,17,24].

Different actors intervene in bullying in addition to the
perpetrator and the recipient, including facilitators (those who
join the bully to antagonize others), reinforcers (those who do
not antagonize but indirectly support the bullying by either
making fun of the target or encouraging the bully), bully+target
(those who are both a bully and a recipient of bullying),
defenders (those who in some way help the target), and
bystanders (those who witness the bullying but do not act
accordingly) [25]. It should be noted that these extra actors are
not necessarily present on every occasion.

Given its prevalence in modern societies (from 17% to 20.8%
in some sectors), bullying is considered a sociocultural
phenomenon [15,18]. It is believed that more than 50% of
students worldwide have been involved in some form of
bullying, as targets, bullies, or bystanders [17].

Some of the strategies that exist to deal with this phenomenon
include school programs, institutional policies, rules within the
classroom, teacher training, information campaigns, awareness
campaigns, discussion forums, workshops, psychological
interventions, and educational interventions, among others
[15,17].

The type of consequences experienced by the recipients of
bullying depends on the severity of the attacks. There are cases
in which the recipients do not experience consequences in the
mid- to long term. This is due to a series of factors that are
directly related to the level of affectation of the recipient. That
is, the greater the presence of certain factors, the stronger or
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weaker the consequences may be. These types of factors are
known as risk factors (those that reinforce the negative effects)
and protective factors (those that reduce the negative effects).

Selection of the Protective Factor to be Promoted
To learn which factors related to bullying cause the greatest
affectation in young students, we conducted a review of the
literature. Furthermore, we searched for factors that may help
reduce the affectation by this psychosocial phenomenon (ie,
protective factors). For this task, we consulted various mental
health articles related to interventions carried out in schools
[1,2,21-23,25,26].

We found that having a low self-esteem and social isolation are
2 of the most relevant risk factors. In contrast, having a greater
number of social relationships, being assertive, and having a
high self-esteem were shown to be the most prominent protective
factors in reducing the negative effects of bullying. It should
be noted that we found that increasing self-esteem is effective
in elementary school children but not as effective at older ages.
Given that our target audience are high school students, for our
project, we chose to focus on the promotion of the protective
factor of assertiveness.

Assertiveness should not be confused with aggression, which
is the forceful or disrespectful expression of one’s way of seeing
things, or the imposition of one’s needs onto others.
Assertiveness is an essential, interpersonal behavior that aims
to enable individuals to (1) minimize power differences that
may exist with others; (2) act in their own best interests; (3)
stand up for themselves without undue anxiety; (4) express their
beliefs, concerns, feelings, interests, needs, opinions, point of
view of things, and personal rights honestly; (5) exercise their
rights; and (6) share privately held information with people in
a position of authority [27-29]. This while respecting and
acknowledging the rights of others.

Games and Bullying
Ours is not the first project that aims to address a psychosocial
issue such as bullying by making use of a video game. Video
games offer players the opportunity to try different paths and
learn different points of view and perspectives in digital
environments [30]. For that reason, it is believed that they are
capable of promoting behavior change, problem-solving, and
acquisition of skills.

The main goal of commercial video games is to entertain. Games
whose purpose goes beyond entertainment are referred to as
serious games. Serious games differ from commercial games
in that they have an additional objective [12]. Among the
objectives that these usually pursue are raising awareness,
teaching, training, changing perceptions, persuading, promoting
skill development, improving attitudes, instilling positive
attitudes, nurturing player empathy, and so forth [16,18,30-41].

To achieve this goal, serious games make use of formal
strategies and techniques. Such is the case of serious games for
education, which make use of pedagogical methodologies to
teach a concept or skill [42]. Other topics covered by serious
games include caring for the environment, mental health, and
sports, among others [11,13,43,44].

There are various game titles related to the subject of bullying.
StopBully is a serious game that through role-playing puts the
player in the role of recipient or bystander, thus simulating
real-world situations [16]. Its objective is to prevent bullying
by helping recipients improve their behavioral competence to
avoid or face situations [39].

Conectado is an educational game that seeks to increase
awareness among young people about school bullying [31,32].
This title puts players in the role of recipients with the aim of
fostering in them empathy with those who are bullied.

FearNot! is a serious game that takes place in a virtual school
with characters typical of everyday school life (eg, bullies,
recipients, bystanders, and helpers) [35]. Its goal is for players
to observe bullying scenarios and interact with the recipients,
as well as advise them on the best way to deal with the situation.

Stop bullying now! is a serious game whose goal is to enable
caregivers of people with disabilities to learn how to respond
to bullying situations [18]. To do this, it presents different
characters and situations, such as children and adults with
disabilities, parents, teachers, supervisors, and bullies who show
different bullying behaviors.

Happy Class is a role-playing game (RPG) in which students
experience the role of bullying bystanders through chat [41].
Its goal is for players to understand the seriousness of the
damage caused by cyberbullying and the important role of
bystanders while learning how to prevent further violence by
taking appropriate action.

The game studio Disparity developed and published an indie
title that covers the topic of bullying called “Ninja Pizza Girl”
(NPG). NPG narrates the story of a 16-year-old girl named
Gemma, who works in her father’s business delivering pizzas
and who is forced to face “the most ruthless enemies a teenage
girl can have: other teenagers” [45]. Throughout the story told
in NPG, topics such as self-esteem, bullying, and resilience are
discussed. Enemies in this game attack the player through insults
and taunts. An interesting detail about the production of NPG
is that part of the team that worked on the game had previously
been a recipient of bullying [46].

A Day at my School is a serious game developed with Unity
that highlights the perspective of a bystander and that presents
a situation in which the abuser becomes the recipient. This title
consists of 2 stages whose objective is to raise awareness and
motivate the player to report bullying when the situation arises
[47]. It should be noted that this serious game is available for
free on the web.

A research group at Leuphana University presented the
conceptual design for Bully you, Bully me, a serious game that
asks players to enact scenarios of bullying to make them reflect
about the consequences of their actions [48].

There are also commercial games that deal with bullying. Such
is the case of Bully, an action and adventure game set in an
open world environment [49]. In Bully, the player plays a
15-year-old teenager who can decide whether or not to harass
others and see what effects and consequences his actions have.
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It should be noted that its effectiveness in preventing bullying
has not been tested.

In general, serious games that address bullying tend to (1)
simulate real-world scenarios; (2) present cases of bullying; (3)
provide recommendations; (4) ask the player to take action (eg,
supporting the recipient of bullying); and (5) optionally,
encourage reflection. Furthermore, several of the titles presented
here contemplate their use as part of an intervention in which
a teacher or a guide uses them as an example to invite
participants to dialogue and reflect on it.

Among the limitations of the aforementioned examples are (1)
little variety of scenarios or narratives, (2) little variety of
devices on which they are available, (3) little variety of actions
that they allow players, and (4) type of audience to which they
are directed (mostly children and young people).

Inspired by other games that seek to contribute to the mitigation
of bullying, we decided to present realistic scenarios that allow
players to act and reflect on it. However, unlike them, we
decided to (1) create a game that would present different
scenarios (eg, bullying between people in the same family and
professional bullying), (2) work on a prototype that can be used
on different devices, (3) increase the number of actions a player
can perform, and (4) create a game that is interesting for young
and older players. Another key distinction is that, to the best of
our knowledge, our serious game is the only one explicitly
designed to promote assertiveness in players as a strategy to
mitigate the impact of bullying they may experience. In other
words, Bernstein uniquely frames assertiveness as a practical
tool for building resilience against bullying, rather than treating
it as a stand-alone skill or ultimate objective.

Notions of Assertiveness
Assertiveness refers to a person’s ability to (1) communicate
with others in a clear, firm, positive, honest, direct, and balanced
way; (2) stand up for his or her own beliefs without limiting or
attacking others; (3) meet his or her own needs and concerns;
(4) demonstrate certainty in his or her actions; (5) express what
he or she feels and thinks, even if it results in negative
consequences; (6) be direct in asking for what he or she wants
or needs; (7) behave confidently; (8) be sociable and active; (9)
take control of his or her life; and (10) being frank [50-57]. This
differs from aggressiveness in that an assertive person does not
seek to impose himself or herself or harm others to achieve his
or her goals. Assertiveness is commonly linked to job success,
as well as personal growth and development [54,55].

Relevance of Assertiveness in Adolescence
Adolescence is a pivotal stage for socioemotional development,
during which young people navigate complex identity formation
and peer dynamics. In this process, the ability to express
thoughts, needs, and emotions clearly—especially when faced
with peer pressure or conflict—becomes essential. Assertiveness
equips adolescents with the confidence and resilience to
advocate for themselves while fostering positive relationships
[27,58]. As a key protective factor, it may not only help reduce
the risk of bullying but also enhance academic performance and
strengthen social connections.

Games and Assertiveness
There is a wide variety of game-based approaches that seek to
contribute to the development of assertiveness in players. Such
is the case of the model presented in the study by Cheong et al
[52] for conflict resolution, which is based on balancing the
assertiveness and cooperation of users. In the study by Hendrix
et al [59], a proposal is presented to use games to increase
children’s social competence, encouraging them to talk about
their needs. In contrast, in the study by Eng [60], a learning
strategy based on games is disclosed to teach assertive
communication and improve team play. van der Lubbe et al
[61] created a serious game to train the verbal resilience of the
players, in order to avoid scams. Finally, in another study by
van der Lubbe et al [62], a proposal for the use of serious games
is presented to empower vulnerable groups by promoting the
development of skills such as assertive communication.

In general, these approaches are characterized by presenting
activities that (1) promote the development of an interpersonal
skill (eg, assertive communication) and (2) allow players to
practice said skill through game scenarios. Unlike these
examples, our approach goes beyond fostering a single skill; it
aims to encourage holistic improvements in players’ mental
health by enhancing their cognitive and behavioral patterns.

Methods

Implementing MCS

Overview
We set out to develop a serious game aimed at promoting
assertiveness in students. To achieve this, we used the MCS
methodology, which enables the design of games tailored to
prevent specific mental disorders [13]. This adaptability (ie, the
ability to customize tasks, scenarios, dialogues, feedback, etc)
is crucial, as the efficacy of a game depends on its capacity to
address the specific needs and challenges of its serious goal.

MCS draws on CBT principles to reduce the impact of risk
factors and promote the adoption of protective factors [13]. CBT
is a psychological treatment that helps reframe negative
emotions, thoughts, memories, and ideas [63,64]. Both MCS
and CBT rely on techniques such as Socratic questioning,
definition of terms, cost-benefit analysis, and systematic gradual
exposure to achieve their objectives.

Various technological applications (eg, computer software,
mobile apps, wearable sensors, and virtual agents) have been
inspired by certain aspects of CBT. Such is the case of (1)
technology for user data collection, which is used to collect and
analyze data such as mood changes or facial expressions; (2)
self-help software, which enables patients to address mental
health problems by presenting them psychoeducational materials
and activities; (3) technology-based activities, which aim to
facilitate activities under therapist guidance; (4) psychoeducation
online platforms, which deliver psychoeducational content
through multimedia to enhance patient understanding of their
disorder; and (5) technology for awareness and coping, which
aims to raise awareness about mental health and help individuals
deal with life’s challenges through specific tasks [13].
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It is important to note that the MCS methodology differs from
these applications by focusing on preventing mental disorders
through health games. MCS integrates the complete CBT
protocol within the game itself, ensuring that players engage in
meaningful experiences aligned with therapeutic goals.

Risk Versus Protective Factors
A risk factor is a determinant or associated variable that
increases the chances that a person will be affected by a
problem. In contrast, a protective factor is a determinant or
associated variable that reduces the chances that a person will
be affected by a problem. For our project, the risk factor we
used was social isolation, and the protective factor we promoted
was assertiveness.

Promoting a Protective Factor With a Serious Game
To promote the adoption of a protective factor, MCS makes use
of game scenarios that illustrate the recovery process of a virtual
patient. The steps of MCS are to (1) introduce a risk factor to
the player, (2) depict the effects that the risk factor has on a
virtual patient, (3) inform the player about important
psychoeducational facts through trustworthy characters, (4)
distract the player with game dynamics, (5) evaluate what has
been learned with game activities, (6) defend the virtual patient,
(7) reflect on the benefits of the protective factor, (8) apply the
knowledge learned in the virtual world, and (9) involve the
player in the recovery of the virtual patient [13].

Through the creation of varied and dynamic scenarios, players
are presented with a rich and immersive setup. This not only
captures their attention but also ensures the adoption of positive
behaviors.

To illustrate the consequences of risk factors in a nonthreatening
manner, the figure of the virtual patient is leveraged. This
approach is designed to avoid making players feel criticized or
judged. In our game, we decided to have secondary characters
fulfill this role. Our intention was to provide players with an
opportunity to interact with various nonassertive characters,
enabling them to witness firsthand the consequences of such
behaviors.

Another strategic element contributing to the overarching goal
is the unique scoring system it proposes: Love Coins. Love
Coins operate as follows: players who actively engage in
positive behaviors earn higher scores. This system was designed
as a way to encourage players to adopt healthy behaviors both
within the game context and, possibly, in the real world.

Designing Our Game

Overview
To align with different player interactions, scenarios were
designed to gradually increase in complexity. They ranged from
practicing simple self-expression to managing more challenging
interpersonal conflicts. Some scenarios required players to
engage in assertive dialogue with in-game characters, while
others involved problem-solving tasks that fostered collaboration
and interpersonal growth.

Each scenario was crafted to mirror real-life social dynamics,
reflecting challenges that players might encounter outside the
game. Characters’ responses were programed to adapt based on
the player’s choices (eg, rewarding assertive behavior and gently
redirecting passive or aggressive actions). This dynamic
feedback system, integrated with the Love Coins scoring
mechanism, gave players the opportunity to experiment, reflect,
and adjust their behavior in real time.

Furthermore, gameplay elements such as timed responses and
branching dialogues ensured that the learning process remained
engaging while providing measurable feedback on behavioral
changes throughout the gameplay.

Bernstein
The name of the title we created using MCS is Bernstein.
Bernstein is an RPG with features such as puzzles and
exploration (Figures 1-3). The plot of our serious game focuses
on rescuing a friend who is trapped in a dungeon (Figure 3). To
do so, the player must enlist the help of people who are very
socially isolated and not assertive. Bernstein’s prototype was
created with the tool RPG Maker.

Figure 1. Avatars for the main character.

JMIR Serious Games 2024 | vol. 12 | e58452 | p.403https://games.jmir.org/2024/1/e58452
(page number not for citation purposes)

Lepe-Salazar et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Example of a conversation.

Figure 3. Example of the puzzles: Danger Room (left) and Confront Monster (right).

Narrative
The plot of the game takes place at the Bernstein Institute, a
boarding school located in what was previously a castle. Rumors
recently spread among the students, speaking of the existence
of a hidden treasure somewhere in the underground dungeon,
a restricted access section of the facilities. This draws the
attention of Leopold Stotch, the protagonist’s classmate, who
decides to venture out on a treasure hunt.

What Leopold did not know before embarking on a quest is that
this dungeon was designed with various mechanisms to ward
off intruders, some of supernatural origin. For that reason, he

gets trapped with no apparent way out. The game begins the
moment the player receives a call for help from Leopold. To
get to where his or her friend is, the player must make his or
her way through obstructed paths. To do so, the player will need
specific tools. Fortunately, everything needed by the player can
be found within the institute itself. However, the player will
have to convince the owners of said tools to cooperate.

To win, the player must help his or her new friends to overcome
their insecurities and become more assertive. By doing so, the
player can get the items needed to enter the section of the
dungeon where Leopold is trapped. A walkthrough of the game
is shown in Figure 4.
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Figure 4. Walkthrough of the game.

Gameplay
The game’s map is divided into 2 sections: the boarding school
and the dungeon (Figure 4). The boarding school is an open
area, which the player can freely explore. It is in this section
where the classmates who can help the player in his or her
adventure are found. In contrast, the dungeon is a closed space.
It has 6 doors that can be opened with a different object. Five
of these doors, when opened, lead to a puzzle that the player
must solve. The sixth door is where Leopold is trapped, so
opening it ends the game.

To win, the player must (1) earn many Love Coins by helping
his or her new friends to be more assertive, (2) get specific items
to open doors, and (3) solve the puzzles. The game has 3
different endings (good, regular, and bad). Which one the player
gets depends on the score he or she obtains.

Game Scenarios
To facilitate the understanding of the MCS present in the game,
we summarized the content of the game in Table 1. The first
rows present the name of the characters and the object they
possess. The subsequent rows break down the steps of MCS for
each character.
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Table 1. Game scenarios present in Bernstein.

Character

BeatrizElenaSamuelAbelFelix

Specific object

StethoscopeBatteryPickaxeBook of glyphsWrench

Step

Player learns that the
character sees every-
thing in a chaotic or
catastrophic way

Player learns that the
character is a perfection-
ist, she wants to do ev-
erything the “right”
way

Player learns that the
character thinks that
what he likes is not as
important and no one
cares

Player learns that the
character tries to be
better because he feels
obliged to

Player learns that the
character believes that
things will get awkward
or something will go
bad if he tells others
what he wants/needs

Step 1: Present
risk factor

Character is constantly
stressed about every-
thing

Character sees flaws as
unacceptable, even her
own

Character is very pes-
simistic

Character demands a lot
from others and is un-
happy

Character has no
friends, avoids talking
to others

Step 2: Show
consequences

Discussion topic: Learn
to tolerate uncertainty

Discussion topic:
Things can be good
without being perfect

Discussion topic: Learn
to see the good things
about oneself

Discussion topic: One
should do things that
one enjoys and likes

Discussion topic: We
cannot know everything
with absolute certainty,
we have to be open to
try new things

Step 3: Psychoe-
ducate

Talk about his piano
lessons

Talk about her camping
trips

Talk about treasures in
the boarding school

Talk about hobbiesTalk about machinesStep 4: Distract
with activities

The player must ana-
lyze the situation realis-
tically

The player must identi-
fy the negative and
positive side of things

The player must men-
tion his or her successes

The player must high-
light the importance of
not pleasing everybody

The player must try to
check whether what the
character thinks is true

Step 5: Evaluate
what was
learned

The character receives
a phone call about a
new project

The character begins to
worry when she sees
her leaves blown by the
wind

A colleague points out
that the world is cruel
and goals are not easily
met

The character’s older
brother appears to re-
mind him of his duties

A character appears
saying that it will not
go well for him

Step 6: Defend
the virtual pa-
tient

Sometimes things look
bad because you feel
bad about them

Rarely is something all
good or all bad

Your qualities do mat-
ter

You would feel better
saying “I would like
to...” instead of “I have
to...”

Interacting with others
may be better than you
expect

Step 7: Reflect
on benefits

Puzzle: Room of LightsPuzzle: Mayan TabletsPuzzle: Infinite Corri-
dor

Puzzle: Confront Mon-
ster

Puzzle: Danger RoomStep 8: Apply
knowledge

Closing argument: You
have to avoid getting
carried away

Closing argument:
Things do not have to
be perfect to be good

Closing argument: No
matter how adverse the
future looks, there will
always be good things
ahead

Closing argument:
Having the freedom to
decide is important

Closing argument: A
good outcome is always
possible

Step 9: Involve
the player

Evaluation
To explore the effects produced by our game, we compared
Bernstein with an alternative protocol in a controlled
intervention. For this purpose, we made use of a specialized
instrument to measure assertiveness. In addition to that, to learn
about the participants’experience, a brief survey was conducted.
With the information that we obtained, a quantitative analysis
was conducted. To report our results, we followed the guidelines
presented in the study by Montgomery et al [65].

Ethics Approval
The study received prior approval from the Universidad de
Colima ethics committee. All participants provided informed
consent, confirming that they had read and understood the
study’s purpose, procedures, potential risks, and their right to

withdraw at any time without consequences. Participant data
were collected and processed anonymously to ensure privacy.
Students were informed that participation was voluntary, with
no financial or material compensation provided.

Evaluation Instrument

Overview
To assess participants’ abilities before and after the trial, we
used the Spanish edition of the Rathus Assertiveness Schedule
(RAS) [66,67]. This version was selected due to its successful
implementation and validation throughout Latin America over
the years. Furthermore, independent studies have consistently
confirmed the RAS’s test-retest reliability, internal consistency,
and validity [68,69]. The RAS comprises 30 items designed to
evaluate a person’s assertiveness. Table 2 shows the
classification of results based on the scores obtained.
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Table 2. Classification of results.

ScoreCategory

–90 to –20Unassertive

–20 to 0Situationally unassertive

0 to 20Mildly assertive

20 to 40Assertive

40 to 90Likely aggressive

Alternative Protocol
The alternative protocol we chose for the comparison was an
adaptation of Your Perfect Right (YPR) [58]. YPR aims to
contribute to the development of assertiveness-related skills by
presenting and evaluating different scenarios (eg, dealing with
difficult people, handling criticism, and expressing feelings)
and by providing recommendations of best courses of action.
We decided to compare our approach with YPR as it is regarded
as the leading assertiveness training program and has been tested
by independent studies throughout the years [70,71]. It should
be noted that to save resources (eg, paper, printer ink, etc) and
to facilitate the execution of the intervention, an informational
website was created.

Participant Selection and Group Allocation
From January to December of 2022, students from 2 local high
schools were invited to participate in our intervention. The
selection criteria we established were (1) to be open to playing
a serious game (previous experience with games not necessary)
and (2) to have access to a computer with internet access. In
total, 100 students accepted our invitation (65 boys and 35 girls).
They were randomly and evenly divided into treatment and
control groups through a blocked randomization process with
block sizes of 4 people. The randomization was centrally
managed to ensure an unbiased allocation. The average age of
the participants was 17.59 years. In the end, only 92 participants
finished the experiment. The main reason why most did not
complete the study was a lack of time (eg, conflict with their
class schedule). To thank students for their participation, they
were offered extra credits in their computer science course (or
its equivalent).

Development of the Intervention
The intervention consisted of a single 90-minute session, with
both the treatment (Bernstein) and control (YPR) groups
following identical timelines. Due to COVID-19 health
concerns, all activities were conducted remotely.

At the start of the session, participants completed the Spanish
edition of the RAS as a pretest to assess their interpersonal skills

related to assertiveness before group allocation (treatment or
control). Participants received a secure link with detailed
instructions for accessing and completing the RAS. To ensure
accurate responses, they were advised to find a quiet space, and
additional measures were taken to enhance data reliability,
including monitoring submissions for completeness and allowing
only 1 submission per participant.

Following the pretest, participants engaged with either Bernstein
(treatment) or a YPR session (control) for approximately 60
minutes. The session concluded with the posttest RAS
assessment to measure any changes in assertiveness levels. To
maintain the quality of the experiment, steps were taken to
mitigate potential biases: (1) evaluator bias was minimized
through automated data collection, and (2) demand
characteristics were controlled by clearly explaining the
intervention’s purpose to participants [72].

It is important to note that, throughout the study, no adverse
events or unintended effects were observed.

Results

Treatment Group
A total of 46 students completed the intervention in the treatment
group. To protect their personal information, we assigned each
an identification code, which we used consistently throughout
the study (T1-T46). The scores they obtained before and after
playing can be seen in Table 3. To observe the effects produced
by Bernstein, we compared the pre- and posttest scores of the
participants using an inferential statistical test. The instrument
we chose for this purpose, based on experts recommendations,
was Student 1-tailed t test for paired samples [73,74]. Also
known as the paired 1-tailed t test, this instrument was used to
compare participants’pre- and postintervention scores and assess
the statistical significance of the observed differences. We
established the following null hypothesis: there is no difference
between participants’ scores before and after engaging with
Bernstein. As shown in Table 3, the analysis yielded a P value
below .05, suggesting that the intervention likely influenced the
outcome.

Table 3. Pre- and posttest scores of participants in the treatment and control groups.

P valuePosttest, mean (SD)Pretest, mean (SD)Group

.011.69 (29.48)–2.78 (25.93)Treatment

.04–2.39 (32.98)2.07 (25.69)Control
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Control Group
A total of 46 students completed the intervention in the control
group. To protect their personal information, we assigned each
one an identification code, which we used throughout the study
(C1-C46). The scores they obtained before and after playing
are shown in Table 3. To observe the effects produced by the
alternative protocol, we compared the pre- and posttest scores
of the participants using an inferential statistical test. The
instrument we chose for this purpose was also Student 1-tailed
t test for paired samples. The null hypothesis that we established
was the following: there is no difference between the results of
the participants before and after participating in a YPR session.
As shown in Table 3, at P<.05, we obtained a statistically
significant result.

Statistical Evaluation of the Results
Following expert recommendations, we conducted a one-way
ANOVA [73,74]. This analysis allowed us to compare the

effectiveness of Bernstein and the alternative protocol by
examining differences in score improvements between the 2
groups. The data that we used as input for this calculation were
the average of the effects observed in both groups (ie, difference
between pre- and posttest scores). The null hypothesis we
established was the following: there is no difference between
the results produced by Bernstein and the alternative protocol
(ie, YPR) in the development of interpersonal skills related to
assertiveness.

Table 4 shows the results of our calculations. The columns
included in this table are sum of squares, degrees of freedom,
mean square, F ratio, and P value of the null hypothesis being
true. As Table 4 shows, at P value of <.05, there is a statistically
significant difference between the 2 interventions, with the
results favoring Bernstein.

Table 4. Comparison of the results of the treatment and control groups with a one-way ANOVA.

P valueFcMSbdfSSaResults

.0067.8651809.3911809.39Between groups

——d230.029020702.56Within groups

———9122511.95Total

aSS: sum of squares.
bMS: mean square.
cF: F ratio.
dNot applicable.

Participant Experience
To learn more about the impression that participants had of
Bernstein, we asked them to respond to a form with both
open-ended and 5-item Likert-scale questions (with 1 being
totally negative and 5 totally positive). As the results suggest
(Table 5), in general, participants enjoyed the intervention and
had a pleasant experience. The highest rated factors were the

language used in the game and the scenery design. The factor
with the lowest score was the usability. When asked what
suggestions they had to improve Bernstein, students mentioned
the following: adding a checklist of the activities the character
must do, including directional arrows to guide the character,
adding more engaging sound effects, including side quests to
improve the player’s game stats, and adding a navigation map.

Table 5. Evaluation of Bernstein.

Value, mean (SD)Criterion

3.63 (1.21)Usability

4.43 (0.91)Language used

4.09 (1.07)Narrative

3.74 (1.11)Relationship with expectations

3.98 (1.06)Character design

4.17 (1.07)Scenery design

3.74 (1.09)Navigation

3.72 (1.29)Activities

3.85 (1.06)Satisfaction

4.02 (0.89)Experience
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Discussion

Principal Findings
Bullying is a serious psychosocial problem that affects a
significant number of young people. To help mitigate its
consequences, we created Bernstein, a serious game that
promotes the protective factor of assertiveness. To assess its
effects, we carried out an exploratory trial with students from
local high schools. As the results show, with P<.05, we obtained
statistically significant results, confirming the feasibility of
promoting assertiveness through Bernstein.

In contrast, despite having obtained a statistically significant
value, the effects of a single YPR session (the alternative
protocol) were moderately negative. YPR was originally
designed to be delivered over multiple sessions, so compressing
it into a single session likely contributed to its limited impact.
Future research should explore alternative delivery protocols,
including cumulative sessions, to better enhance assertiveness
outcomes.

One way to estimate the effect size of an intervention, including
those that seek to promote the protective factor of assertiveness,
is to determine Cohen d for the values measured pre- and
posttest [28,29,75]. Results of d can be interpreted as follows:
0.5 as small, from 0.5 to 0.8 as medium, and those 0.8 as large.
For Bernstein, we obtained a Cohen d of 0.15885. These findings
are consistent with results from similar interventions [28,29].
Although the effect size may be classified as small, research
suggests that even modest improvements in assertiveness can
yield meaningful real-world outcomes. Assertiveness enables
students to resist peer pressure, navigate interpersonal conflicts,
and express personal boundaries effectively, without resorting
to aggression [29,57]. Consequently, incremental yet sustained
gains in assertiveness have the potential to enhance resilience,
strengthen peer relationships, and reduce the risk of bullying
incidents.

To assess participant experience, we used a brief Likert-5
questionnaire. The highest rated features were language (4.43)
and scenery design (4.17), while usability (3.63) and activities
(3.72) scored lower, pointing to areas for improvement.
Participants suggested adding activity checklists, directional
arrows for navigation, and more engaging sound effects. These
insights highlight key opportunities for future iterations.
Improving usability will enhance player experience and better
align game mechanics with mental health goals. Planned updates
include clearer visual cues such as in-game maps, side quests
to foster autonomy, new branching storylines to provide more
opportunities for practicing assertiveness in varied contexts,
and redesigned activities to sustain engagement and motivation.

While our study demonstrated the feasibility of promoting
assertiveness through Bernstein, conducting the trial remotely
introduced limitations. Without in-person guidance, participants
missed opportunities for immediate feedback, which could have
enhanced engagement. Real-time facilitator support, available
in face-to-face settings, would allow for clearer guidance,
encouragement, and correction during gameplay.

Although remote execution ensures safety and accessibility,
follow-up studies should aim to compare remote and in-person
interventions to better understand how delivery mode influences
outcomes. A hybrid approach may ultimately strengthen
Bernstein’s impact and scalability.

Another limitation of this exploratory trial is the relatively small
sample size of the intervention, which restricts the
generalizability of the findings. Future interventions with larger,
more diverse participant groups are necessary to strengthen
external validity and provide more conclusive evidence of
Bernstein’s effectiveness.

Bernstein simulates realistic social situations, allowing players
to practice expressing needs, setting boundaries, and managing
peer pressure—skills directly relevant to school and social
environments. Future research should explore the real-world
impact of these skills through longitudinal studies, follow-up
assessments, or hybrid interventions that combine gameplay
with guided reflection or role-playing exercises.

While the RAS is a reliable tool for measuring assertiveness,
its scope is primarily limited to behavioral expressions (ie,
without explicitly evaluating underlying thought patterns or
decision-making processes). Incorporating complementary
metrics (eg, resilience, empathy, and cognitive or emotional
regulation scales) would provide a more holistic assessment of
Bernstein’s impact. Future studies should explore these
additional dimensions to gain deeper insights into how the game
influences players.

Bernstein is not the first serious game that seeks to contribute
to the solution of the problem of bullying. Although there are
other examples, to our knowledge, it is the only title that focuses
on promoting the protective factor of assertiveness for that
purpose. Future experiments with larger samples will be crucial
to compare Bernstein’s effectiveness with other interventions
and to validate its distinctiveness.

Lessons Learned
The results obtained through the application of MCS were
satisfactory. In its current iteration, it offers a comprehensive
framework that facilitates the design of games capable of
promoting protective factors as well as reducing risk factors,
all while maintaining a targeted focus.

While serious games offer many benefits, they often fall short
in replicating the complexities of real-world scenarios [76].
MCS, however, empowers creators to design games that more
effectively capture and simulate nuanced, multilayered
situations. As demonstrated in this study, it has proven to be an
effective tool for crafting settings that reflect real-life challenges,
enabling a more immersive and impactful experience for players.

We also identified areas for improvement. The Love Coin
system functions as a cognitive-behavioral feedback mechanism,
rewarding actions aligned with the game’s therapeutic goals.
However, it may unintentionally bias player choices by
encouraging reward-seeking over authentic exploration, leading
players to prioritize earning coins over experimenting with
diverse responses. This can limit deeper learning and reduce
the sense of freedom, affecting the realism of their recovery
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journey. Future versions could implement more balanced
scoring, rewarding effort, exploration, and varied strategies to
promote meaningful engagement.

Furthermore, we assessed the benefits of implementing MCS
for a specific issue. To ascertain its effectiveness to address
different mental problems, additional validation would be
required.

Conclusions
Bullying, characterized by physical, verbal, and psychological
aggression, continues to pose significant challenges in
educational settings worldwide. As official data suggest, Mexico
holds the highest global incidence of school bullying. This
highlights the urgency of finding innovative and effective
solutions to mitigate its impact on students’ well-being.

In response, we developed Bernstein, a serious game aimed at
promoting assertiveness—identified as a key protective factor
against bullying. Through the MCS methodology, grounded in
CBT principles, Bernstein provides an interactive and immersive
environment for players to develop interpersonal skills. The
results of our intervention suggest that the game is a feasible
tool for fostering assertiveness, with statistically significant
improvements observed at P<.05.

While these findings are promising, it is essential to explore
Bernstein’s efficacy in comparison with other bullying
prevention interventions. Existing approaches, such as
assertiveness training workshops, institutional awareness
campaigns, and teacher-led interventions, have shown varying
degrees of success. However, Bernstein offers a unique, scalable,

and engaging alternative through a serious game, which may
appeal to adolescents and allows them to practice assertive
behaviors in a safe, controlled environment.

The potential for broader impact lies in integrating Bernstein
into school curricula. Unlike traditional interventions that rely
heavily on lectures or role-playing exercises, Bernstein immerses
students in realistic situations, enabling experiential learning at
their own pace. Furthermore, the game could complement other
antibullying strategies, such as peer mentoring or mental health
support services, providing a well-rounded toolkit for educators.

Future research should focus on expanding Bernstein’s
implementation across diverse educational settings to evaluate
its long-term impact and scalability. Collaborating with schools
to integrate the game into regular curricula would allow for a
more comprehensive evaluation of its effectiveness.
Furthermore, comparative, “in-the-wild” studies with other
antibullying programs could yield insights into how serious
games such as Bernstein stack up against conventional
interventions in promoting assertiveness and reducing bullying
incidents.

The findings presented here showcase the feasibility of using
Bernstein to promote assertiveness. While further validation
with larger samples is needed, the results offer promising
evidence that game-based interventions can play a meaningful
role in mitigating bullying. With proper support and integration
into educational practices, Bernstein has the potential to become
a valuable tool in the ongoing effort to combat bullying and
foster healthier school environments in Mexico and worldwide.
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Abstract

Background: Effective interprofessional teamwork is vital for ensuring high-quality patient care, especially in emergency
medicine. However, interprofessional education often fails to facilitate meaningful interaction among health care disciplines. It
is therefore imperative to afford early opportunities for cultivating interprofessional teamwork skills. While in-person
simulation-based training has been shown to improve performance, this is resource-intensive, especially if it involves multiple
professions. Virtual reality (VR)–based training is an innovative instructional approach that demands fewer resources and offers
the flexibility of location-independent learning.

Objective: This study aimed to develop and evaluate the acceptance, learning outcome, and feasibility of an interprofessional
team (INTEAM) training course that included a VR simulation of a neurological emergency case.

Methods: This 1-group study used a pre- and posttest design to evaluate the 2-hour INTEAM training course for nursing and
medical students. The course included an e-learning part, VR simulation, and debriefing. The main learning objectives were
derived from the entrustable professional activity 6, namely to handle a common problem in emergency medicine (headache due
to subarachnoid hemorrhage and epileptic seizure) that requires interprofessional collaboration, including a structured handover.
We used validated and self-constructed questionnaires, pre- and posttests, and open questions to assess the acceptance, learning
outcome, and feasibility of the course.

Results: The data of 42 students (21 nursing and 21 medical students) were analyzed and showed good usability in the System
Usability Scale (median 72.5, IQR 65‐80). The perception of usefulness (median 6, IQR 5.8‐6.9) and ease of use (median 5.9,
IQR 5.1‐6.3) was good among all students. There was a significant increase in the handover performance from pre- (median 8,
IQR 6‐9) to posttraining (median 8, IQR 7‐9; z=−2.01; P=.045; r=0.33) and of the confidence in caring for patients with
seizures (median 3, IQR 2‐3 and median 3.5, IQR 3‐4, respectively; z=−3.8; P<.001; r=0.60). In 67% (14/21) of the simulations,
technical issues occurred, but all simulations could be carried out completely.

Conclusions: The new INTEAM training course was well received by nursing and medical students. The handover skills and
confidence in caring for patients with seizures were improved after the course. Despite technical challenges with the VR simulations,
none required termination, and this demonstrates that our approach is feasible. These promising results encourage the use of VR
simulations for team training in the education of nursing and medical students.

(JMIR Serious Games 2024;12:e57117)   doi:10.2196/57117

KEYWORDS

medical education; simulation; virtual reality; VR; emergency medicine; interprofessional team training; nursing students; medical
students; evaluation study; assessment; effectiveness; patient care; simulation-based training; hemorrhage; epileptic seizure;
headache

Introduction

In all branches of medicine, seamless collaboration between
health care professionals, such as physicians and nurses, is
essential in achieving optimal patient care and a high level of

patient safety [1-3]. This need is particularly pronounced in
emergency medicine, where rapid and coordinated teamwork
is critical to managing life-threatening situations [2]. Although
teamwork is so important for patient outcomes, there is hardly
any time to practice this during work [4], especially in the
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emergency department. One way to counteract this is to integrate
interprofessional education (IPE) into the curriculum of health
professionals [2,5-7]. IPE involves students from at least 2
different health care professions, who must learn to understand
their respective roles and responsibilities and practice their
communication skills and thereby enhance their ability to work
seamlessly together in real emergency situations [4,7-10].

The importance of IPE during undergraduate studies is widely
recognized, and efforts are underway worldwide to integrate
this into health care education [4,11-13]. In Switzerland, for
example, the Federal Law on Health Professions requires
“familiarity with the interaction between different health
professions” as a necessary expertise for graduates [14].
Consequently, Swiss nursing education has made progress in
promoting interprofessional collaboration through joint
educational activities involving diverse professions, such as
midwives, nutritionists, and physiotherapists [15]. In Swiss
medical education, the importance of interprofessional work
has also been recognized, as is seen in its inclusion in the
medical licensing examination. However, it has not been
consistently integrated into the curriculum [16]. Previous
interprofessional courses have faced challenges and some have
been discontinued, in part due to the COVID-19 pandemic
[17,18]. As a result, there remains a lack of interaction between
nursing and medical students. Addressing this issue is critical
given the lifelong collaboration between these professions in
the medical field.

To foster interprofessional collaboration and enhance student
teamwork skills, team training is an effective approach, as
evidenced by numerous reviews [5-7,19]. Team training is
commonly conducted through real-life simulations, “a
technique...to replace or amplify real experiences with guided
experiences, often immersive in nature, that evoke or replicate
substantial aspects of the real world in a fully interactive
fashion” [20]. Such simulations are frequently carried out in
simulation centers, although these require substantial resources,
and this limits their accessibility [6,21]. Virtual reality
(VR)–based training is an innovative and resource-efficient
alternative, which offers immersive experiences that simulate
real-world scenarios [22,23]. Current research suggests that VR
simulations are at least as effective as real-life simulations and
offer advantages such as reduced costs, accessibility, and the
ability to practice challenging scenarios [24-28].

Our objective was therefore to develop and evaluate an
interprofessional team (INTEAM) training course for students
that uses a VR simulation to provide them with an authentic
training experience of handling an emergency case, coupled to
interprofessional communication. We now report the
development, content, and evaluation of the INTEAM training
course “Patient handover and headache.” We specifically aimed
to assess the acceptance (usability, VR-induced sickness, sense
of presence, workload, user satisfaction, and technology
acceptance) of the VR simulation among nursing and medical
students, with comparisons between study programs and
genders; its learning outcome among nursing and medical
students, including comparisons between study programs; and
its feasibility.

Methods

Study Design and Setting
In this evaluation study, a 1-group pre- and posttest design was
used. Data collection took place in May 2023 digitally and in
a training facility of the University Hospital of Bern,
Switzerland.

Beyond the reported data, additional data on the validation of
the TEAM (Team Emergency Assessment Measure) instrument
[29] collected during the project was reported elsewhere [30].
The data presented in the 2 papers do not overlap, with the
exception of demographic information.

Ethical Considerations
The local ethics committee (Kantonale Ethikkommission Bern)
deemed our study to be exempt from full ethical approval, as it
is not covered by the Human Research Act (BASEC-Nr:
Req-2023‐00208).

Participants and Eligibility Criteria
The study population was a convenience sample of adult (≥18
years of age) final-year medical students of the University of
Bern and adult (≥18 years of age) final-year bachelor nursing
students of Bern University of Applied Sciences. The project
was presented to them by their teachers. Students could
volunteer for the course at their university (nursing) or enroll
themselves through the course portal (medicine) as one of
several optional courses in the spring semester. No compensation
was provided. Written informed consent for study participation
and publication of study results was obtained from each student.

Exclusion criteria included unwillingness to participate or give
informed consent. Students experiencing epilepsy or other
sensitivity to flashing light were also excluded.

Training Course

Overview
The development of the INTEAM training course in emergency
medicine involved experts from various disciplines, including
emergency physicians, nurses, medical educators, and
psychologists, who determined the learning objectives based
on the entrustable professional activity (EPA) and designed the
course content and material and the VR case scenario. Given
the course’s focus on EPA 6—“Recognize a patient requiring
urgent/emergency care, initiate evaluation and management”
[16]—the team specifically selected a common emergency
medical scenario that required seamless interprofessional
collaboration, including 2 structured handovers.

To reduce the time needed for the on-site training, we decided
to include an e-learning part that had to be accomplished at
home in preparation of the on-site part. The e-learning part
aimed at refreshing the major contents of the simulation
(headache with red flags, epileptic seizure, and the handover
tool “Introduction, Situation, Background, Assessment, and
Recommendation” [ISBAR] [31-33]), which had already been
covered by the respective curricula.
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The on-site part was scheduled for 3 consecutive days, with
each day consisting of 3 separate 3-hour time slots. Per slot, 6
students were invited (3 nursing and 3 medical students), as we
had 3 rooms and 3 moderators available. Upon arrival, students
were given a prebriefing and an orientation tour to introduce
them to the upcoming VR simulation. In the VR simulation, the
nursing and medical students had the opportunity to practice
their future role as nurses or physicians, including their
teamwork, as interprofessional pairs in a specific emergency
situation. After the simulation, students participated in a
debriefing to reflect on their experience and learning points.

e-Learning
Students received a link to the e-learning part approximately 1
week before the on-site session. The e-learning part consisted
of 2 videos of 10 minutes each. In the first video, an emergency
physician and an advanced practice nurse—with the support of
a facilitator—gave an overview of headaches and epileptic
seizures (ie, clinical manifestation, diagnostics, and therapy)
and shared their best practices. In the second video, the same
team presented the dos and don’ts of handovers and emphasized
the ISBAR handover tool together with a typical demonstration.
Students were also pointed to a written summary of the
presentation, further examples, and background material.

VR Simulation

Development

The interdisciplinary author team developed the simulation case,
with input from a company for immersive technologies in the
health care sector (StellDirVor GmbH). The implementation in
VR was carried out by the VR medical simulation company
SimX.

The case displayed a male, 56-year-old patient initially
presenting to the emergency department with a thunderclap
headache and subtle neurological findings and then progressing
to a generalized tonic-clonic epileptic seizure due to
subarachnoid hemorrhage. The developers carefully considered
the main learning objectives (following EPA 6): emergency
management of a patient with thunderclap headache and
epileptic seizure (including history taking); physical (including
neurological) examination; use of the ABCDE (Airway,
Breathing, Circulation, Disability, Exposure) approach [34] in
the emergency setting; drug therapy; and conducting a structured
handover using ISBAR.

Technical Details and Simulation Setup

The VR simulation setup consisted of the application of a fully
immersive semiautomated supervised-learning VR training
scenario using a Meta Quest 2 VR headset with Elite Straps
with built-in battery, touch controllers (Meta Platforms, Inc),
and noise-canceling headphones (JBL Tune 760NC). The VR
simulation was controlled by a moderator using an OMEN
Gaming Laptop by HP (HP Development Company), giving
the appropriate prerecorded verbal responses and initiating the
appropriate physiological patient response. There were 3
moderators (2 medical students and 1 PhD student with a
background in nursing) and a coordinator (PhD student with a
background in psychology) who received training from the
study team for approximately 5 hours in the emergency scenario
and the technical setup. We deliberately selected students as
moderators, in concordance with the principles of peer-tutor
teaching. The coordinator also served as a substitute moderator
and was familiar with the VR system to help the moderators
troubleshoot technical issues.

Prebriefing

At the beginning of the on-site part, we conducted a prebriefing
with all 6 students to communicate the key aspects, including
safety guidelines for the VR experience. We emphasized the
importance of creating a safe learning environment and assured
students that their performance would only be analyzed for
study purposes and in pseudonymized form. We also made clear
that the main aim of the course was not to assess their clinical
skills but rather to explore the use of VR and an interprofessional
course as an effective learning tool.

Orientation Tour

After the prebriefing, students were randomly assigned to pairs
of a nursing and a medical student. Each pair was accompanied
to a separate room by one of the moderators. Prior to the VR
simulation, the student pairs were guided through the VR
environment by the moderator in a standardized procedure.
During this orientation tour, the team could familiarize
themselves with their virtual surroundings and practice how to
interact with the virtual environment. They were informed that
their teammates’ avatars would just be displayed as heads and
hands in VR (Figure 1) due to the technical setup of the
simulation software. The students were also instructed to speak
in standard German, without using dialects, but the patient would
respond in English.
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Figure 1. Participants in the VR simulation (A) in the real training room and (B) in the VR patient room. The circles illustrate the corresponding avatars.
VR: virtual reality.

Content of VR Simulation

Before entering the virtual patient room, the nursing student
received a brief written instruction from the moderator:

You are a nurse working in a local hospital. You are
called to a room in the emergency department to see
a new patient. The patient has walked in on his own
and has not yet been seen by a physician. Please
perform the initial assessment. The physician will
soon come to support you. The physician on duty will
knock on the door and then support you.

The student nurse then started to take the history and
examination of the patient who presented with a severe headache

and who was accompanied by his wife (nurse assessment, Figure
2). In the meantime, the medical student stayed in the same
(physical) room, but was unable to watch or listen to the
nurse-patient interaction, and also received written instructions:

You are a physician working in a regional hospital.
You are called to see a new walk-in patient in the
emergency department. The nurse is already there
and asks for your assistance. If you hear the knock
[of the moderator], you can enter and introduce
yourself to the nurse. If you don't get a handover from
the nurse, ask for one.

Figure 2. Virtual reality simulation scenario.

The medical student entered the VR simulation after 5 minutes,
and the first handover from the nursing student to the medical
student took place. The team was then able to continue taking
the history and physical (including neurological) examination
(team assessment). After 9 minutes (in total), the patient had
an epileptic seizure, which required emergency care such as
placing him in a stable side position and administering oxygen
and medications. The seizure lasted until it was treated with
benzodiazepine or anticonvulsants or ceased spontaneously
without treatment at minute 17. After the seizure, the patient
was unresponsive for 3 minutes (postictal), after which his
cognitive state gradually improved. During this phase (team
treatment), the students were able to order further diagnostics
and call the attending physician. The VR simulation ended with

either a self-initiated handover to the attending physician or a
moderator-triggered handover at minute 23 via telephone.

Debriefing
The 30-minute lasting debriefing was conducted after the VR
simulation by the moderators according to a debriefing
guideline. The guideline was developed from an expert in
simulation training (TCS) following the 3D Model of Debriefing
[35] and included 4 subjects: defusing (How did it go? How did
it feel?); discovering, including medical aspects (What was the
medical problem? What did you do?); handover (Did you get
all the information? What were the problems?); and deepening
(What have you learned for the interprofessional teamwork?
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What will you take with you to the next emergency handover?).
The debriefing session was neither recorded nor analyzed.

Data Collection

Overview
Before and after the VR simulation, we administered
questionnaires as outlined in Table 1. The self-constructed
questionnaires can be found in Multimedia Appendix 1.

Table . Overview of all questionnaires.

Point in timeQuestionnaireCategory and variable measured

Baseline

Baseline (approximately 2 weeks
before the on-site part)

Self-constructed questionnaire (dig-
ital)

Age, gender, study program, prior
medical education (eg, health care
assistant), previous experience with

VRa simulation and gaming, previ-
ous communication training

PresimulationSelf-constructed questionnaireVisual aid

PostsimulationSelf-constructed questionnaireAcquaintance

Acceptance

PostsimulationSystem Usability Scale [36]Usability

PostsimulationSimulator Sickness Questionnaire
[37]

VR-induced sickness

PostsimulationSlater, Usoh, and Steed [38]Sense of presence

PostsimulationNASA-Task Load Index [39]Subjective workload

PostsimulationUser Satisfaction Evaluation Ques-
tionnaire [40]

User satisfaction

PostsimulationFast Form-Technology Acceptance
Model [41]

Technology acceptance

Learning outcomes

Baseline and postdebriefingClinical case vignette 1 and 2 (digi-
tal) and rated with Handover Assess-
ment Tool [42]

Handover skills

Baseline and postdebriefingSelf-constructed questionnaireConfidence

PostsimulationTraining Evaluation Inventory [43]Perceived effectiveness

Feasibility

On-site partSelf-constructed questionnaire
(moderator)

Duration, technical problems, atten-
dance of on-site part

PostdebriefingSelf-constructed questionnaireEvaluation of the e-learning, VR
simulation, and debriefing regarding
the achievement of the learning ob-
jectives, grade, and suggestions for
improvement

PostdebriefingFree textOverall comments (regarding feasi-
bility)

aVR: virtual reality.

Baseline Data
All students had to fill in a web-based questionnaire via
SosciSurvey before starting the INTEAM training course. The
link to the questionnaire was sent to students approximately 2
weeks before the on-site session and 1 week before the
e-learning. It included questions about sociodemographic factors
(age, gender, study program, and prior medical education),
previous experience with VR simulation and gaming, and
previous communication training (in hours). The use of visual

aids was assessed in a survey right before the VR simulation.
The students were also asked whether they knew their assigned
team partner.

Acceptance
The following questionnaires were completed by the students
immediately after the VR simulation.

Usability was assessed using the System Usability Scale (SUS)
[36], which consisted of 10 questions to be rated on a 5-point

JMIR Serious Games 2024 | vol. 12 | e57117 | p.419https://games.jmir.org/2024/1/e57117
(page number not for citation purposes)

Neher et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Likert scale, ranging from 1=strongly disagree to 5=strongly
agree. Ratings were then converted so that the resulting SUS
score ranges from 0 to 100, with scores lower than 50 being
regarded as concerning [36,44].

VR-induced sickness was assessed with the Simulator Sickness
Questionnaire (SSQ) [37], where the students had to rate 16
symptoms (eg, nausea and headache) on a 4-point Likert scale
from 0=none to 3=severe. Ratings were then converted into 3
subscores and a total score. A total SSQ score above 20 is an
indicator of a poor simulator according to Stanney et al [45].

Sense of presence in the virtual world was assessed using the
6-item questionnaire developed by Slater, Usoh, and Steed
[38,46], using a semantic differential scale (eg, 1=being
elsewhere and 7=sense of being in the virtual environment),
with a mean score of 7 representing the strongest sense of
presence.

Perceived subjective workload was assessed using the NASA
(National Aeronautics and Space Administration)–Task Load
Index (NASA-TLX) [39]. The NASA-TLX was calculated by
weighting 6 dimensions (mental demand, physical demand,
temporal demand, performance, effort, and frustration) assigned
by the respondent, with each dimension’s rating, and summing
these weighted values. The calculated total score can range from
0 to 100, with higher scores indicating more perceived subjective
workload.

User satisfaction was assessed using the User Satisfaction
Evaluation Questionnaire [40], comprising 6 questions with a
5-point Likert scale from 1=not at all to 5=very much. The total
score can range from 6=poor satisfaction to 30=excellent
satisfaction.

Technology acceptance was measured using the Fast
Form-Technology Acceptance Model (FF-TAM) [41,47],
comprising 12 items scored on a 7-point semantic differential
scale (eg, 1=ineffective and 7=effective). The FF-TAM mean
score ranges from 1 to 7. Higher scores reflect an increased
likelihood of technology acceptance based on the subscales
usefulness (items 1‐6) and ease of use (items 7‐12).

Learning Outcome
As one of the learning objectives was to practice a structured
handover using ISBAR, handover skills were assessed with a
pre- and posttest to assess the training’s learning outcome. The
pretest took place as part of the web-based questionnaire
mentioned earlier prior to the commencement of the e-learning.
For this, students were given 4 minutes to read a clinical case
vignette (case 1) and take notes. The screen then automatically
showed the next page, where they were instructed to record a
verbal, structured handover of the case within 1 minute. The
posttest took place after the debriefing, following the same
procedure as in the pretest, now with a different clinical case
vignette (case 2; Multimedia Appendix 2). Both handovers were
transcribed and assessed by 1 trained rater (ANN) using the
Handover Assessment Tool (HAT) [42], which was adapted for
our study purposes (Multimedia Appendix 3). The tool
comprises 12 items and follows the ISBAR framework, resulting
in a total score of 0‐12 points, with higher values indicating
better adherence to the ISBAR framework. To capture the

perceived learning outcome, confidence was assessed at baseline
in the web-based survey and after the INTEAM training course
using a self-constructed 4-item questionnaire (“rate your
confidence when (1) caring for a patient with a seizure, (2)
making a structured handover of an emergency patient, (3)
recognizing when to call for help in an emergency situation,
and (4) working with a person from another profession”) on a
5-point Likert scale (1=very low to 5=very high). The
confidence items were based on items from Kolbe et al [12] and
have already been tested in a study by Birrenbach et al [48] as
well as in the pilot.

In addition, the perceived effectiveness of the VR simulation
was measured immediately after the simulation using the
Training Evaluation Inventory [43], which consists of 17
statements regarding 5 subscores: subjective enjoyment,
perceived usefulness, perceived difficulty, subjective knowledge
gain, and attitude toward the training, scored on a 5-point Likert
scale ranging from 1=strongly disagree to 5=strongly agree.

Feasibility
To assess the feasibility of the training, notes were taken by the
moderator on the duration of the orientation and the VR
simulation as well as on any technical problems or other
comments regarding the on-site part. The notes of all training
were summarized and analyzed descriptively.

The students also evaluated the e-learning, the VR simulation,
and the debriefing separately after the debriefing session by
answering 3 questions: “How well did this part contribute to
achieving the learning objectives?” (1=not at all to 6=very well),
“What grade would you give this part?” (1=worst to 6=best),
and “Do you have any suggestions for improvement?” (free
text). Students were also asked to write down their most
important learning experience during the course (free text).
There was also space for overall comments regarding feasibility
(free text). The free-text responses were coded by one of the
authors (ANN), then summarized, and analyzed descriptively.

Statistical Analysis
The data were analyzed using SPSS (version 28.0; IBM Corp)
and stored in pseudonymized form. Only the data of complete
teams were analyzed. Descriptive statistics, the Mann-Whitney
U test, and the Fisher exact test were used to compare the
baseline characteristics between groups.

Wilcoxon signed rank tests were performed for pre- and
postsimulation comparisons (ie, handover skills and confidence).
The Mann-Whitney U test was used to compare the
questionnaire results of medical with those of nursing students
and of women with those of men. A P value of <.05 was
considered statistically significant.

Results

Overview
As shown in Figure 3, 54 students enrolled in the course. Among
them, 46 completed the e-learning part. Due to no-shows, 4
students had no team partner for the VR simulation. In these
cases, the nonpaired students were still invited to conduct the
simulation in a modified manner (shorter, moderator as a
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partner) but excluded from the evaluation. The final sample
thus comprised 42 students, including 21 nursing and 21 medical

students.

Figure 3. Flowchart. VR: virtual reality.

Sample Characteristics
Table 2 shows the demographic characteristics of our final
sample. One nursing student did not complete the baseline
questionnaire, but gender and course of study were used, as this
was known. Only 1 team was familiar with each other; they had

known each other for 6 years. Nursing students differed from
medical students in terms of age, prior medical education, and
hours of communication training, which may be explained by
the different lengths of their curricula (nursing 3 years and
medicine 6 years).
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Table . Baseline characteristics.

P valueTotal (n=41)Medical students (n=21)Nursing students (n=20)Characteristics

<.001a , b25 (23‐26)26 (25‐28.5)23 (22‐24)Age (years), median (IQR)

.06a26 (62)d10 (48)16 (76)cFemale, n (%)

.48aVisual aids, n (%)

11 (27)6 (30)e5 (24)c    Glasses

7 (17)4 (20)e3 (14)c    Lenses

.006 a14 (8.5‐20)15 (12‐25)8.5 (7‐18.8)Communication training
(hours), median (IQR)

.007 a6 (15)0 (0)6 (30)Prior medical education, n
(%)

.13fPlaying computer games, n (%)

4 (10)2 (10)2 (10)    Several times a week

5 (12)4 (19)1 (5)    About weekly

4 (10)0 (0)4 (20)    1‐2 times per month

6 (15)5 (24)1 (5)    1‐2 times per year

5 (12)2 (10)3 (15)    Less than 1‐2 times per
year

17 (42)8 (38)9 (45)    Never

.44fVirtual reality simulations, n (%)

0 (0)0 (0)0 (0)    Several times a week

0 (0)0 (0)0 (0)    About weekly

1 (2)0 (0)1 (5)    1‐2 times per month

1 (2)1 (5)0 (0)    1‐2 times per year

11 (27)7 (33)4 (20)    Less than 1‐2 times per
year

28 (68)13 (62)15 (75)    Never

aMann-Whitney U test.
bSignificant values are present in italics format.
cn=21.
dn=42.
en=20.
fFisher exact test.

Acceptance
To quantify the acceptance of the VR simulation, we report the
median scores of the usability, VR-induced sickness, sense of

presence, subjective workload, user satisfaction, and technology
acceptance scales (Table 3).
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Table . Acceptance variables.

P valueaTotal (n=42), median (IQR)Medical students (n=21),
median (IQR)

Nursing students (n=21),
median (IQR)

Usability: SUSb (score ranges 0 to 100, higher=better)

.3472.5 (65-80)77.5 (67.5‐80)70 (65‐81.3)    Total score

Virtual reality–induced sickness: SSQc (total score ranges 0 to 236, higher=more symptoms)

.3426 (11‐41)26 (13‐37)30 (11‐43)    Total score

.1119.1 (9.5‐28.6)19.1 (0‐28.6)19.1 (9.5‐28.6)    Nausea

.9937.9 (15.2‐60.6)37.9 (15.2‐60.6)45.5 (15.2‐60.6)    Oculomotor

.6641.8 (27.8‐73.1)41.8 (27.8‐62.6)41.8 (20.9‐83.5)    Disorientation

Sense of presence: Slater, Usoh, and Steed (score ranges 0 to 7, 7=strongest sense of presence)

.864.8 (4.1‐5.5)4.5 (3.9‐5.5)5 (4.3‐5.4)    Total score

Subjective workload: NASA-TLXd (score ranges 0 to 100, higher=more workload)

.8964.5 (59.6‐70.7)64.7 (55.2‐71.3)64.3 (60‐69.2)    Total score

User satisfaction: USEQe (score ranges from 6=poor satisfaction to 30=excellent satisfaction)

.9325 (22.8‐27)25 (23‐27)24 (21.5‐28)    Total score

Technology acceptance: FF-TAMf (score ranges from 1 to 7, higher=better)

    Subscore

.786 (5.8‐6.9)6 (5.5‐6.5)6.3 (5.8‐6.8)        Usefulness

.495.9 (5.1‐6.3)5.8 (5.3‐6.3)6 (4.7‐6.3)        Ease of use

aMann-Whitney U test.
bSUS: System Usability Scale.
cSSQ: Simulator Sickness Questionnaire.
dNASA-TLX: NASA-Task Load Index.
eUSEQ: User Satisfaction Evaluation Questionnaire.
fFF-TAM: Fast Form-Technology Acceptance Model.

Usability was rated as good (SUS: median 72.5, IQR 65-80 of
a maximum of 100). SSQ analysis showed moderate VR-induced
sickness, primarily due to eye-related problems (eg, difficulty
focusing and blurred vision). Perceived participant presence
(Slater, Usoh, and Steed) was good, with a median rating of 4.8
(IQR 4.1-5.5) of a possible 7. Students also expressed positive
satisfaction (User Satisfaction Evaluation Questionnaire) with
the system, giving a median score of 25 (IQR 22.8-27) of a
maximum 30. Moreover, technology acceptance (FF-TAM)
was deemed satisfactory, with a usefulness median of 6 (IQR
5.8-6.9), and an ease of use median of 5.9 (IQR 5.1-6.3) of a
possible 7. However, the workload was rated as notably high,
as evidenced by a NASA-TLX median score of 64.5 (IQR
59.6-70.7) of 100.

As can be seen in the last column of Table 3, there were no
significant differences between nursing and medical students
(all P≥.11). However, there were significant differences between
female (median 71.3, IQR 62.5‐80) and male students (median
78.8, IQR 70.6‐86.3) in the total score of the SUS, with male
students rating usability higher (z=−2.380; P=.02; r=0.37).
Additionally, female students (median 35.5, IQR 20.3‐49.8)
had significantly higher scores than male students (median 20.5,
IQR 8‐26) in the total score of the SSQ (z=−2.586; P=.01;
r=0.39) and its subscore disorientation (median 62.6, IQR

27.8‐90.5 and median 34.8, IQR 13.9‐52.2, respectively;
z=−2.481; P=.01; r=0.38).

Learning Outcome
For 36 students, we obtained complete recordings of the pre-
and posttests on handover skills, which were evaluated with the
HAT [42]. The recordings of 5 nursing students and 1 medical
student could not be evaluated due to recording errors (blank
recording, recording canceled, and recording not executed).
Results indicated that nursing students had a lower pretest score
than medical students (median 7, IQR 5‐8 and median 8, IQR
7‐9, respectively; z=−1.93; P=.045; r=0.33). The HAT score
(all students) showed a significant increase from the pretest
(median 8, IQR 6‐9) to posttest (median 8, IQR 7‐9; z=−2.01;
P=.045; r=0.33).

For 41 students, we obtained complete pre- and postdebriefing
confidence ratings (1 student did not fill out the pretest). At
pretest, students rated their confidence as medium to high (Table
4). For 2 items (caring for patient and call for help), ratings
improved at posttest but not for the other 2 (z=−3.8; P<.001;
r=0.60 and z=−3.0; P=.003; r=0.47, respectively). Interestingly,
medical students indicated lower confidence than nursing
students at pretest for the item “working interprofessionally”
(z=−2.3; P=.02; r=0.36).
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Table . Confidence.a

Total (n=41)Medical students (n=21)Nursing students (n=20)Confidence:
items

P valuebPost, median
(IQR)

Pre, median
(IQR)

P valuebPost, median
(IQR)

Pre, median
(IQR)

P valuebPost, median
(IQR)

Pre, median
(IQR)

<.0013.5 (3-4)3 (2-3)<.001c4 (3-4)3 (2-3).063 (3-4)3 (2‐3.8)Caring for
patient with
seizure

.473 (3-4)3 (3-4)>.993 (3-4)3 (3-4).263 (3-4)3 (3-4)Making
structured
handover

.0034 (4-4)4 (3-4).034 (4-4)4 (3-4).034 (4-4)4 (3-4)Recognizing
when to call
for help

.874 (4-4)4 (4-4).364 (3-4)4 (3-4).254 (4-4)4 (4‐4.8)Working in-
terprofession-
ally

aLikert scale from 1=very low to 5=very high.
bWilcoxon signed rank test.
cSignificant values are present in italics format.

The results of the Training Evaluation Inventory indicate a high
perceived effectiveness. The subscores subjective enjoyment,
perceived usefulness, and attitudes toward training were rated
high (median 5, IQR 4‐5). The subscores perceived difficulty
and subjective knowledge gain received medium ratings (median
4, IQR 4‐5 and median 4, IQR 3‐5, respectively). No
significant differences were found between nursing and medical
students (all P≥.25).

Feasibility
The mean length of the orientation tour was 26 (SD 6) minutes,
and that of the VR simulation part was 20 (SD 4) minutes. In
nearly 67% (n=14) of the 21 VR simulations, technical
difficulties arose, but all simulations could be completed. The
most serious problems were hardware and software related and
involved tracking, resulting in incorrect spawn or disconnection
from the VR simulation. There was also 1 case of continuous
controller vibration. Software-related problems included the
patient overstretching his head and not speaking when the hand
(or the controller) came too close to his neck. In addition, some
VR simulation materials that had been placed on the patient,
such as the blood pressure cuff, were no longer attached to the
patient after switching to another phase of the simulation (eg,
postictal). There were also situations where either the patient’s
responses were no longer heard by both students or 1 student
could no longer hear the other student and the patient. Other
issues were reported, but they were not related to technical
problems, like blurred vision or double hearing. Students heard
the team member through noise-canceling headphones due to
the microphone setup (for recording), but also heard others in
real time, causing a confusing mix of delayed and overlapping
sounds.

Analyses of the questionnaires revealed that students rated both
the e-learning and VR simulation parts as contributing well to
achieving the learning objectives (median 5, IQR 4‐5). They
also gave the same high grade to both parts (median 5, IQR

4‐5). The debriefing received similarly high ratings (median
5, IQR 4.8‐6) and grades (median 5, IQR 5‐6).

The coding system and some examples of the free-text responses
can be found in Multimedia Appendix 4. Overall, there were
only a few suggestions for improvement. Suggestions were
made on improving the e-learning content, some of which were
inconsistent, such as indicating that the e-learning was
overloaded versus that it should be expanded. Feedback on the
VR simulation pointed to technical limitations and the need for
a longer duration. Suggestions for debriefing related to content
and structure. Key learning experiences included
interprofessional working, teamwork, handover, and the
effectiveness of VR as a learning tool. The overall comments
covered a range of issues, with some mentioning technical
distractions and a preference for more human-like avatars. Some
students found the VR experience new and stressful and
suggested repetition for better adaptation. Students emphasized
the importance of the orientation tour and the need for clear
instructions. Again, some students mentioned the duration of
the simulation (too short) and that the VR was a valuable
learning tool. Some specifically highlighted its effectiveness
for team training and the acquisition of standards.

Discussion

Principal Findings
This evaluation study examined the acceptance, learning
outcomes, and feasibility of the newly developed INTEAM
training course, in which 21 pairs of nursing and medical
students trained together their medical and handover skills in a
VR simulation. Results of questionnaire analyses and pre- and
posttest comparisons indicate that the course was perceived as
highly acceptable, feasible, and may be effective in improving
handover skills. In the following, we summarize and discuss
the principal findings.
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Acceptance
The acceptance of the VR simulation as part of the INTEAM
training course was measured by usability, VR-induced sickness,
sense of presence, subjective workload, user satisfaction, and
technology acceptance. The INTEAM training course
demonstrated good usability [44], despite a relatively high rating
for VR-induced sickness using the SSQ [37]. Previous research
suggests that high levels of simulator or VR-induced sickness
can lead to reduced usability [49,50]. However, it is possible
that the SSQ is not the most appropriate tool for capturing
usability in a VR setting, as cybersickness can differ from
simulator sickness [45]. Instead, the use of a specific tool such
as the Virtual Reality Sickness Questionnaire may provide more
accurate results [51]. In both measures, VR-induced sickness
and usability, we observed a gender difference, namely that
men rated usability higher and reported less VR-induced
sickness, and this is consistent with findings from other studies
[52,53].

Compared to other studies [54], the workload was judged as
fairly high, potentially due to most students being in a VR
simulation for the first time. Although some research indicates
a lower workload in VR [28], this pertained to single-player
skill training without time constraints. Conversely, other studies
have noted increased workload under stress [54,55]. Students
mentioned that they had felt additional stress due to the
unfamiliarity of the VR tool, particularly during the already
tense emergency simulation. Nonetheless, despite these
challenges, students expressed a high level of satisfaction.

Learning Outcomes
The learning outcomes of the INTEAM training course were
assessed through students’performance in structured handover,
self-reported confidence level, and their evaluation of the
effectiveness of the training. When comparing handover quality
before and after the training, we observed a slight improvement
in ISBAR-related learning, which is consistent with studies that
showed enhanced outcomes when ISBAR training is coupled
with simulations rather than solely relying on theoretical
instruction [42,56].

At baseline, medical students showed less confidence in
interprofessional work than nursing students possibly because
the latter had attended more interdisciplinary lectures on various
topics. Students’ confidence in handling seizure cases increased
significantly after the training, probably due to the integration
of theory and practice in an authentic yet controlled environment
[26]. The positive comments about VR as a learning tool support
the assumption that VR is particularly effective for Generation
Z students [57].

Feasibility
Feasibility was captured by recording technical aspects such as
the duration of the orientation and VR simulation session, any
technical problems, and comments from the moderator. In terms
of content, students evaluated e-learning, VR simulation, and
debriefing using predefined questions and shared their main
learning experiences.

We experienced technical difficulties, but most of them were
easily resolved with minimal effort. None of the VR simulations
had to be terminated due to technical malfunctions. This may
be attributed to the presence of a coordinator who was always
available and had high technical expertise. Some disturbances,
like blurred vision, were attributed to slight movements of the
head-mounted displays, although the Elite Strap helped secure
them; nevertheless, text in VR was acknowledged as being
potentially less clear than in reality. The additional battery in
the Elite Strap proved beneficial and ensured that there were
no battery-related interruptions during the training sessions.

One issue with the feasibility was the absence of any
replacements who could take over if a student failed to appear.
This is also a crucial consideration when incorporating such
training into a curriculum [58]. There will typically be a larger
number of students, and they will need to be divided into smaller
groups. One potential approach is to involve several students
per session, with some observing while others participate, as
they did in other studies [59]. This facilitates a peer-tutor
dynamic while ensuring that at least 1 nursing and 1 medical
student are present, even if attendance is not consistent.

As indicated by the grading of the participants, the course
content seems feasible. Even though there were a few
improvement suggestions, some of these were inconsistent. The
positive ratings of the learning objectives by both groups lead
us to believe that we have successfully developed valuable
learning objectives that are not only interprofessional but also
individually relevant for each group.

Students expressed positivity toward the interprofessional
approach and would appreciate the inclusion of interprofessional
training in their curricula. Other studies showed similar findings
[60,61].

Strengths and Limitations
The study’s key strengths include the development and
evaluation of the INTEAM training by an interdisciplinary team
comprising experts in medical education, emergency medicine,
psychology, and nursing. This ensured a comprehensive and
well-rounded approach to the project. Furthermore, the study
used validated and widely used tools for assessing VR-specific
outcomes, enhancing the reliability and relevance of the
findings. The study also adhered to methodological rigor,
contributing to the robustness of the results. However, this study
has some limitations worth noting. First, due to the study design,
such as the absence of a control group and the relatively small
sample size, the statistical robustness and generalizability of
the results may be affected. While the findings offer valuable
initial insights, it is important to note that no causal relationships
can be inferred. Second, voluntary student participation might
have introduced self-selection bias. Third, the assessment of
handover quality as an indicator of learning outcome relied on
a single evaluator and thus may have introduced observer bias
despite the evaluator’s extensive practical experience. Fourth,
not varying the order of vignettes between pre- and posttest of
handover quality might have limited the assessment’s sensitivity.
However, the second vignette was recognized by experts as the
more challenging one, which further supports the results that
suggest an increase in handover performance.
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Future Directions
We believe that there should be careful consideration and further
research on the implementation of interprofessional training
courses that include a VR simulation. It would be beneficial to
investigate whether the technical aspects become less prominent
when the VR simulation is repeatedly practiced. Once improved
software and hardware become available, it will, of course, be
worth exploring whether this leads to overall improvements.

Furthermore, different INTEAM training courses should be
developed to explore all the learning objectives that can be
achieved through such training. In this case, it is essential to
select learning objectives that are significant for all involved
students such as, in our case, medical and nursing students.
Moreover, we need further research that investigates long-term
effects and whether students can strengthen their teamwork

skills through these courses and derive practical benefits for
their future professional lives, as is the case with traditional
team training [10].

Conclusions
The INTEAM training course, including a VR simulation in
emergency medicine, was well received by the nursing and
medical students, and their handover skills and confidence in
managing patients with seizure were improved after the course.
Although some technical problems occurred during the VR
simulations, none resulted in dropout, thus confirming the
feasibility of the approach. Technical enhancements and
organizational considerations are advisable for further
improvement. These promising results encourage the use of VR
simulations for team training in the education of nursing and
medical students.
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Abstract

Background: In recent years, the integration of technology in education has revolutionized traditional learning paradigms.
Digital literacy, a crucial skill in the 21st century, has become a vital aspect of modern education, enabling students to navigate,
critically assess, and effectively use digital tools. As educators strive to boost engagement and learning outcomes, gamification
has appeared as an auspicious pedagogical approach. By applying game mechanics to nongame contexts, gamification seeks to
create a more immersive and digital learning experience.

Objective: This research paper aims to investigate the impact and acceptance of gamification by learners in a digital literacy
course at the undergraduate level.

Methods: In a pre-post intervention study, 168 undergraduate students were randomly assigned either to the experimental group
(gamification based) or control group (conventional) learning condition. Both groups of participants learned the same topics in
digital literacy.

Results: Empirical findings showed that participants from the experimental group had better academic performance in digital
literacy than those who were not exposed to the game-based learning environment. The participants’ prior experience with
gamification was not found to be a significant predictor of their acceptance of gamification in a digital literacy course.

Conclusions: The study provides evidence supporting the potential benefits of gamification in enhancing digital literacy education
and opens the door for further exploration and implementation of gamified learning approaches in higher education settings.

(JMIR Serious Games 2024;12:e52017)   doi:10.2196/52017
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Introduction

Background
In today’s interconnected world, the demand for digital literacy
has intensified across academic, professional, and personal
domains. Digital literacy is a set of skills essential for 21st
century individuals to use digital tools to support the
achievement of goals in their life situations [1,2]. It has become
not only a key factor in enabling participation in education and
employment but also a means of interacting with the world. It
encompasses the ability to access, analyze, evaluate, and create
information using various digital applications. In the context of
undergraduate education, cultivating digital literacy is essential
for students to excel in their studies, conduct research, and adapt
to the demands of the workforce in the information era. As
universities strive to equip their students with these vital skills,

innovative teaching approaches that enhance engagement and
knowledge retention are warranted [3].

At the same time, incorporating gamification into pedagogical
approaches has gained considerable attention [4,5]. The term
gamification first appeared in 2008 and received growing
significance since the 2010s [6]. In general, gamification refers
to a process of augmenting services with (motivational)
affordances to raise gameful experiences and promote behavioral
outcomes [7]. In contrast to games, gamification is described
by its serious purpose. It involves applying game design
elements and mechanics in nongame contexts to enhance user
engagement, motivation, and learning outcomes. According to
Trinidad et al [8], gamification has swiftly appeared as one of
the preferred persuasive technologies widely used with the aim
of stimulating a positive change in the user’s behavior through
game-like elements in nongame contexts. Likewise, Krath et al
[6] argued that gamification is a great way to demonstrate goals

JMIR Serious Games 2024 | vol. 12 | e52017 | p.431https://games.jmir.org/2024/1/e52017
(page number not for citation purposes)

AlnuaimJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2196/52017
http://www.w3.org/Style/XSL
http://www.renderx.com/


and their germaneness, push users through directed tracks,
provide users instant feedback, strengthen good performance,
and streamline content to manageable tasks. It leverages the
intrinsic motivational elements found in games to create a
positive and engaging learning environment. Hamari et al [7]
suggest that gamification has beneficial impacts; however, these
effects greatly rely on the context in which it is used as well as
on the individuals who practice it. Similar to this, Huang et al
[9] argue that it can be difficult for educational academics and
practitioners to decide when and how to apply gamification
design elements.

Given the significant traction gained by gamification in recent
years, several state-of-the-art gamified solutions and approaches
have been developed and tested [10]. One widely used example
of gamification for education is Kahoot. Kahoot! is a
game-based learning platform that allows educators to create
and deliver quizzes in a game format [11]. It incorporates
leaderboards, points, and real-time feedback to create a
competitive and engaging learning environment. Research
indicates that Kahoot! enhances student participation and
knowledge retention [12]. Similarly, Duolingo is a
language-learning platform that uses gamification to teach
foreign languages. It uses elements such as skill trees, streaks,
and in-game currency to motivate learners. Studies have found
that Duolingo is effective in improving language proficiency
and maintaining learner interest [13].

Gamification is significantly correlated with game-based
learning. Game-based learning is defined as the achievement
of distinct learning objectives through game content and play
and augmenting learning by including problem-solving spaces
and challenges that offer learners, who are also players, with a
feeling of achievement [6]. By incorporating game design
elements such as points, badges, levels, leaderboards, and
immediate feedback, gamified learning experiences can
stimulate students’ curiosity and foster a sense of
accomplishment [5,14]. Through gamification, educators aim
to increase student motivation, participation, and knowledge
retention by transforming learning from a passive experience
into an active and enjoyable process [15,16]. Hamari and
Homner have also recognized it as a promising method for
instructional contexts for its motivational power [7]. The
application of gamification has been successful in various
educational contexts [9], including language learning [17,18],
mathematics [19,20], and computer programming [21]. Its use
in nongame contexts is associated with impacts on motivation,
behavior (eg, academic achievement and engagement), and
cognitive learning [6]. All of this demonstrates the potential of
gamification to augment a digital literacy learning experience
as well.

Even though recent research has made significant strides in this
area, additional information about the integration of game
aspects into educational materials is still required. Particularly,
there is a dearth of coherent understanding on its use in the
subject area of digital literacy. Particularly, there is a need to
explore how adult learners perceive and accept gamification in
the context of a digital literacy course at the undergraduate level
in Saudi Arabia. By investigating the impact and acceptance of
gamification in a digital literacy course at the undergraduate

level, this research aims to shed light on its efficacy and
potential for cultivating essential digital literacy. Addressing
this gap in knowledge will provide valuable insights into the
factors that influence Saudi students’acceptance of gamification
and the impact it has on their learning experience, thereby
enabling educators and course designers to make informed
decisions regarding the effective implementation of gamification
strategies.

In the next section, we discuss the theoretical foundations for
this study that helped us formulate our research questions and
hypotheses.

Theoretical Framework
In recent years, scientific papers have progressively investigated
the use of different theoretical foundations such as motivation,
behavior, and learning theories to explain the effects of certain
gamification elements [6]. The theoretical footings of this study
align with 2 pronounced frameworks in the field of education
and technology: the self-determination theory (SDT) and the
technology acceptance model (TAM). These theoretical
foundations provide a comprehensive lens through which to
understand the impact and acceptance of gamification in the
context of digital literacy education at the undergraduate level.
A brief overview of these theories and justification how they
are aligned with this study is provided in the following sections.

Self-Determination Theory
Developed by Deci and Ryan, the SDT posits that individuals
have innate psychological needs for autonomy, competence,
and relatedness, which serve as essential motivators for behavior
and engagement [22]. In the context of education, SDT suggests
that learners are more likely to be intrinsically motivated and
experience greater satisfaction and well-being when their
psychological needs for autonomy, competence, and relatedness
are supported [22].

The integration of gamification in educational settings can be
viewed through the lens of the SDT, as it has the potential to
fulfill learners’ psychological needs helping them experience
intrinsic motivation, which drives them to engage in activities
for the sheer enjoyment and interest in the task itself [22]. By
providing learners with autonomy through choice and control
over their learning paths, gamified experiences empower
students to take ownership of their learning. Further, the
challenge-based nature of game-based experiences foster
feelings of competence as learners strive to achieve goals and
overcome obstacles within the game environment. In addition,
the social elements inherent in many gamified platforms
facilitate a sense of relatedness by promoting collaboration,
competition, and community among learners [6].

SDT is one of the well-known theories in the context of
gamification. In the context of this study, the impact of
gamification on learning outcomes can be better understood in
terms of its alignment with the principles of SDT. Accordingly,
by leveraging game mechanics to enhance autonomy,
competence, and relatedness, gamification has the potential to
promote intrinsic motivation and engagement [7] among
undergraduate students in a digital literacy course.
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Technology Acceptance Model
A popular framework for evaluating people’s attitudes and
behavioral intentions toward embracing new technologies is
Davis’s TAM [23]. According to TAM, perceived usefulness
and perceived ease of use are key determinants of any
individual’s intention to use a technology, which eventually
influences his or her actual usage behavior. Perceived usefulness
refers to the extent to which a person believes that using a
particular technology will enhance their performance or
productivity, while perceived ease of use pertains to the degree
of effort required to use the technology effectively [24].

TAM has been extensively used in the context of educational
technology to examine learners’ attitudes and behaviors toward
various digital tools and platforms. Researchers can learn more
about the elements influencing students’ acceptance and
engagement with these technologies by evaluating how useful
and simple they believe gamified learning environments to be
[24,25]. In this study, TAM provides a theoretical framework
for understanding learners’ acceptance of gamification in a
digital literacy course. By investigating the perceived usefulness
and ease of use of gamified learning experiences, the study
seeks to elucidate the factors that contribute to students’
willingness to engage with and embrace gamification as a
pedagogical approach.

By integrating the SDT and TAM frameworks into the research
design and analysis, this study aims to provide a comprehensive
understanding of the impact and acceptance of gamification by
learners in a digital literacy course at the undergraduate level.
In aligning our research design with the constructs of SDT, we
focused on measuring students’ intrinsic motivation and
perceived autonomy in the learning process. Similarly, the TAM
informed our analysis of students’ acceptance of gamified
learning tools, focusing on perceived ease of use and usefulness
as key determinants. Furthermore, in interpreting our findings,
we draw on both frameworks to discuss theoretical and practical
implications of the study.

Research Gap and Rationale
The growing significance of digital literacy in the modern world
necessitates effective and engaging teaching strategies.
Gamification has arisen as an encouraging approach that
leverages the power of games to enhance learning experiences.
While gamification shows promise as an innovative pedagogical
approach, its impact and acceptance specifically in the context
of digital literacy courses at the undergraduate level remain
relatively unexplored. Existing research primarily focuses on
the effects of gamification in K-12 education or specialized
domains [6,26,27]. For example, Dehghanzadeh et al [25]
concentrated on gamification-supported learning in K-12
settings, and Tan et al [27] described several mathematics
gamification instances to enrich algebra teaching at school
levels. Thus, there is a need to delve into the unique challenges
and opportunities of implementing gamification in higher
education, particularly in digital literacy courses. By
investigating the impact of gamification on learning outcomes,
the study can offer insights into the effectiveness of this
approach in improving digital literacy among undergraduate
students. Moreover, understanding students’ perceptions and

acceptance of gamification can provide crucial feedback for
educators and instructional designers to refine gamified learning
experiences in digital literacy courses. The study’s outcomes
may also inform policy decisions regarding the integration of
gamification and technology in higher education curricula,
paving the way for more engaging and effective teaching
practices in the digital age.

Research Questions
This study seeks to contribute to the existing body of knowledge
by examining the following research questions:

1. What is the impact of gamification on the learning outcomes
of students in a digital literacy course at the undergraduate
level?

2. What factors affect the acceptance of learners toward
gamified learning experiences in a digital literacy course?

3. How does learners’prior experience with gamified learning
environments affect their acceptance of gamification in a
digital literacy course at the undergraduate level?

Based on the above research questions, the following hypotheses
are proposed:

• H1: Gamification has a significant positive effect on
learning outcomes of students in a digital literacy course
at the undergraduate level.

• H2: Age and the major of students’ degree programs are
significant factors influencing learners’ acceptance of
gamification in a digital literacy class.

• H3: Learners’ prior experience with gamified learning
environments has a significant effect on their acceptance
of gamification in a digital literacy course.

Methods

Participants
Using convenience sampling, this study involved a diverse
group of 168 undergraduate students enrolled in a digital literacy
course at a Saudi university. While convenience sampling may
not provide a representative sample of the population, it is the
most practical in small-scale studies or when studying
hard-to-reach populations [28]. Likewise, this study justifies
this approach by emphasizing the need to assess the initial
impact of a specific pedagogical approach in a real-world setting
before considering broader applications or generalizations. All
of these participants were native Arabic speakers. The students’
age ranged from 18 to 22 years with an average of 20.6 years.

Intervention students participated in the 16-week digital literacy
course. The course is offered to the students enrolled in various
undergraduate programs. The participants were distributed into
2 groups for a true experimental design [29,30]. There were 84
students in the experimental group and 84 in the control group.
Participants in this study were randomly assigned to either the
control group or the experimental group using a computerized
randomization procedure.

The process of randomization of the participants into the 2
groups started with the creation of a list of all participating
students, including their names and class roll numbers. A
random number generator was used to create a sequence of
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random numbers corresponding to the total number of
participants (N=168). This sequence was generated using a
computer software program designed for randomization to
eliminate any potential bias. The first 84 numbers in the
sequence were assigned to the experimental group, and the
remaining 84 numbers were assigned to the control group. The
allocation process was conducted by a researcher who was not
involved in the instructional process to ensure blinding. This
helped minimize any potential bias in group assignment. This
approach ensured that each participant had an equal chance of
being placed in either group, thereby minimizing potential biases
and confounding variables. By implementing random
assignment, the study aimed to create comparable groups,
ensuring that any observed differences in digital literacy skills
and engagement could be attributed to the gamified intervention
rather than to pre-existing differences between the participants.

Experiment Process
The teaching process took place partially in a lecture room and
a computer lab. The duration of each lesson was 1 hour. The
whole experiment lasted for 16 weeks. In order to ensure that
participants in the experimental (game-based) and control groups
(nongame based or conventional) had the same knowledge,
participants in both groups were asked to appear in a pretest.
All the participants in both groups received teaching through

conventional teaching methods until week 10 of the semester.
However, the experimental and control groups were taught using
2 diverse teaching methods over the next 6 weeks (weeks
11‐16). During these 6 weeks, the participants in the
experimental group experienced gamification to facilitate their
learning of the topics taught during this period (see Figure 1
and Figure 2 to view the snapshots of one of the games used to
teach cybersecurity), while the participants in the control group
continued their learning of the same topics through conventional
teaching methods.

After the 16-week teaching-learning process, both groups took
an achievement test for the full term with some questions
dedicated to assessing the topics covered in weeks 11-16 (the
intervention time when the 2 groups of participants were taught
using different teaching strategies, ie, game based and
conventional). At the same time, a survey questionnaire was
administered in the experimental group to assess their
acceptability of gamification to support their learning in a digital
literacy course (see Figure 3 for the graphical flow of the
experimental process of this study). The study was authorized
by the ethics committee of the corresponding author’s university.
All the participants provided written informed consent before
their participation in the study, and they did not receive any
monetary or other sort of compensation.

Figure 1. Snapshot 1 of “cybersecurity lab,” a cybersecurity game.
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Figure 2. Snapshot 2 of “cybersecurity lab,” a cybersecurity game.
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Figure 3. Experiment process.

Game Application and Elements
The experimental group was introduced to NOVA Labs, a digital
platform that engages learners in games and interactives that
foster authentic scientific exploration. This platform
incorporated several gamification elements to enhance students’
engagement and motivation:

1. Points system: Each task or activity within the course was
assigned a point value. Students accumulated points for
every completed activity, which contributed to their overall
score and ranking on the leaderboard.

2. Badges: Students could earn badges for completing various
tasks and reaching milestones. For instance, badges were
awarded for completing weekly assignments on time,
achieving high scores on quizzes, and participating in group
discussions and collaborative projects.

3. Leaderboards: A dynamic leaderboard was displayed within
the application, showcasing the top performers in the class.
This element fostered a sense of competition and
encouraged students to improve their performance to climb
the ranks.

4. Challenges and quests: The course content was structured
into thematic challenges and quests. Each week, students
embarked on a new quest, which consisted of a series of
tasks and activities related to the week’s learning objectives.
Completing a quest unlocked new content and additional
rewards.

The application supporting these gamification elements was
user-friendly and accessible through both desktop and mobile
devices. It featured an intuitive interface that guided students
through their learning journey. Key functionalities included:

1. Dashboard: A personalized dashboard where students could
track their progress, view earned badges, and see their
current standing on the leaderboard.

2. Interactive lessons: Multimedia-rich lessons incorporating
videos, interactive simulations, and practice exercises.

3. Real-time feedback: Immediate feedback on quizzes and
assignments to help students identify areas for improvement.

4. Collaboration tools: Features enabling group work and
peer-to-peer interactions, such as discussion forums and
collaborative project spaces.
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Data Collection Tools
The study mainly used quantitative data collection methods.
The data were collected through three tools: (1) pretest, (2)
posttest, and (3) achievement. The aim of the pretest of academic
achievement was to check if participants in the experimental
and control groups fulfilled the same minimum criteria of prior
knowledge and skills in digital literacy. While the purpose of
the posttest was to assess participants’ assessment of digital
literacy taught throughout the semester and to investigate
whether there were differences between the 2 groups
(experimental and control) using different teaching approaches,
that is, game based and conventional, during weeks 11‐16 of
the semester. These tests were developed by the instructor of
the course and were validated by 2 senior professors of digital
literacy with more than 10 years’ experience of teaching courses
in the area of digital literacy.

The survey questionnaire used in this study was administered
to the participants in the experimental group only. It was aimed
to measure participants’ perceptions of gamification regarding
their perceived usefulness, ease of use, and their intension to
use gamification in future. This was modified from a scale
developed by Ghani et al [30]. It consisted of 20 items such as
“The educational digital game will improve my learning
performance,” “I find the educational digital game is easy to
use,” and “Studying using the educational digital game is a good
idea.” (see Multimedia Appendix 1). The responses for the items
were scored on a 5-point scale, with 1, 2, 3, 4, and 5 representing
“strongly disagree,” “disagree,” “neutral,” “agree,” and “strongly
agree,” respectively. The internal consistency of the scale was
found to be acceptable with a Cronbach α value of 0.81 [31].

Data Analysis
All data preprocessing and analyses were conducted using SPSS
(version 21; IBM Corp). Statistical assumptions for parametric
tests were checked and confirmed before running the main
analyses [31]. Data analysis included descriptive statistics and
inferential analysis including independent sample t test, 1-way
between-subject ANOVA, and linear regression. Prior to
conducting inferential statistical analyses, we tested for the
assumptions underlying each statistical test. For the independent
sample t test and ANOVA, we assessed the normality of data
distribution using the Shapiro-Wilk test and ensured
homogeneity of variances through Levene test. Additionally,
the assumptions of linearity, independence of residuals, and
homoscedasticity were confirmed for regression analysis.

Moreover, Cronbach α was assessed to check the reliability of
the instruments used.

Ethical Considerations
This randomized controlled trial study was approved by the
standing committee for Scientific Research Ethics of King Saud
University (approval KSU-HE-22‐871). However, the trial
was not registered by a clinical trial registration organization
as it did not involve an explicit medical treatment.

Results

This study primarily aimed to investigate the impact of
gamification on students’ learning outcomes in a digital literacy
course and to understand their perceptions and acceptance of
gamification for their learning. The main results of this study
are presented question-wise in the following sections.

Impact of Gamification on Learning Outcomes
Our first question was focused on investigating whether there
was any significant impact of the gamified learning experience
on students’ learning outcomes. In specific terms, we wanted
to check if there were significant differences in the academic
achievement between the students who were taught using the
gamified learning approach and those who were taught using
conventional teaching methods in a digital literacy course at
the undergraduate level. This question was analyzed using two
main variables: (1) students’ scores in the achievement test
conducted at the end of the term as dependent variable in the
analysis and (2) students’ group (control and experimental) as
an independent variable in the analysis. The dependent variable
was measured on a scale with quantitative values ranging from
0 to 25, while the independent variable was recorded as a
nominal variable with only 2 possible values: 1 representing
the control group and 2 representing the experimental group.

The results of an independent-sample t test indicated that there
was significant differences in students’ academic performance
between those who were taught using conventional teaching
methods (median 15.87, SD 2.15) and those whose learning
was supported with gamification (mean 21.00, SD 1.88) in a
digital literacy class (t166=−16.435; P=.001; Table 1). In simpler
words, the experimental group performed better than the control
group in the academic achievement test that was conducted as
a summative assessment in the class. Overall, this finding
suggests that the use of the gamification approach in the teaching
of digital literacy proves to be an effective instructional approach
at the undergraduate level.

Table . Independent t test results to test the impact of gamification.

P valuet test (df)Mean (SD)Participants, n (%)

.001–16.435 (166)Group

15.87 (2.15)84 (50)Control

21.00 (1.88)84 (50)Experimental

Acceptance of Gamification by the Students
The second research question proposed in this study seeks to
find the factors that influence the acceptance of students toward

gamified learning experiences in a digital literacy course.
Students’ acceptance of a gamified learning experience was
measured in terms of their attitude toward gamification for
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learning digital literacy. This variable was measured through
Likert scale (ordinal type variables) items and was computed
by taking the average of all items within the scale. Overall, the
results indicated that the participants reported a high level of
satisfaction (mean 3.857, SD 0.61) with their gamified learning
experience in a digital literacy course. Regarding the factors
influencing the acceptance of gamification by the students, we
tested factors including age and the major of their degrees.
Depending on the nature of variables, that is, scale variables
and nominal variables with more than 2 levels, we used different
statistical tests for the analysis of this research question.

The results of simple linear regression and 1-way
between-subject ANOVA revealed that the major of the degree
program was not a significant factor for participants’acceptance
of gamification in a digital literacy class (P=.06). Similarly, a
simple linear regression analysis did not find age as a significant
predictor of acceptance of gamification (P=.06). All in all, these
results suggest that neither age nor major of degree are factors
for participants’ high level of acceptance of gamified learning.
The participants in this study showed a positive attitude toward
the acceptance of gamification in a digital literacy course
regardless of their age or the academic discipline of their
degrees.

Effect of Learners’ Prior Experience With
Gamification
In the third question of the study, we were interested to confirm
if participants’ prior experience with gamification affects their

reported acceptance of gamified learning for a digital literacy
course. For the analysis of this question, participants’acceptance
score served as the dependent variable, which was measured as
a scale type variable, while their prior experience served as the
independent variable, which was measured as a nominal variable
with three levels: “no experience,” “little experience,” and
“extended experience.” About one-third of the participants
(n=26, 31%) had no prior experience of gamification. A total
of 33 (39.3%) the participants reported that they had little
experience of using games for learning. Likewise, 29.8% (n=25)
of the participants had extended prior experience of
gamification.

Since the levels of the independent variable were more than
two, a 1-way between-subject ANOVA was chosen for the
analysis of this question. The ANOVA results showed that there
was no statistically significant difference in participants’
acceptance of gamified learning for the digital literacy course
in respect to their prior experience of gamification (F2,81=1.319;
P=.27; Table 2 for details). Since the main result of the ANOVA
analysis was found to be nonsignificant, further post hoc analysis
was not needed. These results suggested that regardless of the
participants’differences in their prior experience of gamification
(some were not exposed to this teaching strategy, while some
were experienced with it), their current level of acceptance for
the gamified learning experience of digital literacy was almost
similar.

Table . ANOVA results showing the influence of prior experience of gamification.

P valueF test (df)Mean squareSum of squares (df)

.271.319 (2,81)Analyses

0.4870.974 (2)Between groups

0.36929.914 (81)Within groups

———a30.888 (83)Total

aNot applicable.

Discussion

Principal Results
The ultimate goal of the study was to investigate the impact and
acceptance of gamification in a digital literacy course at the
undergraduate level. To achieve this goal, we addressed 3
research questions. The findings of these questions are discussed
below.

For RQ1, we found that there was a significant difference in
academic performance between students who were taught using
conventional teaching methods and those who experienced
gamified learning. Specifically, the experimental group, which
was exposed to gamification, achieved a higher mean score
(21.00) compared to the control group (mean 15.87), which
received traditional teaching methods. This finding supports
the notion that gamification can be an effective educational tool
to enhance learning outcomes [32]. This finding has practical
implications for educators and instructional designers. By
implementing the game-based elements into the learning

environment, instructors can potentially construct a more
engaging and satisfying learning environment for learners [33].
Gamification techniques, such as scoring, badges, leaderboards,
and interactive challenges, may foster a sense of competition,
achievement, and enjoyment, helping to achieve better learning
outcomes.

The data for this study show a high level of satisfaction (mean
3.857) with the gamified learning experience in a digital literacy
course. The mean value being close to the upper end of the
Likert scale (5) suggests that students generally had a positive
attitude toward gamification as a learning approach. Our results
are not different to the results of other studies that provide
evidence for learners’ higher level of satisfaction with gamified
learning [34-38]. This positive attitude is a promising indicator
of the potential effectiveness of gamification in enhancing
student engagement and motivation.

The study findings demonstrate that age is not a significant
factor influencing students’ acceptance of gamified learning
experiences. In this context, it means that students across
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different age groups showed similar levels of acceptance toward
gamification. Although this finding suggests that gamified
learning experiences can be suitable for a diverse range of age
groups within the undergraduate level, it is important to
acknowledge that the limited age range (18-22 years) of the
participants in this study restricts our ability to draw strong
conclusions about the impact of age on gamification acceptance.
In addition, the finding of this study about age is different from
what is suggested by Denden et al [38]. They found that “age”
moderates the relationship between their experience of
participating in a gamification program and perceived
self-efficacy, such that it exerts a greater influence on older
people.

Further, we found that the major of degree programs does not
significantly impact students’ acceptance of gamification in a
digital literacy course. In other words, regardless of their
academic disciplines, students were similarly receptive to the
gamified learning approach. This result is encouraging, as it
suggests that gamification can be applied in various subject
areas without compromising its acceptance among students.

The nonsignificant effects of age and the major of degree on
students’ acceptance of gamified learning experiences have
practical implications. It indicates that gamification has broad
applicability and can be effectively integrated into digital
literacy courses, irrespective of students’ demographic
characteristics or academic backgrounds. Educators can use
gamification as a versatile tool to enhance student engagement
and motivation across diverse student populations.

Lastly, we found that the participants had varying levels of prior
experience with gamification. However, there was no
statistically significant difference in participants’ acceptance of
gamified learning based on their prior experience with
gamification. The 1-way between-subject ANOVA did not show
any significant effect of prior experience (with 3 levels: no
experience, little experience, and extended experience) on
participants’ acceptance scores. In other words, whether
participants had no exposure to gamification or considerable
experience with it, their acceptance of gamified learning in a
digital literacy course remained similar. It suggests that even
students who have never been exposed to gamified learning
strategies can still embrace and appreciate the approach.
Additionally, students with previous experience with
gamification did not necessarily have a more positive attitude
toward it compared to their peers who had no experience. This
implies that the effectiveness and acceptance of gamified
learning can extend to a wide range of students with different
levels of exposure to gamification.

Limitations
While this study contributes valuable insights into the impact
and acceptance of gamification in a digital literacy course at
the undergraduate level, it is essential to acknowledge certain
limitations. First, the research was conducted in a specific
educational context, which may restrict the generalizability of
the findings to other disciplines or educational levels. The use

of convenience sampling, while practical for this study, further
constrains the diversity of the participant pool. This sampling
technique can lead to selection bias, as the sample may not be
representative of the larger population. Future studies should
aim to replicate this research with more diverse populations to
explore the potential differences in gamification acceptance
across various demographic and cultural groups.

The participant group, consisting of 168 native Arab speakers
aged between 18 and 22 years from a single university,
represents a fairly homogenous demographic. This homogeneity,
while facilitating a focused analysis within this specific context,
limits the broader applicability of our results. Another critical
limitation arising from this homogeneity is the reduced
variability in cultural background and academic exposure. Given
the relatively homogeneous nature of our sample, caution should
be exercised in extrapolating our conclusions to populations
with greater age diversity or differing backgrounds. Future
research endeavors should strive to recruit participants from a
wider age spectrum to better understand the influence of age
on acceptance of gamification in educational contexts.
Additionally, exploring cultural and contextual factors beyond
age could provide further insights into the acceptance and
effectiveness of gamified learning experiences across diverse
learner populations.

In addition, the study focused on a single course, and the
participants were from a particular institution, which may limit
the diversity of the sample. Additionally, the self-reported nature
of some data, such as prior experience and acceptance scores,
may have introduced response bias. Future research could
address these limitations by conducting similar investigations
in diverse educational settings with larger and more
representative samples. Future studies could also explore the
long-term effects of gamified learning experiences on students’
retention of knowledge, skill development, and continued
motivation in subsequent courses or academic years.
Longitudinal research can offer deeper insights into the sustained
benefits of gamification in educational settings.

Conclusions
In conclusion, this study sheds light on the impact and
acceptance of gamification in a digital literacy course at the
undergraduate level. The findings of our study have both
theoretical and practical implications. The research reveals that
gamified learning experiences positively influence students’
academic performance, leading to higher achievement compared
to conventional teaching methods. This study also demonstrates
that the students’ level of acceptability for gamified learning is
not affected by prior experience of gamification. Educators and
instructional designers can leverage the insights gained from
this study to create more engaging and effective learning
environments that foster student motivation and satisfaction.
As the educational landscape continues to evolve, the integration
of gamification into pedagogical practices stands as a promising
approach to enriching the learning experiences of students in
digital literacy courses and beyond.
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Abstract

Background: Video-based error correction (VBEC) in medical education could offer immediate feedback, promote enhanced
learning retention, and foster reflective practice. However, its application in cardiopulmonary resuscitation (CPR) training has
not been investigated.

Objective: The objective of this study is to assess whether the VBEC procedure could improve the training performance of
CPR among anesthesiology residents.

Methods: A quasi-experimental study was conducted among anesthesiology residents between December 2022 and April 2023.
Primary outcomes included a posttraining knowledge test and practical assessment scores. Secondary outcomes included the
number of residents who correctly conducted CPR at each step, the rate of common mistakes during the CPR process, and the
self-assessment results. A total of 80 anesthesiology residents were divided into a VBEC group (n=40) and a control group (n=40).
The VBEC group underwent a 15-minute VBEC CPR training, whereas the control group underwent a 15-minute video-prompting
CPR training.

Results: The posttraining knowledge test score of the VBEC group was significantly higher than that of the control group (73,
SD 10.5 vs 65.1, SD 11.4; P=.002). The residents in the VBEC group had lower error rates in “failure to anticipate the next move”
(n=3, 7.5% vs n=13, 32.5%; P=.01) and “failure to debrief or problem solve after the code” (n=2, 5% vs n=11, 27.5%; P=.01),
as well as better performance in the “secure own safety” step (n=34, 85% vs n=18, 45%; P<.001) than those in the control group.
The VBEC group showed significantly higher confidence in CPR than the control group (n=?, 62.5% vs n=?, 35%; P=.03).

Conclusions: VBEC may be a promising strategy compared to video prompting for CPR training among anesthesiology
residents.

(JMIR Serious Games 2024;12:e53577)   doi:10.2196/53577

KEYWORDS

video-based error correction; video-prompting; cardiopulmonary resuscitation training; anesthesiology resident; quasi-experimental
study; anesthesiology; cardiopulmonary; cardiopulmonary resuscitation; training; video; learning; residents; CPR training; CPR;
video prompting

Introduction

Background
Cardiac arrest remains a significant health care burden despite
substantial improvements in survival rates in the past several
decades [1]. High-quality cardiopulmonary resuscitation (CPR)
is the key link in the chain of survival, and successful CPR may
increase the survival rate of patients experiencing cardiac arrest
[2,3]. For anesthesiology residents, the likelihood of
administering CPR is high, and thus CPR training is of utmost

importance [4]. Unfortunately, due to limited training quality
and efficiency, the overall quality of CPR remains low, which
may further lead to undesired outcomes in clinical practice [5,6].
Thus, CPR instruction modalities are needed to improve the
quality of CPR training of anesthesiology residents to maximize
their performance.

Video prompting has been shown to be an effective instructional
method in the acquisition of a variety of skills, such as
vocational. By providing step-by-step guidance and immediate
feedback, video prompting can facilitate the development of
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the necessary skills and confidence in learners required to
perform effectively a task [7-9]. Furthermore, emerging evidence
suggests that the additional procedure of video-based error
correction (VBEC), during which participants who fail to
complete a step correctly are interrupted and shown the video
prompt again within a short time, can promote skill acquisition
more efficiently [10]. VBEC in medical education could offer
immediate feedback, promote enhanced learning retention, and
foster reflective practice. It allows learners to quickly recognize
and correct mistakes, aiding in the memorization of correct
procedures through visual demonstration. This method also
encourages learners to observe their actions critically, supporting
self-improvement and deeper understanding. By providing
accessible and consistent instructional content, it ensures
equitable learning opportunities. Therefore, introducing the
VEBC procedure into CPR training performed with video
prompting may enhance the residents’ learning efficiency and
performance.

Objective
In this study, we hypothesized that VBEC would improve the
CPR skills of anesthesiology residents.

Methods

Study Design and Participants
This quasi-experimental study was conducted in the Simulation
Teaching Center of Hospital among anesthesiology residents
between December 2022 and April 2023. Participants who met
all of the following criteria were included: (1) ≥18 years old;
(2) anesthesiology residents; (3) attended CPR training sessions;
and (4) primary skill levels for CPR. Residents in elective
rotations were excluded.

Ethical Considerations
Informed consent was obtained from all residents. Ethical
approval was received from the Ethics Committee of Shanghai
General Hospital (approval #2022KY115). Written informed
consent was obtained from all participants.

Intervention
All residents received a web-based pretest consisting of
knowledge and practical assessment based on the Resusci Anne
trainer (Laerdal Medical Corporation), with the practical
assessment involving the execution of the complete steps of
CPR on a manikin. Subsequently, all residents attended a
didactic lecture using PowerPoint (Microsoft Corporation) on
the American Heart Association (AHA) Guidelines for CPR
and Emergency Cardiovascular Care (ECC) [11] and watched
a standard CPR video. Then, the residents were divided into
VBEC and control groups in the 1:1 ratio.

The training process for the VBEC group was a 15-minute video
error correction segment. There were ten CPR video segments
with errors in the steps, after which trainees discussed and
corrected the errors and practiced the correct steps on a manikin
(Multimedia Appendix 1). At the end of each video clip, the

trainer announced, “Okay, let’s discuss this step.” The residents
were then given 30 seconds to point out the mistake in the video
and perform that step on the Resusci Anne trainer in the correct
way. This procedure was repeated for all 10 video clips. Further,
all residents received 30-minute hands-on standard CPR training,
during which they were asked to perform a complete CPR
procedure on the Resusci Anne trainer.

The training process for the control group involved a 15-minute
video reinforcement segment. There were ten correct CPR
step-by-step video segments, after which trainees were asked
to practice the correct steps on a manikin following each
segment. Then they were asked to perform that step on the
Resusci Anne trainer, one at a time. A 30-minute hands-on
standard CPR training, the same as that in the VBEC group,
was conducted after the video learning in the control group.

At the end of lessons, all residents were asked to independently
complete the web-based knowledge test and practical
assessment, with the practical test involving performing the
entire CPR process on a manikin. The final practical test of each
participant was videotaped for evaluation. Finally, all residents
completed a web-based questionnaire for self-assessment
regarding their performance and satisfaction in this training.

Outcomes and Measurement
Primary outcomes included the posttraining knowledge test and
practical assessment scores. Secondary outcomes were the
number of residents who correctly conducted CPR at each step,
the rate of common mistakes during the CPR process, and the
self-assessment results of the residents after the training.

The practical assessment score was the on-target chest
compressions (CCs) indicated by the Resusci Anne trainer, that
is, the number of CCs meeting the minimum performance
metrics for both CC depth and CC rate. The performance and
mistakes of the residents were evaluated by both the Resusci
Anne trainer and the human trainers, primarily considering the
correct steps of high-quality CPR and the number of common
mistakes.

Statistical Analysis
Data were analyzed using SPSS (version 15; SPSS Inc).
Percentages with numbers in parentheses are used to present
categorical data. Continuous data are expressed as mean (SD).
Continuous variables were compared using the Student 2-tailed

t test. Categorical variables were compared with the χ2 test. A
2-sided P value <.05 was considered to indicate a statistically
significant difference.

Results

Baseline Characteristics
Of 83 eligible residents, 80 were subjected to analysis as 3
residents missed part of the training session (Figure 1). The
baseline characteristics of the residents are presented in Table
1.
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Figure 1. Study flowchart. CPR: cardiopulmonary resuscitation.

Table . Baseline characteristics (n=80).

P valueControl (n=40)VBECa (n=40)Characteristics

.4527 (5)28 (5)Age (year), mean (SD)

.8322 (55)20 (50)Male, n (%)

.6624 (60)22 (55)Doctors with postgraduate degrees,
n (%)

aVBEC: video-based error correction.

Primary Outcome Results
The pretraining theoretical score (63.9, SD 10.7 vs 63.4, SD
11.6; P=.85) and practical scores were comparable between the
two groups (81.5 , SD 8.5 vs 82, SD 11.7; P=.82). The mean

posttraining theoretical score of the VBEC group was
significantly higher than that of the control group (73, SD 10.5
vs 65.1, SD 11.4; P=.002). No significant difference in the
posttraining practical scores was observed between the two
groups (86.9, SD 8.8 vs 86.3, SD 9.9; P=.77) (Table 2).
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Table . Knowledge test score and practical assessment score before and after the training between the VBECa and control groups.

Effect size95% CIt (df)P valueControl

(n=40)

VBEC

(n=40)

Knowledge test score, mean (SD)

.043−4.490 to 5.4400.190 (78).8563.4 (11.6)63.9 (10.7)Before training

.7223.028 to 12.7723.228 (78).00265.1 (11.4)73 (10.5)After training

Practical assessment score, mean (SD)

.051−5.082 to 4.032−0.229 (78).8282 (11.7)81.5 (8.5)Before training

.067−3.537 to 4.7870.299 (78).7786.3 (9.9)86.9 (8.8)After training

aVBEC: video-based error correction

Secondary Outcome Results
In the stepwise comparison of CPR performance, performance
for the “Secure own safety” step was significantly higher in the
VBEC group (85% vs 45%; P<.001). Among the common

mistakes, residents in the VBEC group showed a lower error
rate of “failure to anticipate the next move” (7.5% vs 32.5%;
P=.01) and “failure to debrief or problem solve after the code”
(5% vs 27.5%; P=.01) than the control group (Table 3).

Table . Comparison of correct performance and common mistakes of cardiopulmonary resuscitation between the VBECa and control groups.

P valueControl, n (%)VBEC, n (%)

.7436 (90)34 (85)Alert emergency services

>.9940 (100)40 (100)Recognize illness/injury

<.00118 (45)34 (85)Secure own safety

.4030 (75)34 (85)Examine patient

.6838 (95)36 (90)Recovery position

.0932 (80)38 (95)Decide if CPRb should be started

.4335 (87.5)38 (95)Effective chest compressions

>.9936 (90)37 (92.5)Open the airway and check breath-
ing

.4938 (95)40 (100)Give rescue breaths

.2035 (87.5)39 (97.5)Check rhythms and resume CPR

>.993 (7.5)2 (5)Failure to recognize arrest

.098 (20)2 (5)Failure to act (or act rationally) and
failure to call for help appropriately

.435 (12.5)2 (5)Failure to provide effective compres-
sions

>.991 (2.5)0 (0)Failure to provide effective ventila-
tions for the patient

.0113 (32.5)3 (7.5)Failure to anticipate the next move

.0111 (27.5)2 (5)Failure to debrief or problem solve
after the code

aVBEC: video-based error correction.
bCPR: cardiopulmonary resuscitation.

Performance After Training
The residents’ perceptions after the training regarding
self-assessment of their performance and related experiences

are presented in Figure 2. The residents in the VBEC group had
significantly higher confidence in CPR than the control group
(n=?, 62.5% vs n=?, 35%; P=.03).
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Figure 2. Participants’ positive reactions to activities (%). VBEC: video-based error correction. Asterisk indicates statistical significance.

Discussion

Principal Findings
In this study, it was revealed that VBEC improved the quality
of CPR training of anesthesiology residents. Specifically, the
VBEC-trained residents had improved posttraining theoretical
scores, a lower error rate for common mistakes, and better
performance at certain steps of the CPR procedure compared
with the control group. The residents who received the VBEC
training also showed higher confidence in performing basic
CPR than the control group. These findings suggest that VBEC
may be applicable in anesthesiology residents’ training.

Comparison to Prior Work
High-quality CPR can dramatically increase the chances of
survival in cardiac arrest. The AHA CPR Guidelines emphasize
that to bridge the gap between knowledge and practice,
educators should develop a method for improving CPR
education [12,13]. Errorless, or near-errorless, learning
procedures involve attempting to prevent errors during all
teaching sessions [14]. A video prompting technique is to begin
teaching with the most assistive prompt to minimize the
likelihood of an error [15]. Error correction, on the other hand,
involves procedures that are employed following an incorrect
response that would increase the probability of a correct
response on subsequent trials [16]. Previous research has
evidenced the effectiveness of the error correction procedures
and has confirmed their benefits [15,17-20]. In this study, we
used “error correction learning” as the primary method to
improve CPR education and optimize the studying experience.
VBEC may provide the learners with the opportunity to think
and respond independently to the situation before external
instructions are given, which may deepen their understanding
of the CPR procedure. This approach may explain the
improvement in the posttraining knowledge test among residents
in the VBEC group. While some studies argue against the use
of error correction since this may cause trainees to pick up
incorrect information [21], this study does not support such a
conclusion since none of the outcomes of the VBEC group were
inferior to those of the control group. On the contrary, the VBEC
group had a lower chance of making mistakes that are common
in CPR procedures and paid more attention to the rescuer’s

safety. Therefore, the VBEC may highlight the error-prone
points in standard CPR training. Moreover, Goodson et al
demonstrated that VBEC is effective for learners who do not
fully benefit from video prompting, as all participants achieved
100% accuracy in task analysis. This outcome was noteworthy,
especially since the study included individuals with
developmental disabilities [10]. Considering the group-based
nature of medical education, this suggests that VBEC could be
a valuable tool in the training of medical residents.

Strengths
No difference was found between the VBEC and the control
groups in practical performance after the training. This result
may be attributed to the fact that on-target CCs were used to
evaluate the practical performance; CC is a muscle
memory-based skill that requires more physical practice.
However, the 15-minute VBEC or video prompt training plus
the 30-minute hands-on training is relatively short for
substantially improving the practical performance of the
residents. Nevertheless, CC is a central but not the only key
part of the whole CPR procedure. Successful CPR in real
situations also relies on non-technical skills, such as fluency in
the CPR code and physicians’ self-confidence [22,23]. Our
results showed that the VBEC group had a lower error rate and
higher self-confidence in conducting CPR. More specifically,
the fewer “failure to anticipate the next move” in the VBEC
group may indicate an enhanced fluency throughout the CPR
code. These improvements are essential for the improvement
of the overall CPR quality, even with the same CC.

Limitations
This study is not without limitations. First, the small sample
size limits the generalizability of the results, indicating a need
for future studies with larger populations to confirm these
findings. Second, the brief duration of the testing period suggests
the necessity for extended follow-up to fully understand the
long-term implications. Third, further investigation is required
to explore how VBEC may be applied to improve practical skills
such as CC. Moreover, the study’s design constraints, including
the absence of power estimation, rigorous randomization, and
blinding, hinder our ability to draw definitive causal conclusions,
warranting a cautious interpretation of the results.
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Conclusions
In summary, VBEC may be an efficient teaching technique used
in CPR training, not only for improving residents’ cognitive
performance and self-confidence but also for increasing the rate

of completion in providing a fluent CPR sequence with fewer
mistakes. However, further research with longer-term follow-up
periods is needed to determine whether error correction learning
improves long-term outcomes.
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Abstract

Background: Knowledge construction in the context of children’s science education is an important part of fostering the
development of early scientific literacy. Nevertheless, children sometimes struggle to comprehend scientific knowledge due to
the presence of abstract notions.

Objective: This study aimed to evaluate the efficacy of augmented reality (AR) games as a teaching tool for enhancing children’s
understanding of optical science education.

Methods: A total of 36 healthy Chinese children aged 6-8 years were included in this study. The children were randomly divided
into an intervention group (n=18, 50%) and a control group (n=18, 50%). The intervention group received 20 minutes of AR
science education using 3 game-based learning modules, whereas the control group was asked to learn the same knowledge for
20 minutes with a non-AR science learning app. Predict observe explain tests for 3 topics (animal vision, light transmission, and
color-light mixing) were conducted for all participants before and after the experiment. Additionally, the Intrinsic Motivation
Inventory, which measures levels of interest-enjoyment, perceived competence, effort-importance, and tension-pressure, was
conducted for children after the experiment.

Results: There was a statistically significant difference in light transmission (z=−2.696; P=.008), color-light mixing (z=−2.508;
P=.01), and total predict observe explain test scores (z=2.458; P=.01) between the 2 groups. There were also variations between
the groups in terms of levels of interest-enjoyment (z=−2.440; P=.02) and perceived competence (z=−2.170; P=.03) as measured
by the Intrinsic Motivation Inventory.

Conclusions: The randomized controlled trial confirmed that the AR-based science education game we designed can correct
children’s misconceptions about science and enhance the effectiveness of science education.

Trial Registration: ClinicalTrials.gov NCT06184022; https://classic.clinicaltrials.gov/ct2/show/NCT06184022

(JMIR Serious Games 2024;12:e47807)   doi:10.2196/47807

KEYWORDS

augmented reality; serious game; science education; childhood education; cognition; children; scientific cognition; cognitive
process; effectiveness

Introduction

Children’s level of scientific concept generation is representative
of their inquiry, comprehension, and application of natural
events and phenomena and reveals their cognitive capacities
and developmental stages [1]. Knowledge construction in
children’s science education contributes to early scientific
literacy development, which improves children’s cognitive level
by enhancing thinking skills, and is being emphasized by
scholars and parents [2]. Traditionally, children build domain
knowledge in science through films, literature, and lectures in
science education [3]. Although some forms of educational
learning are accessible, they often uses a monotonous
instructional format, and confusing content hinders the
transmission of scientific knowledge [4].

Serious games provide a more engaging interactive environment
and an accessible cognitive framework to facilitate effective
learning [5]. Studies have shown that serious games have more
effective learning outcomes than traditional methods of science
education (eg, face-to-face lectures and book-based knowledge
transfer) [6,7]. It is suitable for children’s investigation of natural
phenomena because the game’s visual design simulates
paranormal phenomena that cannot be produced in real life.
Lester et al [8] constructed virtual environments that generate
natural phenomena, allowing children to assume roles in
open-world environments and to freely rely on their knowledge
of the geography and biology of natural environments. Laine
et al [9] permitted children to interact with hosts in virtual
narrative game scenarios and to investigate the geometry of the
virtual environment with the protagonist. The concept of light,
a prevalent natural phenomenon, was selected as the subject of
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this research to explore its design for enhancing children’s
cognitive abilities. Optical science education programs are still
presented in a 2D format, which has been demonstrated to be
ineffective [10].

Due to the spatial complexity and abstract nature of optics, it
is challenging to accurately convey knowledge through flat
visual representations [11]. Therefore, it is necessary to blur the
boundaries between the 3D real world and the 2D digital world
to reduce the distance between children’s learning of science
concepts and their learning environments [12]. 3D
representations and interactions in augmented reality (AR)
games have the potential to enhance spatial cognition, thereby
facilitating children’s comprehension of spatially abstract
scientific concepts [13], such as simulating the movement of
the sun in a classroom environment [14]. Sahin and Yilmaz [15]
demonstrated that students who used AR technology to improve
their science literacy performed better on tests than those who
learned using traditional methods. This is as a result of AR
technology’s ability to enhance the dynamic potential of human
consciousness to comprehend the science learning process [16].
In addition, motivational improvement was mentioned as one
of the frequently observed AR outcomes [17]. Using AR apps
increased student motivation relative to other instructional aids
[18]. Our study investigated whether designing optical science
education with more comprehensible 3D interactions for children
can enhance science education and promote children’s
motivation.

The study designed the “AR Serious Game for Optical Science”
and conducted a randomized controlled trial to determine the
efficacy of this AR game product in enhancing children’s
science education. The primary objective of this study was to
validate the efficacy of AR science education games for
children; the secondary objective was to investigate the intrinsic
motivation of children toward them.

Methods

Study Design
Guardians of children with independent mobility provided
informed written consent for their participation in the study.
Participants were randomly assigned to the intervention and
control groups using a randomization list, which was maintained
by members of the study group uninvolved in any other aspect
of the study. Participants’ guardians received and opened
opaque, sealed envelopes containing group assignments
following the initial evaluation. The evaluator in charge of

assessing the results of the AR science education course had no
access to participant information or group assignment.

Sample size calculations were performed using PASS software
(NCSS LLC) based on the predict observe explain (POE) test
scores from the preintervention questions. Group sample sizes
of 18 and 18 achieve 90.118% power to reject the null
hypothesis of equal means, when the population mean difference
is μ1 − μ2 = 3.2 − 1.0 = 2.2, with SDs of 2.0 and 1.9 for the 2
groups and with a significance level (α) of .05 using a bilateral,
2-sample, equal-variance, 2-tailed t test.

Participants
A total of 36 Chinese children (aged 6-8 y) were recruited from
Jiangyin Children’s Education Center and Jiangyin Wuxi
Community in Jiangsu Province and divided into the
intervention (n=18, 50%) and control (n=18, 50%) groups.

AR Science Education Game Design
During the learning phase, children are required to engage in
physical activities, such as walking around with a handheld
device, to interact with the AR scene’s content to discover what
is unique about the light phenomenon. When children touch the
interactive points, the content is explained by animation and
voice-overs. This study developed several interactive approaches
for children within AR games, such as through in-game visual
representations, speech, and interactive methods, which permit
children to connect game content to unfamiliar information as
they explore. The advantages are as follows: (1) children can
use more familiar physical activities with light concepts to
establish metaphorical mappings related to orientation, not just
gestural touch; (2) rendering light with 3D attributes in the real
world reduces the cognitive load generated by children’s linkage
of abstract knowledge and the real phenomena; and (3) adding
various kinds of digital augmentation effects in the AR scene
helps children understand the concepts. The project created 3
games based on the characteristics of scientific understanding
(Multimedia Appendix 1 and Figure S1 in Multimedia Appendix
2 [9,14,19-28]).

Game 1 introduces children to the fundamentals of animal vision
(Figure 1). Animal vision concepts are investigated through AR
scenes. By clicking on the icons in the lower-left corner, the
game transforms to an animal simulation. In each scenario, a
voice-over narration instructs children to identify the visual
differences between the animal and the human. When the
handheld device is trained on a specific target, a voice-over
narration and feedback animation will play.
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Figure 1. Animal vision augmented reality (AR) game introduction.
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In the design of the interaction mode, 3 display modes were
established for the game’s interactive elements: far, medium,
and near (hybrid camera mode). The concept of invisible light
is introduced to children in greater detail based on the ray
distance between the device’s camera and the target element.
The far view provides children with an intuitive impression of
the invisible light’s overall effect; the medium view uses
transition animation to illustrate the invisible light’s

characteristics; and the near view uses special effect particles
to illustrate the invisible light’s trajectory.

Game 2 introduces children to light transmission–related
concepts (Figure 2). In the AR scenario, children navigate the
environment with a handheld device and activate energy panels
by interacting with flat mirrors and optics. By targeting
AR-enhanced prop objects and manipulating the angle of light
emission to investigate how light propagates, voice-over
explanations and feedback animations are activated.

Figure 2. Light transmission augmented reality (AR) game introduction.

According to the voice-over prompts, children can hold the
device and manipulate the flashlight from a first-person
perspective (spatial exploration mode) as part of the interactive
design. They then complete 3 steps: locating the interactive
elements (mirrors, ice crystals, etc), adjusting the flashlight’s
tilt angle, and using the flashlight to complete the light-up task.
The progression encourages children to investigate the principles
of light transmission through the game.

Game 3 introduces children to color-light mixing concepts
(Figure 3). Children were instructed to walk around with the
device in hand and explore the color changes of props such as
AR-enhanced birds, which are illuminated with various colors
of lights. Collecting the target color’s shadow initiates a
voice-over explanation and feedback animation.
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Figure 3. Color-light mixing augmented reality (AR) game introduction.

Regarding the interactive design, children need to hold the
device to illuminate the creatures and cast shadows on the
present wall, and then they need to press the button to turn the
light on and off (projection irradiation mode). The objective of
the game required children to perform single-color illumination,
2-color mixing, and 3-color mixing to achieve the desired hue.
In another vibrant nursery game, children were instructed to
move plants to receive various colors of light and to observe
the plants’ root elongation and leaf dispersal.

This game design used Unity 3D (Unity Technologies) as the
development engine, and the app was installed on an Apple
iPad (2018) with a screen resolution of 2048×1536 (264 pixels
per inch). The AR component made use of the Vuforia AR SDK
(Parametric Technology Corporation) to accomplish the
fundamental duties of plane identification and virtual object
generation. The interaction section used lens focus to determine
the interactions; when the device camera’s output rays collide
with the target virtual object and the distance is close, it is

deemed to have located the target effectively. To imitate the
illusion of invisible light, Unity’s Post Processing module was
applied to the camera filter. The principle entailed presenting
the camera screen into the buffer of Unity and applying filters
and effects prior to displaying it; it can be applied to both the
camera screen and the virtual item.

Procedure
This experiment was a randomized controlled trial, and the
participants were randomly separated into the intervention group
and the control group. The random numbers were generated by
applying the SAS software analysis system (SAS Institute) on
a computer simulation, and no experimental group was allowed
to be selected at random. Every child was tested in the company
of a guardian and 2 researchers.

The independent variable was the type of game (an optical
science education app called “Light and Color” or the AR game
we designed; see Figure S2 in Multimedia Appendix 2 for a
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comparison of the differences between the 2 games). The
dependent variables for both intervention and control group
participants were the differences between the pre- and posttest
results of the POE tests and the children’s motivation to play
the game. To create control variables for the experiment, both
games included the topics of animal vision, light transmission,
and color-light mixing, and neither game involved a human
teacher. In addition, there were no significant sex (P=.49) or
age (P=.67) differences between the 2 groups.

Intervention Group
Before the test started, the researcher provided the basic
information of the experiment to the participants, including the
test topic, test technique, test time, and other information. The
participants were asked to complete a cognitive exam on the
notion of light and perform a POE test for each topic to find out
how well they comprehend the content, without being told
whether their answers were correct.

After completing the pretest, intervention group participants
were instructed to complete the 3 game-based learning modules
of the AR science education app on the iPad regarding animal
vision, light transmission, and color-light mixing. On their initial
encounter with the game, respondents were given around 10

minutes to comprehend its mechanics. The intervention group’s
total learning time was limited to 20 minutes, the testing process
was completed under the supervision of the instructor and the
experimenter, and the children’s behavioral characteristics were
recorded. During the experiment, the participants were not
disturbed in any way; researchers only intervened when they
faced difficulties or requested assistance. The participants were
given a 15-minute respite at the conclusion of the trial to take
another POE test. Before and after the experiment, each
participant’s performance on the game was recorded. The
researcher then read aloud and described the items on the
intrinsic motivation and cognitive load scales to the participants,
who scored the scale items using a 5-point “smiley face” scale.

Control Group
The control group was also introduced to the experiment and
given a preintervention POE test to assess their prior knowledge
of the learning material. The control group completed the same
3 game courses for a maximum of 20 minutes using the non-AR
app “Light and Color” after completing the pretest. The
participants took a 15-minute break at the conclusion of the trial
to complete another POE test and the Intrinsic Motivation
Inventory (IMI) scale (Figure 4).

Figure 4. Photos of the experimental process: (A) the process of using the augmented reality (AR) game for participants in the intervention group; (B)
the process of using the “Light and Color” app game for participants in the control group, and (C) the process of filling out the questionnaire by the
participants.

Evaluation Metrics
The study was validated based on several experiments.

The POE test is commonly used in science classes and tries to
expose students’ expectations about certain events and the
rationale for these predictions [29]. It is used to demonstrate
scientific experiments to pupils and is advantageous for fostering
children’s critical thinking and assessing students’ grasp of
scientific topics. The investigator then displays the relevant
physical events to the students using basic prop materials after
requiring the students to independently determine the correct
answers to the questionnaire along with their justifications.
Finally, students are instructed to alter or supplement their
explanations in light of the observations. Since children may
appear to be able to answer the question properly but not

comprehend the reasoning behind it, for each topic, it is possible
that they do not comprehend the underlying concept. In this
study, individuals’ accurate answers and explanations were
recorded, and different situations were rated differently based
on a 2-tier test [30] (Table 1). This scoring method is frequently
used to evaluate students’ conceptual understanding [31]. The
outcomes were categorized as correct answer+correct
explanation, correct answer+incorrect explanation, incorrect
answer+correct explanation, and incorrect answer+incorrect
explanation. Each topic’s overall score was included in the
subsequent analysis. To avoid disruptions caused by children’s
memorization of answers, the experimental posttest
questionnaire in this study was different from the pretest
questionnaire but was founded on the same scientific concepts.
The examination topics are provided in Table S1 in Multimedia
Appendix 2.
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Table . Two-tier test assessment criteria.

ScoreLevel of conceptual understanding

2Correct answer+correct explanation

1Correct answer+incorrect explanation

1Incorrect answer+correct explanation

0Incorrect answer+incorrect explanation

Due to the young age of the study participants, the simplified
version of the IMI adapted by Vos et al [32] was selected for
this research. It was developed under game conditions with 3
subscales: interest-enjoyment, perceived competence, and
effort-importance, to assess the perceived levels of motivation,
enjoyment, and perceived difficulty of the participants. To
investigate the negative emotions of children using the AR
game, the study inserted questions from the original scale’s
tension-stress section [33] (Table S2 in Multimedia Appendix
2). Participants were asked to rate the extent to which they
concurred with the statement using a 5-point Likert scale
depicting 5 smiling faces. A score of 5 indicated that the child
participant strongly agreed with the statement. To minimize the
effect of differences in reading ability, the researcher read the
questionnaire audibly to the child participants, who then
completed the questionnaire independently.

Ethical Considerations
The study was approved by the Human Research Ethics
Committee of Shanghai Jiao Tong University (H2022041I) in
China. Informed consent was signed by guardians and the data

were deidentified. A toy with a value of CNY ¥50 (US $7.01)
was provided as compensation.

Results

A total of 36 healthy Chinese children aged 6-8 years were
recruited in May 2022, including 22 male and 14 female
children, all of whom participated in the experiment with the
consent of their guardians and of their own volition. The 36
participants were randomly assigned to the intervention group
(n=18, 50%) and the control group (n=18, 50%), with the mean
age of the intervention group being 7.16 (SD 0.76) years and
that of the control group being 7.06 (SD 0.78) years. Baseline
demographic data and POE test scores for the intervention and
control groups are shown in Table 2. The statistical analysis
revealed that there was no statistically significant distinction
observed between the 2 groups across all variables (all P>.05).
This suggests that the intervention and control groups exhibited
a similar overall comprehension level prior to the
commencement of the trial. The experimental procedure is
provided in Figure 5.

Table . Baseline data for the intervention and control groups.

P valuecz score or chi-square (df)Control groupb (n=18)Intervention groupa (n=18)Variable

.490.467 (1)d12 (67)10 (56)Male sex, n (%)

.67−0.421e7.06 (0.78)7.17 (0.76)Age (y), mean (SD)

.77−0.296e1.94 (1.21)1.83 (1.10)POEf test score for animal
vision, mean (SD)

.66−0.437e2.67 (2.20)2.83 (1.72)POE test score for light
transmission, mean (SD)

.30−1.031e1.94 (1.16)1.50 (1.09)POE test score for color-
light mixing, mean (SD)

.78−0.273e6.56 (2.12)6.17 (2.28)Total POE test score, mean
(SD)

aAugmented reality game.
bNon–augmented reality game.
cMann-Whitney U test and χ2.
dChi-square value.
ez score.
fPOE: predict observe explain.
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Figure 5. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. AR: augmented reality; IMI: Intrinsic Motivation Inventory; POE:
predict observe explain.

The results of the normality test revealed a nonnormal
distribution of the data (Table S3 in Multimedia Appendix 2).
Consequently, the researchers conducted a paired-sample
Wilcoxon rank sum test to compare the pre- and posttest findings
of the intervention and control groups to assess any differences
between the 2 groups. The results shown in Table 3 demonstrate
notable fluctuations in both light transmission (z=−2.696;

P=.008) and total POE test scores (z=−2.458; P=.01).
Nevertheless, the results of the study indicate that there was no
statistically significant advantage observed in animal vision
(z=−0.847; P=.42) and color-light mixing POE test scores
(z=−0.782; P=.46) as a result of the AR game intervention. It
should be noted, however, that there was an improvement in
scores following the intervention.
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Table . Between-group differences between the intervention and control groups on each of predict-observe-explain (POE) test (pre- and posttests).

P valuecz scoreDifference, mean
(95% CI)

Control groupb

(n=18), mean (SD)
Intervention groupa

(n=18), mean (SD)

POE test score

.42−.8470.36 (−0.71 to 1.43)Animal vision

1.94 (1.21)1.83 (1.10)Pretest

2.17 (0.99)2.33 (1.14)Posttest

.008−2.6960.97 (−0.37 to 2.31)Light transmission

2.67 (2.2)2.83 (1.72)Pretest

3.00 (1.88)4.44 (1.76)Posttest

.46−0.7820.72 (−0.44 to 1.88)Color-light mixing

1.94 (1.16)1.50 (1.09)Pretest

2.50 (1.04)2.39 (1.24)Posttest

.01−2.4582.06 (−0.1 to 4.22)Total

6.56 (2.12)6.17 (2.28)Pretest

7.67 (1.71)9.17 (2.48)Posttest

aAugmented reality game.
bNon–augmented reality game.
cMann-Whitney U test.

In this study, subjective IMI scale values acquired during the
trial were statistically analyzed. It was observed that the different
groups showed significant variability in levels of
interest-enjoyment (z=−2.440; P=.02) and perceived competence

(z=−2.170; P=.03; Table 4), whereas significant differences
were not observed in levels of effort-importance (z=−1.310;
P=.20) and tension-pressure (z=−0.733; P=.48).

Table . Comparison of Intrinsic Motivation Inventory (IMI) variability between the intervention and control groups.

P valuecz scoreControl groupb (n=18),
mean (SD)

Intervention groupa (n=18),
mean (SD)

IMI subscale

.02−2.44018.00 (2.57)20.28 (2.72)Interest-enjoyment

.03−2.17016.33 (3.34)18.83 (3.05)Perceived competence

.20−1.31011.83 (2.57)12.89 (1.97)Effort-importance

.48−0.7339.77 (2.90)10.44 (2.33)Tension-pressure

aAugmented reality game.
bNon–augmented reality game.
cMann-Whitney U test.

Discussion

Principal Findings
The integration of science education into the foundational
education of children aims to systematically cultivate their
abilities in inductive and deductive thinking [34]. Serious games
have demonstrated efficacy in enhancing teaching and learning
outcomes within the contemporary domain of children’s science
education [7]. AR technology has garnered growing interest in
the realm of serious game design in recent times due to its ability
to visually represent scientific processes that are not easily
observable in real-life situations [35]. Further, the incorporation
of AR technology into mobile devices has resulted in widespread
adoption, facilitating the implementation of many apps [17].
Nevertheless, there is a lack of comprehensive study and
experimentation to substantiate the efficacy of AR design in
the realm of children’s science education. Consequently, a series

of AR science instructional games were developed, focusing
on the comprehension of light principles. The objective was to
assess the efficacy of the games and the degree of intrinsic
motivation of the students. The results showed that children
who participated in the AR science game had substantially
higher POE test scores and conceptual understanding of light
propagation than the control group.

The study revealed that children exhibited varying levels of
comprehension in relation to light concepts across diverse
themes. Reliable between-group differences were detected
among the topics of light propagation. The rationale behind the
use of AR lies in its inherent benefits, which include the ability
for children to engage in physical activity while delving into a
more comprehensive exploration as compared to 2D games.
Additionally, AR technology facilitates the rendering of
real-world light phenomena, as supported by previous studies
[36,37]. Our game was developed with the purpose of creating
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a metaphorical representation of concepts connected to light
orientation using gesture-touch interactions. It aims to alleviate
the cognitive burden experienced by children when trying to
connect abstract information about light with real-world light
occurrences. This is achieved by incorporating 3D properties
of lighting effects into the game. Furthermore, a notable increase
in the game scores of the intervention group was noticed across
all topics. This observation serves as evidence for the beneficial
influence of AR games on children’s conceptual transformation
during the process of acquiring scientific knowledge. Our game
also serves as a means of scientific investigation, necessitating
active engagement from the children. Certain children had not
before contemplated the underlying mechanisms responsible
for commonplace visual occurrences. The stimulation of their
drive to study and their high curiosity played a significant role
in facilitating their conceptual shift and fostering the
development of scientific thinking [38]. Nevertheless, the
intervention group did not exhibit any noteworthy disparity
compared to the control group in relation to the topics of animal
vision and color-light mixing. The limited influence of the
different interactive designs, specifically mixed camera mode
and projected lighting mode, on children’s cognition may
account for this disparity when compared to the visual
representation format in the 2D game.

Intrinsic motivation is a potent factor that influences
performance, learning persistence, and productivity [39].
Children in the intervention group demonstrated greater interest
and enjoyment in intrinsic motivation than those in the control
group, and they demonstrated an ability to embrace and
comprehend the causes of certain light phenomena.

AR imparts scientific information that challenges children’s
prior knowledge and stimulates their interest. Consequently, it
can arouse interest in the principles and stimulate active thought
[35]. During the test, we observed that participants had a keen
interest in the game and avidly explored the interface’s
interactive elements. Moreover, there was a significant
difference in perceptual ability between the intervention and
control groups. We believe that this difference stems from the
fact that AR games, created by adding 3D virtual objects to
real-world images, can better facilitate children’s understanding
of complex concepts [15]. However, we also found that the
intervention group showed some stress toward AR games.
Children have a period of adjustment for things to which they
are not accustomed to, as evidenced by their inattention and
attempts to communicate with the observer when they encounter
difficulties in the game [17]. Future research can therefore
concentrate on how to provide prompts even when encountering
difficulties.

The researchers observed that the children’s engagement in
gameplay facilitated their conscious observation of light
occurrences in their daily lives, resulting in a modest

improvement in their comprehension during the final phase of
the tests. Furthermore, when the optical principles pertaining
to linear propagation, reflection, and refraction became
increasingly complex, it became more challenging for the
children to comprehend, leading to confusion in certain
preintervention participants regarding the distinctions between
these concepts. It is important to acknowledge that when a child
misinterprets the dynamic effects, animation, or creative
expression of a game feature, the game can potentially facilitate
the development of novel alternative understanding. Fortunately,
the occurrence of this scenario was limited in the 2 assessment
tests conducted during the formal experiment.

The strengths and weaknesses of our study in comparison with
other studies is shown in Table S4 in Multimedia Appendix 2.

In summary, the integration of AR into educational games has
the potential to enhance children’s science education by offering
a more immersive and engaging learning experience. This
approach also may address the challenges associated with
inadequate education and the lack of motivation among children
to explore scientific subjects.

Conclusions and Limitations
The results suggest that the use of AR serious games can
effectively motivate children to undergo conceptual shifts during
the initial phases of science education. This, in turn, leads to an
improved level of comprehension of scientific material.
Furthermore, it is expected that these positive outcomes can be
replicated in future preschool science education settings. This
randomized controlled trial provides confirmation that the
science education game we developed, using AR technology,
has the potential to rectify children’s misconceptions regarding
scientific concepts and improve the overall efficacy of science
teaching.

However, there are also some limitations. First, the sample size
used in the study was limited, and the sample population was
mainly from the more resource-rich region of Jiangsu Province,
China. Consequently, it is challenging to ascertain the presence
of regional variations in other geographical areas. Prospective
studies with large samples are needed to further confirm the
results, and the results can be improved by considering gender,
family upbringing, and children’s interest preferences in
subsequent studies. Second, AR apps require a lot of attention
and can be a distraction. It can cause students to ignore
instructions or important stages of the experience. In addition,
as the situation appeared in the pre-experiment, the game as a
teaching tool may generate new misconceptions if the child
misinterprets the content of the game. Finally, the existing game
conveys scientific concepts mostly through voice-over prompts,
which are insufficient to grab the children’s attention, and
children may be distracted and lose essential information during
the voice-over prompts.

 

Editorial Notice
This randomized study was only retrospectively registered, as the authors had not considered it necessary to register prospectively.
The editor granted an exception from ICMJE rules mandating prospective registration of randomized trials, because the risk of
bias appears to be low. However, readers are advised to carefully assess the validity of any potential explicit or implicit claims
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related to primary outcomes or effectiveness, as retrospective registration does not prevent authors from changing their outcome
measures retrospectively.
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Abstract

Background: Retention of adult basic life support (BLS) knowledge and skills after professional training declines over time.
To combat this, the European Resuscitation Council and the American Heart Association recommend shorter, more frequent BLS
sessions. Emphasizing technology-enhanced learning, such as mobile learning, aims to increase out-of-hospital cardiac arrest
(OHCA) survival and is becoming more integral in nursing education.

Objective: The aim of this study was to investigate whether playing a serious smartphone game called MOBICPR at home can
improve and retain nursing students’ theoretical knowledge of and practical skills in adult BLS.

Methods: This study used a randomized wait list–controlled design. Nursing students were randomly assigned in a 1:1 ratio to
either a MOBICPR intervention group (MOBICPR-IG) or a wait-list control group (WL-CG), where the latter received the
MOBICPR game 2 weeks after the MOBICPR-IG. The aim of the MOBICPR game is to engage participants in using smartphone
gestures (eg, tapping) and actions (eg, talking) to perform evidence-based adult BLS on a virtual patient with OHCA. The
participants’ theoretical knowledge of adult BLS was assessed using a questionnaire, while their practical skills were evaluated
on cardiopulmonary resuscitation quality parameters using a manikin and a checklist.

Results: In total, 43 nursing students participated in the study, 22 (51%) in MOBICPR-IG and 21 (49%) in WL-CG. There were
differences between the MOBICPR-IG and the WL-CG in theoretical knowledge (P=.04) but not in practical skills (P=.45) after
MOBICPR game playing at home. No difference was noted in the retention of participants’ theoretical knowledge and practical
skills of adult BLS after a 2-week break from playing the MOBICPR game (P=.13). Key observations included challenges in
response checks with a face-down manikin and a general neglect of safety protocols when using an automated external defibrillator.
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Conclusions: Playing the MOBICPR game at home has the greatest impact on improving the theoretical knowledge of adult
BLS in nursing students but not their practical skills. Our findings underscore the importance of integrating diverse scenarios
into adult BLS training.

Trial Registration: ClinicalTrials.gov (NCT05784675); https://clinicaltrials.gov/study/NCT05784675

(JMIR Serious Games 2024;12:e56037)   doi:10.2196/56037

KEYWORDS

serious smartphone game; adult basic life support; teaching; game; games; gaming; education; nurse; nursing; nurses; educational;
mHealth; mobile health; app; apps; application; applications; smartphone; smartphones; RCT; randomized controlled trial;
controlled trial; technology-enhanced learning; TEL; life support; knowledge retention; theoretical knowledge; practice; practical;
resuscitation

Introduction

Sudden cardiac arrest is one of the leading causes of death in
adults worldwide. It is responsible for over a million deaths
annually [1]. Most deaths occur in the out-of-hospital setting,
and the outcome possibly can be improved with proper adult
basic life support (BLS) [2]. Effective implementation of adult
BLS can double the chances of survival after a sudden cardiac
arrest [3,4]. Reviews report poor cardiopulmonary resuscitation
(CPR) by nursing students, despite the completion of adult BLS
certification [5]. BLS knowledge and skills decline significantly
within months of initial training [5,6]. For this reason, the
European Resuscitation Council (ERC) and American Heart
Association guidelines recommend shorter and more frequent
adult BLS training as it helps retain adult BLS content longer
and maintain competency levels [7,8]. Currently, adult BLS
education in higher nursing education institutions traditionally
imparts theoretical knowledge through a frontal approach and
teaches practical skills using manikins and automated external
defibrillators (AEDs), although the approach can vary
significantly from one university to another [5,9].

A noticeable generational shift is evident in health care systems,
both in Europe and abroad, characterized by the increasingly
common employment of younger individuals. These younger
future health care employees bring a higher proficiency in
technology and information literacy [10,11], attributes cultivated
from growing up in an era dominated by modern technology
[12]. Technology-enhanced learning (TEL) approaches,
developed to improve adult BLS knowledge and skill retention,
ultimately aim to increase out-of-hospital cardiac arrest (OHCA)
survival [8]. The most recent adult BLS guidelines highlight
the integration of TEL into adult BLS courses [8,13,14]. This
includes not only immersive technologies, such as extended
reality [15], but also mobile learning (m-learning), which has
increased dramatically in nursing education in recent years [16].
A recent meta-analysis indicates that serious smartphone games
are a promising and effective tool for adult BLS education [17].

M-learning, by its definition, encompasses the use of mobile
technology [18], with mobile apps on smartphones often serving
as the educational platform [19]. Research has demonstrated
m-learning’s beneficial effects on fostering a variety of learning
outcomes and competencies in the field of nursing [20,21].
Smartphone-based m-learning [21] seamlessly complements
education through serious games and gamification [15].
Gamification involves applying game design elements to

nongame contexts [22], such as educational content in higher
education [23]. Conversely, serious games are crafted to use a
specific type of game (eg, computer or mobile games) for the
purpose of learning about significant subjects, such as adult
BLS content education at the higher education level [24].

To the best of our knowledge, only a limited number of studies
have explored the use of serious smartphone games for teaching
adult BLS to health care students [25-29]. Among these, only
1 study demonstrated an improvement in both the theoretical
knowledge and practical skills associated with adult BLS [28].
Other studies have reported enhancements in either theoretical
knowledge [29] or practical skills related to adult BLS. The
positive effects of a serious smartphone game can be seen as
early as 2 weeks [25,26], as well as 1 month after the
intervention [27-29]. Studies have compared different teaching
methods, where the use of serious smartphone games seems to
have better results than simulation-based learning but is less
effective than virtual reality–based game learning [26,30]. Some
studies have also shown improvements in practical skills, such
as compression rate accuracy [27,28], although this tends to be
inferior when compared to simulation-based methods [30]. In
contrast, in 2 studies, serious smartphone games did not provide
notable benefits and led to worse performance in theoretical
and practical areas, although students showed a clear preference
in favor of serious smartphone games [27,28].

The aim of the study was to evaluate whether playing a serious
smartphone game called MOBICPR [31] at home can enhance
nursing students’ theoretical knowledge of and practical skills
in adult BLS.

Methods

Study Protocol
The study was conducted at the Faculty of Health Sciences,
University of Maribor (Maribor, Slovenia) between March and
May 2023. The study was registered in ClinicalTrials.gov
(NCT05784675). The study protocol was written in accordance
with the Consolidated Standards of Reporting Trials of
Electronic and Mobile Health Applications and Online
Telehealth (Multimedia Appendix 1) [32].

Ethical Considerations
Ethical approval was obtained from the Slovenian National
Medical Ethics Committee (0120-157/2018), and permission
to conduct the study on the faculty premises was obtained from
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the Faculty of Health Sciences, University of Maribor. During
an oral presentation of the study, nursing students were informed
about the research protocol, and written consent was obtained
afterward. Data confidentiality and anonymity were maintained
throughout the study. Participants were rewarded for their
participation in the study with a free beverage from a vending
machine and a copy of the Game Changer painting by street
artist Banksy [33].

Participants
All nursing students enrolled in the first-degree nursing program
at the Faculty of Health Sciences, University of Maribor, during
the 2022-2023 academic year were invited to participate in the
study. Inclusion criteria to participate in the study were written
informed consent, an age of at least 18 years, and ability to
perform adult BLS on a manikin (eg, without injury). Our study
had no exclusion criteria.

Study Design and Randomization
This study had a randomized wait list–controlled design, where
nursing students were randomly assigned in a 1:1 ratio using a
computer-generated list (Microsoft 365 Excel Enterprise) to
either a MOBICPR intervention group (MOBICPR-IG) or a
wait-list control group (WL-CG). The WL-CG was a group of
nursing students who were assigned to a wait list and received
the intervention (MOBICPR game for playing at home) 2 weeks
after the MOBICPR-IG.

Interventions
All assessments of the participants’ theoretical knowledge of
and practical skills in adult BLS were conducted 3 time points:
baseline, 2-week follow-up, and 4-week follow-up. At the
baseline assessment, the investigators first collected

demographic data from the participants. Additionally, the
participants were questioned about their willingness to assist
both family members and strangers during OHCA with CPR.
Prior to practical skills in adult BLS, participants’ the theoretical
knowledge of adult BLS was assessed using a questionnaire
with 33 single- and multiple-choice questions [25,34-36] on an
open source online survey app called 1ka (Ljubljana, Slovenia);
see Multimedia Appendix 2. A back-translation approach was
used for translating the questionnaire into the Slovenian
language.

Prior to the assessment of adult BLS practical skills, each
participant was given a scenario based on OHCA to read
(Multimedia Appendix 3). After reading the scenario, the
participants were given a smartphone for calling emergency
services at the time of performing adult BLS. Instead of dialing
the actual emergency number, the participants used the contact
stored on the smartphone as 112 (ie, the Slovenian emergency
number). After the call was placed by each participant, the
investigator answered the phone and conducted a simulated
dispatcher conversation [37]. The investigator was a registered
nurse working at the local medical dispatch center. Each
participant performed 2-minute adult BLS without any help in
a staged kitchen on a manikin (Resusci Anne Quality
Cardiopulmonary Resuscitation [QCPR], Laerdal Medical)
using an AED (Defibtech, Trainer AED). The staged kitchen
was a space surrounded by mobile walls in the hospital’s
simulated room. A photo of a kitchen was projected onto the
wall, and below it was an electric stove with a pot full of water
(Figure 1). In each adult BLS scenario, the investigators turned
on the electric stove, and the scenario began when the water
started to boil, simulating a hazard. The kitchen was chosen
because the majority of OHCAs occur there [38].

Figure 1. Staged kitchen with the Resusci Anne QCPR in the middle (A) and a cartoon person in the MOBICPR game lying on the floor in a kitchen
(B). QCPR: Quality Cardiopulmonary Resuscitation.

After 2 minutes of performing adult BLS, each participant
received assistance from an outside person bringing in an AED
and taking over CPR. The adult BLS practical skills of each
participant were recorded using a Sony Handycam 4K AX53
camera and an Apple iPad Pro 3rd generation tablet. Two
investigators with a background in emergency medicine and

teaching laypersons adult BLS assessed the participants’
practical skills in adult BLS using a modified checklist
[25,36,39] according to the ERC BLS guidelines of 2015 [40]
and 2021 [34], with a total of 34 items (Multimedia Appendix
4). A back-translation approach was used for translating the
checklist into the Slovenian language. Numerical data from the
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SkillReporter for Tablet version 1.4.1 (Laerdal Medical) app
installed on a Samsung Galaxy Tab S6 Lite tablet was also
included in the evaluation of the participants’ practical skills in
adult BLS. Investigator debriefing was not conducted following
the assessment of the participants’ adult BLS theoretical
knowledge and practical skills. Instead, each participant (from
MOBICPR-IG at baseline and from WL-CG 2 weeks after
baseline) first played the MOBICPR game [31] on a Samsung
Galaxy A13 smartphone in front of the investigator and then
received the same smartphone to play at home. The objective
of the MOBICPR game is for participants to interact with a
smartphone using gestures (eg, tapping) and actions (eg, talking)
to help save the life of a virtual patient with OHCA by
performing evidence-based adult BLS. The MOBICPR game
is based on the 2021 ERC BLS guidelines [34], and the BLS
content was developed using the Delphi process. The patient’s
chance of survival in the MOBICPR game reduced with each
incorrect interaction by the participants. At the end of the
MOBICPR game, each participant received a total score in the
form of a gamification feature that corresponded to the risk of
survival (score>50% meant the patient survived) [41].
Gamification, defined as “using game design elements in
non-game contexts,” has been introduced into nursing education
to promote engagement using features such as leaderboards,
rewards, badges, and avatars [22]. After playing the MOBICPR
game as much as they wanted for 2 weeks, participants in the
MOBICPR-IG returned the smartphones. Participants in the
W-CG then received the smartphones and followed the same
protocol as participants in the MOBICPR-IG, that is, they played
the MOBICPR game in front of the investigator before taking
the smartphone home. Participants in the W-CG also returned
the smartphones after playing the MOBICPR game at home for
2 weeks. Additionally, at the study’s conclusion, each participant
was asked an open-ended question regarding the number of
family members or friends with whom they shared the
MOBICPR game for playing.

Outcome Measures
The primary outcomes were (1) assessment of the participants’
theoretical knowledge of adult BLS using a questionnaire with
a total maximum score of 33 points, where each correct answer
was awarded 1 point (Multimedia Appendix 2), and (2)
assessment of the participants’ practical skills in adult BLS
using a checklist with a total maximum score of 39 points
(Multimedia Appendix 4).

The secondary outcome was a summary score of high-quality
CPR components: (1) a chest compression (CC) rate of 100-120
beats per minute (bpm), (2) a CC depth of 50-60 mm, (3) CC
fraction>80%, and (4) a rescue breath volume of 500-600 mL
(Multimedia Appendix 4). All measures were taken as
mentioned earlier [16,23,27,28]. A total QCPR score was also
included, ranging from 0% to 100%. More detailed information
about software scoring is available on the Laerdal Medical
website [42]. Both primary and secondary outcomes were
measured at 3 time points: baseline, 2-week follow-up, and
4-week follow-up.

Statistical Analysis
Statistical analyses were conducted in October and November
2023. Data were analyzed using the R statistical programming
language (R Foundation for Statistical Computing). The data
presented in the summary table were prepared using frequency
analysis, which also included a chi-square test to assess the
similarity of the distribution between the intervention and
control groups. Theoretical knowledge and practical skill
assessments were averaged at the item level and subsequently
analyzed using nonparametric statistical tests (Wilcoxon
paired-sample test and Mann-Whitney U test) as the normality
of the distribution was violated. As nonnormal distribution
might represent a problem when calculating mean values, violin
plots were also used for the purpose of visualizing aggregated
scores due to their ability to visualize the distribution of the
data. P<.05 was considered statistically significant. Effect size

(η2) values >0.1 represented a small effect; 0.3, a moderate
effect; and ≥0.5, a large effect. Continuous variables were
analyzed according to the Gaussian distribution and reported
as the mean (SD) or the median (IQR), whichever was
appropriate.

Results

Participant Details
Of 124 nursing students, 80 (64.5%) declined to participate in
the study and 44 (35.5%) were enrolled into the study. At
follow-up, 1 (5%) of the 22 participants in the WL-CG dropped
out. In the end, 43 (98%) of 44 participants were included in
the final analysis (Figure 2).
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Figure 2. Flow diagram of study participants. MOBICPR-IG: MOBICPR intervention group; WL-CG: wait-list control group.

The mean age of the participants was 19 (SD 0.6) years, 38
(88%) were female, 35 (81%) had a background in health care
and nursing education, 32 (74%) had an iOS smartphone, and

the self-reported mean daily time spent on the smartphone was
3.8 (SD 1.2) hours (Table 1).
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Table 1. Baseline demographic characteristics.a

P valueWL-CGc (n=21), n (%)MOBICPR-IGb (n=22), n (%)Total participants (N=43), n (%)Characteristics

.67Gender

—d2 (10)3 (14)5 (12)Male

—19 (90)19 (86)38 (88)Female

.90Age (years)

—14 (67)16 (73)30 (70)19

—6 (29)5 (23)11 (26)20

—1 (5)1 (5)2 (5)21

.19Education

—17 (81)18 (82)35 (81)Health care and nursing

—1 (5)4 (18)5 (12)High school/gymnasium

—2 (10)02 (5)Pharmacy

—1 (5)01 (2)Economy

.001Operating system on smartphone

—21 (100)11 (50)32 (74)Apple iOS

—011 (50)11 (26)Android

aThe percentages may exceed 100 because of rounding.
bMOBICPR-IG: MOBICPR intervention group.
cWL-CG: wait-list control group.
dNot applicable.

All participants had received some previous adult BLS training.
However, only 2 (5%) had witnessed a cardiac arrest. Most of
them (n=38, 88%) had already performed CCs on manikins, but
only a few had also been giving rescue breaths (n=12, 28%)
and used any kind of AED (n=13, 30%). All participants (n=43,
100%) expressed a willingness to assist a patient with OCHA
and perform adult BLS. In addition, they all expressed a
willingness to perform mouth-to-mouth resuscitation on a family
member or acquaintance. However, only about half of them
(n=19, 44%) were willing to do the same for a stranger. The
predominant concern for not administering rescue breaths to
unknown individuals was the uncertainty regarding the patient’s
medical history and the risk for infectious diseases, as cited by
22 (92%) of the 24 (56%) participants who expressed reluctance.
On average, each participant introduced and shared the
MOBICPR game with 3 (SD 2) family members or friends for
trial and play.

Primary Outcomes
To assess the differences between the 2 groups at all 3 observed
time points, we calculated the cumulative scores of adult BLS
theoretical knowledge and practical skills for both groups.

Figure 3 shows that playing the MOBICPR game at home for
2 weeks improved the overall adult BLS theoretical knowledge

(median gain of 4 points, IQR 3, η2=0.113, P=.005) and

practical skills (median gain of 4 points, IQR 7, η2=0.05, P=.04).
However, in the WL-CG, which waited for 2 weeks to play the
MOBICPR game at home, the theoretical knowledge of adult

BLS improved by 2 points (IQR 4, η2=0.302, P=.001), whereas
the practical skills in adult BLS increased by 3 points (IQR 3,

η2=0.018, P=.14). In the MOBICPR-IG, after 2 weeks of not
playing the MOBICPR game at home, the retention of
theoretical knowledge gained an additional 2 points (IQR 2,

η2=0.019, P=.13) and practical skills gained 3 points (IQR 3.75,

η2=0.122, P=.003) compared to the 2-week follow-up.
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Figure 3. Comparison of theoretical knowledge and practical skill scores for all study participants at baseline, 2-week follow-up, and 4-week follow-up
measurements. MOBICPR-IG: MOBICPR intervention group; WL-CG: wait-list control group.

To focus on the impact of playing the MOBICPR game on adult
BLS theoretical knowledge and practical skills, we observed
participants in both groups and calculated the difference in the
cumulative points for both groups after they played the
MOBICPR game at home for 2 weeks.

As demonstrated in Figure 4, in the WL-CG, only 3 (14%)
participants improved their theoretical knowledge by ≥5 points

and only 6 (29%) study participants who achieved this kind of
improvement in the adult BLS practical skill score. In contrast,
in the MOBICPR-IG, 9 (41%) participants improved their score
by at least 5 points in both adult BLS theoretical knowledge
and practical skills. The difference in improvement between the
MOBICPR-IG and the WL-CG was not significant in practical

skills (η2=0.021, P=.45), while in theoretical knowledge, we

observed a statistically significant difference (η2=0.268, P=.04).
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Figure 4. Difference in theoretical knowledge and practical skills score before and after playing the MOBICPR game. MOBICPR-IG: MOBICPR
intervention group; WL-CG: wait-list control group.

To obtain more detailed insight into the improvements due to
playing the MOBICPR game, we observed the differences in
item-level scores before and after playing. Table 2 compares
the participants’ scores on questions used to test their theoretical
knowledge. It is evident that there were notable differences in
most items following engagement with the MOBICPR game.
Of 33 scores, 13 (39%) decreased during MOBICPR game

playing. For example, the score on question 3 (What is the
second thing we check in a patient with cardiac arrest?)
improved notably after MOBICPR game playing at home
(P=.001). In contrast, the score on question 16 (You are alone.
Will you go for the AED if it is 100 m away?) did not improve
after MOBICPR game playing at home (P=.103).
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Table 2. Question-level comparison of the mean scores for adult BLSa theoretical knowledge evaluation for MOBICPR-IGb and WL-CGc before and
after MOBICPR game playing at home for 2 weeks (N=43).

P valueDifference (after –
before)

Score after playing the MO-
BICPR game at home, mean
(SD)

Score before playing the MO-
BICPR game at home, mean
(SD)

Questions for evaluation of adult BLS theoret-
ical knowledge

.04–0.791.72 (0.43)2.51 (0.86)1. What is the first thing we check when we
approach the patient?

.001–0.792.09 (0.34)2.88 (0.45)2. On what kind of surface do we perform adult
BLS?

.0010.792.93 (0.58)2.14 (0.74)3. What is the second thing we check in a pa-
tient with cardiac arrest?

.050.211.95 (0.43)1.74 (0.54)4. How many seconds do we need to assess
consciousness?

.0010.511.77 (0.21)1.26 (0.44)5. Before we assess breathing or perform CCd,
do we remove the patient’s clothes?

.001–1.911.05 (0.15)2.95 (0.21)6. How do we open the airway?

.0011.952.98 (0)1.02 (0.15)7. What maneuver do we use to open the air-
way?

.001–1.951.00 (0)2.95 (0.3)8. How do we assess breathing?

.0011.493.00 (0)1.51 (0.86)9. How many seconds do we need to assess
breathing?

.001–1.471.00 (0.63)2.47 (0.83)10. What is the most common breathing in a
patient with cardiac arrest?

.001–1.052.12 (0.32)3.16 (0.37)11. Who are you calling on the 112 number?

.0011.403.12 (0.5)1.72 (0.45)12. Will calling 911 in Slovenia or Europe
reach emergency services?

.001–1.231.58 (0.3)2.81 (0.55)13. Who dials 112 in the case of cardiac arrest?

.0010.442.95 (0.51)2.51 (0.51)14. What do we need to tell the emergency
medical dispatcher?

.0010.792.70 (0.15)1.91 (0.29)15. What do you do with the phone after pro-
viding all the data?

.100.091.98 (0.35)1.88 (0.32)16. You are alone. Will you go for the AEDe

if it is 100 m away?

.0010.841.86 (0.15)1.02 (0.15)17. You have help. Will you send it for the
AED if it is 2 minutes away?

.001–0.981.02 (0)2.00 (0)18. Is this the sign for an AED?

.9902.00 (0.15)2.00 (0)19. Which picture shows the correct hand grip

for CPRf?

.001–0.422.02 (0.35)2.44 (0.77)20. What is the right depth for CCs?

.0010.882.86 (0)1.98 (0.15)21. What is the correct body position for CCs?

.0010.812.00 (0.78)1.19 (0.59)22. Where is the right place for CCs?

.001–1.421.23 (0.48)2.65 (1.41)23. What is the right frequency for CCs?

.001–0.881.09 (0.46)1.98 (0.15)24. What is the CC-to-breath ratio for an adult?

.0010.631.93 (0.51)1.30 (0.6)25. How long can you interrupt CCs for rescue
breaths?

.02–0.581.30 (0.26)1.88 (0.59)26. What is the volume of a rescue breath?

.0020.352.93 (0.82)2.58 (0.91)27. What do you do first if you have an AED?

.170.232.42 (0.46)2.19 (0.59)28. What do we do during AED rhythm analy-
sis?

.0011.072.07 (0)1.00 (0)29. What do we do during AED defibrillation?
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P valueDifference (after –
before)

Score after playing the MO-
BICPR game at home, mean
(SD)

Score before playing the MO-
BICPR game at home, mean
(SD)

Questions for evaluation of adult BLS theoret-
ical knowledge

.001–2.021.00 (1.05)3.02 (1.3)30. Which of the following statements about
the use of AEDs is false?

.0010.843.47 (0.65)2.63 (0.69)31. What do we do after the AED delivers an
electric shock?

.0011.162.91 (0.39)1.74 (0.44)32. When do we stop CPR?

.800.091.81 (0.52)1.72 (2.20)33. When is it recommended to replace some-
one during CPR?

.890.032.06 (0.26)2.08 (0.44)Cumulative score

aBLS: basic life support.
bMOBICPR-IG: MOBICPR intervention group.
cWL-CG: wait-list control group.
dCC: chest compression.
eAED: automated external defibrillator.
fCPR: cardiopulmonary resuscitation.

Similarly, in the item-level score differences for practical skills,
in 7 (21%) of 34 items, a significant increase was calculated
(Table 3). For example, the score on item 1 (Approaches the
patient safely) improved after MOBICPR game playing at home

(P=.001). In contrast, the score on item 2 (Checks
responsiveness: shouts and shakes the patient) did not improve
after MOBICPR game playing at home (P=.81).
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Table 3. Item-level comparison of the mean scores for adult BLSa practical skill evaluation for MOBICPR-IGb and WL-CGc before and after MOBICPR
game playing at home for 2 weeks (N=43).

P valueDifference (after – be-
fore)

Score after playing the MO-
BICPR game at home, mean
(SD)

Score before playing the MO-
BICPR game at home, mean
(SD)

Items for evaluation of adult BLS practical skills

.0010.860.95 (0.46)0.09 (0.29)1. Approaches the patient safely

.810.020.70 (0.32)0.67 (0.47)2. Checks responsiveness: shouts and shakes the
patient

.0010.490.88 (0.46)0.40 (0.49)3. Opens the airway: head tilt–chin lift

.62–0.050.70 (0.15)0.74 (0.44)4. Performs look, listen, feel

.0010.440.98 (0.78)0.53 (0.74)5. Looks, listens, feels: time

.0010.701.35 (0.26)0.65 (0.48)6. Calls 112 in the first minute

.0030.280.93 (0.29)0.65 (0.48)7. Calls 112 at the right time

.0010.580.91 (0.49)0.33 (0.47)8. Turns on the phone speaker and immediately

starts CPRd

.620.050.37 (0.5)0.33 (0.47)9. Provides correct information to the dispatcher

.050.210.42 (0.5)0.21 (0.41)10. Provides information about the location

.680.050.56 (0.5)0.51 (0.51)11. Time to the first CCse

.07–0.190.53 (0.32)0.72 (0.45)12. Corrects the body position for CCs

.990.000.88 (0.35)0.88 (0.32)13. Corrects the CC location

.110.140.86 (0.41)0.72 (0.45)14. Corrects hand CCs

.001–0.700.79 (0.9)1.49 (0.8)15. Corrects the CC depth

.0020.471.26 (0.21)0.79 (0.41)16. Recoil of the chest

.001–0.470.95 (0.76)1.42 (0.7)17. Corrects the CC rate

.0040.471.37 (0.53)0.91 (0.68)18. Ratios CCs

.170.120.95 (0.38)0.84 (0.43)19. CC fraction

.0010.510.95 (0.45)0.44 (0.5)20. Opens the airway: head tilt–chin lift

.320.090.72 (0.37)0.63 (0.49)21. Closes the nose and fits lips around the pa-
tient’s mouth

.080.140.84 (0.43)0.70 (0.46)22. Average pause of ventilation

.0010.740.77 (0.32)0.02 (0.15)23. Opens the nose

.003–0.260.12 (0.51)0.37 (0.49)24. Looks for the chest to rise between 2 rescue
breaths

.001–0.330.51 (0)0.84 (0.37)25. Two rescue breaths

.0010.471.00 (0.65)0.53 (0.7)26. Volume of rescue breaths

.200.160.65 (0.46)0.49 (0.51)27. Switches on the AEDf first at the right time

.001–0.280.70 (0)0.98 (0.15)28. Removes clothing

.0010.721.00 (0.45)0.28 (0.45)29. Position of the right AED pad

.103–0.190.28 (0.5)0.47 (0.5)30. Position of the left AED pad

.58–0.070.44 (0.5)0.51 (0.51)31. Ensures nobody is touching the patient: ana-
lyzing

.0010.490.58 (0.26)0.09 (0.29)32. Ensures nobody is touching the patient:
shock

.001–0.600.07 (0.44)0.67 (0.47)33. Presses the shock button at the right time

.002–0.210.74 (0.29)0.95 (0.21)34. Immediately restarts CCs

.040.140.76 (0.17)0.613 (0.14)Cumulative score
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aBLS: basic life support.
bMOBICPR-IG: MOBICPR intervention group.
cWL-CG: wait-list control group.
dCPR: cardiopulmonary resuscitation.
eCC: chest compression.
fAED: automated external defibrillator.

Secondary Outcomes
Table 4 shows a comparison of the high-quality CPR
components between participants before and after MOBICPR
game playing at home for 2 weeks. There were notable
differences in the median (IQR) of the total QCPR score for

MOBICPR game playing at home for 2 weeks for the
MOBICPR-IG (before: median 41 (IQR 54); after: median 70
(IQR 41); P=.011). There was no difference for the
MOBICPR-IG after not playing the MOBICPR game at home
for 2 weeks.

Table 4. Results for high-quality CPRa components for the MOBICPR-IGb and the WL-CGc.

P valuee,fScore after 2 weeks of not
playing the MOBICPR game

at homec, median (IQR)

P valued,eScore after 2 weeks of playing
the MOBICPR game at

homee, median (IQR)

Baseline assessmentd,
median (IQR)

High-quality CPR compo-
nents

CCg rate (bpmh)

.12112 (18).24112 (18)108 (18)MOBICPR-IG

——i.38110 (10)103 (22)WL-CG

————.78P value

CC depth (mm)

.2557 (4).5656 (7)57 (7)MOBICPR-IG

——.2759 (2)58 (6)WL-CG

————.16P value

CC fraction (%)

.1568 (9).2672 (6)70 (6)MOBICPR-IG

——.6370 (8)68 (13)WL-CG

————.88P value

Volume of rescue breaths (mL)

.66473 (204).54600 (463)496 (369)MOBICPR-IG

——.45567 (270)356 (147)WL-CG

————.64P value

Total QCPRj score (%)

.5477 (38).0170 (41)41 (54)MOBICPR-IG

——.2472 (46)43 (42)WL-CG

————.62P value

aCPR: cardiopulmonary resuscitation.
bMOBICPR-IG: MOBICPR intervention group.
cWL-CG: wait-list control group.
dMeasurement at baseline.
eMeasurement after 2 weeks of playing the MOBICPR game at home.
fMeasurement after 2 weeks of not playing the MOBICPR game at home.
gCC: chest compression.
hbpm: beats per minute.
iNot applicable.
jQCPR: Quality Cardiopulmonary Resuscitation.
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Discussion

Principal Findings
In this study, playing the MOBICPR game at home for 2 weeks
improved the theoretical knowledge of adult BLS in the
participants but little their practical skills. These outcomes were
expected, considering that the MOBICPR game was designed
primarily to impart theoretical knowledge of adult BLS, rather
than providing hands-on practice with an actual BLS manikin.
To the best of our knowledge, only 2 studies have used data
collected from manikin software to evaluate the practical parts
of adult BLS as we did [27,28]. We observed in our study
population that both the CC rate and the CC depth remain within
the margins of the current ERC recommendation [34]; in
comparison to our results, in the 2 studies [27,28], both the CC
rate and the CC depth dropped below the margins after serious
smartphone game playing. These 2 studies [27,28] also presented
the total QCPR scores, and where our scores improved compared
to theirs. Consequently, we recommend considering the
MOBICPR game as a supplementary educational tool in future
BLS course formats that incorporate immersive technologies
[43,44] for retention of adult BLS knowledge.

In evaluating study participants performing adult BLS on a
manikin, we observed 5 learning points (all reported in Tables
2 and 3), which could be useful for debriefing topics after BLS
courses. Initially, a large number of participants struggled with
checking the manikin’s response as it lay face down. Some
checked the response without turning the manikin onto its back,
while others did so with the manikin still face down. After
playing the MOBICPR game at home, only a minority checked
the response after turning the manikin onto its back. Studies
show that two-thirds of all patients are found in positions
unsuitable for performing CCs, such as the recovery position
[45]. The second learning point concerned the right time for
chest exposure during CPR. Many participants removed the
clothing before looking, listening, and feeling for signs of
breathing, while others did so before applying AED electrodes
to the manikin’s bare chest. Studies indicate that exposing the
chest during CPR can improve the rescuer’s ability to locate
the center of the patient’s chest, leading to more effective CCs
and reducing the risk of inaccurate compressions [46]. The third
point was about shouting for help. A recent study revealed that
almost all European BLS instructors teach laypersons to shout
for help [47], even though it was removed from the ERC BLS
guidelines [34,40]. Despite playing the MOBICPR game at
home, the participants still tended to shout for help before calling
emergency services. As a fourth point, we noticed that some
participants attempted to multitask by calling the dispatcher and
performing CCs simultaneously. This practice resulted in
lower-quality CCs, as the focus was divided between providing
information to the dispatcher and maintaining the 30:2
CC-to-rescue-breath ratio. Generation Z, like the participants
in our study, tends to multitask and is more engaged in
independent work [48]. Considering this insight, we are
re-evaluating the recent ERC BLS guidelines, particularly their
recommendation to activate the speakerphone or another
hands-free feature on a mobile device before promptly initiating
CPR [34]. Finally, we observed that almost all study participants

failed to ensure safety before defibrillation when using an AED
on the manikin. Issues arose before pressing the shock button,
either because they did not check whether someone was touching
the manikin or because they pressed the shock button
prematurely. This highlights that using an AED is not intuitive
for laypersons, as studies suggest, and special training should
be considered [49].

The International Liaison Committee on Resuscitation provides
a scientific statement on teaching laypersons adult BLS and
suggests using TEL, such as serious smartphone games, to
engage, motivate, and educate children and adolescents in saving
more lives [34]. Several legitimate smartphone games have
been identified as suitable for teaching adult BLS, but their
content is questionable because it does not follow current BLS
guidelines [50,51]. Moreover, most of them teach only hands-on
CPR. Some also include ventilation and AED use [51].
However, the MOBICPR game was developed based on recent
ERC BLS guidelines [34] and includes all the recommended
BLS steps. In a recent MOBICPR study, students agreed that
it was beneficial to play the MOBICPR game before practicing
adult BLS on a manikin [41]. They also highly rated the usability
of the MOBICPR game for providing adult BLS theoretical
knowledge and practical skills. The results show that the
MOBICPR game could be a novel, interactive, evidence-based
BLS educational tool for playing at home after adult BLS
training [41,52]. Moreover, our study revealed that the
MOBICPR game could be an effective method for enhancing
bystander willingness and awareness in performing CPR. This
potential is demonstrated by the fact that all study participants
introduced the MOBICPR game to their family members,
relatives, or friends, as seen in similar studies where enhanced
technology was used teaching adult BLS [53].

This gamified learning approach fits well with the educational
theory heutagogy, also known as self-determined learning, where
learners determine what they want to learn [8]. In the case of
the MOBICPR game, learners can play it at any time to refresh
their adult BLS knowledge without waiting for the next training
session [54]. Moreover, the use of do-it-yourself manikins made
from everyday items, such as plastic bottles, toilet paper, or
even a pillow, for practicing CC techniques at home, especially
in low-resource settings, coupled with the MOBICPR game,
can potentially improve and solidify practical skills in adult
BLS [55-58]. The MOBICPR game also includes gamification
features, such as avatars, points, and various audio, textual, and
graphical feedback. These gamification elements could motivate
learners to engage with the game more frequently than they
normally would [59]. Future educational tools, such as the
MOBICPR game, should align with the 5 key messages outlined
in the recent ERC BLS guidelines, ranging from recognizing
cardiac arrest to learning the proper techniques for performing
CPR [34]. This adherence is crucial for the effective education
and retention of adult BLS skills, particularly following adult
BLS courses in a home environment.

Limitations
This study has several limitations. First, because the study
participants were only followed for 4 weeks, we were not able
to show that the MOBICPR game improved their long-term
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retention of resuscitation knowledge and skills. Second, the
sample size was small due to the lack of interest of participants
in participating in the study and because only 1 generation of
participants was able to be included at that time. Third, this was
a single-faculty study, which limits the generalizability of the
results. Fourth, in this study, participants were familiar with
smartphone games. It is unclear how effective the MOBICPR
game would be in children or older populations. Fifth, because
this was a simulation-based study, the performance results may
not be generalizable to real-life situations and could not present
the impact on patient outcomes. Finaly, the content in the
MOBICPR game was developed by researchers based on recent
ERC BLS guidelines [34]. In the future, there are plans to
introduce the MOBICPR game to the Slovenian National

Resuscitation Council, with the goal of securing its certification,
a process akin to that followed by the Italian Resuscitation
Council for its smartphone-based serious games [60].

Conclusion
The home use of the MOBICPR game shows promise in
enhancing the theoretical knowledge of adult BLS. Although
there was no significant improvement in performing adult BLS
or in retaining the related knowledge and skills, the study yielded
important learning objectives for the enhancement of future
adult BLS training. Further research is necessary to explore its
lasting effects across various demographics and to determine
the most effective use of the MOBICPR game in teaching adult
BLS.
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Abstract

Background: In the wake of challenges brought by the COVID-19 pandemic to conventional medical education, the demand
for innovative teaching methods has surged. Nurse training, with its focus on hands-on practice and self-directed learning,
encountered significant hurdles with conventional approaches. Augmented reality (AR) offers a potential solution to addressing
this issue.

Objective: The aim of this study was to develop, introduce, and evaluate an AR-based educational program designed for nurses,
focusing on its potential to facilitate hands-on practice and self-directed learning.

Methods: An AR-based educational program for nursing was developed anchored by the Kern six-step framework. First, we
identified challenges in conventional teaching methods through interviews and literature reviews. Interviews highlighted the need
for hands-on practice and on-site self-directed learning with feedback from a remote site. The training goals of the platform were
established by expert trainers and researchers, focusing on the utilization of a ventilator and extracorporeal membrane oxygenation
system. Intensive care nurses were enrolled to evaluate AR education. We then assessed usability and acceptability of the AR
training using the System Usability Scale and Technology Acceptance Model with intensive care nurses who agreed to test the
new platform. Additionally, selected participants provided deeper insights through semistructured interviews.

Results: This study highlights feasibility and key considerations for implementing an AR-based educational program for intensive
care unit nurses, focusing on training objectives of the platform. Implemented over 2 months using Microsoft Dynamics 365
Guides and HoloLens 2, 28 participants were trained. Feedback gathered through interviews with the trainers and trainees indicated
a positive reception. In particular, the trainees mentioned finding AR particularly useful for hands-on learning, appreciating its
realism and the ability for repetitive practice. However, some challenges such as difficulty in adapting to the new technology
were expressed. Overall, AR exhibits potential as a supplementary tool in nurse education.

Conclusions: To our knowledge, this is the first study to substitute conventional methods with AR in this specific area of critical
care nursing. These results indicate the multiple principal factors to take into consideration when adopting AR education in
hospitals. AR is effective in promoting self-directed learning and hands-on practice, with participants displaying active engagement
and enhanced skill acquisition.
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Trial Registration: ClinicalTrials.gov NCT05629663; https://clinicaltrials.gov/study/NCT05629663.

(JMIR Serious Games 2024;12:e54188)   doi:10.2196/54188
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Introduction

In recent years, conventional education, especially in the medical
field, has been challenged by the introduction of new
technologies [1]. The COVID-19 pandemic further highlighted
the limitations of conventional teaching methods [2]. Nurse
training, with its emphasis on hands-on practice and self-directed
learning, was particularly affected by the pandemic, making it
evident that conventional training methods could not sustain
the demands of the situation [3,4]. Given these constraints, the
search for alternative, technology-driven educational methods
intensified, aiming to address both physical resource and time
challenges without compromising education quality [5,6]. In
this context, an immersive learning environment, based on a
computer-generated environment enabling real-time user
interactions [7], has emerged as a promising solution.

Such an immersive platform merges augmented reality (AR)
and virtual reality (VR), offering a dynamic 3D space for
learners. This integration not only enhances the learning
experience by providing a rich, immersive environment [8,9]
but also reshapes the boundaries between reality and the virtual
realm, paving the way for innovative learning avenues [10,11].
Exploring AR’s potential reveals that its uses surpass merely
aiding in remote education. AR also introduces real-time
feedback mechanisms, empowering trainees to obtain immediate
insights about their actions and performance through virtual
aids [12,13]. This immediacy in feedback is invaluable, as it
allows errors to be addressed promptly, fostering continuous
improvement in learning [14,15].

In the field of critical care, there has been an exploration of the
use of AR and VR in educational applications [16].
VR-enhanced training for tracheostomy care in the intensive
care unit (ICU) setting has demonstrated the potential of

education in an immersive learning environment [17,18]. Studies
have been conducted for training mechanical ventilator settings
and central line insertion, showing improvements in
self-efficacy, increased familiarity, confidence, and reduced
anxiety compared to conventional methods [13,17,19]. However,
while the advantages are evident, existing research into AR and
VR remains limited. These studies are usually one-time or
short-term investigations, mainly focusing on the effectiveness
of the immersive learning environment [20]. Moreover,
integrating these technologies into a nursing curriculum
represents an area yet to be fully explored [21].

In this study, we aimed to derive key considerations for each
phase of implementation based on our experience of introducing
an AR nursing program within an ICU in a tertiary hospital
setting.

Methods

Experimental Design

Overview
Our methodology was refined based on the Kern six-step
approach to transition nursing education into an immersive
AR-based format [22], focusing on the following key stages:
(1) problem identification, (2) needs assessment, (3) setting
goals and objectives, (4) choosing educational strategies, (5)
implementation, and (6) evaluation [23] (Figure 1).

Our initial steps involved conducting interviews with trainer
nurses to discern existing issues and identify a procedure
amenable to transition into an AR format [24]. We then
developed and implemented an AR-based educational program
encapsulating two distinct procedures. We surveyed and
interviewed trainees, focusing on technology acceptance and
usability.
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Figure 1. Overall process of the adoption of augmented reality into nursing education based on the Kern 6-step framework [22]. AR: augmented reality;
ECMO: extracorporeal mechanical oxygenation.

Stage 1: Problem Identification
In this foundational stage, we endeavored to identify core
problems through a general needs assessment, employing two
primary approaches: engaging in interviews with training nurses
and reviewing the extant literature [24-27].

The interviews, conducted with nurses from the nursing
education department, were based on a semistructured format
and were held online or offline depending on participant
preference. Voice recordings ensured the precise capture of data
shared during these interactions.

In addition to the interviews, we explored previous studies with
the aim of harvesting insights and identifying common issues
found within the existing research landscape, thereby anchoring
our findings in a robust context of existing knowledge [28].

Stage 2: Needs Assessment
Upon conducting the interviews in stage 1, we recognized the
challenges endemic to conventional educational methods as
identified by educators. We investigated possible solutions to
these challenges, and found the need for feedback through
remote supervision, especially regarding certain devices. We
further identified key elements that should be considered in the
development of the educational program. This stage also served
to validate our problem identification process.

Stage 3: Goals And Objectives
We defined our goals through collaboration between trainers
and researchers, focusing on improving access and proficiency
with complex medical equipment.

Stage 4: Educational Strategies

Step 1: Selecting Appropriate Technology

With the imperative for hands-on practice in nursing education,
AR was chosen to enable nurses to interact with virtual medical
devices within a realistic clinical setting [29]. AR’s ability to
superimpose digital models onto the physical world allows for
a highly interactive and immersive learning experience without
the traditional constraints of location, time, or physical resources

[30]. This aligns with our goal to empower self-directed
learning, permitting nurses to engage in practical education at
their own pace and convenience [31].

Step 2: Developing Educational Material

Navigating through the lens of self-directed learning and
hands-on practice, we considered AR options that could facilitate
tangible interaction with 3D objects. The development of
materials required a detailed comprehension of the unique needs
of nurses and the incorporation of AR content to support
self-directed learning.

Step 3: Preparation of the Educational Environment

To facilitate a high-fidelity learning experience, our AR-based
educational program was set within the hospital’s simulation
laboratory. A designated area within the lab was prepared,
encompassing a minimum of 3×3 meters to provide trainees
with sufficient room to maneuver and interact with the virtual
elements without spatial constraints. To ensure uninterrupted
delivery of our AR-based educational program, we utilized five
HoloLens 2 devices. This approach was adopted to mitigate
against battery and overheating issues that could disrupt the
learning process. This setup was optimized to allow multiple
nurses to receive training at the same time, promoting efficient
learning throughout while maintaining an individualized,
hands-on experience.

Stage 5: Implementation
We recruited the participants through an advertisement posted
on the hospital’s internal internet network. Our goal was to
enroll a minimum of 10 participants for each session to ensure
a dynamic and interactive learning environment while still
allowing for personalized instruction. We designed the sessions
to accommodate up to five nurses at a time, which was
determined as the optimal number for both effective learning
and space utilization within our AR setup. This small-group
approach not only facilitated focused attention from the
instructors but also ensured that each participant could engage
deeply with the AR modules.
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To maintain a high standard of education and safety, we
appointed two experienced supervisors for each training session.
These supervisors were selected based on their expertise in
intensive care procedures and their familiarity with AR
technology. Their role was to provide immediate assistance and
feedback, ensuring that any technical issues could be addressed
without disrupting the learning process. They were also tasked
with observing the sessions to gather informal feedback,
contributing to the continuous improvement of the program.

Stage 6: Evaluation
This study was conducted at a large academic tertiary hospital
in Seoul, Korea, which accommodates more than 3100 nurses
and 2000 inpatient beds. The research provided education to
intensive care nurses and included a postsession survey and
semistructured interview.

Ethical Considerations
The Institutional Review Board of Samsung Medical Center
approved the study design (SMC-2022-08-058 and
SMC-2022-08-079), and all trainers and trainees provided
written informed consent before participating in the study,
ensuring ethical adherence throughout the research. To protect
the participants’ privacy and confidentiality, all data collected
during this study were anonymized or deidentified. Stringent
data protection measures are in place, including the use of
secure, encrypted data storage systems accessible only by
authorized personnel. These precautions are designed to
safeguard sensitive information and maintain the integrity of
the data. Participants were compensated for their time and
contribution. Each participant received 30,000 KRW (~US $22)
upon completion of their involvement in the study. This
compensation was intended to acknowledge their valuable time
and effort and to offset any inconvenience associated with
participation. The compensation structure was clearly
communicated to all participants prior to their enrollment and
was administered transparently to ensure fairness.

Outcome Measures of the Survey
Upon completion of the educational program, participants were
asked to fill out a questionnaire evaluating their user experience.
This evaluation was based on the theories of self-directed
learning and hands-on practice, including questions on personal
characteristics, job satisfaction, and appropriateness. To evaluate

the AR program’s acceptability and usability, we employed the
System Usability Scale (SUS) and the Technology Acceptance
Model (TAM) [20,32,33].

We chose the SUS for its proven reliability and efficiency across
various technologies. The SUS is widely used across various
domains, including software, websites, and medical devices, to
assess overall user experience. Moreover, it has been validated
in hospital environments and shown effectiveness with small
sample sizes. The SUS consists of 10 simple questions presented
in a 5-point Likert-scale format, assessing both positive and
negative aspects of the system, with total scores ranging from
0 to 100 [34,35]. The TAM was selected for its emphasis on
understanding user acceptance of information technology
[16,36,37]. We adapted the TAM-based survey questions to fit
the context of AR nurse education, informed by various relevant
studies [24,26,27,38]. In contrast, the SUS was employed in its
unmodified form. In addition, we conducted a correlation
analysis between the TAM and SUS elements [37,39].

Outcome Measures of Interviews
Nurses who responded to the questionnaire were selectively
screened for their willingness to participate in further interviews.
These interviews were semistructured and guided by nursing
education theories from previous studies. The format allowed
flexibility, permitting up to two additional questions based on
the responses of the interviewees.

Statistical Analysis
The statistical analysis was performed using R software (version
4.3.2). Continuous variables are expressed as either mean (SD)
or median (IQR), depending on their distribution, while nominal
variables are expressed as counts (n) and percentages (%). We
performed a correlation analysis to examine the relationship
between the TAM and SUS using survey data.

Results

Stage 1: Problem Identification

Overview
We obtained interview results from four nurses who are trainers
and operators in the nursing education department. The insights
garnered from the interviews are summarized below and detailed
in Table 1.
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Table 1. Key considerations in augmented reality (AR) education development as expressed during trainer interviews.

Core implicationsKey detailsCategory

Imperative for AR solutions in
bridging training disparities and
responding to progressive require-
ments

Training requirements necessary for handling advanced medical equipment; aligning AR
educational content to complement the features of specific medical devices; adapting training
modules to meet the unique demands precipitated by the COVID-19 pandemic; implementing
streamlined training processes for the rapid acclimatization of new nurses; addressing the
limitations inherent in conventional training techniques; tackling the deficit of hands-on
training equipment in nursing training

Educational needs
and challenges

Criticality of a holistic design and
meticulous implementation in AR
training for optimal efficacy

Tailoring educational programs to align with the diverse experience levels of nursing profes-
sionals; standardizing the phases of training to ensure uniformity and consistency in educa-
tional outcomes; formulating well-structured and strategic plans for nursing training; ensuring
efficient and effective distribution and management of training equipment and resources

Program develop-
ment and strategies

Recognition of and addressing
present and prospective hurdles
for continuous advancement in AR
training

Addressing trainees’ physical challenges, such as the necessity to wear glasses or masks, in
the training environment; guaranteeing the safety and appropriateness of both the devices
and venues utilized for training; modifying AR training methods to be inclusive and effective
for older nursing personnel; integrating strategies within training programs to manage and
reduce trainee fatigue effectively

Challenges and fu-
ture concerns

Requirement of Education in Difficult-to-Use Devices
Using difficult-to-use medical devices in health care can pose
a significant challenge for medical staff due to the increased
risk of errors, negatively impacting patient outcomes. Proper
education on these devices is essential to ensure that medical
staff can use them safely and effectively.

Lack of Resources: Space, Instructor, Time, and Cost
The lack of education resources in health care can be a
significant challenge for health care organizations and medical
staff [15]. Education is essential to ensure that health care
professionals possess the necessary knowledge, skills, and
abilities to provide safe and effective care to patients. However,
the interviewees mentioned that many health care organizations
face barriers in providing adequate education resources to their
staff, which can negatively impact patient outcomes.

Another challenge is the lack of adequate education time. Health
care professionals are often required to work long hours, and
finding time to attend education sessions and complete the
necessary course work can be difficult. This lack of time can
make it difficult for health care organizations to provide
education tailored to the specific needs of their staff.

Stage 2: Needs Assessment
Following the interviews, we identified crucial factors to
consider when selecting educational topics. Educators
highlighted the significant challenges of limited access to
educational devices and instructors. Additionally, they
emphasized the necessity for education in technically demanding
skills. Trainers expressed a preference for educational topics
that required hands-on practice. Their reasoning is grounded in
the knowledge that complex devices are frequently used in
treating patients with critical illnesses. The competence of nurses
in operating these devices directly impacts patient outcomes.
The responses from trainers and operators related to needs are
summarized in Table 1.

Stage 3: Goals and Objectives

Selected Objectives
Based on the interview results, extracorporeal membrane
oxygenation (ECMO) machines and ventilators were selected
as the objectives for training owing to their complexity and
difficulty of use. Ventilators were selected as important yet
challenging devices to master. The complexity of ventilators,
compounded by the multitude of lines and connections involved,
can pose challenges for nurses with limited experience.

By contrast, an ECMO machine is a high-risk medical device
that is essential for patients with COVID-19. When the alarm
of an ECMO machine sounds, nurses must promptly find a
solution. However, given its rarity, even experienced nurses
may not have encountered this situation. Nevertheless, as this
could pose a risk to the patient, appropriate education was
deemed necessary, and therefore use of the ECMO machine
was selected as the problem scenario for this evaluation.

Selected Goals
Our aim was to develop a sustainable AR-based educational
program that could offer numerous benefits to trainers and
trainees. These benefits include enhanced engagement and
motivation, interactive and immersive learning experiences,
and the facilitation of personalized learning. Key considerations
for developing such a sustainable AR-based educational program
encompass designing for scalability and accessibility, and
incorporating user feedback to enhance the program in its
maintenance and operation over time.

Stage 4: Educational Strategies

Step 1: Development of an AR-Based Educational
Program
The ECMO machine educational program comprises 45 slides
divided into four parts, each detailing the operation of the
machine, managing machine disruptions, responding to “low
battery” alarms, and addressing the loss of flow signal (“SIG”)
alarm. Each part includes approximately 8-10 steps, guiding
trainees on how to manage each situation effectively.
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The ventilator program is composed of three parts encompassing
a total of 46 slides. Each part involves 26 steps related to
ventilator settings and preuse inspections, as well as seven steps
for application, alarm configuration, and educational content
evaluation. The education process involves checking supplies,
power sources, wall oxygen and medical gas connections, and
exhalation cassette connections; powering on the device;
performing preuse checks; connecting test tubes; selecting the
target and application method; turning on the humidifier;
configuring the mode and parameters; connecting the patient
to the system; monitoring after patient application; and setting
alarms.

Step 2: Adoption of Innovative Technology
The AR-based education was performed with a Maquet Servo-I
mechanical ventilator and the RotaFlow II System Permanent
Life Support ECMO machine from Getinge. We attempted to
incorporate a 3D guide for hands-on practice and used videos
to enhance understanding. The AR-based educational program
was developed using the Microsoft Dynamics 365 Guides
program. The program’s content was delivered to users through
a Microsoft HoloLens 2 device.

Step 3: Operation Plan
The previously designated simulation laboratory was
successfully used during the AR-based educational program.
The allocated space for the program proved sufficient, with each
trainee having access to the minimum 3×3 meters space as
planned [40]. This spatial arrangement allowed for unimpeded
movement and interaction with the AR components, which was
critical for the immersive learning experience.

In practice, the ventilator and ECMO machine simulations were
conducted without any spatial constraints, enabling a total of
28 trainees to complete the training per the session schedules.
The effective use of space was evidenced by the trainees’ability

to perform the necessary tasks and their reported comfort level
during the training sessions.

Stage 5: Implementation
The AR-based educational program platform was operational
for a period of 2 months, with education sessions scheduled
from 9 AM to 5 PM. This schedule allowed nurses to select
their preferred date and time within this interval. To facilitate
the program’s implementation, we used five HoloLens 2 devices,
along with two laptops for supervisor screen connections and
two large screens for the research environment. Throughout the
research, a total of 22 trainees actively engaged in the education
sessions. The trainees’ screens, as viewed through the HoloLens
2 devices, were immediately visible to the trainer, enabling
real-time progress monitoring. Additionally, trainees were
encouraged to request assistance if they encountered any
difficulties during the session.

Stage 6: Evaluation

Participants
Training sessions were conducted by two trainers and two
operators for the 28 nurses in the ICU from January 1 to
February 3, 2022. Twenty-four nurses participated in the survey,
11 of whom took part in an in-depth interview. They were
trained either in ventilator or ECMO machine usage with an
even distribution across both groups. The participants’ baseline
characteristics are presented in Table 2. The median work
experience was 3 (IQR 0-6.25) years with a mean of 3.75 (SD
3.90) years. There was a predominance of female participants
(17/24, 71%). All participants belonged to the general nursing
field with a slight majority working in the medical ICU
compared to the surgical ICU (Table 2).

Additionally, all participants (24/24, 100%) owned smartphones
and the majority (23/24, 95.83%) possessed either a tablet PC
or laptop. Prior to the instruction, 13 (54%) nurses had previous
experience with a head-mounted display.
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Table 2. Demographic and clinical characteristics of the surveyed nurse trainees (N=24).

Trainees, n (%)Characteristics

Method trained on

12 (50)ECMOa

12 (50)Ventilator

Sex

7 (29)Male

17 (71)Female

Medicine specialty

15 (63)Internal medicine

9 (38)Surgical department

Experience (years)

5 (25)<1

3 (15)1-2

2 (10)3-4

2 (10)5-6

3 (15)≥7

aECMO: extracorporeal membrane oxygenation.

Comparison of SUS and TAM Scores
In the usability test, the items “I think that I would like to use
this system frequently” and “I don’t think the system is
unnecessarily complex” received the highest rating of 4.38 out
of a possible 5, while the lowest-rated item, “I thought there
was too much inconsistency in this system,” received an average
score of 1.83. The responses concerning technology acceptance
were categorized into four areas according to the TAM:
perceived usefulness (PU), perceived ease of use (PEU),
perceived enjoyment (PE), and intention to use (IU). The survey
included 15 questions scored on a 7-point scale. The item with
the highest score was “It is fun to use,” scoring 6.71, while the

lowest-rated item was “It is easy to use,” scoring 5.17. In further
survey results, factors such as age, sex, department of work,
and years of work did not impact satisfaction with the education
or usability. All response results for the survey are provided in
Multimedia Appendix 1.

Correlation of Usability and Acceptance
Our correlation analysis revealed varying degrees of association
between SUS and TAM factors. For instance, there was a strong
correlation between PU and IU and a moderate correlation
between PE and PU. However, the correlation between PEU
and IU was not significant (Table 3).
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Table 3. Correlation between the Technology Acceptance Model–based survey items and System Usability Scale (SUS).

IUePEdPEUcPUbUEa (SUS)Variable

UE (SUS)

0.220.150.340.21r

.30.45.12.50—fP value

PU

0.760.690.210.2r

<.001<.001.50—.50P value

PEU

0.3110.200.34r

.33.34—.50.12P value

PE

0.7210.320.690.15r

<.001—.34<.001.45P value

IU

10.720.310.760.22r

—<.0010.33<.001.30P value

aUE: user experience.
bPU: perceived usefulness.
cPEU: perceived ease of use.
dPE: perceived enjoyment.
eIU: intention to use.
fNot applicable.

Insights From Participant Interviews
Four participants completed interviews related to their
experiences with the AR-based educational program. Key
insights from these interviews have been collated and are
summarized in Table 4. We present a curated selection of
interview responses that most effectively capture the key
insights. These selections were thoroughly chosen for their
relevance and ability to represent the broader findings of the
study.

Overall, the evaluation of the AR-based education was positive,
with participants indicating that AR could enhance their actual
clinical performance. AR technology is particularly well-suited
for individuals interested in self-directed or hands-on learning
theories. Nurses were found to be open to education using
innovative technology. When asked if they needed assistance
with the curriculum, no participant responded negatively
regarding the content. However, some participants did express
a need for help in adapting to new devices and technologies.
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Table 4. Trainees’ feedback after augmented reality (AR) implementation in the training program.

DetailsCategory and subcategory

Motivation

Interest in the integration of AR into educational settings; desire among learners for practical experience with
medical devices; expectations that AR technology will significantly improve learning efficacy

Intrinsic motivation

Influence of colleague recommendations; curiosity about AR teaching methods; specific needs related to own
job

Reasons for participation

Noticing varying standards in educational quality; underscoring the need for improvement; necessity to establish
standardized training procedures and protocols; need for training programs to be customized to individual
learning styles and needs

Existing issues

Learning preferences

Balancing traditional (54.5%) and self-directed (45.5%) learning approaches; valuing feedback and interaction
in traditional learning; preference for flexibility and pace in self-directed learning

Preferred learning method

Equilibrium between face-to-face (54.5%) and remote learning (45.5%); diverse preferences shaped by feedback,
comfort, and flexibility

Face-to-face versus nonface-to-
face

Feedback

Majority opinion holding that AR technology is beneficial for skill development; mixed opinions regarding
the real-world applicability of AR in professional settings; varied levels of expectation regarding the use of
AR devices in educational contexts

Practical use

Recognizing the benefits of AR in providing realistic scenarios, allowing for self-directed learning, and enabling
repeated practice; challenges include unfamiliarity with AR, focus on operation over content, and limited in-
teraction

Training experience

General satisfaction with AR content amid comparisons to traditional methods; requirement for technical
support and assistance in AR training

Content and support

AR’s superiority in learning pace, error identification, and training repetition over conventional methods;
challenges in mastering AR operation and content depth; mixed perspectives on AR replacing traditional
methods (viewed as supplementary); AR’s efficacy in specific scenarios; considered resource-intensive for
broad implementation; potential for enhancing self-directed and iterative learning

Comparative analysis and out-
look

Future considerations

Target new nurses, individuals lacking device experience, and department transfers; however, limited relevance
for experienced nurses

Target demographics for AR
training

Reduced pressure, time efficiency, review flexibility; utility in learning uncommon scenarios and repeatable
sessions

Benefits of self-learning with AR

Limitations of AR training in actual clinical settings; lack of communal learning opportunities in AR environ-
ments; concerns over system errors and device quantity limitations

Concerns with self-learning

Discussion

Principal Results
The principal findings of this study provide valuable insights
into the strategic translation of conventional critical nursing
education to AR-based education platforms in the use of
difficult-to-use medical devices [41]. Through interviews
conducted with trainers before program development, the study
successfully identified the specific needs and requirements of
trainers in critical care nursing education. The study employed
AR-based educational technology to enhance self-directed
learning and hands-on practice.

In the educational strategies employed, the study leveraged the
unique features of AR to facilitate self-directed learning. By
offering interactive and self-controlled learning experiences,
AR empowered trainees to take ownership of their learning
process. The program incorporated instructional materials and
modules that allowed learners to explore and acquire knowledge

at their own pace, fostering a sense of autonomy and self-guided
learning. The use of AR also enabled real-time feedback and
assessment, allowing learners to track their progress and identify
areas for improvement [29].

Through the overlay of 3D objects and virtual models onto
real-world settings, trainees engaged in simulated scenarios
closely resembling authentic ICU environments. This hands-on
component of the program enabled learners to apply their
knowledge and skills in realistic contexts, promoting an
understanding of the subject matter and the development of
critical thinking and problem-solving abilities.

This study highlights how AR technology significantly
contributes to the success of self-directed learning and hands-on
practice. The utilization of AR technology facilitates active
engagement, learner-centeredness, and skill development,
thereby enhancing the overall effectiveness of critical care
nursing education. Moreover, we provide useful insights based
on the perspectives of trainers and operators of the platform.
The inherent nature of education often necessitates a lower
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number of educators compared to learners. The main strength
of our study thus lies in presenting an infrequent perspective of
educators, a viewpoint seldom encountered within the
large-scale hospital setting.

Comparison With Prior Work
AR technology has been extensively explored in areas related
to nursing education [42] such as surgical simulation [43],
anatomy education [20], and patient safety education [44].
However, it is worth noting that this study represents the first
investigation into the use of AR for replacing a conventional
educational program in the use of difficult-to-use devices such
as an ECMO machine and mechanical ventilator specifically
within the critical care nursing field. By incorporating AR into
these fields, this study pioneers the integration of innovative
approaches in nursing education.

Limitations
This study, being characteristic of a pilot study to identify and
apply new educational methods, has the limitation of a restricted
number of participants. In further research, a larger sample size
could be recruited to identify factors influencing user

acceptability and to enhance usability, leveraging insights for
more effective implementation.

Implications
This study highlights the implications of AR in future research
and practice. The findings suggest the need for longitudinal
studies to assess AR’s long-term impact on clinical performance
and patient outcomes, and to explore its scalability and
cost-effectiveness compared to traditional training. Practically,
the results of our study indicate that institutions adopting AR
should invest in technical support and training and consider
integrating AR as a supplementary tool in curricula for a blended
learning approach.

Conclusions
This study provides insights on the development, launch, and
operation of an AR-based medical educational program. The
study suggests that an AR-based educational program can be
an alternative to compensate for insufficient resources for
conventional critical care nursing education. Further research
can be conducted to compare the effectiveness and feasibility
of this program with other AR-based educational programs and
traditional nursing educational programs.
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Abstract

Background: The use of serious games (SGs) in nursing education is increasing, with the COVID-19 pandemic significantly
accelerating their development. A key feature of SGs is their flexibility, allowing students to train at any place and time as needed.
Recently, there has been a shift from developing disease-specific SGs to games focused on broader health issues. However, there
has been a lack of proposals to enhance nursing interventions in home and frail care settings. The REACtion project developed
a SG to improve students’ understanding and clinical reasoning in caring for home-dwelling older adults.

Objective: This study aims to describe the development of “REACtion Game” (RG) and explore its validity as an educational
tool. A multidisciplinary team created a SG that simulates the assessment process of older adults in home settings by nurses. It
features web-based scenarios, clickable objects, and a menu with tools, and medical records to enhance nursing students’knowledge
and clinical reasoning skills.

Methods: A prospective, observational study was conducted using the Dutch Society for Simulation in Healthcare’s framework
to validate the game. Further, 5 experts in home health care nursing evaluated content validity, while 30 students assessed construct
validity, face validity, concurrent validity (by comparing game scores with those from the Nursing Clinical Reasoning Scale),
game quality, and usability. Data were collected through self-administered web-based questionnaires and the debriefings of each
match played. The students were enrolled in 2 postgraduate nursing programs: a master of science in nursing degree and a first-level
continuing education in family and community nursing.

Results: Experts rated the content validity highly after revisions (universal agreement calculation method of scale-level content
validity index=0.97). The sample consisted of 30 students, predominantly women (n=20, 67%) and aged younger than 45 years
(n=23, 77%) with no prior experience in SG. Almost all students had a positive impression of RG as an attractive and useful
method for learning new knowledge. Participants found the cases, scenarios, and dialogues realistic (face validity) and of high
quality, though usability aspects such as instructions clarity and intelligibility of game progression were less favored. Construct
validity showed general agreement on the game’s educational value, with family and community nursing students reporting more
consistent alignment with educational goals. Overall, RG scores correlated positively with time spent playing but showed limited
correlation with Nursing Clinical Reasoning Scale scores.
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Conclusions: This study developed and validated a nursing education game, especially valuable as simulation is underused in
some curricula. Created during the pandemic, it offered a digital learning environment. Although the game shows potential,
further testing is needed for usability, concurrent validity, and functional improvements. Future research should involve larger
samples to fully validate the game and assess its impact on academic achievement.

(JMIR Serious Games 2024;12:e52644)   doi:10.2196/52644

KEYWORDS

nursing education; serious game; simulation training; validation study; home-dwelling older adults; continuing education; nursing
students; Family and Community Nursing; validity

Introduction

In Italy, family-based and primary care–centered nursing models
have recently undergone significant growth [1,2]. The rapid
spread of COVID-19 highlighted the urgent need to increase
primary care services to meet citizens’ increasing expectations,
the aging population, and more complex health care needs [3].
The patient’s home becomes the privileged place to ensure
continuity of quality care [4], where people become active
participants in the care process. In this setting, nurses are
required to have specific skills and advanced competencies [5],
particularly in caring for frail older adults, resulting from both
practical experience and graduate education [6].

In this context, the REACtion project was implemented to
improve care for older adults living in little villages to preserve
their functional autonomy in their life settings. A pivotal role
is played by the family and community nurses, which includes
health promotion and disease prevention of people in the
community. An output of REACtion was the development of a
serious game (SG) for the academic curricula of nurses aimed
to increase their knowledge and clinical reasoning on
home-dwelling older adults’ care. Clinical reasoning is a
cognitive process where health care professionals gather,
process, and understand patient information, plan interventions,
implement them, evaluate outcomes, reflect, and learn from the
experience. This process is fundamental to nursing [7].

The COVID-19 pandemic has transformed the delivery of health
education, prompting the implementation of new tools for digital
health education to ensure effective learning [8]. Although some
studies found virtual environments to impair learning
performances [9], literature shows the immersiveness of digital
environments can overcome the obstacles posed by digital
equipment and significantly improve engagement, providing
an enhancement of learning processes and increasing motivation
[10]. Simultaneously, the expanding realm of digital technology
has brought heightened attention to the development of digital
health education, particularly of SGs. SGs are educational games
providing immersive, self-regulated training and reproducing
authentic situations in a virtual environment that is safe and
enjoyable [11]. SGs include features such as challenging goals,
an engaging design, and scoring systems to improve player
involvement during interaction and goal achievement [12]. SGs
provide player immersion through fiction storylines, freedom
of navigation, interactivity with objectives, and problem-solving
opportunities [13]. These specific elements are thought to deeply
engage players to repeatedly take on challenges to improve
in-game performance and, as a result, knowledge and skills in

different nursing core competencies, including management of
nursing care, clinical reasoning, procedural tasks, legal practice,
and quality improvement [14,15]. As SGs have been shown to
be effective in higher education, they have been incorporated
into the educational programs of both nursing students and
nurses [16]. In recent years, there has been a gradual shift from
developing disease-specific SGs toward games that focus on
general health issues [17] or specific techniques. Several SGs
have been developed for nursing students, aiming to enhance
their knowledge in various fields such as influence vaccinations
[18,19], interprofessional teamwork [20], drug preparation and
administration [21], and teaching correct inhalation techniques
to patients [22]. In nursing education for older adults in an
extrahospital setting, the studies focused predominantly on
exploring the experience of students using a SG for learning
environmental hazard and safety assessment [23] or in
preparation for clinical internships in home health care [24],
using a qualitative approach without testing validity.

The player experience can be significantly influenced by the
SG’s validity, so it is important to assess it before extensively
introducing the game into education [25]. The Dutch Society
for Simulation in Healthcare [26] provided the first
consensus-based framework reported by Giunti et al [27] for
evaluating SG applied to health care to compare and validate it
consistently. Features related to game characteristics, rationale,
functionality, validity, and data protection are the 5 main areas
described in the framework [28]. The “classical” concepts of
validity (content validity, face validity, construct validity,
concurrent validity, and predictive validity) were included in
the framework as they are most frequently used in validity
research in medicine. To date, research addressing the
development and evaluation process of SGs in the field of health
education is still quite limited, although there is strong interest
in their development.

Considering the importance of using validated training tools to
ensure the quality and efficacy of education, this study aims to
describe the validation process during the development of a SG
called “REACtion Game (RG).” More specifically, this study
primarily describes how the RG was developed, the herein
results about the content, construct, face, and concurrent validity
of the game, and results about its quality and usability. The
results of the full development process of RG were herein not
shown. The RG was developed as a tool for training nursing
students, empowering them to perform an initial assessment of
home-dwelling older adults using the gaming algorithm, thereby
enhancing their clinical reasoning. This study also aims to test
whether there are any potential differences in gameplay
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performance and clinical reasoning among participants based
on (1) their course of study, (2) age, (3) work setting
(specifically, primary care vs other settings), and (4) prior
experience with serious and virtual games.

Methods

RG: The Development Process
The RG was developed by a company specializing in SG
development, in collaboration with a multidisciplinary team
from the University of Piemonte Orientale. Nursing experts
were fully involved in the design of RG, as well as social
workers, university professors with long experience in teaching,
and simulation technologists with a general knowledge of
simulation and scenario design principles and evaluation
approaches. The multidisciplinary team was composed to design
and realize the game with the complicity of the major experts
on the topic and the learning tool. The RG prototype was
developed from February to September 2022, with monthly
meetings held during this period. The multidisciplinary team
aimed to establish learner profile, and learning objectives,
determine game modes, and draft dialogues for scenarios
considering the context where play or learning takes place, the
learner specification (age, education, and academic curricula),
the mode of representation (fidelity, interactivity, and immersion
levels), and pedagogic issues as learning models and approaches
[29]. The RG aims to improve nursing students’ clinical
reasoning and knowledge in caring for home-dwelling older
adults. Specifically, it focuses on teaching how to conduct a
systematic nursing assessment of older adults in a home
environment and recognize active informal networks that are
resources for patient care. The RG was developed concerning
(1) the specific scope of practice for family and community
nursing (FCN) at the national level, and (2) the characteristics

of Italian older adults, who are increasingly living alone but
near their children [30].

RG is a single-player game that offers an web-based experience
designed for learning by doing. The player can choose 5
different scenarios reproducing real-world situations (plausible
situations like a patient with chronic obstructive pulmonary
disease, a lonely older adult in a mountain environment, an
older adult affected by hoarding disorder, an older woman in a
small group home, and an older woman with a disabled son).
The selection of scenarios was discussed within the
multidisciplinary team, guided by the following criteria: (1)
scenarios addressable by both nursing and social work students
based on their skills and (2) involving home-dwelling older
adults. Developers used a validated scenario template based on
learning specific objectives, resources available (ie, equipment),
patient information, key actors, and critical actions [31]. The
multidisciplinary team contributed their expertise to compile
the contents for each scenario. Before being used by players,
the RG underwent testing by technical experts and the
multidisciplinary team. This verification ensured that the game
operated correctly per technical aspects, including command
functionality.

The player, after a screen with preparatory information, can
consult the clinical records, use nursing assessment tools,
dialogue with the patient, interact with other actors, and explore
the environment by using the mouse and keyboard commands
(Figure S1 in Multimedia Appendix 1 and Figures 1 and 2). The
dialogues were organized by topic, allowing players to select
from a menu (ie, of topic: risk factors assessment and therapeutic
adherence assessment). Players have the option to choose
questions by clicking Y (yes) or N (no). Each question has only
1 correct option, and the patient’s response is automatically
displayed. The scenarios’ progression is contingent on the
execution of specific key actions; failure to take key actions
prevents the unlocking of subsequent steps.
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Figure 1. Example of clickable objects (medications) in the scenario visualized by a blue halo surrounding them. This functionality of REACtion Game
allows the player to (1) access information and data or (2) unlock new actions to proceed in the game.

Figure 2. The computer’s interface of actions available from the REACtion Game menu. The game menu supplies a series of buttons useful to play
and advance in the game: dialogues and questions, maps, phones, tools, and medical records.

Each scenario can be played without any time limits. The time
spent in the scenario (hours, minutes, and seconds) is shown in
the debriefing. The scenario finishes when the player thinks
they have completed the available actions by clicking “end
level.” The player receives a score for each correct action, a
final total score is provided in the debriefing, and a list of actions
performed is also returned to the player. The highest possible
total score is based on correct actions within each scenario. The

RG was developed using the PlayCanvas engine to make it
available on PCs and laptops.

Validation of the SG

Design
This study’s design followed the framework of the Dutch
Society for Simulation in Healthcare for the validation process
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[26,28], assessing the following dimensions of validity: (1)
content validity is defined as “the steps taken to ensure that
assessment items (including scenarios, questions, and response
options) reflect the concept they are intended to measure”; (2)
construct validity is defined as the grade of coherence of skills
measured by the SG and the underlying theory (educative
values); (3) face validity is that which answers the question
“The players view it as a valid way of instruction?”; that is, face
validity assesses whether the players perceive the instructional
method as legitimate and effective; and (4) concurrent validity
is defined as the relationships between the RG scoring and
results obtained through another tool assessing the same
construct.

In addition to the listed dimensions, the quality and usability of
the game were also investigated.

Participants and Enrollment
In the validation stage, during September 2022, five experts in
FCN, who had worked in a home health care setting for at least
5 years, were recruited to assess the content validity using the
snowball technique; from October 2022 to December 2022 a
prospective, observational study was conducted on a
convenience sample of 30 volunteers’ students to examine the
construct, face, concurrent validity, and game quality and
usability. Inclusion criteria for students were being an
undergraduate nursing student enrolled with a master of science
in nursing (MSN) degree (University of Piemonte Orientale)
and first-level continuing education in FCN. The latter is a
1-year program at the University of Piemonte Orientale and
University of Turin that aims to develop specialized skills in
community nursing. Students were enrolled voluntarily by the
nursing programs’ coordinators, following an informational
meeting with the researchers, who explained this study’s
procedures. The researchers then collected informed consent
and invited students to complete a web-based questionnaire to
assess concurrent validity. Afterward, the students played the
modified version of the RG, which had been updated based on
the content validity feedback from 5 experts. A tutorial for
students with game instructions was prepared and they had the
opportunity to familiarize themselves with RG after visualizing
the tutorial. Subsequently, participants recorded the score
obtained for each scenario, and they were invited to answer a
second web-based questionnaire investigating the other
dimensions of validity.

Data Collection and Instrument
Data were collected by self-administered standardized
questionnaires disseminated on the web through REDCap
(Research Electronic Data Capture; Vanderbilt University)
software (version 6.11.5). Researchers, who collected data, did
not take part in the development of the game. The questionnaires
were used to gather data from both experts and students who
underwent preliminary testing with a small group of nurses
(N=3). The questionnaire administered to experts was
custom-made based on the contents of the game, whereas the
questionnaire used for students was adapted from Wu et al [32],
with modifications made to align the items with the RG and its
context.

To evaluate content validity, 5 experts were invited to evaluate
5 factors associated with RG issues and scenarios: clinical
instruments proposed by the game for play tools, the necessary
actions to proceed in the game, the dialogues, the relational
features between the avatar and other characters appearing in
the game, and the environment. Items were graded on a 5-point
Likert scale based on their importance, ranging from 1 (not
important) to 5 (extremely important). Comments and
suggestions were additionally required, as well as the reasons
for the negative judgments.

Concurrent validity was evaluated by comparing the RG scores
to the score of the Nursing Clinical Reasoning Scale (NCRS)
[33]. The RG aimed to assess the skills related to clinical
reasoning, considering that clinical reasoning is developed
during the academic training course and the work experience
as a nurse. The NCRS is a 5-point Likert scale (from 1=strongly
disagree to 5=strongly agree) that measures clinical reasoning
competence. The highest possible summed score for NCRS is
75. The Cronbach α coefficient of 0.90 showed good internal
consistency [33]. Immediately before playing RG, students
filled in a web-based questionnaire including the NCRS to avoid
any game-related contamination. Participants were successively
invited to download the first debriefing of each scenario played
and upload their scores to the didactic platform. Data on RG
and NCRS scoring were gathered.

After completing the RG, students were asked to fill in a second
and final web-based standardized questionnaire, which included
their impressions and attitudes toward RG’s educational values
(construct validity) and game quality and usability. For construct
validity, the questionnaire included (12 items rated on a 5-point
Likert scale to assess educational values (acquisition of
knowledge, clinical and organizational skills, effectiveness in
education, necessity for learning, effective feedback, sense of
immersiveness, fun, willingness to play again, and long-lasting
learning). Face validity was evaluated using a 5-point frequency
scale (from 1=strongly disagree to 5=strongly agree) comprising
11 items regarding the realism of cases (5 items), scenarios (3
items), and dialogues (3 items). Items were created by adapting
items used by Wu et al [32]. The quality and usability of the
game were assessed using a 5-point Likert scale (from
1=strongly disagree to 5=strongly agree) to collect opinions on
the quality of sound, images (1 item), the sensations recall by
each scenario (3 items), the goodness of the game (1 item), and
the game’s ease of use for a novice player (4 items). The
Cronbach α coefficients of 0.75 for face validity, quality, and
usability of the game and 0.93 for educational values (construct
validity) showed good internal consistency.

Finally, sociodemographic data, nursing experience in primary
care, serious and virtual game experience, and the number of
matches played were collected through questionnaires
administered to the student sample. In addition, the score for
each scenario and the length of each match from the debriefing
were recorded.

Analysis
Content validity: first, for each item, the item-level content
validity index (I-CVI) was calculated as the proportion of
“relevant” judgments (number of experts who rated the item as
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either 4 or 5, “relevant” and “highly relevant,” respectively) on
the total number of experts. Considering the small sample (5
experts), only items with an I-CVI=1 were retained; by contrast,
I-CVI<1 items were modified or dropped. Second, the
scale-level content validity index was calculated using the
universal agreement calculation methods (S-CVI/UA): number
of items with I-CVI=1 on the total number of items. The full
“scale” is valid with a scale-level content validity index ≥0.80
(80% of agreement among experts) [34].

Descriptive analyses were carried out for RG and NCRS scores
and 1-way ANOVA was used to test differences between
courses. To evaluate concurrent validity, RG scores were
correlated to NCRS scores using the Spearman correlation for
the nonlinear nature of the relation between the 2 variables. For
all statistical tests, a significance level of P<.05 was used.

All Likert scales and partial semantic autonomy scales used to
measure face validity, usability, and quality of RG, were
changed in dichotomous variables (agree vs disagree or
uncertain position) and prevalence was reported by courses.
Based on the type of variable, the Fisher exact test or Student
t test (2-tailed) was used to test differences with a significant
level of P<.05.

To address potential confounding effects, factors such as age,
previous experience with serious and virtual games, gender,
work setting, and course membership were incorporated into

the analyses. A limited time window for game use was
implemented to maintain concurrent validity. Additionally,
anonymity and self-completion of the questionnaire aimed to
reduce the likelihood of social desirability bias.

Ethical Considerations
This study was approved by the Interagency Ethics Committee
of Novara (protocol 821/CE). Written informed consent was
obtained from all participants. Data on match play were not
obtained from the RG repository. Instead, players downloaded
the data after each match and provided it to researchers via the
university’s didactic e-platform in a digital storage area
accessible only to the researchers. The data were
pseudonymized: each nursing student involved in this study
was associated with a unique identifier given by the order of
completion of the web-based questionnaires. No remuneration
was provided for participation in this study.

Results

Content Validity
The original S-CVI/UA ranged from 0.25 to 1.00, with 9 items
below 0.75 related to dialogue between characters (nurse and
patient, family members, and other professionals). After
revision, the total S-CVI/UA increased from 0.95 to 0.97 (Table
1).

Table 1. The scale-level content validity index of REACtion Game themes.

S-CVI/UAaItems, nThemes

N/Ab1.0010Environment

N/A1.0018Materials and tools

N/A1.0030Activities

0.960.92157Dialogues

N/A1.006Relationships

0.970.95221Total

aS-CVI/UA: number of items with item-level content validity index=1 on the total number of items.
bN/A: not applicable.

Sample Characteristics
Table 2 shows the main characteristics of the sample (N=30).
Among students enrolled, the response rate was 100% in both
questionnaires. Women (n=20, 67%) and younger students
(n=23, 77% were younger than 45 years) made up a considerable
proportion of the sample. More than two-thirds of the
participants were from the FCN group (n=21). Further, 10

students worked in a primary care setting (33%), while 11 (37%)
were employed in a hospital. Nobody declared any prior
experience with serious and virtual games. Only 5 (17%)
participants played 1 match for each scenario, with an average
total playing time of 86 (SD 37.8) minutes. Comparison between
course groups did not show significant differences (Table 1)
for gender, age, and working experiences. The mean time spent
playing is significantly higher in the FCN group.
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Table 2. Characteristics of the student sample and data on game played by participants in the 2 post graduate programs.

P valuecFCNb (n=21)MSNa (n=9)Total (N=30)

Genderd, n (%)

.6813 (62)7 (78)20 (67)Women

Age (years), n (%)

.3915 (71)8 (89)23 (77)≤44

N/Ae6 (29)1 (11)7 (23)45-65

Workplace setting, n (%)

.0912 (57)8 (89)10 (33)Primary care

N/A9 (43)1 (11)20 (67)Other

Worked in primary care setting (years), n (%)

≥.996 (67)1 (100)7 (70)Less than 2

N/A3 (33)N/A3 (30)More than 2

Matches played for each scenario, n (%)

.142 (10)3 (33)5 (17)Only 1 match

N/A19 (91)6 (67)25 (83)More than 1

Time spent for each match (min), mean (SD)

.3126.5 (8)13.8 (2)22.7 (31)Scenario no 1

.0422.2 (2)14 (2)19.8 (10)Scenario no 2

.0820.9 (3)13.3 (3)18.5 (11)Scenario no 3

.0520.5 (2)13.1 (2)18.3 (10)Scenario no 4

.2519.8 (5)10.3 (2)17 (21)Scenario no 5

.0495 (8)64.7 (9)85.9 (37)All scenarios

aMSN: master of science in nursing.
bFCN: family and community nursing.
cFisher exact test or Student t test.
dTo detect gender information, we asked participants to choose among these 3 gender identity options: (1) woman, (2) man, and (3) nonbinary.
eN/A: not applicable.

Face, Quality, and Usability of RG
Table 3 shows the prevalence of participants who agree with
items on face validity, quality, and usability of RG. Almost all
participants thought the cases, scenarios, and dialogues were
realistic. The percentages of agreement were high for game
quality but lower for aspects of usability (intelligibility of

instructions, command, and game progress). There were no
significant differences between the participants in the 2 groups
for any item (Table 3) as well as between age classes, workplace
settings (primary care vs others), and number of matches played
(Multimedia Appendix 1). A significant difference was only
found between gender in the intelligibility of the game process
(item 11; Multimedia Appendix 1).
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Table 3. Prevalence of agreement (sum of “agree” and “strongly agree” responses) on the domains of face validity, quality, and usability of REACtion
Game by post graduate program.

Prevalence of agreement

P valuecTotal (N=30), n (%)FCNb (n=21), n (%)MSNa (n=9), n (%)

Domains for face validity (16 items)

.9927 (90)19 (91)8 (89)Verisimilitude of cases (5 items)

.9927 (90)19 (91)8 (89)Verisimilitude of scenarios (3 items)

.9929 (97)20 (95)9 (100)Verisimilitude of dialogues with patients

.9927 (90)19 (91)8 (89)Verisimilitude of dialogues with family members

.6821 (70)14 (67)7 (78)Verisimilitude of dialogues with other professionals

Domains for quality and usability of the game

N/Ad30 (100)21 (100)9 (100)Sensation recalled by scenario (overall; 3 items)

.5228 (93)20 (95)8 (89)Goodness of the game

.9922 (73)15 (71)7 (78)Quality of image and sound

.9920 (67)14 (67)6 (67)Intelligibility of instructions

.9915 (50)10 (48)5 (56)Intelligibility of command use

.9915 (50)10 (48)5 (56)Intelligibility of the game progress

.4416 (53)10 (48)6 (67)Debriefing usefulness

aMSN: master of science in nursing.
bFCN: family and community nursing.
cFisher exact test.
dN/A: not applicable.

Construct Validity
Table 4 shows the prevalence of respondents who agreed with
the 12 items used to evaluate construct validity. In total, 13
(62%) students in the FCN group, compared to 5 (55%) of those
in the MSN group, declared that RG was consistent with the
educational values. Students reported that the most positive
impression of RG was “acquisition of information useful for

understanding the single situation” followed by “acquisition of
skills to identify priority and goals” and “the effective
feedback,” with a prevalence of over 70%. Further, 4 items
received slight agreement (prevalence around 40%; Table 4).
No significant differences were found between the 2 groups, as
well as between gender, age classes, workplace settings (primary
care vs others), and number of matches played (Multimedia
Appendix 1).
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Table 4. Prevalence of agreement (sum of “agree” and “strongly agree” responses) on the items of the construct validity of the game by post graduate
program.

P valuec
Total (N=30),
n (%)

FCNb, (n=21),
n (%)

MSNa, (n=9),
n (%)Items for construct validity

.6919 (63)14 (67)5 (56)New knowledge acquisition

.0626 (87)20 (95)6 (67)Acquisition of information useful for understanding the single situation

.4417 (57)13 (62)4 (44)Professional development

.6821 (70)14 (67)7 (78)Acquisition of skills to identify priorities and goals

.9920 (67)14 (67)6 (67)Development of organizational skills

.2512 (40)10 (48)2 (22)Development of clinical skills

.2621 (70)16 (76)5 (56)Effective feedback

.3920 (67)15 (71)5 (56)The game is captivating

.4315 (50)11 (52)4 (44)Play is pleasant

.9912 (40)8 (38)4 (44)Is it pleasant to play again?

.4414 (47)11 (52)3 (33)The game transfers long-term knowledge

.6913 (43)10 (48)3 (33)The training experience is essential for learning

aMSN: master of science in nursing.
bFCN: family and community nursing.
cFisher exact test.

Concurrent Validity
Table 5 shows the mean scores for both the NCRS scale and
RG scenarios. The highest possible summed score for NCRS
was 75, and results showed a rather high mean overall score
(58, SD 6.1). The scores from the MSN group (62.1, SD 3.9)
were significantly higher than the scores from the FCN group
(56.8, SD 6.2, P=.03). Total mean RG scores for MSN and FCN
students were 101.3 (SD 33. 6) and 154.8 (SD 36), respectively,
and the difference between groups was statistically significant
(P=.001). Although the overall RG score was slightly higher
for the FCN group, there were no statistically significant group
differences noted for scenario number 3. Further analysis
revealed that no significant differences in NCRS and RG scores

were found when considering the gender and the age classes
except for RG scores in scenario number 5 (Multimedia
Appendix 1). According to the results, the mean NCRS score
was lower in students working in a primary care setting
compared to students employed in other workplace settings
(55.8, SD 6.8 vs 60.1, SD 5, P=.05; Multimedia Appendix 1).
Additionally, a significant positive correlation emerged between
RG scores and the time spent playing (Pearson coefficient 0.604,
P<.001). Finally, we did not find any correlation between NCRS
scores and RG total scores, except for scenario number 1 played
by the MSN group (Spearman coefficient 0.73, P=.03; Table
6) and for scenario number 2 where students played only 1
match (Multimedia Appendix 1).
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Table 5. NCRSa scale scores and REACtion Game scores for each scenario by post graduate program.

P valuedFCNc (n=21), mean (SD)MSNb (n=9), mean (SD)Total (N=30), mean (SD)Score

.03f56.81 (6.21)62.11 (3.92)58.40 (6.08)NCRS scalee

.001f38.88 (17.57)15.22 (12.24)31.78 (19.39)RGg scenario noh 1

.01f37.98 (10)26.94 (11.52)34.67 (11.49)RG scenario no 2

.2729.67 (8.33)25.72 (10.07)28.48 (8.90)RG scenario no 3

.05f31.8 (6.32)25.47 (10.89)29.90 (8.31)RG scenario no 4

.001f16.5 (5.35)7.94 (7.3)13.93 (7.1)RG scenario no 5

.001f154.82 (36.04)101.3 (33.56)138.77 (42.77)RG all scenarios

aNCRS: Nursing Clinical Reasoning Scale.
bMSN: master of science in nursing.
cFCN: family and community nursing.
dANOVA test.
eNCRS scale: Scores range from 0 to 75, higher scores mean higher clinical reasoning skills. Scenario number 1: scores range from 0 to 58. Scenario
number 2: scores range from 0 to 51. Scenario number 3: scores range from 0 to 38. Scenario number 4: scores range from 0 to 41. Scenario number 5:
scores range from 0 to 20. All scenarios: scores range from 0 to 208. Higher game scores mean better play performance.
fP values below .05.
gRG: REACtion Game.
hno: number.

Table 6. Correlation between NCRSa scale scores and REACtion Game scores, by scenario and postgraduate program.

FCNd (N=21)MSNc (N=9)Total (N=30)RGb score

P valueρeP valueρeP valueρe

.380.202.030.729.87–0.032Scenario nof 1

.330.224.180.485.920.018Scenario no 2

.61–0.117.090.602.89–0.027Scenario no 3

.73–0.082.340.359.74–0.063Scenario no 4

.360.212.960.022.53–0.118Scenario no 5

.360.212.060.639.86–0.034All scenarios

aNCRS: Nursing Clinical Reasoning Scale.
bRG: REACtion Game.
cMSN: master of science in nursing.
dFCN: family and community nursing.
eSpearman rank-order correlation.
fno: number.

Discussion

Principal Findings
This study describes the validity of a SG as an innovative
teaching tool to prepare students before gaining practical
experience. Although validation studies are increasing, literature
provides various examples of evaluating the efficacy of SGs in
nursing education [15,16] and very little evidence about SG
validity used for training. For example, a recent publication
showed the literature gaps in this field underlining the lack of
evidence about the usability of these educational tools in
undergraduate nursing education [14]. So, many SGs used in

educational fields do not yet undergo validation, as this is a
time-consuming and costly enterprise [35]. When choosing a
SG as an educational tool, its validity is an important factor to
consider [28]. In this study, we present the process of RG
development and results on 5 domains of validity: content
validity, construct validity, face validity, game quality, usability,
and concurrent validity. All domains were observed collecting
data from 5 experts and 30 nursing students using web-based
self-reported questionnaires.

The content validity was demonstrated, as the experts positively
assessed the game’s content and determined its legitimacy. From
construct validity, results showed a higher positive impression
of RG as an attractive and useful method to learn new
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knowledge, obtain information to help them understand the
situation, and set priorities and goals. RG integrates the
information acquired through the assessment of the older adult
into actions that the player has to perform to continue in the
game; these actions are similar to those carried out by a nurse
in a home environment. Although most students perceive an
immediate acquisition of knowledge, that is not the same as
remembering it for a long time. Blakely et al [36] showed
inconsistent results on the long-term retention of information
through educational gaming. These results may have been
influenced by the quick feeling of “knowing more” about the
topic, which appears to be characteristic of the postgame.

Participants, in this study, evaluated the feedback as effective.
RG integrates the feedback by giving the player a score once
the match ends. In addition, to overcoming the limitations
described for other SGs [32], information such as how long a
student was logged in and what actions were taken or avoided
throughout the match can be collected from the game’s logging
system. Although feedback is considered a key factor in
improving learning, there is no recommendation on the most
effective way to integrate it in a SG [37]. In our study, 12 (40%
of the total sample) participants mentioned that they wanted to
play again, indicating that many participants did not find games
enjoyable or helpful as reported in the literature [36]. For these
students, SG represents one learning opportunity among many
others. This may explain why SGs were not more motivating
than conventional methods [38]. Although in our sample only
13 (43%) participants agreed that RG is helpful for learning,
the game showed great potential to support clinical training
when the real patient is not available. This was especially true
during the COVID-19 outbreak in Italy when internship learning
opportunities were limited [39,40].

Face validity, game quality, and usability were also assessed in
this study. A great consensus among participants was found for
the realism of cases, scenarios, and dialogues. Only 70% (n=21)
of participants agreed that dialogues with other professionals
were realistic. The fact that professional relationships vary
depending on the work environment and are closely related to
the particular context can help to explain this. Regarding the
quality and usability of the RG, participants evaluated the use
of the controls and the progression of the game as poorly
intuitive, although a user guide was provided. Possible
explanations are that the participants had never played a virtual
game before and that the game could have included different
kinds of support related to the selection of significant data
(feedback, modeling, and modality) [37]. In fact, the game only
used feedback as a tool to let the players know whether the
information and actions were relevant to achieving the objectives
of the RG.

Finally, simulation strategies such as SGs were used to teach
clinical reasoning [41]. Concurrent validity shows no correlation
between RG and NCRS scores. NCRS scores were higher among
the MSN group and in nurses working in nonprimary care
settings (hospital, clinical, and residential settings), whereas
RG scores were higher in the FCN group. Although we cannot
completely exclude the possibility that clinical reasoning is not
necessary for the RG performance, we found at least two
different reasons for concurrent validation failure. First,

evaluating clinical reasoning learning is complex [42], and
self-assessment by the NCRS only provides a subjective
student’s perception of clinical reasoning competence. Second,
while the NCRS has been validated for clinical situations [43],
particularly in hospital settings, it is likely that some
modifications of the scale are required before it can be used in
the community or home health care nursing. However,
correlation coefficients were positive considering separately
the 2 courses, especially for the MSN group.

This study has some limitations. First, the aforementioned
question related to the tool used for the concurrent validity.
Second, the estimation of the minimum number of students
required to validate the game was not performed; the sample
was not randomized and based on volunteers, so results can be
biased and the small sample could have influenced the
nonsignificance of concurrent validity results. Although the
results are not generalizable, we recruited students who were
attending postgraduate training. It would be useful to be able
to validate the game for undergraduate nurses as well as to
increase the strength of evidence in support of RG validity.
Finally, although the students’ items of the questionnaire were
adapted by Wu et al [32], we used nonvalidated questionnaires
(for experts and students) for test validity, except for the items
used to measure construct validity and the NCRS for concurrent
validity. We tested questionnaires with a small group of nurses
to ensure that the items were clear, concise, unambiguous, and
exhaustive.

While other SGs have been developed in the field of home
health care, RG is the first game created for Italian nursing
education. It considers the unique aspects of the nursing role in
the community and home environment and the specific
characteristics of older adults, including the support networks
within local communities. The game’s validity was demonstrated
for all domains except concurrent validity, although wider
observation (increasing the size sample and including students
from other universities and courses) is needed to increase the
internal and external validity of results. As a result, although
this version of the game cannot be used to assess student
learning, it was well received by participants and included in 2
post–basic training programs.

In conclusion, this study aimed to develop and validate a game
that could be used in nursing education. The game represented
a significant opportunity for both the project and the academic
courses, particularly in fields where simulation has not yet been
fully incorporated into the academic curriculum. Developed
during the pandemic, it provided students with the opportunity
to immerse themselves in a computer-based learning
environment. Although there is a need, for example, for further
testing of the usability of the RG, concurrent validity, and
improvement in some functional aspects, this study was the first
step to support the use of the game in nursing education. Despite
this study’s limitations, it is important to recognize the potential
for growth of RG. While the findings are not robust enough to
fully validate RG as a tool, they certainly point toward exciting
improvement possibilities. RG has the potential to be expanded
to give students a safe practice environment that simulates
real-world conditions. This is especially true when the patient’s
home is the learning environment, which is not typically offered
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as an internship in nursing education. However, future studies
should include a larger sample to test the validity of the game,
identify a better-validated tool for concurrent validity, and

evaluate its predictive validity concerning academic
achievement.
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Abstract

Background: Home gardens worldwide provide sustenance, economic support, and access to fresh produce and promote
household well-being, health, self-sufficiency, and food security. However, they face significant challenges worldwide and
necessitate innovative promotion approaches. Serious video games have proven effective in promoting agricultural knowledge.
However, more research is needed on the persuasive potential of agriculture games to influence players’ thoughts, attitudes, and
behaviors. This provides an opportunity to examine the impact of persuasive games on promoting home gardening among novices.

Objective: This study aims to describe the design and development of Farmily, a persuasive video game promoting home
gardening among novices. In addition, it evaluated the effectiveness of Farmily and compared its impact with that of a traditional
home gardening workshop. Furthermore, the study explored how game enjoyment relates to the game’s outcomes.

Methods: A randomized controlled trial with 50 novice gardening participants aged 20 to 50 years was carried out. Participants
were randomly assigned to a control group (1.5-hour workshop) or an experimental group (1.5-hour Farmily session). Pre- and
postintervention assessments were conducted. We evaluated Farmily’s impact on knowledge, attitudes, perceived self-efficacy,
and intentions regarding initiating home gardens. In addition, we investigated the user enjoyment and its relationship with the
game’s effect outcomes.

Results: The experimental group significantly improved their knowledge (t24=4.26; P<.001), attitude (z24=2.98; P=.003),
self-efficacy (t24=2.6; P=.02), and intention to initiate home gardens (z24=4.15; P<.001). The experimental group showed similar
effectiveness in knowledge transfer (t24=–1.71; P=.09) and a more significant impact on attitude (z24=2.73; P=.006), self-efficacy
(t24=2.21; P=.03), and intention to start a home garden (t24=–5.33; P<.001) than the control group. Farmily was well received by
the intervention group, generating high enjoyment. Furthermore, user enjoyment substantially correlated with user attitudes
(r23=0.72; P<.001) and self-efficacy (r23=0.67; P<.001), yet no discernible association was observed among user enjoyment,
knowledge (r23=0.26; P=.20), and intention (r23=0.06; P=.77).

Conclusions: Evidence indicates that Farmily appears to be a viable tool for promoting home gardening among novices in the
short term. Farmily demonstrated similar effects in knowledge improvement to those of a traditional workshop and had a more
significant impact on the other variables. In addition, we found that the player’s gaming experience positively relates to the
player’s attitudes and self-efficacy. A well-powered randomized controlled trial with more diverse samples and extended follow-up
periods will be conducted to establish the long-term efficacy of Farmily and gain a deeper understanding of the influence of
enjoyment on game outcomes.
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Introduction

Promotion of Home Gardening
Home gardens, a long-standing tradition of small-scale food
cultivation near human settlements [1], remain a cornerstone
of agriculture, providing essential sustenance and economic
support for families worldwide [2]. These gardens, cultivated
for centuries, serve multifaceted purposes within local food
systems. Alongside economic benefits such as financial savings
and income generation, they provide year-round nutrition and
access to fresh produce and contribute to biodiversity
conservation [2-4]. In addition, home gardens contribute to
ecological production, enhance esthetics, and promote
sustainable urban development [5]. Moreover, maintaining and
using home gardens contributes significantly to household
well-being by promoting psychological and physical health and
fostering familiar and social connections and bonds [6]. Another
significant benefit is fostering self-sufficiency as individuals
cultivate plants or food crops at home to meet their sustenance
needs, thereby reducing dependence on external sources [7].
This characteristic plays a crucial role in bolstering food security
[8], a role that was particularly emphasized during the
COVID-19 pandemic [9]. Due to these advantages, home
gardening initiatives have expanded to include elementary
schools [10], urban areas, and household environments [11].
They remain a valuable pursuit even for economically active
individuals who can afford groceries.

Despite the global significance of home gardens, many people
are not interested or hesitant to start one [12], contributing to
their decline [13], a trend particularly concerning in countries
such as Mexico [14]. Various strategies have been proposed to
promote home gardening, ranging from campaigns highlighting
its benefits to educational initiatives offering guidance through
manuals, courses, workshops, and guides [15]. However, these
initiatives often focus on individuals already motivated to start
gardening, potentially missing the chance to inspire and engage
newcomers. Furthermore, these strategies encounter challenges
inherent to the multifaceted nature of home gardening, including
the necessity to develop skills; address concerns; overcome
motivation issues [16,17]; acquire interdisciplinary knowledge
in fields such as biology, chemistry, and economics [10]; and
achieve a balance between theoretical learning and hands-on
activities [18].

To bridge the gap between promoting home gardening and its
adoption, innovative strategies are essential to attract a diverse
audience, motivate and empower individuals, and provide
practical learning opportunities. It is crucial that these strategies
mainly focus on novices—individuals who are open to learning
about gardening but may not be strongly motivated to pursue
it actively. These individuals often lack extensive knowledge,
experience, and confidence in gardening and may not fully grasp
its benefits. This situation presents an opportunity to develop
accessible and engaging tools that inspire, educate, build

confidence, and foster sustained interest in home gardening.
Persuasive video games provide a promising platform to enhance
users’ knowledge, skills, and experiences through interactive
platforms [19] and foster positive changes in perceptions,
attitudes, or behaviors [20,21].

Persuasive Video Games
Persuasive video games, also known as serious games for change
or persuasive games, aim to actively engage players while
promoting positive changes in their thoughts, attitudes, feelings,
actions, or behaviors [20-22]. They integrate interactive
gameplay, narrative elements, educational content, and
persuasive strategies to foster attitude and behavior change.
Despite their serious intent, these games prioritize enjoyment
and engagement, leveraging the immersive nature of video
games to captivate players and sustain their interest [23]. They
often include informative content relevant to the issue, offering
players opportunities for learning and reflection during gameplay
[24]. These games may use procedural rhetoric through
interactive gameplay dynamics to convey persuasive messages
effectively [22] and can use exocentric or endocentric
approaches to engage and motivate players [24]. Successful
play encourages players to develop a deeper understanding
beyond the game, potentially influencing their behavior
afterward. However, the effectiveness of these games hinges
on game features, player characteristics, use context [25], and
the balance of persuasive strategies [21].

Persuasive video games are a powerful tool for driving social
change [26]. They are studied extensively for their ability to
promote attitude and behavior changes across various issues
such as politics, society, environment, and health [21]. They
address social problems such as attitudes toward homelessness
[27], humanitarian aid willingness [28], and workloads [20]
while also tackling health issues such as physical activity,
nutrition, and disease management [21]. Specific games target
smoking cessation [29] and medication adherence [30]. Despite
their widespread application, research shows mixed results on
their impact, with some studies confirming effectiveness and
others not, leading to inconsistent findings [20,21,31]. A
systematic review indicated positive or partially positive
outcomes [21], but effectiveness varied across studies,
underscoring the need for rigorous evaluation across diverse
contexts and user profiles [20]. Current research often focuses
on overall impacts rather than specific game or user
characteristics [31], necessitating further studies on how game
features affect effectiveness, especially the effect of user
enjoyment [32].

Persuasive Video Games for Agriculture
Most serious video games for agriculture have been designed
as educational tools [33]. Explicitly designed persuasive games
are scarce; only a few studies have evaluated their persuasive
effects. The educational games cover various aspects of
agriculture and vegetable cultivation, including genres such as
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role-playing games and farm simulators. Examples include
“Farmtasia” [34], “Little Botany” [35], “Herbopolis” [36], and
Serious Game for Agroecology Learning [37]. They offer
valuable learning experiences in farming practices, sustainable
agriculture, herbal medicine agriculture, and ecological
awareness, leading to knowledge enhancement. However, there
need to be more games specifically focusing on home gardening
[33]. Another group of studies aims to raise awareness of
agriculture-related issues. “AgriVillage” [38] focuses on
environmental concerns in agriculture, including the effects of
fertilizers and deforestation on water sources and weather
patterns. “RebEarth” [39] promotes awareness of hydroponics.
Furthermore, individuals who are agricultural novices are often
overlooked by current serious video games for agriculture [33].

Among the studies evaluating the persuasive effects of serious
agricultural games, an example is “Game of Piglets” [40], a
virtual pig farm that allows students to practice external
biosecurity and farrowing management procedures. This
simulation and adventure game emphasizes core competencies
such as farrowing aid, identifying unwell sows after farrowing,
maintaining aseptic conditions during surgeries, and ensuring
an optimal piglet environment. These competencies are
developed through tasks closely resembling real-life scenarios
in pig farms. Evaluation results indicated improved perceived
self-efficacy among players. Another instance is
“MahindiMaster” [41], a serious game simulating crop yields
based on farmers’ choices from various input options. These
yields are customized using crop model outputs leveraging
plot-level soil samples and historical weather data. The game
allows farmers to experiment with 3 different fertilizers.
Evaluation outcomes revealed positive shifts in players’ beliefs
and fertilizer use on their crops. While the evaluation results
indicate positive impacts and the viability of using
agriculture-focused serious video games to change players’
attitudes and behaviors, the persuasive potential of agricultural
video games remains unexplored. It prompts questions about
their effectiveness in promoting home gardening among novices.

Inspired by the need for innovative strategies to promote home
gardening among novices and recognizing the potential of
persuasive video games to influence user knowledge, attitudes,
and behaviors, this study addressed existing research gaps in
persuasive serious games for home gardening. In total, 3 primary
research questions guided our investigation. The first 2 questions
focused on the effect of a persuasive game on promoting home
gardening among novices:

• Can a persuasive video game encourage novices to engage
in home gardening?

• Does a persuasive video game have a more significant
impact on changing novices’ knowledge, attitudes,
self-efficacy, and intentions than a traditional course?

In addition, our investigation was guided by the following
primary research question that sought to understand how the
enjoyment derived from the game influenced its effectiveness:

• How does the enjoyment experienced by players of an
agriculture-focused persuasive video game relate to the
game’s effects?

Objectives and Hypotheses
This study aimed to design and develop a persuasive video game
promoting home gardening among novices called Farmily
(Farm+Family) and evaluate its effects.

On the basis of the potential of persuasive video games to
promote home gardening, we formulated the hypotheses that
Farmily players would exhibit superior outcomes in the
following areas after playing (hypothesis 1): home gardening
knowledge (hypothesis 1A), attitudes toward home gardens
(hypothesis 1B), self-efficacy in home gardening (hypothesis
1C), and intention to start a home garden (hypothesis 1D).

In addition, based on the idea that a persuasive video game
offers more effective elements for promoting home gardening
among novices compared to a traditional course, we established
the hypotheses that Farmily players would demonstrate superior
outcomes compared to traditional course attendees in the
following areas (hypothesis 2): home gardening knowledge
(hypothesis 2A), attitudes toward home gardens (hypothesis
2B), self-efficacy in home gardening (hypothesis 2C), and
intention to start a home garden (hypothesis 2D).

Finally, based on the premise that game features, particularly
user enjoyment, significantly relate to game outcomes, we
formulated the hypotheses that the player’s gaming enjoyment
is positively related to (hypothesis 3) home gardening
knowledge (hypothesis 3A), attitudes toward home gardens
(hypothesis 3B), self-efficacy in home gardening (hypothesis
3C), and intention to start a home garden (hypothesis 3D).

Methods

Study Design
This study was divided into 2 main parts. The first part focused
on designing and developing the video game Farmily. The
second part involved conducting a randomized controlled trial
(RCT) to assess the impact of Farmily and validate the
formulated hypotheses. In the following sections, we provide
a detailed description of the Farmily video game.

Farmily Video Game

Design and Development
To create Farmily, we integrated 2 methodologies (Figure 1):
the persuasive system design (PSD) methodology [42] and the
player-centered, iterative, interdisciplinary, and integrated (P-III)
methodology [43]. The PSD methodology guides the design of
persuasive systems [42], and accordingly, we followed four key
steps aligned with persuasive principles. In step 1, we analyzed
the context of persuasion and selected appropriate principles
and techniques for Farmily. Steps 2 and 3 focused on defining
and developing the game, whereas step 4 involved
experimentation to evaluate its effectiveness.
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Figure 1. Methodology for the design and development of Farmily. P-III: player-centered, iterative, interdisciplinary, and integrated.

During steps 2 and 3 of PSD, given the need to develop a
specific persuasive system—a persuasive video game—we used
the P-III methodology [43] tailored for serious game design.
The P-III methodology emphasizes player-centered design,
iterative development, and interdisciplinary collaboration.
Following the P-III methodology, we engaged experts in
human-computer interaction, agriculture, horticulture, education,
and software engineering. In stage 1, the concept design phase,
extensive research on home gardening informed the definition
of user tasks through co-design sessions and expert
consultations. Progressing to stage 2, the video game design
phase, we used storyboards, focus groups, and paper prototypes,
refining the game iteratively based on continuous feedback.
Stage 3, the development phase, involved iterative prototyping
and testing. We conducted 21 work sessions, incorporating
multiple refinement cycles and expert testing sessions.

Theoretical Base and Persuasive Techniques
Farmily is based on the social cognitive theory by Bandura
[44,45], which provides valuable insights into individual
learning, development, and behavior maintenance in social
contexts. This theory highlights the dynamic interplay of
personal factors (cognition, beliefs, skills, and affect),
environmental factors (social norms, institutions, and cultural
influences), and behavioral factors (observable actions and
responses) [44,45]. This theory proposes that individuals shape
their environments through behavior, and vice versa,

environments influence behavior and cognition. Learning, as
per this theory, happens through direct experience and observing
others [45]. Actions and outcomes offer crucial feedback on
behavior appropriateness, with rewards encouraging desirable
behaviors and punishments discouraging them. Furthermore,
this theory emphasizes self-regulatory processes, which involve
activating and sustaining behaviors, cognitions, and emotions
directed toward achieving goals. It also highlights various
motivational processes, including goals, progress evaluations,
outcome expectations, values, and social comparisons. A key
concept in the theory by Bandura [44,45] is self-efficacy, which
pertains to one’s belief in their capacity to achieve desired
outcomes through specific actions. Self-efficacy significantly
impacts motivation, goal setting, and persistence, with
individuals who possess high self-efficacy more inclined to
pursue challenging objectives and persist despite obstacles.

Drawing from the social cognitive theory by Bandura [44,45]
and the PSD principles by Oinas-Kukkonen and Harjumaa [42]
and Fogg [46], Farmily integrates persuasion techniques.
Farmily’s persuasion techniques are classified into primary
support, dialogue support, credibility support, and social support,
as detailed in Table 1. These strategies aim to engage players’
intellect and motivation, guide behavior, and encourage their
interest in starting home gardens. They have proven effective
in persuasive video games such as “PowerHouse” [47] and
“Smoke?” [21,48].

JMIR Serious Games 2024 | vol. 12 | e60771 | p.511https://games.jmir.org/2024/1/e60771
(page number not for citation purposes)

García de Alba-Chávez et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Persuasive techniques of Farmily.

DescriptionName

Primary support techniques

The game incorporates a virtual environment for family garden ownership and management that simplifies
home garden maintenance.

Reduction

The game offers a structured progression system with increasing complexity across levels, introducing
new variables for users to understand.

Tunneling

Tailored knowledge by dividing levels into 3 difficulty tiers: easy, medium, and hard. Users unlock
progressively more advanced and comprehensive information tailored to their learning needs as they
advance.

Tailoring

The score and recommendation system helps players monitor their performance and receive guidance
for improvement. This tangible evidence motivates them to persist in learning and practicing.

Self-monitoring

Includes a home garden simulation mirroring real-life scenarios, helping players grasp cause-effect rela-
tionships between their actions and virtual outcomes.

Simulation

Provides a platform for simulating various home garden–related behaviors and activities. Through
repetitive practice and self-monitoring, players enhance their self-efficacy and proficiency in gardening
skills.

Rehearsal

Dialogue support techniques

Implements a praise system that offers positive reinforcement to players upon completing tasks or levels.
Through motivational messages and rewards, the game aims to encourage continued gameplay.

Praise

Incorporates rewards and motivators such as unlockable content and points to encourage continued play.
For instance, users earn a trophy for completing the story mode and stars for each level, enhancing mo-
tivation and engagement.

Rewards

The in-game recommendation system guides players in enhancing their gardening performance and
achieving higher scores. Tailored suggestions empower players to improve and meet game objectives,
boosting their self-efficacy and intention to apply gained knowledge to real-world gardening.

Suggestion

Meticulously recreates a home garden’s visual and sensory experience, immersing players in a realistic
virtual environment. This attention to detail enhances players’ liking and connection to the game.

Liking

Credibility support techniques

The game’s gardening knowledge base is built on accurate and authentic information from reliable
sources, such as books and manuals recognized and developed by Mexico’s agriculture department and
scientific papers sourced from reliable journals, ensuring its trustworthiness and reliability.

Trustworthiness

The game’s visual design and user interface are meticulously crafted to offer players a professional and
credible experience.

Surface credibility

Social support

Including a leaderboard in the video game enables players to compare their scores and monitor the
progress of other users. This feature fosters a competitive and social atmosphere that encourages engage-
ment and interaction among players.

Social comparison

The video game allows players to compete against each other, striving to reach the top of the leaderboard
and achieve the highest score. This competitive element enhances motivation and drives players to improve
their performance.

Competition

The game recognizes the top 5 players through the leaderboard, highlighting their achievements and
establishing a sense of accomplishment. This acknowledgment rewards players and motivates them to
continue their efforts and aim for higher rankings.

Recognition

Description
Farmily is a 3D simulation single-player game available on
desktop and Android platforms. It was developed using the
Unity game engine (version 2021.3.8f1; Unity Technologies).
The players guide and assist a virtual family in managing a
home garden. The target users are individuals aged between 20
and 50 years who are novices in home gardening, chosen for
suitability. This age range aligns with Mexico’s economically
active population (ages of 15 to 64 years) [49] and the gaming
demographic [50], capturing a significant portion of gamers

interested in home gardening. Variations in the age range do
not significantly impact the study’s relevant aspects. The game
aims to convey messages such as gaining knowledge about
home gardening, recognizing its importance and the enjoyment
it generates for individuals and their families, understanding
commitments and trade-offs, realizing accessibility and rewards,
and acknowledging the multidisciplinary knowledge and risks
involved.

Farmily consists of 3 sections: the “Main menu” (Figure 2),
“Education” (Figure 3), and “Simulation” (Figure 4). In the
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main menu, players can register, access the leaderboard, adjust
sound settings, and start a gaming session. The educational
section is seamlessly integrated into the gameplay, offering
tutorials on game mechanics and guidance on executing home

gardening tasks both in the game and in real life. The simulation
section encompasses the home garden simulation and all
associated gameplay mechanics.

Figure 2. Screenshots of the main menu (top) and level selection (bottom). The game is presented in Spanish.

The game’s difficulty gradually increases to enhance its
educational and persuasive aspects. Farmily offers 20 levels
divided into beginner (levels 1-8), medium (levels 9-14), and
advanced (levels 15-20) tiers (Figure 2, bottom). Each tier
presents challenges in crop yield, finances, and simulation
complexity. The level goals include growing and harvesting
crops, ensuring family participation, practicing sustainability,
maximizing savings, and providing a comprehensive
understanding of home gardening implications and benefits.

The game educates players on 12 recommended crops for daily
consumption [51], empowering informed decisions and
gardening optimization. In Farmily, each level follows a
systematic progression—players start by preparing compost,
clearing undergrowth, and watering and then plow an area

spanning 1 to 40 m2. Next, they plant seeds in nurseries, nurture
them, and transplant them. Subsequently, players water, fertilize,
and apply pesticides as needed to ensure crop health for
harvesting.
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Figure 3. Screenshots of the education section; home gardening phases (top) and tutorial menu (bottom). The game is presented in Spanish.

The game provides indicators for garden health, including a
progress bar for the current month and phase, meters for overall
garden health and sustainability, and progress bars for vegetable
quantity (Figure 4, top). Detailed plot information, such as
humidity and macronutrient levels, is also available. After
harvesting all crops, players receive a rating from 1 to 5 stars
based on factors such as harvested vegetables, family
involvement, sustainable practices, financial economy, and
self-sufficiency (Figure 4, bottom). These ratings unlock new

scenarios, motivating players to improve and enhancing replay
value. A home garden manual is a central hub for information
on crops, fertilizers, pesticides, and game mechanics tutorials
(Figure 3, top). Personalized recommendations based on player
actions help optimize gardening strategies (Figure 4, bottom).
A leaderboard fosters competitive excitement by allowing
players to compare scores and aim for the top spot (Figure 2,
top).
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Figure 4. Screenshots of the simulation section; cultivation (top) and level evaluation with recommendations (bottom). The game is presented in
Spanish.

Evaluation

Overview
In 2023, an RCT was conducted at a Mexican university, with
written permission from the school administrators to conduct
the trial at the school facilities.

Participant Recruitment
We used a convenience sampling approach by inviting 180
students from 9 academic groups to participate based on their
availability and interest in the study. Participants were invited
without previous information about their backgrounds or
characteristics, ensuring a diverse representation across different
scholar groups. On the day of the experiment, we verified that
participants who agreed to take part met the inclusion criteria,
which were (1) being aged between 20 and 50 years; (2)
belonging to a family nucleus comprising at least 2 members;
(3) having an interest in home gardening; (4) residing in Ciudad
Guzmán, Jalisco, Mexico; and (5) having essential

elementary-level reading and writing skills in Spanish. Exclusion
criteria were applied to individuals who (1) currently or
previously had a home garden, (2) had undergone a home
gardening course, and (3) had vision or motor impairments that
hindered their use of the video game on a PC.

Structure and Procedure
Individual participants were randomly assigned to either the
control group (CG) or the experimental group (EG). Before the
intervention (T0), both groups completed 2 pretest questionnaires
measuring their knowledge, attitude, self-efficacy, and intention
to start a home garden (see the Measured Variables section).
During the intervention, participants in the CG engaged in a
1.5-hour home gardening workshop facilitated by an expert in
agriculture. The workshop provided participants with the same
valuable information regarding the benefits, requirements, and
activities associated with maintaining a home garden as that
provided in the EG and Farmily. The expert presented the
knowledge in a lecture format without hands-on experience
with a home garden or interactive activities. This workshop
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mirrors the traditional way of fostering home gardening. In
contrast, participants in the EG played Farmily for 1.5 hours.
Finally, after the intervention period (T1), the CG and EG
participants completed the same questionnaires applied during
the pretest. This posttest measurement served as a valuable
indicator of any changes or improvements in these domains
following the intervention. In addition to the posttest
questionnaires, participants in the EG were also asked to provide
feedback on their enjoyment of the video game using a
questionnaire.

Measured Variables
The following variables were measured before (T0) and after
(T1) the intervention: (1) knowledge about home gardening, (2)
attitude toward home gardening, (3) self-efficacy in home
gardening, and (4) intention to start a home garden. In addition,
in T1, we measured the users’ enjoyment. Textbox 1 describes
the measured variables. In the following paragraphs, we describe
the methods used for their measurement.

Textbox 1. Description of the measured variables.

Knowledge about home gardening

• This is the comprehension level of a home garden’s concepts and procedures.

Attitude toward home gardening

• Fishbein and Ajzen [52] define attitude as “an individual’s positive or negative feelings towards realizing an objective behavior.” In line with
this, we defined attitude toward home gardening as “an individual’s positive or negative thoughts about having a home garden.”

Self-efficacy on home gardens

• Self-efficacy is “people’s beliefs about their abilities to produce a certain level of performance that influences events that affect their lives” [53].
Given this concept, self-efficacy in home gardening was defined as “people’s beliefs about their abilities to have a home garden with a certain
level of performance that influences the events that affect their lives.”

Intention to start a home garden

• Intention is “a person’s motivation in the sense of their conscious plan or decision to exert effort to perform a behavior” [52]. On the basis of
this concept, intention to start a home garden was defined as “the conscious motivation of a person to start a home garden.”

Game enjoyment

• It is defined as “a person’s perception and response as a result of using or anticipating using a product, system, or service” [54].

To evaluate participants’ knowledge levels effectively, we
developed a 23-item questionnaire with a home gardening
expert, ensuring accuracy and relevance. The questionnaire
items were strategically structured into 3 difficulty levels (easy,
medium, and hard) designed to assess participants’
understanding comprehensively. Each item provided 4 answer
options, with only 1 correct answer. For example, sample
questions included an easy query, such as “How many days
does it take for a plant to germinate?”; a medium-level question,
such as “Which of the following statements best describes the
advantages of sustainable products?”; and a hard question, such
as “What is a critical factor for achieving success in home
gardening?”

To assess attitudes toward home gardens, self-efficacy in home
gardening, and the intention to start a home garden, we
developed a 14-item questionnaire. This questionnaire draws
upon the attitude, self-efficacy, and intention scales from the
Unified Theory of Acceptance and Use of Technology (UTAUT)
[55]. The UTAUT questionnaire’s validity has been established
through rigorous testing and has been shown to account for 70%
of the variance in intention [55]. Furthermore, the scale’s
reliability was demonstrated with a Cronbach α of 0.70 across
all scales [55]. The attitude toward home gardens scale
comprises 4 items, the self-efficacy scale includes 7 items, and
the intention to start a home garden scale consists of 3 items.
Each item is rated on a 5-point Likert scale ranging from

“1—Totally disagree” to “5—Totally agree.” Sample questions
include “Are home gardens a beneficial idea?” (attitude toward
home gardens), “Compared to other people, can I perform my
home gardening activities correctly?” (self-efficacy), and “I
plan to start a home garden in the next six months.” (intention
to start a home garden).

We used the EGameFlow questionnaire [56], a validated tool
of 42 items, to assess user enjoyment. Comprehensive testing
confirmed the questionnaire’s validity, which was robust enough
to account for 74% of the variance in learner enjoyment [56].
Moreover, the EGameFlow questionnaire exhibited strong
reliability, boasting a Cronbach α of 0.942, signifying excellent
internal consistency. In addition, it demonstrated good test-retest
reliability [56]. The questionnaire items are categorized into 8
dimensions: concentration (6 items), clear goal (4 items),
feedback (5 items), challenge (6 items), autonomy (3 items),
immersion (7 items), social interaction (6 items), and knowledge
improvement (5 items). Each item is rated on a 5-point Likert
scale ranging from “1—Totally disagree” to “5—Totally agree.”

Data Analysis
The data analysis was performed using the R software (version
4.3.0; R Foundation for Statistical Computing) on the Windows
platform. A significance level of 5% (P<.05) was used to
determine statistical significance. The normality of the numerical
data was assessed using the Shapiro-Wilk test. Parametric tests
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were used for normally distributed data, while nonparametric
tests were used for nonnormal data. Changes in knowledge
within the same group were analyzed using a 1-tailed paired t
test. A 2-tailed independent-sample t test was conducted to
compare knowledge between groups. The Wilcoxon signed rank
test was applied for questions with ordinal values, such as
attitude, self-efficacy, intention, and user enjoyment. The
2-tailed paired t test was used to analyze differences from T0

to T1 in ordinal question scales within the same group assuming
that the data followed a normal distribution. Alternatively, the
Wilcoxon signed rank test was used. For comparisons between
groups and when the data followed a normal distribution, a
2-tailed independent-sample t test was used. In the absence of
normal distribution, a Mann-Whitney U test was conducted.
The internal consistency of the user enjoyment scales was
assessed using the Cronbach α. Finally, the bilateral Pearson
correlation test was conducted to examine the relationships
between user enjoyment and posttest scores on knowledge,
attitude, self-efficacy, and intention to start a home garden.

Ethical Considerations
The institutional bioethics review board of the Centro de
Investigación Científica y de Educación Superior de Ensenada
approved all study procedures (BIOETICA_HUM_2023_03).
Participants who expressed interest in joining the study provided
written informed consent. The study ensured that all collected
data were anonymized or de-identified to protect personal
information, implementing strict protective measures for any
data that could not be fully anonymized. Participation in the
study was voluntary and uncompensated.

Results

Participant Characteristics
Of the 180 students and teachers approached, 50 (27.8%) agreed
to participate in the study. The participants had an average age
of 21.5 (SD 6.8) years, with 66% (33/50) being male and 34%
(17/50) being female. Among the participants, the EG consisted
of 25 individuals with an average age of 20.2 (SD 0.7) years,
comprising 11 (44%) female and 14 (56%) male individuals.
The CG also consisted of 25 participants with an average age
of 22.7 (SD 9.5) years, including 6 (24%) female and 19 (76%)
male individuals.

Knowledge of Home Gardening
The knowledge of participants (Table 2) in the EG significantly
increased from T0 to T1 (mean difference 3.2, SD 0.18; t24=4.26;
P<.001). Similarly, the CG showed a significant increase in
knowledge (mean difference 5, SD 0.3; t24=6.78; P<.001).
Comparing the differences in knowledge increases between
groups from T0 to T1, no statistically significant differences
were found (t24=–1.71; P=.09). However, the CG had a slightly
higher mean increase in knowledge (mean 5, SD 3.68) compared
to the EG (mean 3.2, SD 3.75). Analyzing the results based on
question difficulty, the EG showed a significant knowledge
increase for easy (P=.02), medium (P=.03) and hard (P<.001)
questions. Similarly, the CG showed a significant knowledge
increase for easy (P<.001) medium (P=.001) and hard (P<.001)
questions. There were no significant differences between the
groups in the knowledge increase for the questions of easy
(t24=–0.68; P=.09) and medium (t24=–0.73; P=.09) difficulty.
However, a significant difference was observed for hard
questions (t24=0.64; P=.005), with the CG achieving a higher
mean score (mean 5.76, SD 1.27) than the EG (mean 4.76, SD
1.39).

Table 2. Results for knowledge on home gardening.

Intergroups, P valuecEGbCGaQuestion

P valuecT1 scores,
mean (SD)

T0 scores,
mean (SD)

P valuecT1
e scores,

mean (SD)
T0

d scores,
mean (SD)

.09.025.08 (2.06)4.04 (1.21)<.0015.68 (1.03)4.28 (1.40)Easy (n=8)

.09.034.16 (1.62)3.32 (1.77).0014.80 (1.55)3.64 (1.38)Medium (n=8)

.005<.0014.76 (1.39)3.44 (1.23)<.0015.76 (1.27)3.08 (1.32)Hard (n=7)

.09<.00114.08 (3.40)10.88 (3.22)<.00116.12 (3.15)11.12 (2.85)All (n=23)

aCG: control group.
bEG: experimental group.
cP<.05 was considered statistically significant.
dT0: before the intervention.
eT1: after the intervention.

Attitude Toward Home Gardening
The attitude toward home gardening of participants (Table 3)
in the EG significantly increased from T0 to T1 (mean difference
0.8, SD –0.01; z24=2.98; P=.003). When analyzing the results

by question, significant differences (P<.05) were found for all
items. In contrast, there was no significant difference in the
attitude toward home gardening of the CG from T0 to T1 (mean
difference –0.05, SD –0.09; z24=−0.54; P=.59) including
individual questions. A significant difference was observed in
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attitude toward home gardening increase between groups from
T0 to T1 (z24=2.73; P=.006). Furthermore, the EG exhibited a

higher mean increase in attitude toward home gardening (mean
0.8, SD 1.21) than the CG (mean –0.05, SD 1.30).

Table 3. Results for attitude toward home gardening.

Intergroups, P valuecEGbCGaQuestion

P valuecT1 scores, mean
(SD)

T0 scores, mean
(SD)

P valuecT1
e scores,

mean (SD)
T0

d scores,
mean (SD)

—f.044.60 (1.07)4.08 (1.19).974.52 (0.71)4.44 (1.08)1

—.0094.60 (1.12)3.72 (1.21).584.40 (0.76)4.20 (1.12)2

—.0054.48 (1.12)3.56 (1.23).564.20 (0.87)4.32 (0.94)3

—.0084.24 (1.16)3.36 (1.22).223.96 (1.17)4.32 (1.07)4

.006.0034.48 (1.09)3.68 (1.10).594.27 (0.84)4.32 (0.93)All

aCG: control group.
bEG: experimental group.
cP<.05 was considered statistically significant.
dT0: before the intervention.
eT1: after the intervention.
fNot applicable.

Self-Efficacy in Home Gardening
The self-efficacy in home gardening of participants (Table 4)
in the EG significantly increased from T0 to T1 (mean difference
0.75, SD –0.01; t24=2.6; P=.02). When analyzing the results by
question, all items showed significant differences (P<.05). In
contrast, the CG did not show a significant increase in

self-efficacy in home gardening from T0 to T1 (mean difference
–0.09, SD –0.17; t24=–0.36; P=.72) or in individual questions.
Comparing the differences in self-efficacy in home gardening
increase between the 2 groups revealed a significant difference
(t24=2.21; P=.03). Furthermore, the EG exhibited a higher mean
increase in self-efficacy in home gardening (mean 0.75, SD
1.45) than the CG (mean –0.09, SD 1.25).

Table 4. Results for self-efficacy in home gardening.

Intergroups, P valuecEGbCGaQuestion

P valuecT1 scores,
mean (SD)

T0 scores,
mean (SD)

P valuecT1
e scores,

mean (SD)
T0

d scores,
mean (SD)

—f.024.24 (0.97)3.48 (0.87).623.84 (0.75)3.68 (1.25)1

—.024.12 (0.97)3.32 (0.90).943.60 (0.82)3.60 (1.19)2

—.024.32 (0.94)3.52 (1.08).223.76 (0.88)4.04 (1.14)3

—.034.20 (0.87)3.56 (1.16).453.76 (0.88)4.00 (0.91)4

—.0464.24 (0.97)3.60 (0.96).533.52 (1.00)3.72 (1.02)5

—.024.28 (1.02)3.44 (1.23).893.64 (0.99)3.64 (1.04)6

—.034. 24 (0.88)3.44 (1.16).783.68 (0.90)3.76 (1.01)7

.03.024.23 (0.88)3.48 (0.87).723.69 (0.76)3.78 (0.93)All

aCG: control group.
bEG: experimental group.
cP<.05 was considered statistically significant.
dT0: before the intervention.
eT1: after the intervention.
fNot applicable.

Intention to Start a Home Garden
The intention to start a home garden of participants (Table 5)
in the EG significantly increased from T0 to T1 (mean difference

2.02, SD 0; z24=4.15; P<.001). When analyzing the results by
question, all items showed significant differences (P<.05). In
contrast, the CG did not show a significant increase in intention
to start a home garden from T0 to T1 (mean difference –0.18,
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SD 1.73; t24=–0.64; P=.53) or in individual questions.
Comparing the differences in intention to start a home garden
increase between the 2 groups revealed a significant difference

(t24=–5.33; P<.001). Furthermore, the EG exhibited a higher
mean increase in intention to start a home garden (mean 2.01,
SD 1.46) than the CG (mean –0.19, SD 1.46).

Table 5. Results for intention to start a home garden.

Intergroups, P valuecEGbCGaQuestion

P valuecT1 scores,
mean (SD)

T0 scores,
mean (SD)

P valuecT1
e scores,

mean (SD)
T0

d scores,
mean (SD)

—f<.0014.04 (0.89)2.00 (1.08).522.76 (1.42)2.96 (0.84)1

—<.0013.88 (1.09)1.80 (0.91).322.72 (1.40)3.04 (0.84)2

—<.0013.80 (1.15)1.88 (1.05).883.00 (1.44)3.04 (0.98)3

<.001<.0013.91 (0.95)1.89 (0.95).582.83 (4.07)3.01 (2.34)All

aCG: control group.
bEG: experimental group.
cP<.05 was considered statistically significant.
dT0: before the intervention.
eT1: after the intervention.
fNot applicable.

User Enjoyment
Results showed (Table 6) a significant difference between the
participants’ answers and the neutral value in all categories:
concentration (z24=4.11; P<.001; Cronbach α=0.90), goal clarity
(z24=4.15; P<.001; Cronbach α=0.97), feedback (z24=3.92;
P<.001; Cronbach α=0.96), challenge (z24=4.03; P<.001;
Cronbach α=0.93), autonomy (z24=3.89; P<.001; Cronbach

α=0.89), immersion (z24=3.83; P<.001; Cronbach α=0.93),
social interaction (z24=3.82; P<.001; Cronbach α=0.93), and
knowledge improvement (z24=3.92; P<.001; Cronbach α=0.96).
All categories exhibited a Cronbach α of >0.70, which indicates
a high internal consistency in the questionnaire [57]. These
results state that users positively evaluated the video game in
all categories.

Table 6. Results for user enjoyment.

Cronbach αRangeP valuebNeutral valueT1
a score, mean (SD)Questions, NMeasure

0.901.67-5<.00134.45 (0.82)6Concentration

0.971-5<.00136.77 (0.81)6Goal clarity

0.961-5<.00134.60 (0.80)5Feedback

0.931.67-5<.00134.52 (0.79)6Challenge

0.891-5<.00134.48 (0.84)3Autonomy

0.931-5<.00134.34 (0.90)7Immersion

0.931-5<.00134.26 (0.91)6Social interaction

0.961-5<.00134.61 (0.81)5Knowledge improvement

aT1: after the intervention.
bP<.05 was considered statistically significant.

Relationship Between User Enjoyment and Efficacy
Outcomes
Results showed (Table 7) no statically significant relationship
between user enjoyment scores and posttest knowledge
(EGameFlow scale: r23=0.26; P=.20) and intention (EGameFlow

scale: r23=0.06; P=.77) scores. In addition, the results showed
a positive statically significant relationship between user
enjoyment scores and posttest attitude (EGameFlow scale:
r23=0.72; P<.001) and self-efficacy (EGameFlow scale:
r23=0.67; P<.001) scores.
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Table 7. Correlations of user enjoyment scores with posttest efficacy results.

P valuea (bilateral)rCategory

.200.26Player enjoyment and knowledge

<.0010.72Player enjoyment and attitude

<.0010.67Player enjoyment and self-efficacy

.770.06Player enjoyment and intention

aP<.05 was considered statistically significant.

Hypothesis Evaluation
On the basis of the aforementioned results, in this subsection,
we summarize the validation of each hypothesis using

appropriate statistical methods. In addition, Table 8 summarizes
the statistical significance, indicating whether each hypothesis
was confirmed based on these results.

Table 8. Summary of hypothesis evaluation.

Hypothesis confirmed?P valueStatistical analysis resultsHypothesis

Yes<.001t24=4.261A

Yes.003z24=2.981B

Yes.02t24=2.61C

Yes.03t24=2.211D

No.09t24=–1.712A

Yes.006z24=2.732B

Yes.03t24=2.212C

Yes<.001t24=–5.332D

No.20r23=0.263A

Yes<.001r23=0.723B

Yes<.001r23=0.673C

No.77r23=0.063D

Discussion

Principal Findings

Overview
The findings of this study support the effectiveness of Farmily
in enhancing knowledge of home gardening, promoting a
positive attitude toward home gardening, increasing self-efficacy
in home gardening, and fostering the intention to start a home
garden among novice individuals aged 20 to 50 years. In
addition, Farmily demonstrated comparable effectiveness in
knowledge transfer and a more significant impact on the other
variables than a home gardening workshop facilitated by an
expert in agriculture. Finally, Farmily yielded favorable results
in user enjoyment, and we identified a significant positive
relationship between user enjoyment and attitudes and
self-efficacy and no relationship with knowledge and intention.
The following sections comprehensively analyze each
hypothesis, presenting the corresponding findings in detail.

Knowledge of Home Gardening
The EG demonstrated improved knowledge of home gardening
after the treatment. Thus, our data support hypothesis 1A

(confirmed). These results are consistent with those of previous
studies on the effectiveness of video games in agricultural
education [36-38,58]. Similarly, the CG also showed improved
knowledge after the treatment. Regarding hypothesis 2A
(rejected), there were no significant differences between the
groups regarding the increase in knowledge overall and for easy
and medium questions. However, a significant difference was
found for difficult questions. These findings suggest that
persuasive video games can be comparably effective to
expert-led workshops in certain aspects but they may have
limitations in more complex scenarios. It is important to
acknowledge that workshops offer the advantage of direct
interaction with experts, providing specific answers and in-depth
knowledge. On the other hand, video games are constrained by
the information provided within them. However, our video game
demonstrated its potential effectiveness. Simulation-based
experimentation has been successful in various fields, enabling
competence development through trial-and-error experiences
[59]. The discovery learning theory supports that knowledge is
constructed through an iterative discovery process facilitated
by educators [60]. Our results indicate that a serious persuasive
video game can be valuable for reinforcing knowledge and
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complementing traditional educational techniques, particularly
in noncomplex knowledge activities.

Attitude Toward Home Gardening
Regarding hypothesis 1B (confirmed), the participants in the
EG demonstrated a significant improvement in their attitude
toward home gardens. These results are consistent with findings
of studies such as that on MahindiMaster [41], supporting our
results. In contrast, the CG showed a nonsignificant decrease
in attitude. Regarding hypothesis 2B (confirmed), the EG
exhibited a higher mean increase in attitude than the CG. The
divergence in results can be attributed to the unique firsthand
experimentation experience provided by the simulation
environment in Farmily. Actively engaging in virtual home
gardening activities likely influenced participants’ perception
of the garden’s interest, importance, and enjoyment, leading to
a positive attitude toward real-life gardening. This finding aligns
with the literature suggesting that providing new information
can change attitudes toward an object [61]. The persuasive
messages embedded in the video game may have also
contributed to the favorable attitude change as persuasive
technologies have been shown to influence attitudes and
behaviors effectively [62,63].

Self-Efficacy in Home Gardening
Regarding hypothesis 1C (confirmed), participants in the EG
demonstrated a significant improvement in their self-efficacy.
These results are consistent with those of previous studies
reporting positive effects on self-efficacy after intervention in
video games [64]. Similarly, video games such as “Game of
Piglets” [40] have increased players’ self-efficacy in
agriculture-related topics following interventions, supporting
our expectations for our video game. In contrast, the CG showed
a nonsignificant decrease. Regarding hypothesis 2C (accepted),
the EG exhibited a higher mean increase in self-efficacy than
the CG. As described by Bandura [53], self-efficacy is an
integral part of the self-system, encompassing a person’s
attitude, ability, and cognitive abilities. According to Bandura
[44], individuals develop self-efficacy beliefs through previous
performance outcomes, vicarious experiences, social persuasion,
and emotional and physiological states. The direct experience
of EG users with the simulation of the home garden had a
profound impact on their perception of their capabilities. The
feedback and recommendation systems within the video game
allowed players to analyze their previous performances,
reinforcing their sense of competence. In addition, the
recognition received when completing a level served as a form
of social persuasion, offering congratulations and
encouragement. In contrast, the workshop provided only
vicarious experiences, lacking the opportunity for hands-on
experimentation, which may explain its limited impact on
self-efficacy.

Intention to Start a Home Garden
Regarding hypothesis 1D (confirmed), participants in the EG
showed a significant improvement in their intention. These
results were expected and explained through the Unified Theory
of Behavior proposed by Jaccard et al [65], which states that 2
key factors influencing an individual’s intention to engage in a

behavior are their attitude toward the behavior and their
self-efficacy. In the case of the EG, attitude and self-efficacy
showed significant increases, which directly contributed to
enhancing their intention. Conversely, the CG did not exhibit
significant differences in these variables, resulting in no notable
change in intention. Regarding hypothesis 2D (confirmed), the
EG exhibited a higher mean increase in intention than the CG.
These results can also be explained by the UTAUT proposed
by Venkatesh et al [55]. According to this theory, participants
in the EG may have realized that the perceived complexity and
effort associated with engaging in a home garden were lower
than initially expected (expectation of effort). Moreover, their
direct experimentation with the video game enabled them to
discover their capabilities and potential for performing well in
a real garden (performance expectancy). Furthermore, it is
plausible that the video game impacted other variables such as
social norms and emotions by including persuasive messages.
However, it is important to note that no specific data or evidence
regarding these phenomena were collected in the study. We did
not identify previous studies on the intention to start a home
garden, but given that a change in intention leads to a small to
medium change in behavior [66], several studies that achieved
a positive behavior change [21] may have successfully
influenced intention. However, there is a need for more data to
corroborate that assumption.

User Enjoyment
Farmily received highly positive ratings across various user
enjoyment categories, including concentration, clarity of goals,
feedback, challenge, autonomy, immersion, social interaction,
and knowledge increase. Participants expressed satisfaction
with the gameplay, level of challenge, clarity of objectives, and
overall video game mechanics. The success of Farmily in
providing positive user enjoyment can be attributed to the mixed
methodology used during its design. The iterative development
process and continuous feedback from home garden experts
ensured the creation of a video game with a robust knowledge
base. The interdisciplinary composition of the team, including
a video game designer, an interaction expert, and an education
expert, played a significant role in crafting clear, immersive,
and enjoyable video game mechanics, pedagogical techniques,
and interactive elements within the final product.

Relationship Between User Enjoyment and Efficacy
Outcomes
Regarding hypotheses 3B (confirmed) and 3C (confirmed), the
findings revealed a positive statistical relationship between user
enjoyment scores and attitude and self-efficacy posttest scores.
These results suggest that players who enjoy the game also have
a positive attitude and can master the game. These results are
consistent with those of previous studies on the relationship
between enjoyment and attitudes (eg, environmental
sustainability attitude [67] and attitude toward real-life refugees
[68]) and the relationship between enjoyment and self-efficacy
(eg, genocide awareness [69] and drinking refusal self-efficacy
[70]). In addition, regarding hypotheses 3A (rejected) and 3D
(rejected), there was no statistically significant correlation
between user enjoyment scores and posttest scores measuring
both knowledge and intention, suggesting that enjoyment does
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not appear to be associated with knowledge acquisition or the
propensity to engage in home gardening. These results are
particularly surprising given the contrast with previous research
examining the connection between enjoyment and learning
outcomes in serious gaming contexts, as evidenced by studies
investigating food knowledge [71] or mathematical proficiency
[72]. However, it is worth noting that some studies have also
failed to establish a relationship between enjoyment and learning
[73]. Furthermore, these findings diverge from those of studies
exploring the relationship with behavioral intentions, such as
those examining intentions related to reducing alcohol
consumption [70].

Limitations and Future Work
This study’s findings should be cautiously interpreted due to
the small sample size (n=50). Future research would benefit
from a larger sample to enhance statistical reliability. Despite
this limitation, the results provide valuable insights into video
games as a tool for promoting home gardening. The participant
pool, composed solely of students and teachers, may not fully
represent the broader adult population aged 20 to 50 years.
Moreover, participants reported high previous experience with
video games and technology, which may not represent the
general population. The short treatment and evaluation period
(90 minutes) only captures immediate effects, not longer-term
impacts. In addition, the knowledge questionnaire was developed
specifically for this study in collaboration with a home garden
expert, potentially influencing the results. Finally, leveraging
a serious video game for promoting home gardening in areas
of a low socioeconomic status can empower individuals with
practical skills, foster sustainability, and build community
resilience. However, it must be implemented with careful
consideration of literacy rates, technological access, cultural
relevance, and ongoing engagement strategies to maximize its

impact. An enhanced version of Farmily is planned,
incorporating elements such as climate simulation, disease
management, and crop rotation and association. Future
investigations are underway to use a more diverse sample and
extend follow-up periods, thereby enabling comprehensive
analysis. Furthermore, these efforts seek to deepen our
understanding of the intricate relationship between enjoyment
and persuasive outcomes within gaming environments.

Conclusions
Farmily, a 3D simulation single-player serious persuasive video
game, was developed to educate and promote home gardening
in novice individuals. The evaluation study demonstrated
Farmily’s effectiveness in improving participants’ knowledge,
attitude, self-efficacy, and intention to start their home gardens.
Farmily demonstrated similar effectiveness in knowledge
transfer to that of a traditional promotion workshop and had a
more significant impact on other variables. The findings
highlight Farmily’s potential to empower individuals and
promote sustainable practices by teaching the required home
gardening knowledge and persuading them to start a real home
garden. Furthermore, player enjoyment substantially correlates
with user attitudes and self-efficacy, yet no discernible
association was observed between enjoyment and knowledge
and intention. Future research could expand on the impact of
Farmily by conducting studies with more extensive and diverse
samples over an extended time frame, including a follow-up
period. These studies would allow for a deeper understanding
of the medium- and long-term effects of Farmily and the
sustainability of its impact over time. Moreover, additional
research endeavors have the potential to advance our knowledge
of the intricate interplay between enjoyment and persuasive
outcomes in gaming contexts.
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Abstract

Background: High-intensity interval training (HIIT) has become a popular exercise strategy in modern society, with the Tabata
training method being the most popular. In the past, these training methods were mostly done without equipment, but incorporating
exergaming into the training may provide a new option for muscle training.

Objectives: The aim of this study was to explore the differences in upper limb muscle activation using an HIIT program combined
with exergaming.

Methods: A total of 15 healthy male participants were recruited for the study, and the differences in muscle activation were
compared between push-ups and exergaming (Nintendo Switch Ring Fit Adventure with the Ring-Con accessory) during HIIT.
Prior to the tests, participants underwent pretests, including maximal voluntary contractions of various muscle groups, maximal
push-up tests, and maximal movement tests using the exergaming device. The push-up and exergaming tests were conducted on
separate days to avoid interference, with a warm-up period of 5 minutes on a treadmill before testing. Muscle activation in the
lateral and anterior portions of the deltoid muscle, the sternal and clavicular heads of the pectoralis major muscle, and the latissimus
dorsi muscle were measured during the maximal voluntary contractions and single-round tests for each exercise mode. A repeated
measures ANOVA was used to assess the variations in muscle activation observed across the 2 distinct modes of exercise,
specifically push-ups and exergaming.

Results: In exergaming, the number of repetitions for push-ups was significantly fewer than for single-site exercises across
both exhaustive (mean 23.13, SD 6.36 vs mean 55.67, SD 17.83; P=.001; effect size [ES]: 2.43) and single-round (mean 21.93,
SD 7.67 vs mean 92.40, SD 20.47; P=.001; ES: 4.56) training. Heart rate differences were not significant (all P>.05), yet exergaming
led to better muscle activation in specific muscle groups, particularly the right anterior deltoid (mean 48.00%, SD 7.66% vs mean
32.84%, SD 10.27%; P=.001; ES: 1.67) and right pectoralis major (sternal head: mean 38.99%, SD 9.98% vs mean 26.90%, SD
12.97%; P=.001; ES: 1.04; clavicular head: mean 43.54%, SD 9.59% vs mean 30.09%, SD 11.59%; P=.002; ES: 1.26) during
exhaustive training. In single-round training, similar patterns were observed with the anterior deltoid (mean 51.37%, SD 11.76%
vs mean 35.47%, SD 12.72%; P=.002; ES: 1.30) and pectoralis major (sternal head: mean 53.27%, SD 10.79% vs mean 31.56%,
SD 16.92%; P=.001; ES: 1.53; clavicular head: mean 53.75%, SD 13.01% vs mean 37.95%, SD 14.67%; P=.006; ES: 1.14).
These results suggest that exergaming may be more effective for targeted muscle activation.

Conclusions: In conclusion, HIIT can increase muscle activation in the upper extremities and can be incorporated into exergaming
strategies to provide a fun and engaging way to exercise.

(JMIR Serious Games 2024;12:e51730)   doi:10.2196/51730
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Introduction

In recent years, motion-based video games have made
substantial contributions to both medical education and sports
training [1]. They have shown notable effects in the
rehabilitation or training of upper limbs [2-4]. The enjoyment
derived from gaming can enhance participants’ motivation, and
when combined with specific game design, it becomes one of
the hot topics in research. Compared to longer-duration,
moderate-intensity exercise, the strategy of high-intensity
interval training (HIIT) [5] has become the mainstream exercise
approach in modern society. The most popular approach is the
Tabata training method, which involves performing 8 cycles of
20 seconds of all-out exercise, interspersed with 10 seconds of
complete rest, for a total exercise time of 240 seconds [6].
Results have shown significant improvements in aerobic power
[7], fat oxidation [8], and muscular endurance [9]. It can be
observed that the HIIT strategy not only shortens exercise
participation time but also has positive effects on the body.
Tabata exercises, apart from running, also include various forms
of bodyweight exercises, such as push-ups, squats, and burpees
[10]. Among these, push-ups are the most used bodyweight
exercise in Tabata training. In a study on muscle activation for
strength training, Alizadeh et al [11] investigated the muscle
activation patterns of push-ups and sit-ups, measuring the
activation of the anterior and lateral portions of the deltoid
muscle, as well as the sternal and clavicular heads of the
pectoralis major muscle. The results showed variations in muscle
activation levels despite the similarity in the exercises,
highlighting differences in muscle engagement across different
parts of the body. Another study by Putra et al [12] explored
the muscle activation levels in the upper limbs during a boxing
game while in standing and sitting positions in virtual reality
gaming. The study found significant differences in the activation
of the upper trapezius muscle during uppercut punches, whereas
no differences were observed in straight and hook punches.
Combining the findings of these 2 studies, it is evident that
different exercises lead to varying levels of muscle activation
in different muscle groups.

Push-ups, historically used to assess upper body strength, are
frequently incorporated into HIIT sessions. This exercise
primarily targets the deltoid, pectoralis major, and latissimus
dorsi muscles. Similarly, virtual reality gaming offers training
modes specifically designed to target these muscle groups. In
summary, the research highlights the diverse muscle activation
patterns associated with different exercises. Push-ups, a
fundamental bodyweight exercise, have been traditionally used
to assess upper body strength and are a common component of
HIIT workouts, effectively engaging the deltoid, pectoralis
major, and latissimus dorsi muscles. Additionally, virtual reality
gaming provides tailored training modes focusing on these
specific muscle groups. For individuals engaged in recreational
physical activities, these conventional exercise methods might
be perceived as monotonous due to their limited variation,
potentially leading to reduced adherence to training. This lack
of variety could negatively impact exercise adherence, as the
“lack of enjoyment” is frequently cited as a common barrier to
regular physical activity [13].

In studies on the application of HIIT in strength training, the
focus has been on investigating the rest intervals between
exercises [14] and movement speed [15]. Tomoo et al [14]
examined the effects of long and short rest intervals between
sets and found that shorter rest intervals led to higher muscle
activation levels at the same exercise intensity. In contrast, Dora
et al [15] found that faster movement speed resulted in higher
muscle activation levels. Taken together, these studies suggest
that shorter rest intervals and faster movement speed lead to
greater muscle activation. Previous literature has also shown
that shorter rest intervals can improve muscle adaptations during
resistance training [16,17]. However, in upper body exercise
design, push-ups are commonly included as one of the training
movements and are frequently used to assess upper body muscle
strength and endurance [18].

Exergaming have been used for exercise training for many years
and have contributed to improving exercise participation [19].
Related exergaming devices includes Xbox 360, Nintendo Wii,
Nintendo Switch, and Sony PlayStation 2. Through exergaming,
aerobic capacity, agility, muscle strength, muscle endurance,
and coordination can be improved [20]. Regarding muscle
strength training, Willaert et al [21] showed that muscle
activation can be improved by more than 40%. Although the
level of activation is relatively low, this study aims to design a
training program with the combination of HIIT and body-sensing
video games to enhance the quality and effectiveness of the
training. There are relatively few studies on the use of HIIT for
muscle strength training, and the level of muscle activation
using exergaming combined with HIIT has not been clarified.
The aim of this study was to explore the differences in upper
limb muscle activation using an HIIT program combined with
exergaming.

Methods

Study Participants
In this study, we recruited 15 healthy male participants. They
had an average age of 24.4 (SD 10.4) years, stood at an average
height of 174 cm with a minimal variance of 0.05 cm, and
weighed an average of 71.9 (SD 13) kg. Their BMI averaged

at 23.5 (SD 3.57) kg/m2. All participants maintained a regular
exercise routine, engaging in physical activity 3 times per week
over the past year, and had experience in performing push-ups
correctly. They also completed the Physical Activity Readiness
Questionnaire [22] and confirmed that they had no history of
upper or lower limb skeletal muscle injury or major injury.
Participants were instructed to avoid vigorous activity and the
intake of caffeine or supplements that enhance muscle
performance for 24 hours prior to the experiment. Before the
study began, all participants provided their personal information
and medical history and filled out the health questionnaires and
informed consent form. Additionally, the data were proofread
to ensure accuracy and readability.

Ethical Considerations
The human research ethics committee of the local university
approved this study, which was also approved by the human
research ethics committee of the National Cheng Kung
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University, Taiwan (approval NCKU HREC-E-112-419-2).
Users volunteered for this study and agreed to participate by
signing an informed consent form. The research ensures the
issues of privacy and confidentiality by assigning participants
with numerical identifiers during the experiment to safeguard
the confidentiality of their personal information. In terms of
compensation, participants were volunteers and there was no
remuneration involved.

Experimental Design

Overview
This study used a randomized, crossover, and repeated measures
experimental design to compare the differences in muscle
activation between push-up exercise and a Nintendo Switch
Ring Fit Adventure exercise. Prior to the tests, participants

underwent pretests, which included maximal voluntary
contractions (MVCs) for each muscle group, maximal push-up
tests, and maximal exercise tests for each part of the Nintendo
Switch Ring Fit Adventure exercise. The 2 types of tests were
conducted with a minimum interval of 3 days to avoid
interference. Prior to each test, a 5-minute warm-up on the
treadmill at a speed of 2 m/s was recommended. During the
tests, muscle activation in various muscle groups was observed
and measured, including the lateral and anterior portions of the
deltoid muscle, the sternal and clavicular heads of the pectoralis
major muscle, and the latissimus dorsi muscle, which were
referenced and modified from previous studies by van den
Tillaar [23], Alizadeh et al [11], and Maeo et al [24] (Figure 1).
The aim was to explore the differences in upper limb muscle
activation using an HIIT program combined with exergaming.

Figure 1. Experimental procedure diagram.

Exergaming
The exergaming selected for this study was Nintendo Switch
Ring Fit Adventure, which combines exercise, adventure, and
entertainment, allowing players to enjoy both physical workouts
and gaming fun simultaneously. The game features an intuitive
and user-friendly interface, suitable for players of all ages. It
comes with a specialized fitness ring device (Ring-Con), an
intelligent accessory that connects to the Nintendo Switch
console. Through this ring, players can engage in various
physical activities such as weightlifting, yoga, and aerobic
exercises. The fitness ring sensor accurately captures players’
movements and incorporates them into the gameplay. The game
content involves unlocking levels and participating in fitness

competitions through real-life physical movements. It offers a
variety of fitness activities, each targeting different muscle
groups, while also providing enjoyable gaming challenges. The
trained muscle groups were the pectoralis major, deltoid, and
latissimus dorsi muscles. The testing consisted of 2 modes: (1)
maximum repetition test and (2) single-round test. The
maximum repetition test was conducted using the extreme
challenge mode. Participants were instructed to follow the
game’s pace of 60 beats per minute as closely as possible and
maintain proper posture during each muscle group’s testing to
avoid compensation from other muscles. The single-round test
was conducted using the challenge mode. Participants were
instructed to perform repetitive actions as quickly as possible
for 20 seconds (Figure 2).
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Figure 2. Exercise training and exergaming model: (A) pectoralis major, (B) deltoid, and (C) latissimus dorsi.

Push-Up Tests
The push-up tests included 2 types of tests: (1) maximum
repetition test and (2) single-round test. The maximum repetition
test was based on the testing method described by Eckel et al
[25]. Participants were guided to execute the test while in sync
with a metronome set at 60 beats per minute, ensuring each
movement, 1 second downward and 1 second upward, matched
the rhythm precisely. This cadence was chosen to align with
the pace of exercises conducted in the Nintendo Switch Ring
Fit Adventure exercise, facilitating a consistent and controlled
environment for comparison. During the test, the distance
between the hands at the sternal notch level was measured and
must be the same as the distance used in the single-round test.
The elbow must be bent at 90° and the elbow must be fully
extended when straightened. The single-round test was designed
to match the duration of a single round of the Nintendo Switch
Ring Fit Adventure exercise and involved performing the
maximum number of squats possible within 20 seconds.

Heart Rate Tests
Heart rate measurements were taken using the iHeart heart rate
sensor (Hexin) during push-up tests and exergaming sessions.
The heart rate sensor was worn directly below the sternum and
in direct contact with the skin, ensuring a comfortable fit that
remained secure without slipping, even during exercise. After
being fitted, the sensor was connected to the Polar Beat app
(Polar Electro) for monitoring and recording purposes.

Electromyography

MVC Testing
In MVC testing, each muscle group underwent an isometric
MVC prior to the test. After a running warm-up and a 3-minute
rest period, the MVC test was performed according to the
movements described by Konrad [26]. The test consisted of 3
attempts, each lasting 5 seconds with 1-minute rest intervals in
between, and the participant was encouraged to exert maximum
effort during each attempt. If the peak MVC values differed by
more than 5%, additional testing was performed. The test
procedures for each muscle group were as follows. (1) Deltoid:
the participants were seated with their backs supported, and
their arms were abducted to a position where they formed a 90°
angle with the trunk, maintaining a horizontal plane. A rope,
fixed to the arm, was then pulled upward to measure the force
exerted. (2) Pectoralis major: the participants performed the test
in a lying position with the elbows extended and flexed at 90°,
holding onto a long bar with a fixed rope attached to each side
of the bar and pulling upward as hard as possible to measure
the force exerted. (3) Latissimus dorsi: the participants
performed the test in a seated position, simulating the movement
of a pull-up. The axis joint was flexed and abducted at 90°, and
the rope was pulled downward the measure the force exerted,
as shown in Figure 3. After the MVC testing, electromyography
(EMG) electrodes were placed on the skin over the belly of the
tested muscles for subsequent signal recording and analysis.

Figure 3. (A) Standardized illustrations for the MVC action of each muscle. (B) MVC sensor placement for each muscle. MVC: maximal voluntary
contraction.

EMG Measurement and Analysis
The Trigno TM wireless foundation system (Delsys-EMGworks)
was used for data collection in this study, measuring the anterior
and lateral portions of the deltoid muscle, the sternal and

clavicular heads of the pectoralis major muscle, and the
latissimus dorsi muscle [11,23,24]. The system was configured
with a sampling rate set at 2000 Hz per channel, tailored to the
desired sample rate specifications. For the processing of EMG
data, we used the EMGwork analysis software, which included
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steps of filtering and smoothing the EMG signals to ensure
clarity and accuracy. The filtering process used a band-pass
filter with a low-frequency cutoff at 20 Hz and a high-frequency
cutoff at 500 Hz. Following this, the rectified EMG signals
underwent further refinement using the root mean square
method, which facilitated a detailed analysis of the signal’s
magnitude. During the MVC test, we determined the highest
EMG amplitude recorded for each muscle group, referred to as
EMGmax. The data processing method in exergaming was the
same as the above, and the degree of muscle activation was
calculated based on the values obtained from the standardized
action test, expressed as a percentage of EMGmax.

Statistical Analysis
Data processing and analysis were performed using SPSS for
Windows (version 20.0; IBM Corp). The data were presented
as mean and SD. To investigate the variance in motion and heart
rate across different movements derived from the 2 exercise
models—strength endurance and single round—we used a
repeated measures ANOVA. Furthermore, to assess the
discrepancies in muscle activation elicited by the 2 distinct types
of exercises, namely push-ups and exergaming, a paired-samples
2-tailed t test was used. Cohen d for effect size (ES) was
calculated by the G*Power 3.1 software program
(Heinrich-Heine-Universität), where the ESs of 0.2, 0.5, and
0.8 were considered small, medium, and large, respectively.
Statistical significance was set as P<.05.

Results

Study Participants
For this study, a total of 15 male participants from the
community were recruited. These participants were generally
in good health. However, finding healthy female participants
capable of performing push-ups was challenging due to their
limited availability. Therefore, this study predominantly
concentrated on male participants.

Comparing Strength, Performance, and Heart Rate:
Push-Ups Versus Exergaming
The results showed that regardless of the exhaustive or
single-round mode, the number of single-site repetitions in
exergaming was significantly higher than that of push-ups
(exhaustive: deltoid, mean 55.67, SD17.83; pectoralis major,
mean 52.53, SD 13.61; and latissimus dorsi, mean 82.30, SD
20.82 vs push-up, 23.13, SD 6.36; P=.001; ES: 2.43, 2.77, and
3.84, respectively; single round: deltoid, mean 92.40, SD 20.47;
pectoralis major, mean 104.27, SD 13.48; and latissimus dorsi,
mean 97.33, SD 16.77 vs push-ups mean 21.93, SD 7.67;
P=.001; ES: 4.56, 7.51, and 5.78, respectively). However, there
was no difference in heart rate between the 2 modes (all P>.05).
Taken together, these results suggest that both whole-body
push-ups and single-site exergaming training can increase heart
rate and can be used to train cardiorespiratory fitness (Table 1).

Table . Comparison of strength endurance, single-round performance, and heart rate between push-ups and exergaming.

P valueF test (df)Heart rate

(bpma), mean
(SD)

P valueF test (df)Repetitions,
mean (SD)

Model and motion

.073.92.00150.83Strength endurance test

101.27 (14.79)23.13 (06.36)Push-up

96.80 (21.29)55.67 (17.83)Exergaming,
deltoid

98.06 (18.76)52.53 (13.61)Exergaming,
pectoralis major

91.40 (14.23)82.30 (20.82)Exergaming,
latissimus dorsi

.211.56.001143.27Single-round performance (20 s)

100.33 (16.32)21.93 (07.67)Push-up

104.80 (14.63)92.40 (20.47)Exergaming,
deltoid

93.67 (17.11)104.27 (13.48)Exergaming,
pectoralis major

104.13 (16.05)97.33 (16.77)Exergaming,
latissimus dorsi

abpm: beats per minute.

Strength Endurance: Push-Ups Versus Exergaming
According to the statistical results, in the exhaustive mode, the
activation levels of the right anterior deltoid (mean 48.00%, SD
7.66% vs mean 32.84%, SD 10.27%; P=.001; ES: 1.67), right
pectoralis major—sternal head (mean 38.99%, SD 9.98% vs

mean 26.90%, SD 12.97%; P=.001; ES: 1.04), and right
pectoralis major—clavicular head (mean 43.54%, SD 9.59%
vs mean 30.09%, SD 11.59%; P=.002; ES:1.26) were
significantly greater in the exergaming group than in the push-up
group. Thus, these results suggest that exergaming have a better
training effect on specific muscle groups (Table 2).
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Table . Comparison of muscle activation between traditional push-ups and exergaming in the strength endurance test.

P valuet test (df)Exergaming activation (%),
mean (SD)

Push-up activation (%),
mean (SD)

Muscle

.001−4.09648.00 (7.66)32.84 (10.27)Anterior deltoid

.10−1.73744.56 (8.82)37.36 (13.79)Lateral deltoid

.001−4.35838.99 (9.98)26.90 (12.97)Pectoralis major, sternal
head

.002−3.78443.54 (9.59)30.09 (11.59)Pectoralis major, clavicular
head

.750.32934.01 (18.05)35.43 (10.39)Latissimus dorsi

Single-Round Test: Push-Ups Versus Exergaming
Based on the statistical analysis, in the single-round mode, the
activation levels of the right anterior deltoid (mean 51.37%, SD
11.76% vs mean 35.47%, SD 12.72%; P=.002; ES: 1.30), right
lateral deltoid (mean 52.08%, SD 10.79% vs mean 43.86%, SD
10.48%; P=.046; ES: 0.77), right pectoralis major–sternum head
(mean 53.27%, SD 10.79% vs mean 31.56%, SD 16.92%;

P=.001; ES: 1.53), and right pectoralis major–clavicle head
(mean 53.75%, SD 13.01% vs mean 37.95%, SD 14.67%;
P=.006; ES: 1.14) were significantly greater in the exergaming
group than the push-up group. These results suggest that the
exergaming designed as an HIIT exercise targeting a specific
muscle group resulted in significantly higher muscle activation
compared to push-ups (Table 3).

Table . Comparison of muscle activation between traditional push-ups and exergaming in the single-round test.

P valuet test (df)Exergaming activation (%),
mean (SD)

Push-up activation (%),
mean (SD)

Muscle

.002−3.70551.37 (11.76)35.47 (12.72)Anterior deltoid

.046−2.19052.08 (10.79)43.86 (10.48)Lateral deltoid

.001−4.26653.27 (10.79)31.56 (16.92)Pectoralis major, sternal
head

.006−3.23653.75 (13.01)37.95 (14.67)Pectoralis major, clavicular
head

.5290.64538.17 (16.87)41.49 (11.00)Latissimus dorsi

Discussion

Principal Findings
The results indicated that, in terms of the number of repetitions
performed, both the strength endurance and single-round tests
showed significantly higher execution rates for the exergaming
training mode compared to push-ups. However, there were no
significant differences in heart rate between the 2 modes.
Regarding muscle activation, in the strength endurance test,
exergaming exhibited significantly higher activation levels than
push-ups in the anterior deltoid, pectoralis major–sternal head,
and pectoralis major–clavicular head muscles. In the
single-round test, exergaming demonstrated significantly higher
activation levels than push-ups in the anterior deltoid, lateral
deltoid, pectoralis major–sternal head, and pectoralis
major–clavicular head muscles.

Heart Rate Response in Exergaming
Interestingly, the study did not observe significant differences
in heart rate between the exergaming and push-up groups. This
result contrasts with previous studies indicating that exergaming
can lead to higher heart rates due to the immersive and
stimulating nature of video game–based exercises [27,28]. The
lack of significant heart rate differences could be attributed to
the individual variability in cardiovascular responses and the

adaptability of participants to the exergaming interface. HIIT
has been shown to be an effective way to improve cardiovascular
fitness and overall health [7]. Heart rate is an important factor
in both exergaming and HIIT. Monitoring heart rate can help
individuals ensure that they are working at an appropriate
intensity level to achieve their fitness goals. In HIIT, heart rate
can be used to guide the high-intensity intervals and rest periods
to optimize the workout’s effectiveness [29]. Overall, the use
of exergaming and HIIT can provide a fun and effective way
to improve physical fitness and health, with heart rate
monitoring serving as an important tool to help individuals
achieve their goals.

Another potential explanation for these results is that the use
of exergaming may increase motivation and engagement in
physical activity, leading to greater adherence to exercise
programs [30]. This is especially important given the high rates
of sedentary behavior and physical inactivity in modern society.
Exergaming may provide a fun and enjoyable way to engage
in physical activity, potentially leading to increased frequency
and duration of exercise sessions [31,32]. This is particularly
relevant for individuals who may struggle to engage in more
traditional forms of exercise due to boredom, lack of motivation,
or physical limitations.
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EMG Response in Exergaming
This study investigated the effects of HIIT on muscle activation
in the upper extremities. The results suggest that exergaming
may be a more effective training method for upper extremity
muscle activation compared to push-up exercises. The reason
for this difference may be due to the specific muscles activated
during exergaming, as the Nintendo Switch Ring-Con requires
movements that engage the lateral and anterior parts of the
deltoid muscle, pectoralis major muscle, and latissimus dorsi
muscle. These findings suggest that exergaming can be a viable
option for those looking to improve upper extremity muscle
activation.

In interpreting the results, the study found that the exergaming
training mode exhibited superior performance in terms of the
number of repetitions compared to traditional push-ups, both
in the strength endurance test and the single-round test. This
finding aligns with previous research indicating the effectiveness
of exergaming in enhancing endurance and strength capacities
[33,34]. The higher execution rates in the exergaming group
suggest that this interactive gaming approach offers a more
engaging and motivating environment, encouraging participants
to perform better and prolong their workout sessions compared
to conventional push-ups. EMG can reflect the response of
muscles during strength training. Alizadeh et al [11] investigated
2 common strength training exercises, push-ups and sit-ups,
and measured muscle activation in the major muscle groups
involved, such as the lateral and anterior portions of the deltoid
and the sternal and clavicular heads of the pectoralis major. The
results showed that even with the same exercise, different
muscle groups were activated to varying degrees, indicating the
importance of focusing on specific muscle group activation for
muscle training. Compared to traditional strength training, there
has been relatively little research on exergaming, but Putra et
al [12] investigated the activation levels of upper limb muscles
during a punching game while in standing and sitting positions.
The results showed significant differences in the activation of
the upper trapezius muscle during the execution of an uppercut
punch, but not for straight or hook punches, indicating that the
fixedness of the movements also affects the activation levels of
different muscle groups in exergaming. Taken together, these
studies suggest that different movements can affect muscle
activation levels in different muscle groups. Therefore, choosing
appropriate exercises and training modes is important for muscle
strength training. Push-ups are a common exercise that mainly

trains muscle groups, such as the deltoid, pectoralis major, and
latissimus dorsi muscles, and are commonly used in HIIT.
Training modes in exergaming are also available for these
muscle groups, providing more diverse options for muscle
training. Overall, these research results indicate the importance
of understanding the relationship between movements and
muscle groups.

Regarding muscle activation patterns, the exergaming group
demonstrated significantly higher activation levels in specific
muscles compared to traditional push-ups. In the strength
endurance test, the anterior deltoid, pectoralis major–sternal
head, and pectoralis major–clavicular head muscles exhibited
increased activation during exergaming sessions. These findings
corroborate with prior studies highlighting the targeted muscle
engagement achieved through exergaming interventions [21].
The single-round test further showed elevated muscle activation
in the anterior deltoid, lateral deltoid, pectoralis major–sternal
head, and pectoralis major–clavicular head muscles during
exergaming activities. This specific muscle activation pattern
emphasizes the comprehensive nature of exergaming exercises,
engaging various upper body muscles simultaneously [35]. One
potential explanation for these results is that the Ring-Con is a
novel type of resistance training that provides a more targeted
and isolated workout for specific muscle groups [36]. This may
allow individuals to activate and recruit more muscle fibers,
leading to increased muscle activation compared to more
traditional exercises such as push-ups. Additionally, the
Ring-Con provides a unique form of resistance that can be
adjusted to individual fitness levels, potentially allowing for
greater customization and variety in workout routines [12].

Conclusions
In conclusion, this study demonstrated that exergaming may be
a more effective strategy for upper extremity muscle activation
compared to push-up exercises during HIIT. The specific
movements required by the Nintendo Switch Ring-Con may
activate the lateral and anterior parts of the deltoid muscle,
pectoralis major muscle, and latissimus dorsi muscle more
effectively. Furthermore, the HIIT protocol used in this study
provides a time-efficient method for strength training.
Incorporating exergaming into an HIIT program may provide
a more engaging and effective strategy for improving upper
extremity muscle activation. Further research is needed to
investigate the long-term effects of exergaming on upper
extremity muscle activation and strength.
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Abstract

Background: Knee osteoarthritis prevalently causes significant pain, activity limitations, psychological distress, and reduced
quality of life. Despite lower limb strength training being a core treatment for knee osteoarthritis, adherence remains a challenge,
prompting the exploration of virtual reality (VR) to improve exercise compliance. Recent research suggests the potential of VR
in providing enhanced pain management and functional outcomes for knee osteoarthritis, necessitating further exploration of
immersive VR technology.

Objective: We aimed to study the feasibility, acceptability, and preliminary efficacy of an immersive VR-assisted lower limb
strength training for knee osteoarthritis (VRiKnee).

Methods: A convergent, parallel, mixed methods study was conducted in 30 participants with knee osteoarthritis. After 1:1
randomization, the VRiKnee group (n=15) was assigned to perform repetitive concentric quadriceps and isometric vastus medialis
oblique exercise in an immersive environment using a head-mounted display for 12 weeks. The control group (n=15) completed
the same exercises without VRiKnee. VRiKnee participants were interviewed at week 12 to study VRiKnee acceptability and
user experience. Quantitative data included feasibility outcomes such as recruitment, dropout, and exercise adherence rates, and
effectiveness outcomes such as the numeric rating scale, the Western Ontario and McMaster Universities Osteoarthritis Index
(100 points) pain and function subscales, and objective physical activity measured by metabolic equivalents of task using an
ActivPAL accelerometer. Qualitative data were analyzed by thematic analysis, followed by integration with quantitative data
using joint displays.

Results: The recruitment rate was 100% (N=30), with enrollment of 30 participants in 7.57 weeks. The median age was 63.5
(IQR 61.8‐66.3) years, with 76% (n=23) being female. The response rates were 80% and 93% for the VRiKnee and control
groups. Dropout rates were 13% for VRiKnee and 7% for the control group. Median exercise adherence was 77% (IQR 37-104%)
for VRiKnee and 62% (IQR 40-166%) for the control group, respectively, with adherence reduction over this study’s period and
no significant intergroup differences (P=.82). No statistically significant differences were observed in primary and secondary
outcomes, though positive trends were observed in pain and stiffness. Cybersickness was reported by 5 (33%) participants in the
VRiKnee group. In the qualitative analysis, 4 themes, 11 subthemes, and 16 quotes were generated, identifying facilitators and
barriers with practical suggestions to enhance the usability of VRiKnee.

Conclusions: VRiKnee demonstrated feasibility, acceptability, and potential efficacy in managing knee osteoarthritis. Future
trials of larger sample sizes and better VR designs will confirm its role in clinical practice.

Trial Registration: Chinese Clinical Trial Registry CHiCTR2100046313; https://www.chictr.org.cn/showprojEN.
html?proj=125404

(JMIR Serious Games 2024;12:e52563)   doi:10.2196/52563
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Introduction

Knee osteoarthritis is a common degenerative joint disease with
a global prevalence of 22.9% in participants aged 40 years and
older [1]. It is a major contributor to disability worldwide,
causing considerable pain, activity limitations, psychological
distress, and reduced quality of life for those affected [2-4].
According to Osteoarthritis Research Society International in
2019, land-based exercise is a core treatment for knee
osteoarthritis, for which lower limbs strength training is often
recommended [5-7]. In clinical practice, exercise programs
often involve initial supervision by a clinician, followed by
unsupervised home exercise. Ideally, regular participation in
exercise should be one of the long-term goals for knee
osteoarthritis; unfortunately, adherence to home exercise is often
poor [8]. Therefore, strategies are needed to improve adherence
to home exercise.

Recently, studies have suggested that technology advancements
may increase attractiveness of exercise programs, thus further
improving its compliance, adherence, and clinical outcomes
[9,10]. In this context, innovative approaches, such as virtual
reality (VR), have gained attention as potential interventions to
enhance exercise adherence and outcomes for participants with
knee osteoarthritis. VR is a digital technology that incorporates
the use of interactive simulations created with computer
hardware and software to present users with opportunities to
engage in environments that appear and feel similar to real-world
objects and events [11,12]. Within VR applications, an important
distinction can be made between immersive and nonimmersive
media, which differs in spatial presences [13]. With immersive
technology, participants view the full panorama and are
essentially inside the created environment. In a nonimmersive
environment, virtual content is based on how the device (PC,
smartphone, or tablet) is moved or rotated, and participants are
only external observers.

An increasing number of trials have demonstrated the positive
role of VR-assisted interventions in chronic pain management
[14]. VR distracts users from their noxious pain perceptions by
shifting their focus into video games, thus increasing their pain
tolerance [15,16]. The gaming elements further enhance users’
performances and motivation to exercise [17,18]. VR also
facilitates skill-building for regulating painful stimuli through
stimulating visual, auditory, and proprioception senses [16].
Numerous studies have supported VR-assisted physical therapy
in reducing pain and improving function in low back pain and
neck pain [19-21]. However, little is known about the
effectiveness of VR-assisted physical therapy for knee
osteoarthritis. To the best of our knowledge, only 3 trials
evaluated nonimmersive VR-assisted balance and proprioception
training, and findings suggested its benefits in reducing pain
and improving function in knee osteoarthritis [22-24]. Since
evidence has highlighted that the exposure to an immersive VR
is able to elicit a better sense of presence and potentially impact

the effectiveness of VR treatments [25], it is worth to explore
immersive VR-assisted physical therapy in the rehabilitation of
knee osteoarthritis.

This study aimed to pilot-test the feasibility, acceptability, and
preliminary efficacy of an immersive VR-assisted lower limb
strength training for knee osteoarthritis (VRiKnee) through a
mixed methods approach. We hypothesized that VRiKnee was
feasible as a home-based exercise for knee osteoarthritis. The
quantitative measures would provide insights into the trend of
clinical effectiveness, guiding the design of larger-scale trials,
whereas the qualitative measures would uncover potential
barriers, enabling the enhancement of future VR interventions.

Methods

Study Design
A convergent, parallel, mixed method study was used to gain
an in-depth understanding of feasibility and acceptability of
applying immersive VR on our selected population [26].
Quantitative and qualitative data were conducted concurrently
in a 12-week, 2-arm, pilot randomized controlled trial design
(CHiCTR2100046313). This study was conducted in Hong
Kong from June 1, 2021, to March 18, 2022, in 3 separate
batches. All collected quantitative and qualitative data were
equally weighted, independently analyzed, and then integrated
to generate results [26].

Ethical Considerations
This study complied with the Declaration of Helsinki, and
ethical approval was obtained from the Joint Chinese University
of Hong Kong–New Territories East Cluster Clinical Research
Ethics Committee (2021.052). Written informed consent was
obtained from all participants. All data were deidentified and
kept confidential and were disposed on completion of this study.

Settings and Participants
Participants were recruited from an existing community project
titled “CUHK-Jockey Club Pain Relief Project for Seniors,” a
charity program that offered nonpharmacological pain
management to older adults with chronic musculoskeletal pain
[27]. The eligibility criteria were screened by a trained research
assistant and confirmed by a primary care physician. The
inclusion criteria were a diagnosis of knee osteoarthritis based
on clinical and radiographic criteria, as defined by the American
Rheumatology College; moderate to severe knee pain for at
least 3 months; pain intensity score ≥4 on a numeric rating scale
(NRS) of 10; and use of a smartphone [28]. The exclusion
criteria were decompensated organic and psychiatric disease;
contraindications to VR therapy due to history of epilepsy or
severe myopia (>−3.5 diopters); and comorbidities that may
impede active participation in this study. Participants were
recruited in 3 separate batches based on the availability of lower
limb sensors.
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Interventions
All participants attended a 30-minute health talk led by a
registered physiotherapist to explain and demonstrate the
home-based exercises. Further, 2 sets of lower limbs
strengthening exercise were selected from the Ottawa panel
clinical practice guideline and validated by a physiotherapist
and a primary care physician [29]. This included repeated
knee-extension exercise for concentric quadriceps training and
squeezing a fitness ring between the thighs for vastus medialis
oblique isometric training, both to be performed in a sitting
position.

Participants in the VRiKnee group were instructed to perform
lower limb exercises for 12 weeks using an immersive VR
platform developed by our team. A smartphone app (iOS or
Android) which captured outdoor garden scenes was used to
create an immersive environment and participants were
immersed using a head-mounted display (HMD) device (VR
Shinecon 5.0). The app provided a virtual environment with
ambient audio, an amateur as a coach, and interactive animations
with visual feedback that encourage practice, that is, virtual
flowers that would blossom with successful exercise moves and
a timer for unlocking the 3 levels of difficulty. The app also
recorded participants’ accumulated moves, total exercise time,
and game level in a virtual scoreboard (Multimedia Appendix
1).

Participants in the control group were instructed to perform the
same set of exercises as guided by paper-based education
pamphlets. Both groups were advised to perform the exercise
5 days per week, with an expected duration of 30 min/d for 12
weeks. An exercise diary was given to the control group to
record exercise participation.

Sample Size Calculation
We applied the stepped rule of thumb in this pilot sample size
calculation [30]. With a proposed future main trial design of
90% power and 2-sided 5% significance, a total of 30
participants (15 at each arm) would be able to detect an assumed
effect size of 0.5.

Randomization, Allocation, Concealment, and Blinding
An off-site statistician performed 1:1 randomization using
Random Allocation Software (version 1.0) to allocate and
control groups. The allocation sequence was concealed from
investigators and participants using sequentially numbered,
opaque, and sealed envelopes. The corresponding envelopes
were opened at the time of intervention assignment after all the
enrolled participants had undergone all baseline assessments.
It was not possible to blind participants and research assistants
implementing interventions in this open-label study; however,
data collectors and outcome adjudicators were blinded to the
allocation status.

Data Collection
The outcome measures were collected through face-to-face
interviews at baseline, 6 weeks, and 12 weeks. Demographic
data such as age, gender, the number, and type of comorbid
illnesses were recorded.

Quantitative Outcomes

Primary Outcomes
The primary outcome was to assess the feasibility of VRiKnee
for knee osteoarthritis. Assessments included recruitment rate,
dropout rate, response rate, intervention adherence rate, and
adverse events. Recruitment rate was defined by the proportion
of eligible participants who successfully enrolled into this study.
Response rate was the percentage of usable responses obtained
from our quantitative data questionnaires, calculated over the
number of eligible participants. Dropout rate was the proportion
of participants who dropped out of this study before its
completion. Intervention adherence rate was measured by the
Timeline Followback for Exercise, which is a validated
retrospective self-reported calendar that documents exercise
participation [31]. It was calculated by the total self-reported
exercise time over the expected time spent on lower limb
strengthening exercises in this study’s period, that is, total
exercise time (min) in wk/(30 min per d × 5 d per wk × number
of wk). Adverse events or side effects were collected by
participants’ exercise records at each visit. Success criteria for
this pilot study were set with prespecified thresholds of a 60%
recruitment rate, a 70% response rate, and a <20% dropout rate.

Secondary Outcomes
Secondary outcomes evaluated the treatment effect at 12 weeks.
These included pain intensity, physical function, and
health-related quality of life. Pain intensity was measured using
the NRS (0‐10) [32] and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) pain subscale
[33,34]. Physical function was measured subjectively by the
WOMAC function subscale [33,34] and objectively by the
number of steps captured by ActivPAL monitor (PAL
Technologies Ltd). ActivPAL is a thigh-worn accelerometer
that distinguishes body posture and movement and provides
objective exercise participation measurements [35,36].
Participants were assigned to wear the ActivPAL at their anterior
upper thigh for 7 consecutive days at baseline and at 12 weeks,
respectively. All ActivPAL data that recorded at least 4 days
of activities over 20 hours were considered as valid [37,38].
The metabolic equivalents of task (MET) equation was used to
measure the level of physical activities [39]. Health-related
quality of life was measured by the EuroQol-5D [40,41].

Qualitative Outcomes
A concurrent approach was used to understand the acceptability
toward VRiKnee. All participants were recruited to focus group
interviews at 12-week using convenience sampling and
qualitative data was collected until theoretical saturation [42].
A licensed counseling assistant (HHKL) with experience in
qualitative interviews and a registered nurse (HHML) held the
semistructured interviews with open-ended questions
(Multimedia Appendix 2) to assess user experience and
technology acceptance [43,44]. To engage participants in a
dialogue, follow-up questions were asked according to
individual responses. Since this study was conducted during
the COVID-19 pandemic, both face-to-face and Zoom (Zoom
Video Communications, Qumu Corporation) videoconferencing
were used for focus group interviews [45].
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Statistical Methods and Analysis
Quantitative data were statistically analyzed with IBM SPSS
Statistics software (version 28.0.1.1, IBM Corp). Between-group
differences were compared with the Mann-Whitney test for
continuous variables and the Fisher exact test for categorical
variables [46]. Prior to the intention-to-treat (ITT) analysis,
missing values were imputed using a Markov chain Monte Carlo
model, in which 10 completed data sets were imputed under
the assumption that data were missing at random [47-49].
Imputed dependent variables included the NRS, WOMAC,
EQ-5D, and MET; imputed independent variables or covariates
included gender, number of chronic diseases, and baseline MET.
The parameters were combined according to the Rubin rule,
and a linear mixed model was used to analyze results. Analysis
of covariance was used to assess the intervention effects on
secondary outcomes at week 6 and 12 following the ITT
analysis, adjusting baseline measurements at randomization
[50].

Qualitative data were collected and analyzed with our
quantitative data. Each semistructured interview was transcribed
verbatim and analyzed using thematic analysis [51]. Further, 2
researchers (HHML and HHKL) read the transcripts line by
line to familiarize with the data and initial codes were then
formulated. The coding structure was then validated by 2 authors
(MN and RWSS) independently. Codes sharing similar
meanings were consolidated and organized into potential themes.
Thematic maps were generated for review of themes in relation
to the coded extract [52]. Similar codes were grouped into
categories and themes and were discussed within the research

team until consensus was met. We initiated coding and analysis
of data early after batch one to identify possible patterns and
themes, and qualitative data was collected until theoretical
saturation was reached [53]. The researcher reflexivity of this
study was enhanced with several strategies [54]. First, the
interviews were led by HHKL, a counseling assistant with
experience in qualitative interviews; HHML is a registered nurse
with experience in older adult care, who participated in
observation note taking during the interviews. Second, a
reflexive journal was kept throughout the research process to
increase transparency. To minimize individual biases, reflexive
team discussions were carried out among the research team
throughout the interpretation phase. The work was supported
by RWSS, a family medicine physician with clinical and
research experience, and MN who is an expert on mixed method
studies.

Finally, data-mixing occurred when both quantitative and
qualitative data were analyzed using side-by-side comparisons
and joint displays [55].

Results

Overview
In total, 30 participants with a median age of 63.5 (IQR
61.8‐66.3) years, 76% (n=23) of whom were female, were
recruited. No statistical differences were found between the
groups in terms of baseline measurements of variables (all P
values were >.05). Participants’ baseline characteristics are
summarized in Table 1.
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Table . Participants’ baseline characteristics.

P valuebControl group (n=15)VRa group (n=15)Total (N=30)Demographic data

.9764 (62‐65)63 (60‐67)63.5 (61.8‐66.3)Age (years), median (IQR)

.3913 (86.7)10 (66.7)23 (76.7)Gender (female), n (%)

>.9911 (70.3)12 (80)23 (76.7)Retired, n (%)

.221 (0‐2)2 (1.5‐2.5)2 (0‐2.3)Number of comorbiditiesc,
median (IQR)

.1721.6 (20.9‐24.4)23.8 (21.3‐26.6)22.8 (21‐25.7)BMI (kg/m2), median (IQR)

.115 (3‐6)6 (5‐7)5.5 (4-7)NRSd (score: range 0‐10),
median (IQR)

.33464.5 (284‐1252)889 (464‐1150)703 (424.3‐1231.8)WOMACe (score: range 0‐
2400), median (IQR)

.35120 (67‐271)150 (112‐240)142.5 (95.8‐250)WOMAC pain (score: range
0‐500), median (IQR)

.1247 (17‐132)99 (54‐113)71 (35.3‐117.8)WOMAC stiffness (score:
range 0‐200), median
(IQR)

.33377 (170‐834)527 (320‐828)478 (273.5‐829.5)WOMAC function (score:
range 0‐1700), median
(IQR)

.5770 (60‐70)65 (50‐80)70 (57.5‐76.3)EQ-VASf, median (IQR)

.2034.9 (33.9‐35.6)34.1 (33.2‐35.2)34.7 (33.5‐35.4)Metabolic equivalents of

taskg, median (IQR)

aVR: virtual reality.
bFisher exact test was used for categorical variables . Mann-Whitney test was used for nonnormal continuous variables.
cParticipants reported comorbidities including hypertension, diabetes mellitus, dyslipidemia, cerebrovascular disease, indigestion, cataract, hyperthyroidism
or hypothyroidism, tinnitus, fatty liver, gall stones, indigestion, constipation, gastritis, cataract, cerebrovascular disease, and cancer.
dNRS: numeric rating scale.
eWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
fEQ-VAS: Euro-Qol-visual analogue scale.
gOne invalid ActivPAL record due to device failure from control group.

Primary Outcomes
Recruitment was conducted between May 27, 2022, to
November 3, 2022, in 3 separated batches; the total recruitment
time was 7.57 weeks. A total of 100 registrations were received;
29 did not have knee osteoarthritis, 30 did not have smartphones
that operate on Android or iOS, and 11 had comorbidities that
precluded their participation. The remaining 30 eligible
participants were all enrolled to this study and successfully
randomized, with a recruitment rate of 100%. The response
rates were 80% and 93% for the VR group and control group,
respectively. The median exercise adherence for VR and control
groups was 78.89% (IQR 47.75%-142%) and 68.75% (IQR
38.57%-188%) during the initial 6 weeks, respectively; both

groups had reduced exercise adherence, with rates decreasing
to 77.22% (IQR 36.78%-104%) for the VR group and 62.08%
(IQR 40.43%-166%) for the control group over the 12 weeks.
The adherence rates in terms of bout time are shown in Table
2.

In total, 2 participants dropped out in the VRiKnee group and
1 in the control group, with a dropout rate of 13.3% and 6.7%,
respectively. Reasons for dropout included hearing impairment
(n=1) and worries for personal health (n=1) in the VR group
and emotional distress (n=1) in the control group. Adverse
events included 5 (33.3%) participants reporting cybersickness
in the VR group. This study workflow is summarized in Figure
1.
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Table . Primary outcomes between the intervention and control groups at week 12.

P valuebControlVRiKneeaPrimary outcomes

N/Ac100100Recruitment rate (%)

>.991 (6.67)2 (13.3)Dropouts, n (%)

N/A9380Response rate (%)

Intervention adherence in terms of bout time measured by the TLFB-E d , median (IQR)

.78618.75 (347.13‐1692.75)710 (429.75‐1275.75)Weeks 1‐6

.821117.5 (727.8‐2988)1390 (662‐1877.8)Weeks 1‐12

N/AN/A5 (33.3)Cybersickness, n (%)

aVRiKnee: Immersive virtual reality–assisted lower limb strength training for knee osteoarthritis.
bMann-Whitney test and intention-to-treat analyses were used for nonnormal continuous variables. Fisher exact was used for categorical variables .
cN/A: not applicable.
dTLFB-E: Timeline Followback for Exercise.
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Figure 1. CONSORT diagram for reporting pilot and feasibility trials. CONSORT: Consolidated Standards of Reporting Trials; VR: virtual reality.

Secondary Outcomes
At 12 weeks, no statistically significant between-group
differences were detected for all secondary outcomes in this
small pilot (Table 3). Yet, we detected a trend favoring the use

of VRiKnee versus control in reducing the NRS (Cohen
d=−0.084, P=.64) and WOMAC pain subscale (Cohen
d=−0.089, P=.62) and improving the WOMAC stiffness subscale
(Cohen d=−0.190, P=.29).
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Table . Between-group differences of secondary outcomes at baseline, week 6, and week 12.

Cohen dP valueMean difference be-
tween groups (95% CI,

VRiKnee – control)b

Control (n=15), mean
(SD)

VRiKneea (n=15),
mean (SD)

Variables

NRS c

N/AN/AN/Ad4.80 (1.49)5.93 (1.86)Week 0

−0.012.95−0.04 (−1.31 to 1.22)5.12 (1.22)5.48 (1.74)Week 6

−0.084.64−0.42 (−2.20 to 1.36)4.56 (2.39)4.78 (1.77)Week 12

Total WOMAC e

N/AN/AN/A751.97 (549.29)902.93 (454.75)Week 0

0.080.6682.60 (−281.71 to
446.91)

782.95 (444.68)926.73 (544.51)Week 6

−0.073.69−61.31 (−358.88 to
236.26)

742.36 (510.53)791.30 (425.06)Week 12

WOMAC pain

N/AN/AN/A163.87 (115.27)189.53 (96.45)Week 0

−0.059.74−14.20 (−99.41 to
71.02)

187.51 (102.71)184.60 (117.51)Week 6

−0.089.62−17.77 (−87.78 to
52.24)

160.86 (112.29)160.16 (82.37)Week 12

WOMAC stiffness

N/AN/AN/A65.60 (54.48)91.27 (46.39)Week 0

0.104.5610.53 (−25.05 to 46.10)64.06 (40.28)87.79 (51.21)Week 6

−0.190.29−17.31 (−49.52 to
14.91)

69.04 (47.40)68.79 (42.30)Week 12

WOMAC function

N/AN/AN/A522.50 (393.99)622.13 (339.36)Week 0

0.124.4989.66 (−165.68 to
345.00)

530.50 (326.02)653.83 (384.54)Week 6

−0.038.83−22.55 (−232.23 to
187.14)

513.69 (364.69)560.63 (312.72)Week 12

EQ-VAS f

N/AN/AN/A67.33 (17.20)62.00 (19.62)Week 0

0.014.940.45 (−10.35 to 11.25)70.83 (11.98)67.58 (18.62)Week 6

0.184.315.15 (−4.75 to 15.05)67.69 (17.42)71.56 (12.79)Week 12

ActivPAL – METg per day

N/AN/AN/A34.98 (1.35)34.18 (1.24)Week 0

−0.146.88−0.11 (−1.50 to 1.30)34.91 (1.96)34.35 (1.26)Week 12

aVRiKnee: immersive virtual reality–assisted lower limb strength training for knee osteoarthritis.
bAdjusting for baseline scores: analysis of covariance and intention-to-treat analyses were used. Covariates included intervention group, gender, age,
comorbidities, metabolic equivalents of task, and variable at baseline.
cNRS: numeric rating scale.
dN/A: not applicable.
eWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
fEQ-VAS: Euro-Qol-visual analogue scale.
gMET: Metabolic equivalents of task.
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Qualitative Outcomes

Overview
In total, 10 out of the 15 VR participants joined the qualitative
interviews. Their background characteristics are summarized
in Table 4. The duration of interviews lasted from 41 to 67

minutes. Further, 4 themes, 11 subthemes, and 16 quotes were
generated upon analysis. The four themes included (1)
embracing the use of VRiKnee, (2) facilitators of VRiKnee
implementation, (3) barriers to VRiKnee adherence, and (4)
suggestions for VR intervention development. The subthemes
within each theme are presented in Tables 5-8.

Table . VRiKneea focus group participants characteristics at baseline, week 6, and week 12.

WOMAC-paind (score: range 0‐500)NRSc (score: range 0‐10)METbChronic dis-
eases (n)

GenderAge (years)Participant

Week 12Week 6BaselineNet changeBaseline

159115223−5832.695Female601

241168116+4333.422Male602

119296353−4735.382Female603

7666150−3533.862Male684

88118240−1533.243Male625

324275232−1832.200Female636

4332112−3634.660Female617

214198247−1634.152Female628

158.5125.596−1636.491Female679

N/Ae68970534.042Male6610

aVRiKnee: immersive virtual reality–assisted lower limb strength training for knee osteoarthritis.
bMET: metabolic equivalents of task.
cNRS: numeric rating scale.
dWOMAC-pain: Western Ontario and McMaster Universities Osteoarthritis Index pain subscale.
eN/A: not applicable (denotes missing data).

Table . Comparison between the quantitative and qualitative findings for embracing the use of VRiKneea.

ConclusionQualitative findings (subthemes)Quantitative findings

Findings were complementary; VRiKnee was
well-received by participants, with better exercise
adherence and positive user experiences.

Craving technology despite challenges: Partici-

pants expressed their interest in VRb and all in-
terviewees were positive to future use of ad-
vanced technology as a treatment modality.

Our pilot study had a 100% recruitment rate. The
recruitment periods of the 3 separate batches
were completed in 2 days, 6 weeks, and 1.3
weeks, respectively.

These findings support the above conclusions.Overcoming exercise inertia: VRiKnee promoted
a sense of achievement and satisfaction in users
with exercise inertia by using gaming elements.

The participant retention rate was 87% and 93%
for VRiKnee and control, respectively. The me-
dian exercise adherence for VRiKnee (77%, IQR
37%-104%) was higher than that for the control
group (62%, IQR 40%-166%).

aVRiKnee: virtual reality–assisted lower limb strength training for knee osteoarthritis.
bVR: virtual reality.
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Table . Comparison between the quantitative and qualitative findings for facilitators of VRiKneea implementation.

ConclusionQualitative findings (subthemes)Quantitative findings

Findings were supplementary. Qualitative find-
ings suggest that VRiKnee may offer potential
benefits in managing knee osteoarthritis symp-
toms and enhancing exercise adherence, which
might explain the observed positive, though sta-
tistically nonsignificant trends in some outcomes.

Improved knee osteoarthritis symptoms: Partici-
pants who adhered to VRiKnee reported improve-
ments in knee pain and function.

Although this small pilot RCTb did not yield
statistically significant results for both primary
and secondary outcomes, we did observe a pre-
liminary trend on the primary outcome of pain

reduction on the NRSc (P=.64; Cohen d=−0.084)

and WOMAC-paind (P=.62, Cohen d=−0.089)
at week 12.

These findings support the above conclusions.Digital records enhancing exercise adherence:
Participants reported improved exercise compli-
ance when using VRiKnee, with 5 participants
noting that its record-keeping feature served as
a reminder for them to exercise. Furthermore, 2
participants expressed their enhanced adherence,
attributing to the competitive element of
VRiKnee’s virtual scoreboard.

The median exercise adherence for VRiKnee
(77%) was higher than control group (62%).

aVRiKnee: immersive virtual reality–assisted lower limb strength training for knee osteoarthritis.
bRCT: randomized controlled trial.
cNRS: numeric rating scale.
dWOMAC-pain: Western Ontario and McMaster Universities Osteoarthritis Index pain subscale.

Table . Comparison between the quantitative and qualitative findings for potential barriers to VRiKneea adherence.

ConclusionQualitative findings (subthemes)Quantitative findings

Findings were complementary. Quantitative re-
sults showed reduced exercise adherence with
time, whereas the qualitative findings shed light
on several challenges faced by participants during

the VRb intervention. Addressing these issues is
essential to enhance the overall user experience
and promote better adherence to VR-based inter-
ventions in the future.

Boredom from repetition: Our participants con-
veyed a sense of boredom resulting from stagnant
audiovisual elements and repetitive exercise
moves, which were perceived as too easy.

Both groups had reduced exercise adherence over
the 12 week period: VRiKnee group reduced
from 78% to 56%, while control reduced from
69% to 48%.

These findings support the above conclusions.Technological challenges: Participants suggested
that the use of electronic appliances required
additional time and effort. They also expressed
a growing sense of frustration during prolonged
use, especially when persistent technological er-
rors were encountered.

N/Ac

These findings support the above conclusions.Inconvenience of HMDdduring exercise: Partici-
pants reported that the use of HMD during exer-
cise was inconvenient, attributing to its bulkiness
when their mobile phones were installed and the
sensation of feeling confined while wearing it
over their eyes.

No relevant quantitative data were available.

These findings support the above conclusions.HMD-induced cybersickness: 2 additional partic-
ipants reported experiencing dizziness during the
use of HMD in the focus group interviews; 1
participant reported experiencing blurred vision
after prolonged use of HMD.

2 (13%) VR group participants reported cyber-
sickness throughout the intervention.

aVRiKnee: immersive virtual reality–assisted lower limb strength training for knee osteoarthritis.
bVR: virtual reality.
cN/A: not available.
dHMD: head-mounted display.
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Table . Comparison between the quantitative and qualitative findings for suggestions for VRa intervention development.

ConclusionQualitative findings (subthemes)Quantitative findings

N/AbEnriching VR app’s audiovisual features: Our
participants suggested to increase the variety of
scenes, interactive animations, and background
music in different levels, which may contribute
to a more engaging and enjoyable VR experience
for users.

No relevant quantitative data were available.

N/AEnhancing VR haptic interfaces: Our participants
suggested to improve the interfaces between the
VR app and the motion sensor to ensure a more
accurate digital record of the exercise moves.

No relevant quantitative data were available.

N/ADelivering VR experiences on 2D large screens:
Half of the participants expressed a preference
in performing VR-assisted exercise using large
“television screens” for an enhanced VR experi-
ence.

No relevant quantitative data were available.

aVR: virtual reality.
bN/A: not available.

Theme 1: Embracing the Use of VRiKnee

Overview

Participants expressed a positive reception toward the
implementation of VRiKnee in their treatment, acknowledging
its potential as a valuable intervention.

Craving Technology Despite Challenges

Participants expressed a strong desire to incorporate advanced
technology in managing their health conditions, despite facing
certain challenges with the technology. The enthusiasm toward
using VR for their health needs was unanimous among all
participants.

I really like it, actually, I am very fond of new
technologies. [P8]

Overcoming Exercise Inertia

Participants highlighted the hedonic aspects of VR, such as
visual stimulation and sound effects, had played a crucial role
in overcoming exercise inertia. Even novice users, who initially
hesitated to engage in physical activity, reported a newfound
enjoyment in the VRiKnee experience, leading to a sense of
accomplishment.

It feels like a competition when there are consecutive
exercise records in the app, having it done yesterday
and today. It gives me a sense of fulfillment and a
little desire to challenge myself. [P1]

Theme 2: Facilitators of VRiKnee Implementation

Overview
Physiological improvements and enhanced exercise compliance
were potential facilitators for the use of VRiKnee.

Improved Knee Osteoarthritis Symptoms
Participants reported experiencing tangible improvements in
their knee osteoarthritis symptoms. The perceived benefits
fostered a sense of hope and optimism, and encouraged
engagement.

After using it (VRiKnee), I’m not sure if it’s my
perception, but I felt I had more strength in my legs.
[P4]

Digital Records Enhancing Exercise Adherence
Participants highlighted the role of digital exercise records
provided by VRiKnee in boosting their exercise adherence. The
availability of these records served as helpful reminders,
encouraging them to maintain regular exercise habits and
thereby improving their compliance.

I believe that using VRiKnee allows me to keep an
exercise record. This helps me to keep a regular
schedule and a more disciplined exercise habit. [P5]

Theme 3: Potential Barriers to VRiKnee Adherence

Overview
Some barriers to VRiKnee adherence were also recognized.

Boredom From Repetition
Participants experienced declining interest and excitement in
VRiKnee due to the repetitive nature of visual images and music.

At first, the activities seemed interesting because they
provided visual motivation. After a few months, it
became a bit monotonous looking at the same screen.
[P1]

If you do it more frequently, the first level is no longer
challenging.… If I could choose, I would start from
level two. [P4]

VR was exciting and fresh for the first and second
day, but it becomes boring after a while. So I stopped
using it after a week. [P10]

Technological Challenges
Participants faced challenges in navigating VRiKnee and
operating the VR system, leading to potential frustration and
reduced engagement.
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During these past few months, most of the time was
spent to deal with technology, whether the sensors
were working properly or not. [P1]

I wasted a lot of time in dealing with this (VRiKnee).
I realized that the battery power was always not
enough; I also need to deal with the machine (HMD).
Sometimes my phone screen froze, and my records
were all gone, so I have to start all over again from
level one and two. [P6]

The screen turned upside down suddenly after you
succeeded a few moves. Not only that, the images also
kept spinning around! Why does it have to be like
this? Can’t I just lift my legs on my own! I’m not
interested in doing (VRiKnee) anymore. [P7]

Inconvenience of HMD During Exercise
Participants found the HMD to be heavy and uncomfortable to
wear, and eventually abandoned the use of the HMD.

Well, I felt that wearing the HMD on my head creates
a lot of obstacles for exercising. The longer you use
it, the more uncomfortable you feel. [P10]

HMD-Induced Cybersickness
Participants generally avoided using the HMD due to
experiencing cybersickness, including dizziness and blurred
vision. This discomfort negatively impacted their engagement
with VRiKnee exercises, leading to reduced adherence to the
intervention.

Looking backwards with the HMD causes dizziness.
You must turn around and focus on the focal point to
proceed to the next step. [P5]

If I use the HMD for long time and focus too much,
I can’t read small fonts and even the large fonts! [P2]

Theme 4: Suggestions for VR Intervention
Development

Overview
Participants offered valuable insights and suggestions for the
development of VR interventions.

Enriching VR App’s Audiovisual Features
Most participants expressed the need to increase the variation
of scenes, interactive animations, and background music across
different levels of exercise difficulty. They believe these would
make VRiKnee more appealing and engaging, thereby
motivating them to continue its use.

It would be more appealing if the images changed
after each level instead of being the same all the time.
Additionally, the music variety could be improved,
as it was monotonous! As we progress to higher
levels, incorporating more lively and upbeat music
would make it more engaging. [P10]

Enhancing VR Haptic Interfaces
Enhancing haptic interfaces would offer a more immersive and
engaging experience for users, potentially increasing their
motivation and adherence to the VRiKnee

The interface (between the app and lower limb sensor)
can be less complicated! And the sensor should be
able to respond accurately! [P7]

Delivering VR Experiences on 2D Large Screens
Participants preferred to use 2D large screens which would
provide a more comfortable and less intrusive experience,
allowing them to engage with VRiKnee without the discomfort
of wearing a HMD.

For us, it’s hard to see with a small screen, so it’s
better to use a larger screen. [P1]

Integration of Quantitative and Qualitative Findings
Quantitative and qualitative findings are integrated and displayed
in Tables 5-8.

Discussion

Principal Findings
In summary, VRiKnee was well-received by participants and
provided positive user experience. The qualitative analysis
revealed that VRiKnee showed promising potential for managing
knee osteoarthritis symptoms and improving exercise adherence,
which could explain the positive trends observed in some of the
quantitative outcomes. However, the quantitative results
indicated a decline in exercise adherence over time. The
qualitative findings highlighted various challenges faced by the
participants during the VR intervention, emphasizing the need
to address these issues in order to enhance the overall user
experience and foster better adherence to VR-based interventions
in future applications.

Comparison With Previous Studies and Implications
for Research and Practice
Recently, a study conducted by Özlü et al [24] investigated the
impact of disease-specific gamification through HMD on pain,
physical function, and balance in participants with knee
osteoarthritis. While this study population consisted of younger
participants, with a mean age of 53 (SD 10.19) years, the
researchers documented similar adverse effects such as
cybersickness, nausea, and headache. Consequently, if
immersive VR technology is to be employed in the management
of knee osteoarthritis or other chronic diseases, the level of
immersion must be carefully considered [56,57]. Interestingly,
some participants suggested that using 2D screens may offer a
more comfortable alternative, thereby prompting the exploration
of the cave automatic virtual environment. This technology
entails a cube-shaped room where screens project
computer-generated images onto the walls, floor, and ceiling,
allowing users to interact with the virtual environment via
handheld controllers or trackers. Previous application of the
cave automatic virtual environment system in training patients
with Parkinson disease has yielded promising preliminary results
[58].

Furthermore, Özlü et al [24] also observed that the beneficial
effects of VR intervention diminished over time. Therefore, to
sustain the positive effects of VR interventions, ensuring
compliance is of utmost importance. Overcoming several
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obstacles during the design phase can facilitate this process.
For instance, regular content updates can maintain player
engagement and interest by introducing new levels, characters,
game modes, or features that expand the gameplay experience.
Additionally, community engagement is essential in fostering
a strong player community. This can be achieved through
encouraging player interaction, sharing of experiences, and
providing feedback via online platforms such as forums and
social media, as well as through in-game features such as
leaderboards and multiplayer modes. Finally, continuous
improvements based on player feedback will play a critical role
in enhancing the intervention.

Strengths and Limitations
This study’s strengths lie in its use of a mixed methods design,
which contributes to a comprehensive understanding of

VRiKnee, enhances validity through triangulation, provides
valuable contextual insights, and generates practical implications
on the design of future VR interventions. Further, 1 limitation
of this study is the small sample size, which may restrict the
trial’s ability to detect meaningful effect sizes.

Conclusion
The feasibility and acceptability of VRiKnee in managing knee
osteoarthritis have been demonstrated, suggesting its potential
clinical efficacy. However, further confirmation through larger
scale trials is necessary. VRiKnee has shown promise in
enhancing exercise adherence, although a decline was observed
over time. Participants faced challenges during the VR
intervention, underscoring the need to address these barriers to
improve adherence in future implementations.
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Abstract

Background: Declines in physical and cognitive function are natural biological processes, leading to an increased risk of falls.
Promising evidence suggests that combined physical-cognitive exercise has beneficial effects in improving both physical and
cognitive health. Although moderate-to-high exercise intensity is commonly recommended, it might be impractical for older
adults facing physical limitations or contraindications. Thus, low-intensity exercise is a viable option. The main barriers to
engaging in exercise in older adults include transportation, time, motivation, and enjoyment. To overcome these challenges, a
home-based, gamification-based training system may provide an effective approach to enhance exercise adherence.

Objective: This study aimed to develop and evaluate the usability of a low-intensity, gamification-based, interactive
physical-cognitive exercise for older adults in a home-based setting.

Methods: The prototype of a game-based physical-cognitive exercise was created following the ADDIE model (analysis, design,
development, implementation, and evaluation) and assessed for user experience in older adults. A total of 15 older adults engaged
in the game-based physical-cognitive exercise at home for 60 minutes per day, 3 days per week, for 4 weeks. The usability of the
game-based training system was evaluated using the system usability scale (SUS) after completion of a 4-week training program.
As for satisfaction, the 8-item Physical Activity Enjoyment Scale (PACES) questionnaire was used to assess participants’enjoyment
level after 1 week and 4 weeks of training. Descriptive statistics were used to illustrate the SUS score. A Wilcoxon signed-rank
test was used to compare the PACES scores between the first week and the end of the 4-week period, with significance set at
P<.05.

Results: As for experts’ consensus, the game-based training consisted of 3 games: Ocean Diver, Road Runner, and Moving and
Memorizing. The games had 3 levels of difficulty: beginner, intermediate, and advanced. A computer vision–based system was
selected as the delivery platform for a home setting. The total SUS score for all participants was mean 87.22 (SD 5.76), indicating
the user’s perception of the usability of a system ranging from good to excellent. At the end of the 4-week training, the total
PACES score was significantly greater than the first week, suggesting an improvement in enjoyment (first week: mean 44.93,
SD 3.99 vs fourth week: mean 50.53, SD 4.70; P=.001).

Conclusions: The prototype of low-intensity, gamification-based, interactive physical-cognitive training was designed and
developed using the ADDIE model, which included both experts and end users in the process. The findings showed that the
exergame prototype was a usable and practical approach for a home-based setting, enhancing older adults’ enjoyment and
motivation. Further research is warranted to determine the effectiveness of such gamification-based training in promoting physical
and cognitive functions.

(JMIR Serious Games 2024;12:e59141)   doi:10.2196/59141

KEYWORDS

exergame; physical-cognitive training; computer-based interventions; gamification; older adults; instructional design model;
low-intensity
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Introduction

Aging is a natural biological process leading to a gradual decline
in both physical and cognitive abilities. Physical decline in older
adults, which contributes to their susceptibility to falls, includes
intraindividual factors such as muscle weakness, delayed
reaction time, impaired vision and proprioception, and impaired
balance [1]. In addition to a decline in physical function, older
adults may also experience problems in cognitive function,
primarily involving executive function, attention, and processing
speed, which are significant risk factors for falls [2]. Given that
physical and cognitive impairments coexist in aging and are
indicators of the risk of falls, it is essential to identify effective
strategies to enhance both physical and cognitive functions for
fall prevention.

It is well established that exercise serves as an effective strategy
for fall prevention among older adults by ameliorating
physiological fall risk factors such as muscle weakness and poor
balance [3,4]. Accumulating evidence has demonstrated that
exercise benefits not only physical function but also cognitive
function. Given that cognitive impairment is an independent
risk factor for falls, improving cognitive function through
exercise may further contribute to fall risk reduction [5-7].
Among various types of exercise, combined physical-cognitive
training (simultaneous training) has a profound effect on
cognitive and physical health, reducing the risk of falls in older
adults, and it is superior to single-component training [8,9].
Although moderate-to-high intensity exercise is widely
recommended for reducing the risk of falls, its applicability
may be limited for certain older adults with physical restrictions
or contraindications. Currently, a growing body of evidence has
suggested that low-intensity exercise has a positive effect on
cognitive and physical performance in adults and older adults
with and without pathologic conditions [10-13]. With this, a
low-intensity exercise may be a promising alternative approach
for fall prevention in older adults who experience physical
limitations that prevent them from engaging in moderate-to-high
intensity exercise.

With current technological advancements, gamification, which
involves using game-based mechanics to motivate individual
action and learning for a specific target, is increasingly used in
health care services, especially for promoting exercise [14,15].
Among gamification-based exercises, combined
physical-cognitive training has emerged through exergames
that require individuals to move their bodies to interact with the
game for achieving training purposes [16-18]. Previous studies
have shown that exergame-based interventions improve both
physical aspects (eg, balance, gait, and physical fitness) and
cognitive domains (eg, executive functions, memory, and
processing speed) in older adults while also facilitating
enjoyment and motivation, which are critical mediators of
training adherence and goal-directed achievement [19-22].
Nowadays, many commercial interactive game-based training
products have emerged, such as Kinect Xbox, Nintendo Wii,
Sony PlayStation, virtual reality systems, and computer
vision–based applications. Amid the exergames in the
commercial market, human pose estimation, which is one of
the computer vision–based platforms, has rapidly developed in

recent years. Specifically, human pose estimation involves
extracting an individual’s joint positions from an image or video
to create a skeletal shape. With this, an algorithm of machine
learning creates a human pose estimation model based on dataset
samples of human movements in space, which ultimately enables
machines to correctly interact with individuals [23,24]. One
interesting feature of computer vision–based systems using
human pose estimation is that they are markerless full-body
trackers that enable users to naturally interact with games in
real time. Additionally, it is reliable for representing a person’s
movements, resulting in proper feedback and guidance to the
users during exercise [25]. Its advantages include its low cost,
user-friendliness, simpler operation, and the requirement of
only a personal computer, thereby increasing accessibility.
Therefore, a computer vision–based system appears to be a
viable alternative to delivering home-based exercise programs
for older adults.

The ADDIE model is an instructional systems design framework
used to design and develop learning experiences that involve
identifying the requirements and understanding the solutions
that learners should achieve [26]. The ADDIE model comprises
5 phases: analysis, design, development, implementation, and
evaluation [27]. There has been growing interest in using the
ADDIE model to develop health services for various purposes
[28-32]. However, previous works utilizing the ADDIE model
to develop exergames aimed at enhancing physical and cognitive
functions are scarce. Considering the usability challenges faced
by older adults, developers should design exergame interfaces
that are user-friendly for this population. Aside from the
technologies used, commercial exergames available in the
market may not be specific for older people in terms of training
purposes, complexity, intensity, and safety. Thus, the ADDIE
model may be a useful approach for designing and developing
exergames for older adults, particularly in a home environment.

Collectively, a game-based, combined physical-cognitive
training that is accessible and user-friendly, boosts motivation,
and is tailored to suit older adults’ capabilities would represent
an efficient approach in terms of time and resources. Therefore,
this study focused on developing the prototype of a home-based,
low-intensity, gamification-based, interactive physical-cognitive
training for older adults using the ADDIE model. Notably, the
usability of the system and participants’ satisfaction will be
investigated to facilitate practical implementation for
community-dwelling older adults.

Methods

Study Design

Overview
This study utilized the ADDIE model to design and develop a
low-intensity, combined physical-cognitive exercise in the form
of an exergame delivered in a home-based format for older
adults. The prototype of a gamification-based, interactive
physical-cognitive training was built upon five phases: (1)
analysis, (2) design, (3) development, (4) implementation, and
(5) evaluation of target users’ feedback, response, and
satisfaction. The ADDIE model is depicted in Figure 1A, and
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the development milestones of this study are presented in Figure 1B.

Figure 1. (A) Development process of the game-based training system using the ADDIE (analysis, design, development, implementation, and evaluation)
model. (B) Development milestone of the game-based training system prototype.

Phase I: Analysis Phase
During the analysis phase, a focus group expert interview was
conducted to extract essential contents in terms of knowledge
related to effective physical and cognitive training programs
for older adults and potential core game ideas. A total of 7
experts participated in the brainstorming session, including 4
physical therapists and 1 occupational therapist (ages ranging
from 38 to 60 years, with 10-25 years of experience in physical
and cognitive rehabilitation for older adults, both with and
without cognitive impairment), 1 game programmer (29 years
old, with 4 years of experience in developing codebases for
video games or related software), and 1 game artist (29 years
old, with 5 years of experience in developing game mechanics
and interfaces).

In this study, the core elements of the exergame consisted of
two training components that were trained simultaneously: (1)
a physical component at a low intensity level focusing on
enhancing dynamic balance, coordination, and muscle strength
and endurance of upper and lower limbs, and (2) a cognitive
component focusing on memory, attention, and executive
function (eg, anticipation, planning, switching, and inhibition)
that closely related to balance and falls in older adults [2,33].
Regarding the delivery platform, a computer vision–based
system was selected due to its low cost, accessibility, and simple
operation, allowing older adults to independently administer
self-training at home.

Phase II: Design Phase
In the design phase, the overall game structure and
characteristics, including the game’s goals, mechanics, and
graphical user interface elements, were integrated and fine-tuned

from a practical standpoint to form a design of the game-based
training system prototype. Moreover, the progression of game
difficulty was divided into 3 difficulty levels (ie, beginner,
intermediate, and advanced) to ensure that the difficulty of the
games was appropriate for each user. After that, the game
blueprint underwent a critical review (using the assessment
form found in Multimedia Appendix 1) by 5 experts in the field
of cognitive and physical interventions for older adults,
including 2 physical therapists, 1 occupational therapist, 1
neurologist, and 1 geriatrician, with ages ranging from 40 to 56
years and experience ranging from 18 to 34 years. The content
validity of the exergames was analyzed using the index of
item-objective congruence (IOC). The cutoff value is a flexible
criterion, with a generally accepted minimum typically being
0.75 [34].

Phase III: Development Phase
Consensus on the game idea and design, along with comments
and feedback from the experts during the design phase, was
used to refine the game-based exercise prototype in the
development phase. This prototype was created using the Unity
3D game engine software, incorporating computer vision
techniques from BlazePose for 2D/3D pose estimation [35].
The landmarks of the BlazePose 2D/3D pose estimation, which
include 33 key points, are provided in Multimedia Appendix 2.
In this study, only 12 key points (of 33 points) were utilized to
control the mechanics of the games. These key points included
the following: (1) left_shoulder, (2) right_shoulder, (3)
left_wrist, (4) right_wrist, (5) left_pinky, (6) right_pinky, (7)
left_index, (8) right_index, (9) left_thumb, (10) right_thumb,
(11) left_hip, and (12) right_hip. The various conditions for
controlling the game’s avatar are displayed in Figure 2.
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Figure 2. Condition of each landmark for control of the avatar in the game. (A) and (B) Moving bilateral arms horizontally to swim in a frog stroke
style. (C) Dropping bilateral arms to rest. (D) and (E) Moving bilateral arms as if running to control the forward movement. (F) Raising the left or right
hand over the head to collect objects. (G) Raising the right hand over the head to select choice A. (H) Raising the left hand over the head to select choice
B. (I) Raising both hands over the head to select choice C.

After completing phases I-III, the overall framework of the
gamification-based, interactive physical-cognitive training
system prototype, consisting of 5 components, was established
(Figure 3):

1. User and the notebook with high-definition (HD) webcam
sensor: The full-body movements were tracked in 3D
coordinates (ie, the x-, y-, and z-axes) using 12 key points
(Figure 2). The HD webcam sensor was used to track the
full-body movements of the participants while they played
the exergame (Figure 3A).

2. The gamification-based physical-cognitive training system:
The digital game system consisted of 3 exergames (Game
I: Ocean Diver; Game II: Road Runner; and Game III:
Moving and Memorizing) with 3 levels of difficulty
(beginner, intermediate, and advanced) and feedback (score,

time, and error). Moreover, rules, goals, rewards, points,
aesthetics, leaderboard, and game mechanics were used as
elements of the game. The game was developed using the
Unity game engine (Figure 3B).

3. Game programmer: The specialist who created the game
using computer programming languages and game engine
software, including level design, coding, game development,
and game testing (Figure 3C).

4. Game artist: The specialist who designed and created
graphical content, including the graphical user interface,
character, scenes, background, sound, and music (Figure
3D).

5. Domain knowledge: The experts with core knowledge in
physical and cognitive training programs for older adults,
both those with and without cognitive impairment (Figure
3E).
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Figure 3. Gamification-based, interactive physical-cognitive training framework: (A) user interface and laptop with a camera, (B) system of
gamification-based physical-cognitive training, (C) game programmer, (D) game artist, and (E) domain experts.
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Phase IV: Implementation Phase

Overview

In this phase, the prototype of a low-intensity,
gamification-based, interactive physical-cognitive exercise was
implemented to representative target users to evaluate its
usability and ability to promote enjoyment. The prototype of
the exergame was delivered via the Windows platform and
devices, including notebooks and personal computers.

Recruitment and Participants

A total of 15 community-dwelling older adults were recruited
from community groups such as local senior schools and senior
clubs, as well as through social media advertisements. Inclusion
criteria were as follows: (1) age 60 years or older, (2) ability to
comprehend instructions and willingness to participate, (3)
adequate vision and hearing, or correction for impairments, and
(4) sufficient physical performance, indicated by scoring at least
9/12 on the Short Physical Performance Battery, to ensure safety
during exercise, particularly to prevent loss of balance and falls
(Multimedia Appendix 3) [36]. Exclusion criteria were as
follows: (1) being diagnosed with other neuromuscular
conditions that affect cognitive function and physical ability
(eg, stroke, Parkinson disease, dementia, and multiple sclerosis),
and (2) having major health conditions that could not be
controlled (eg, acute joint pain, asthma, hypertension, diabetes
mellitus, and coronary artery disease).

Procedures

System Setup and Calibration

Prior to participants beginning the interactive exergame training
at their homes, the researchers made a home visit for the
system’s setup, calibration, and operation. The capture volume
was configured using a notebook or personal computer equipped
with an HD webcam. The HD webcam was positioned on a
table approximately 0.8 meters above the floor and about 2.5
meters away from the participant. The capture volume from left
to right was set at approximately 3.0 meters, with the center
being 1.5 meters from each side. The game was displayed on
either notebook screens or computer monitors. The configuration
of hardware for playing the game is provided in Multimedia
Appendix 4. The game-based exercise was connected to the HD
webcam sensor in the notebook or personal computer. During
the calibration process, participants were instructed to move
the avatar within the capture volume, with the boundaries
marked by markers on the floor. Once the system had been fully
set up, participants were able to use it independently.

User Experience Testing

The demographic information of eligible participants—including
age, gender, BMI, and education level—was documented. The
game goals, rules, mechanics, and controls were explained to
the participants and they were provided with a demonstration.
The participants interacted with the virtual game using their
body and hand movements following each game’s rules (ie,
Ocean Diver, Road Runner, and Moving and Memorizing). The
training duration was 35 minutes, which included warm-up and
cool-down periods, with a rest interval of approximately 5
minutes, resulting in a total session time of around 60 minutes.

Participants were allowed to progress to the next level if they
achieved a score exceeding 50% in the current level. To assess
the usability and enjoyment of the prototype, participants
engaged in game-based training at their homes 3 times per week
for 4 consecutive weeks (a total of 12 sessions).

Phase V: Evaluation Phase
Participants were asked to provide ratings for both the system’s
usability and their enjoyment during engagement with the
game-based prototype after completing the 4-week testing
period. The usability of the game-based physical-cognitive
training system was assessed using the system usability scale
(SUS) at the end of the training period [37]. The SUS rating
scale was then converted from the original score (between 0
and 60) to an SUS score ranging from 0 to 100, where an SUS
score above 68 is considered an above average (“good”) or
marginal acceptance level, and scores above 85 are considered
an “excellent” acceptance level [38]. Additionally, the level of
enjoyment during exercise engagement was assessed after the
first and fourth week of training using the 8-item Physical
Activity Enjoyment Scale (PACES) questionnaire, a 7-point
Likert scale ranging from 1 (strongly disagree) to 7 (strongly
agree) [38]. The sum of PACES scores was calculated, with a
higher score indicating a greater level of enjoyment during
exercise engagement. Moreover, participants were interviewed
about their perceptions of various aspects of the exergame during
gameplay using probing questions (Multimedia Appendix 5).
In the interview, assessors asked core questions sequentially
and documented the responses. Upon completing the
questioning, assessors summarized the key insights from the
interview to ensure a comprehensive understanding of the
participant’s responses. Afterward, assessors extracted key
themes from the responses provided by all participants to gather
both positive and negative feedback, as well as information for
improvements and refinements.

Ethical Considerations
The research protocol received approval from the Human Ethical
Review Board of the Chiang Mai University (approval number
AMSEC-66EX-036). All participants were informed about the
study’s purpose and procedure before providing written
informed consent to enroll in the study. All data used for this
study were anonymized. No compensation was provided to the
participants.

Statistical Analysis
The content validity of the exergames, as assessed by experts,
was determined using the IOC, with an IOC value greater than
0.75 indicating an acceptable level of validity. Descriptive
statistics were used to illustrate the demographic profile of the
participants and the SUS score after 4 weeks. The Wilcoxon
signed-rank test was used to address differences in the PACES
scores between the first week and the end of the 4-week training
period. The significance level was set at P<.05. Analysis was
conducted using SPSS (version 21.0; IBM Corp).
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Results

Phase I-III: Analysis, Design, and Development Phases
The game-based training system underwent a critical review by
5 experts in the field of cognitive and physical interventions for
older adults. The results indicated that the content validity was
highly acceptable, with IOC values ranging from 0.80 to 1.00.
The summary of the consensus features of the low-intensity,
gamification-based, interactive physical-cognitive exercise is
presented in Table 1 and Textbox 1. This system consisted of

3 exergames (Ocean Diver, Road Runner, and Moving and
Memorizing), all aimed at enhancing simultaneous physical and
cognitive function in older adults. Each exergame had 3 levels
of difficulty (beginner, intermediate, and advanced), in which
game complexity progressed by increasing the complexity of
physical and cognitive demands. The total game play time was
35 minutes. In accordance with exercise principles, warm-up
and cool-down sessions were included as part of the training.
The exergame prototype was delivered via a computer
vision–based system that participants could operate
independently in a home-based setting.

Table . Summary of the features of the developed gamification-based, interactive physical-cognitive training.

Game III: Moving and MemorizingGame II: Road RunnerGame I: Ocean Diver

Walking along the road to collect
coins while listening to a story, then
answering questions related to the
story at the end of the game

Running along the road to collect as
many predetermined objects as pos-
sible and collect coins as a bonus

Swimming in a frog stroke style
underwater to collect predetermined
objects in the correct order and col-
lect coins as a bonus

Actions

Rules and game mechanics ••• Stepping to the left or right to
control the avatar’s left or right
movement direction

Moving bilateral arms as if
running to control the avatar’s
forward movement

Moving bilateral arms in a frog
stroke style to control the
avatar’s upward or downward
direction •• Listening to a story and collect-

ing coins as a bonus
Stepping to the left or right to
control the avatar’s left or right
movement direction

• Stepping to the left or right to
control the avatar’s left or right
movement direction

• Answering questions related to
the story at the end of the game• Raising the left or right arm to

control the avatar to collect
predetermined objects

A suburban village with coinsA suburban village with fruits, veg-
etables, and animals

An underwater world with aquatic
animals and treasures

Virtual environment

Goal of the game: physical compo-
nents

••• Improve dynamic balanceImprove dynamic balance and
coordination of upper and
lower limbs

Improve dynamic balance and
coordination of upper and
lower limbs

• Improve lower limb muscle
strength and endurance

•• Improve reaction and response
time

Improve upper and lower limb
muscle strength and endurance

• Improve upper and lower limb
muscle strength and endurance

Improve memory (delayed recall)
and attention

Improve memory, attention, and vi-
suospatial ability

Improve memory, attention, and
executive function (ie, planning, se-
quencing, and inhibiting)

Goal of the game: cognitive compo-
nents
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Textbox 1. Framework of the gamification-based physical-cognitive training.

• Physical component training progression: the difficulty levels progressed by increasing the subject’s movement speed of upper and lower limbs
(eg, adding the number of objects).

• Cognitive component training progression: the difficulty levels progressed by increasing the subject’s cognitive demands to play the game (eg,
adding memory and attention requirements, increasing the speed of processing, and adding the number of objects).

• Rewards: points and coins

• Estimated playtime: 35 minutes

• Health topic: gamification-based physical-cognitive training prototype

• Targeted age group: older adults (age ≥60 years)

• Short description of the gamification-based training: gamification-based physical-cognitive training is an interactive game-based training system
for older adults using high-definition webcam sensor technology. It comprises 3 games involving physical training (ie, dynamic balance;
coordination; reaction and response time; and upper and lower limb muscle strength and endurance) and cognitive training (ie, memory or delayed
recall, attention, and executive function including planning, sequencing, inhibiting, visuospatial ability.

• End user or target player: older adults (individual self-training)

• Clinical support needed: physical therapists and related geriatrics health care professionals

• Data shared with clinician: data are saved and stored on the hard disk; however, points and scores are given as feedback on the laptop monitor
at the end of each game.

• Type of game: physical, cognitive, action, real-time strategy

• Behavior change procedure used: gamification-based physical-cognitive training enhances extrinsic motivation and engagement in older adults.

• Setting: gamification-based physical-cognitive training can be set in a room environment.

• Device requirements: PC/notebook/laptop with HD webcam

• Sensors used: HD webcam

Phase IV-V: Implementation and Evaluation Phases

Participant Characteristics
In total, 15 community-dwelling older adults aged ≥60 years
took part in the study; of the participants, 8 were female and 7

were male. None of the participants had prior experience with
game-based training. The demographic characteristics of the
participants are presented in Table 2. All participants completed
the training program (mean number of exercise sessions 11.07,
SD 1.95, with a total of 12 sessions). No falls or other adverse
events were reported.

Table . Characteristics of the study participants.

Range (minimum-maximum)Mean (SD)Characteristics

64.00‐77.0065.27 (4.40)Age (years)

20.03‐28.7324.09 (2.59)BMI (kg/m2)

9.00‐21.0015.67 (2.58)Education level (years)

User Experience in Using the Gamification-Based
Exercise System
The user experience in using the game-based exercise was
determined using the SUS questionnaire and the PACES. The
overall results of the SUS score are illustrated in Figure 4. The
mean SUS score was 87.22 (SD 5.76), which corresponds to an
A or “excellent to highest possible” acceptance level (based on
the grade scale and adjective rating; Figure 4A). Further data
exploration showed that, of the 15 participants, 6 rated this
gamification-based exercise system prototype as “good,” 5 rated
it as “excellent,” and 4 rated it as “highest possible.” The mean
SUS score for each question ranged from 72.22 (question item

6) to 98.89 (question item 3), signifying ratings from a marginal
“good” to the “highest possible” acceptance level (Figure 4B).

As for the 8-item PACES score, the total PACES score of all
items at the end of the first week of training was 44.93 (SD
3.99); the average on each item ranged from 5.27 to 5.93. After
4 weeks, it was 50.53 (SD 4.70); the average on each item
ranged from 5.93 to 6.67 (Table 3). A Wilcoxon signed-rank
test demonstrated that both the average on each item and total
score after the 4-week training were significantly greater than
those after 1 week of training (P=.001), indicating an
improvement in enjoyment and satisfaction after exercise
engagement for 4 consecutive weeks.
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Figure 4. Overview of usability results of the game-based exercise prototype using the SUS questionnaire at the end of the 4-week testing period. (A)
The SUS score and its relationship with the grade scale (F, D, C, B, and A), adjective ratings (lowest possible, poor, okay, good, excellent, and highest
possible), and acceptability scores (with marginal acceptability at 68.0). (B) The SUS score for each question. SUS: system usability scale.

Table . The PACES score after 1 week of training and after completion of 4 weeks of training (n=15). All items were rated on a 7-point scale from 1
(strongly disagree) to 7 (strongly agree).

P valueaWeek 4, mean (SD)Week 1, mean (SD)Question items

.0036.33 (0.82)5.53 (0.83)1. I find it pleasurable

.025.93 (0.88)5.27 (0.88)2. It’s a lot of fun

.0026.27 (0.88)5.27 (0.88)3. It’s very pleasant

.016.13 (0.83)5.60 (0.63)4. It’s very invigorating

.016.27 (0.70)5.67 (0.62)5. It’s very gratifying

.0046.40 (0.74)5.73 (0.59)6. It’s very exhilarating

.016.53 (0.52)5.93 (0.59)7. It’s very stimulating

.0056.67 (0.62)5.93 (0.59)8. It’s very refreshing

.00150.53 (4.70)44.93 (3.99)Total scale of all items (56 points)

aWilcoxon signed-rank test with significant difference at P<.05.
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User Feedback of the Gamification-Based Exercise
System
Comments and feedback from the participants on the developed

gamification-based exercise system prototype through probing
interviews are summarized for each question domain in Table
4.

Table . The key responses of participants regarding the game characteristics and their perceptions during engagement with the game-based prototype.

Negative feedbackPositive feedbackQuestion domains

Game mechanics, rules, and interface •• It is hard to judge how far to jump to grab
animals or objects on time

The storytelling game (Moving and Memo-
rizing) was enjoyable, with its content,
purpose, and display perfectly suited to
personal preferences

• Sometimes in the game, the movements did
not align with the actual actions

• •The Ocean Diver game was very enjoyable
and well-designed, providing a refreshing
experience

The characters and objects displayed in the
game were relatively small

• Sometimes, the game system froze

No negative feedbackInstructions for the game were clear and easy to
understand

Game instructions

Gameplay experience •• In the Ocean Diver game, some objects that
needed to be collected were placed in tight
spots, making it stressful when participants
were unable to pick them up

The exergame was very helpful as it promot-
ed physical activity and memory

• The exergame could be played at any time,
which perfectly fits the schedule

• There was a noticeable improvement in
sleep quality

In the first week of training, the legs were quite
fatigued; however, after the first week, it went
away

The exercise was not too difficult, as it allowed
me to keep up with the training

Exercise dosage

Making the movements in the game better match
the user’s actions, increasing the size of the
characters and objects, and reducing the game
system’s freezing issues

Overall, the games were satisfying, enhancing
both enjoyment and physical activity

Feedback for improvements

Discussion

Principal Findings
This study aimed to design, develop, and determine the user
experience of a prototype of low-intensity, gamification-based
training targeted at improving physical and cognitive
performance in older adults within a home environment using
the ADDIE model. The idea of the core concept and platform
of the exergame were extracted by integrating the knowledge
with well-recognized physical and cognitive outcomes in older
adults, considering practical standpoints, and then soliciting
critical appraisal by experts. The content validity of the
exergames was highly acceptable, demonstrating that the game’s
features, rules, and exercise components were well-aligned with
both the intended therapeutic goals and practical considerations.
The experiences of older adults in terms of usability and
enjoyment of the exergame prototype were assessed and their
feedback was collected.

The output of this study was the prototype of a
gamification-based, interactive physical-cognitive training
program in a home-based setting, which consisted of 3
exergames: Ocean Diver, Road Runner, and Moving and
Memorizing. Each game had 3 levels of difficulty: beginner,
intermediate, and advanced. The user-perceived usability of the
game-based exercise prototype was rated as good to excellent,
and there were improvements in enjoyment and satisfaction
after exercise engagement over 4 consecutive weeks.
Additionally, the overall end user feedback indicated that the

motivation for engaging in an exergame is its inherent interest
and enjoyability.

Comparison to Prior Work
In recent years, an increasing number of studies have developed
and evaluated the effects of exergames on both physical and
cognitive functions in older adults. However, the majority of
these studies have used moderate-to-high physical intensity
levels [19,39,40], which are generally suitable for relatively
healthy individuals without significant physical restrictions.
Only a limited number of studies focused on developing
low-intensity exergames, which may be more practical for older
adults who are physically limited or less active, as they require
low exertion and low-impact exercise modes. To the best of our
knowledge, our game-based exercise is the first prototype of
low-intensity, gamification-based, interactive physical-cognitive
training specifically designed to enhance both physical and
cognitive abilities in older adults. We found that the exergame
prototype was usable in a home environment and effectively
enhanced the enjoyment and motivation of older adults. The
feedback also indicated potential future applications for
self-training at home. These findings are in line with previous
studies suggesting that computer-based interventions, a delivery
platform used in this study, offer a practical, safe, and efficient
approach to encouraging adherence to exercise [41,42].

Currently, various approaches to product development may
involve end users at different stages of the production process,
depending on the specific product requirements and goals.
Among various product development approaches, the ADDIE
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model was selected because it aligns well with our exergame
product, which is relatively new and unfamiliar to older adults.
This model involves experts in the analysis and design phases
(phases I and II) and end users in the implementation and
evaluation phases (phases IV and V). Given that experts have
knowledge and experience in the fields of physical and cognitive
rehabilitation for older adults, as well as game development,
they played a key role in the analysis and design phases, which
are crucial for achieving both theoretical accuracy and practical
feasibility to ensure high-quality outcomes. A representative
group of the end users (older adults) tested the exergame
prototype and provided feedback during the implementation
and evaluation phases. The feedback and suggestions from end
users were essential in shaping the final product, guaranteeing
that the prototype was closely tailored to their needs and
preferences. A previous study suggested that individualization
of the exercise in terms of needs and interests is necessary to
enhance individual engagement, thereby contributing to positive
intervention outcomes [43]. In addition, this study utilized a
computer vision–based system as a technology platform to
deliver an exercise program (in the form of an exergame) in a
home-based environment, aiming to provide accessibility and
ease of integration into users’ lives. Previous findings have
suggested that home-based exercise exerts greater exercise
engagement than center-based exercise due to its accessibility
and flexibility in the schedule, allowing individuals to integrate
it conveniently into their daily life [44,45]. Taken together, the
benefits of using the ADDIE model approach and delivering
the platform as a computer vision–based system for the
development of an exergame prototype may represent a potential
strategy for enhancing the enjoyment, motivation, and
engagement of older adults in exercise in a home-based setting.

Regarding the user experience with the game-based training
system, participants reported increased enjoyment, as indicated
by their PACES scores, and provided positive feedback on the
enhancement of both their enjoyment and physical activity. The
increase in the enjoyment level of participants may, at least in
part, be attributed to several fundamental aspects of the game.
These include game elements that provide real-time feedback
(ie, scores and rewards), game mechanics (ie, real-time interface
and sound effects), and game rules (optimal difficulty level,
grading from simple to advanced), which in turn results in high
enjoyment and self-efficacy empowerment. Our findings are
supported by prior research, which suggests that intrasession
feedback, positive reward, and the use of graded exercise may
enhance intrinsic motivation and self-confidence in the
capability to exercise, potentially reinforcing repetitive desirable
behavior [46,47]. Some negative feedback on the game’s
characteristics was received, including issues with
asynchronization between user actions and the display, system
freezing, and the need to enlarge characters and objects. Thus,
additional adjustments to the game mechanics are necessary
prior to its deployment for end users. Apart from the game
characteristics, the usability of a game-based system is a key
aspect in enhancing acceptability and exercise adherence. As
we found, the users’perception of the usability of the developed
game-based training system, as determined by the SUS score,
ranged from good to highest possible. The positive response
from usability testing may potentially be due to the game

interface and operations being specifically designed to be used
independently by older adults. Consistently, a previous study
has suggested that the feature design of exergames, particularly
an interface that is friendly to older users, is a crucial factor
contributing to the positive acceptance of older users who are
unfamiliar with new technology [48]. Nonetheless, the lowest
scores on the SUS questionnaire were found in items 5 and 6
(scoring 74.44 and 72.22, respectively), which are related to
game mechanics and consistent with feedback for improvements.
Therefore, further refinement of the exergame system is
warranted before implementation for end users, particularly
concerning technical errors and game mechanics issues
encountered by participants.

Strengths and Limitations
To the best of our knowledge, this game-based home exercise
is the first prototype customized for older adults with low
physical capacity, aiming to simultaneously stimulate specific
cognitive domains and physical components. Despite the
positive results, this study has certain limitations that need to
be addressed. First, participants in this study had relatively high
educational backgrounds and were socially active, which may
introduce potential bias, as they may be more familiar with
technology. Further, they did not exhibit obvious physical
restrictions as the study inclusion/exclusion criteria were set to
minimize potential adverse events during participation. Second,
the sample size was relatively small. Together, the findings may
not be generalizable to a broader older adult population and
should be considered preliminary, warranting cautious
interpretation. Third, exercise adherence was observed over a
4-week training period; hence, long-term adherence remains
unknown. Last, since this study focused on developing and
assessing the usability of an exergame prototype for home-based
settings, hard outcomes, such as physical and cognitive
parameters in response to exergame engagement, have not yet
been established. Further research that includes larger sample
sizes, diverse demographic backgrounds, extended training
periods, and examination of effectiveness through
comprehensive outcomes is needed.

Future Directions
The outcome of this study is the prototype of a home-based,
low-intensity exercise program that is practical and has the
potential to enhance the enjoyment and motivation of older
adults. The next step will be to refine the game-based prototype
based on end user critical feedback and examine its effectiveness
in promoting the physical and cognitive functions of
community-dwelling older adults, thereby giving this new type
of exergame a promising future.

Conclusions
In this study, a low-intensity, gamification-based, interactive
physical-cognitive training system was developed for older
adults with limited capacity to engage in moderate-to-high
intensity exercise. The exergame prototype, delivered via a
computer vision–based platform for a home-based, self-training
exercise, was well-received by the end users for its usability
and enjoyment. Although these findings hold promise for
implementing the exergame in the target population, further

JMIR Serious Games 2024 | vol. 12 | e59141 | p.563https://games.jmir.org/2024/1/e59141
(page number not for citation purposes)

Kamnardsiri et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


research is warranted to determine its effectiveness in promoting physical and cognitive functions.
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Abstract

Background: Adolescent mental health is of utmost importance. E-mental health interventions, and serious games in particular,
are appealing to adolescents and can have beneficial effects on their mental health. A serious game aimed at improving cognitive
vulnerability (ie, beliefs or attitudes), which can predispose an individual to mental health problems, can contribute to the prevention
of these problems in adolescents.

Objective: This study aimed to assess the feasibility of the prototype of a serious game called “Silver.”

Methods: The prototype of the serious game was developed using a user-centered participatory design. The prototype of Silver
focused on 1 aspect of a serious game for improving cognitive vulnerability in adolescents, that is, the recognition and identification
of cognitive distortions. Through the game, players were required to identify and classify the character’s thoughts as helpful or
unhelpful. Upon successful advancement to the next level, the task becomes more challenging, as players must also identify
specific types of cognitive distortions. A pre- and posttest uncontrolled design was used to evaluate the game, with a 1-week
intervention phase in which participants were asked to play the game. Participants aged 12-16 years were recruited in schools.
The outcomes of interest were the recognition of cognitive distortions and presence of participants’ cognitive distortions. The
game was also evaluated on its effects, content, and usefulness.

Results: A total of 630 adolescents played Silver and completed the assessments. Adolescents were significantly better at
recognizing cognitive distortions at the pretest (mean 13.09, SD 4.08) compared to the posttest (mean 13.82, SD 5.09; t629=−4.00,
P<.001). Furthermore, their cognitive distortions decreased significantly at the posttest (mean 38.73, SD 12.79) compared to the
pretest (mean 41.43, SD 10.90; t629=7.98, P<.001). Participants also indicated that the game helped them recognize cognitive
distortions. Many participants considered the game appealing (294/610, 48.2%) but boring (317/610, 52%) and preferred a more
comprehensive game (299/610, 49%).

Conclusions: Findings from this study suggest that a serious game may be an effective tool for improving cognitive vulnerability
in adolescents. The development of such a serious game, based on the prototype, is recommended. It may be an important and
innovative tool for the universal prevention of mental health problems in adolescents. Future research on the effects of the game
is warranted.

(JMIR Serious Games 2024;12:e47513)   doi:10.2196/47513

KEYWORDS

e-health; cognitive psychology; cognitive distortion; cognitive vulnerability; digital health; serious games; adolescent mental
health; prototype; adolescent; prevention; eHealth

Introduction

Mental illness is one of the biggest health burdens worldwide,
and adolescent mental health is a particular global concern [1].
According to the United Nations’ recently published report on
children’s mental health, approximately 1 in 7 adolescents aged
between 10 and 19 years experience a diagnosed mental disorder
globally [2]. Approximately 40% of these disorders are

attributable to anxiety and depression [1]. The psychological
distress and economic costs due to adolescent mental health
problems are enormous. In 2021, the invisible economic cost
due to mental health problems in adolescents was estimated at
US $387 billion per year globally [2]. Moreover, these mental
health problems are important risk factors for self-harm and
suicide among adolescents [3,4].
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Early access to treatment can improve outcomes, but limited
treatment resources result in long waiting lists and
undertreatment [5]. Society, and health systems in particular,
need to cope with the increasingly high demands to reduce costs
and prevent self-harm and suicide among adolescents. E-mental
health interventions are already being used across health care
and may be more accessible, engaging, and acceptable options
[6-8]. These can take various forms, such as text-based
programs, multimedia and interactive programs, virtual
reality–based programs, and serious games [9-12]. Evidence of
their beneficial effects is increasingly provided [6,13-15].
Regarding serious games, a recent review concluded that the
limited evidence indicates a beneficial effect on reducing mental
health problems [11,16-19]. Thus, there is a massive potential
for serious games to be a new, emerging treatment modality
that is more acceptable and engaging, as it uses game mechanics,
especially for adolescents who are major users of computerized
games in the present-day digital world. However, more research
is needed [11,18,20].

This study therefore aimed at providing further evidence of the
beneficial effects of serious games by piloting a prototype
(“Silver”) developed to counter cognitive characteristics, which
are known to increase the vulnerability to common mental health
problems such as depression and anxiety [21]. More specifically,
the prototype targets adolescents (aged 12-16 years), aiming to
gain insight into cognitive distortions (ie, negative, biased
thoughts that influence people’s interpretation of themselves or
the world [22]) and their effect on feelings and behaviors.
Cognitive distortions, including all-or-nothing thinking,
overgeneralization, or mind reading, can contribute to the
development of mental health issues such as depression or
anxiety during adolescence [23-25]. Identifying and modifying
these distortions and replacing them with more balanced, helpful
thoughts—that is, cognitive restructuring—is a common
technique used in cognitive behavioral therapy (CBT) [22],
which has been demonstrated to prevent mental health issues
during this vulnerable development phase [26,27] and improve
mental well-being [28]. Given the relationship between cognitive
distortions and adolescent mental health, as well as the potential
of CBT-based techniques to address these distortions, this study
aimed to investigate the specific impact of the prototype on
adolescents’ cognitive processing. Therefore, the primary
hypothesis was that adolescents would improve at recognizing
and categorizing helpful and unhelpful thoughts (ie, cognitive
distortions) after playing Silver. Furthermore, playing the game
was expected to lead to a decline in cognitive distortions.
Finally, the usability of Silver was assessed, focusing on the
appeal of the game.

Methods

Participants and Recruitment
Participants were aged between 12 and 16 years and had a
smartphone or tablet. Participants were excluded if they were
not proficient in Dutch. Recruitment took place from August
2017 to October 2017 via schools.

Ethical Considerations
School directors of 8 secondary schools with different curricula
across Flanders (ie, the Dutch-speaking region in Belgium)
consented to participate in the study. Parents or guardians were
informed about the study and given the opportunity to decline
their child’s participation (opt out). Web-based assent was
obtained from the adolescents before the start of the study.
Participants did not receive any form of compensation for their
involvement in this study. The data were deidentified prior to
analysis to safeguard participants’ privacy. The study was
approved by the Commission for Medical Ethics of the
University Hospital Ghent (Belgian registration
B670201731975).

Design and Procedure
The prototype was evaluated using a pre- and posttest
uncontrolled design with a 1-week intervention phase. Before
participants received access to the prototype, they were asked
to fill in a web-based questionnaire (pretest). Immediately after
completing the questionnaire, they received access to Silver,
which they were asked to play daily for 1 week. After 1 week,
they were asked to fill in the second web-based questionnaire
(posttest).

Intervention
The prototype of the serious game Silver aims to reduce
cognitive distortions in adolescents. The prototype is based on
a cognitive behavioral framework and focuses on 1 element of
mental health improvement, that is, gaining insight into
cognitive distortions and their effects on feelings and behaviors.
The prototype was designed and developed in a cocreative
manner, in which the target users themselves (ie, adolescents
aged 12-16 years) were involved, as well as a clinical child
psychologist, a child and adolescent psychiatrist, and
professional game designers. The design, therefore, was user
centered and participatory. The cocreation process was managed
by the company that developed the game’s prototype.

The game is set up in 3 different worlds inhabited by
anthropomorphic animals. Each world has different chapters
that can be played. The more a player progresses in the game,
the more difficult it becomes. The game always starts with an
animal that is stuck in his or her mind and therefore is in a
“glitch.” The incident preceding the “glitch” is explained
through a flashback where the player is shown how this came
about (see Figure 1). The events represent difficult situations
that are very relatable for adolescents (eg, not getting likes on
a social media post). Afterward, the player is shown the
character’s thoughts. Each time after reading a thought, the
player must decide whether it is a helpful or unhelpful thought
(ie, cognitive distortion). If the thoughts are correctly
recognized, the unhelpful thoughts are fired upon by little robots
and the helpful thoughts return to the character’s head. When
enough helpful thoughts have been collected, the character is
released from his or her “glitch” and the chapter is completed.
At higher levels, the player is also asked to indicate which type
of unhelpful thought it is. At first, 2 types of cognitive
distortions are introduced, that is, future thinking and
all-or-nothing thinking. Afterward, 1 more type of cognitive
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distortion is added, that is, mind reading (see Figure 2). Thus,
the further you progress through the game, the more difficult it
becomes as the thoughts can be categorized into more types of

cognitive distortions. In this way, the player learns to gain
insight into the different types of cognitive distortions.

Figure 1. Screenshot of Silver, showing a flashback to the incident before the glitch. “Maar vanochtend stak zijn moeder nog een kakelvers woestijnvosje
in zijn lunchbox.” means “But this morning, his mother stuck another brand-new desert fox in his lunch box.”
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Figure 2. Screenshot of Silver, showing the process of identifying types of cognitive distortions. “Aan tafel zijn ze al zeker met mij aan het lachen.”
means “At the table, they are already definitely laughing at me.“; “Helpend” means “Helpful”; “Toekomst” means ”Future”; “Gedachten lezen” means
“Read minds”; and “Zwart-wit” means “Black and white.”

Measures
All outcome measures were collected via self-report
questionnaires, which were administered on the web.

Demographics
Sociodemographic information (ie, gender, age, and education)
was assessed at the pretest. Data on sex (male, female, or other),
age (in years), and education (first or second grade and type of
curriculum, ie, general secondary education, technical secondary
education, secondary education in the arts, and vocational
education) were obtained. In addition, participants were asked
if they had ever been in therapy for psychological problems.

Media and Game Use
At baseline, data were collected regarding participants’ use of
media by asking participants what type of media they used and
how often they used it on a 5-point scale (1=“never”; 5=“daily”).
Items regarding game use assessed whether they ever played
computer or video games and whether they still played them.
Furthermore, participants were asked on which devices they
played the games and how often they did this on a 5-point scale
(1=“never”; 5=“daily”). They also gave an estimate about their
knowledge about games, ranging from 1= “no knowledge” to
4=“expert.”

Primary Outcome Measure: Recognition of Negative
and Positive Automatic Thoughts
The primary outcome measure focused on recognizing helpful
and unhelpful thoughts. A questionnaire was developed, in
which 20 items of the Dysfunctional Attitude Scale, Form A,
Dutch translation [29,30] were used. Participants were asked
to classify each item as helpful, unhelpful, or “I do not know.”
Items were scored as true or false. Scores ranged from 0 to 20,
with higher scores indicating a better identification of negative
and positive automatic thoughts. The internal consistency of
the scale in this study was α=.82.

Secondary Outcome Measure: Presence of Cognitive
Distortions
The Children’s Negative Cognitive Error Questionnaire–Revised
[31] is a 16-item self-report questionnaire that assesses cognitive
distortions in those aged 9-17 years. The questionnaire consists
of 5 subscales that measure 5 categories of cognitive distortions:
“underestimation of the ability to cope,” “personalizing without
mind reading,” “mind reading,” “selective abstraction,” and
“overgeneralizing.” In each item, a situation is described,
followed by a possible thought about the situation. Participants
are asked to rate on a 5-point Likert scale how much the thought
corresponds to what they would think in that situation, ranging
from “almost exactly like I would think” (5 points) to “not at
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all like I would think” (1 point). Total scores range from 16 to
80, with a higher score reflecting more distorted cognitive errors.
The total scale has a good level of internal consistency and good
test-retest reliability [31,32].

Game Evaluation
At the posttest, participants were asked to rate various statements
regarding the effects, content, and usefulness of the game. Items
were rated on a 5-point Likert scale (1=“completely disagree”;
5=“completely agree”). An example of an item is “By playing
the game I will be able to recognize my own cognitive
distortions.” Participants were also asked how they would rate
the game overall on a scale from 0 to 10.

Statistical Analysis
Power and sample size could not be based on previous studies
due to a lack of comparable studies. An effect size of 0.3 was
assumed. To detect such an effect size with α=.05 and β=.80,
a total sample of 500 participants was calculated. However,
since a possible high dropout of 70% to 75% was expected [33],
the total required sample size was estimated at 1753.

Differences between the participants of the study and those who
dropped out during the study, as well as differences between
those who played the game (ie, gamers) and those who did not

play it (ie, nongamers), were examined with χ2 tests (for
categorical variables) and 2-tailed independent-sample t tests
(for continuous variables). Mean changes between the pre- and
posttests were carried out using 2-tailed paired-samples t tests.
The corresponding effect sizes were assessed using Cohen d.
A significance level of .05 was used for all outcome analyses.
All data were analyzed using SPSS software (version 27; IBM
Corp).

Results

Sociodemographic Characteristics and Baseline
Outcome Measure
A total of 1654 adolescents signed up to take part in the study.
Among these, 1140 took part in the pre- and posttests. Table 1
presents the differences between the participants who completed
both the pre- and posttests and those who only completed the
pretest.
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Table . Sociodemographic characteristics and baseline outcome measures of participants who completed both the pre- and posttests and participants
who only completed the pretest.

P valuePretest only (n=514)Pre- and posttests (n=1140)Characteristics

Sex, n (%)

.34303 (58.9)700 (61.4)Female

.34206 (40.1)429 (37.6)Male

.595 (1)11 (1)Other

.00113.86 (1.36)13.40 (1.32)Age (y), mean (SD)

Education curriculum, n (%)

<.00184 (16.4)306 (26.8)First-grade GSEa

<.00179 (15.4)55 (4.8)First-grade VEb

<.001158 (30.8)513 (45)Second-grade GSE

.0256 (10.9)173 (15.2)Second-grade TSEc

<.00151 (9.9)20 (1.8)Second-grade

SEAd

<.00185 (16.6)73 (6.4)Second-grade VE

Treatment for psychological problems, n (%)

.02419 (81.7)984 (86.3)Never been to ther-
apy

.8332 (6.2)68 (6)More than a year
ago

.1531 (6)50 (4.4)Less than a year
ago

.0131 (6)38 (3.3)In therapy

Baseline outcome measures, mean (SD)

<.00111.51 (4.82)12.64 (4.37)Recognizing auto-
matic thoughts

.8240.66 (12.13)40.81 (10.97)CNCEQ-Re

aGSE: general secondary education.
bVE: vocational education.
cTSE: technical secondary education.
dSEA: secondary education in the arts.
eCNCEQ-R: Children’s Negative Cognitive Error Questionnaire–Revised.

Of the 1140 adolescents who completed the pre- and posttests,
510 (44.7%) reported that they did not engage with the game
(hereafter referred to as nongamers). The primary reason for
nonengagement was technical problems (233/510, 45.7%) such
as inability to download the game. Other reasons included a
lack of time or forgetfulness (198/510, 38.8%), a disinterest in
the game (51/510, 10%), and other unspecified reasons (59/510,
5.5%). In contrast, 630 (55.3%) of the 1140 adolescents
indicated that they played the game (hereafter referred to as

gamers). There were no significant differences in all baseline
sociodemographic characteristics between gamers and
nongamers except for type of education curriculum (P=.02; see
Table 2). Additionally, adolescents who played the game scored
significantly higher on recognizing automatic thoughts (mean
13.09, SD 4.08 vs mean 12.08, SD 4.65; t1020=–3.86, P<.001)
and significantly higher on the Children’s Negative Cognitive
Error Questionnaire–Revised (mean 41.43, SD 10.90 vs mean
40.05, SD 11.01; t1138=–2.10, P=.04) at baseline (see Table 2).
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Table . Sociodemographic characteristics and baseline outcome measures of gamers and nongamers in schools.

P valueNongamers (n=510)Gamers (n=630)Characteristics

Sex, n (%)

.053329 (64.5)371 (58.9)Female

.09178 (34.9)251 (39.8)Male

.243 (0.6)8 (1.3)Other

.4013.36 (1.33)13.43 (1.30)Age (y), mean (SD)

Education curriculum, n (%)

.02120 (23.5)186 (29.5)First-grade GSEa

.1330 (5.9)25 (4)First-grade VEb

.02249 (48.8)264 (41.9)Second-grade GSE

.5774 (14.5)99 (15.7)Second-grade TSEc

.186 (1.2)14 (2.2)Second-grade

SEAd

.6931 (6.1)42 (6.7)Second-grade VE

Treatment for psychological problems, n (%)

.76442 (86.7)542 (86)Never been to ther-
apy

.7229 (5.7)39 (6.2)More than a year
ago

.3319 (3.7)31 (4.9)Less than a year
ago

.3220 (3.9)18 (2.9)In therapy

Baseline outcome measures, mean (SD)

<.00112.08 (4.65)13.09 (4.08)Recognizing auto-
matic thoughts

.0440.05 (11.01)41.43 (10.90)CNCEQ-Re

aGSE: general secondary education.
bVE: vocational education.
cTSE: technical secondary education.
dSEA: secondary education in the arts.
eCNCEQ-R: Children’s Negative Cognitive Error Questionnaire–Revised.

Media and Game Use
Table 3 shows media and game use of the gamers versus the
nongamers. The nongamers were significantly less likely to

play games currently (270/510, 52.9% vs 405/630, 64.3%;

χ2
1=15.02, P<.001) and were significantly more likely to have

“no knowledge” about games than the gamers (69/510, 13.5%

vs 54/630, 8.6%; χ2
1=7.20, P=.007).
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Table . Media and game use of gamers and nongamers in schools.

P valueNongamers (n=510)Gamers (n=630)Media and game use

Media use, n (%)

.70496 (97.3)615 (97.6)Smartphone use

.20360 (70.6)466 (74)Tablet use

.79179 (35.1)226 (35.9)Desktop use

.78409 (80.2)501 (79.5)Laptop use

.23279 (54.7)367 (58.3)Game console use

Game playing, n (%)

.13476 (93.3)601 (95.4)Ever

<.001270 (52.9)405 (64.3)Currently

Game knowledge, n (%)

.00769 (13.5)54 (8.6)No knowledge

.97211 (41.4)260 (41.3)Beginner

.57198 (38.8)255 (40.5)Advanced

.0432 (6.3)61 (9.7)Expert

Outcome Measures
Table 4 shows the mean changes in the outcome measures from
pre- to posttest and its effect sizes for the group that played the
game. The gamers significantly improved in recognizing

automatic thoughts (P<.001) and had significantly fewer
distorted cognitive errors (P<.001). On both measures, the
difference represented a small effect size (0.16 and 0.23,
respectively).

Table . Pre- and posttest scores on outcome measures and 2-tailed paired t test results.

P valued (95% CI)t test (df)Posttest score, mean
(SD)

Pretest score, mean
(SD)

Outcome measures

<.0010.16 (−1.09 to −0.37)−4.00 (629)13.82 (5.09)13.09 (4.08)Recognizing automatic
thoughts

<.0010.23 (3.36 to 7.98)7.98 (629)38.73 (12.79)41.43 (10.90)CNCEQ-Ra

aCNCEQ-R: Children’s Negative Cognitive Error Questionnaire–Revised.

Game Evaluation
A total of 610 gamers gave a score on the various evaluation
items (see Table 5). Besides the high number of neutral

responses, they generally moderately or highly agreed with the
items. The median overall satisfaction rating of 599 gamers,
which was scored on a scale of 1 to 10, was 6 and the mean was
5.51 (SD 2.30).
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Table . Game evaluation ratings (n=610).

Score, mean (SD)Agree, n (%)Neutral, n (%)Disagree, n (%)Statements

2.10 (0.73)198 (32.5)278 (45.6)134 (22)By playing the game I
learned about different ways
of thinking.

2.20 (0.75)243 (39.8)244 (40)123 (20.2)By playing the game I will
recognize my unhelpful
thoughts.

2.02 (0.75)174 (28.5)272 (44.6)164 (26.9)The game helps me to re-
flect more upon my
thoughts.

2.00 (0.82)204 (33.4)204 (33.4)202 (33.1)I can empathize with the
stories in the game.

2.32 (0.73)294 (48.2)220 (36.1)96 (15.7)I think the game is beautiful-
ly made.

1.75 (0.78)129 (21.1)198 (32.5)283 (46.4)I find the game difficult.

2.32 (0.79)317 (52)171 (28)122 (20)I find the game boring.

2.32 (0.74)299 (49)209 (34.3)102 (16.7)I would like it if the game
was not only about thoughts
but also about feelings and
relaxation.

Discussion

Principal Findings
The aim of this pilot study was to test the efficacy and usability
of the prototype of Silver, a serious game aimed at reducing
cognitive distortions in adolescents and thus decreasing
cognitive vulnerability to mental health problems. The trial
supports our hypothesis that automatic thoughts are better
recognized after playing Silver. This enhancement in cognitive
awareness was also reflected in the evaluation of the game,
wherein gamers indicate that playing the game helps in
recognizing unhelpful thoughts. Furthermore, after having
played the game, adolescents showed fewer cognitive distortions
than before playing. These findings are in line with prior studies,
underscoring the positive impact of serious games on cognitive
beliefs and modification [19,34-37]. This study contributes to
the growing evidence on digital interventions that incorporate
core components of CBT, such as cognitive restructuring, and
their beneficial effects on well-being and mental health issues
[38]. Silver’s emphasis on identifying and mitigating cognitive
distortions aligns closely with the principles of rational emotive
behavior therapy (REBT), a type of CBT [39]. This therapeutic
approach focuses on the identification, challenge, and
substitution of irrational beliefs with rational counterparts,
alongside learning to manage emotions and behavior in a more
helpful way. Literature suggests that serious games focusing
on REBT techniques seem to have a strong positive effect in
mitigating symptoms of depression and anxiety [19].
Considering the significant outcomes associated with the current
version of Silver, which primarily targets cognitive distortions,
an expanded version of the game that includes elements intended
to address emotional and behavioral aspects could potentially
have a greater positive impact on mental health. The inclusion
of these additional components could further enhance the game’s

therapeutic effectiveness, aligning with REBT’s approach to
mental health improvement [19].

Regarding the evaluation of Silver, the majority (294/610,
48.2%) of gamers indicated that Silver is appealing. Research
has shown that nonappealing interfaces may be off-putting and
may cause adolescents to disengage from the game. The
cocreation of Silver with the target audience probably has
ensured that it has attractive aesthetics [40]. In contrast, the
majority (317/610, 52%) also perceived Silver as boring.
Adolescents may experience serious games in such a manner
since they often have very didactic content that does not match
commercial, off-the-shelf games, and as a result, the adolescents
may cease playing these games [40]. This dichotomy can be
attributed to the prototype’s focus on a single aspect of cognitive
vulnerability (ie, cognitive distortions), which, although
important, may lack the variety necessary to sustain players’
interest over time. Therefore, this may be a critical area for
further development in diversifying the game’s content and
mechanics. The game could be broadened to include a range of
elements. This could mitigate the issue of monotony, thereby
improving overall engagement and effectiveness [19].
Furthermore, the gamers indicated that they would like a more
comprehensive game that also deals with feelings and relaxation.
Such a game may be more eventful, more fascinating, and less
boring.

Preceding a discussion of potential implications of the study
findings for the development of serious games, methodological
issues need to be addressed. First, as this was a pre- and posttest
study, a control group was lacking. Therefore, we were unable
to compare the effects on the gamers with those in a random
control group that did not play the game. A convenience sample
was used, which can lead to a selection bias and consequently
underrepresent or overrepresent particular groups. Efforts were
made to counter this as much as possible by recruiting a large
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number of adolescents from 8 different schools with various
curricula. However, it is also unclear why some adolescents
agreed to take part in the study but others did not. As the sample
was not chosen at random, the inherent bias in convenience
sampling means that any generalizations of findings must be
made with caution. Second, a large group did not adhere to the
study protocol. The main reason for dropout were technical
difficulties. These were largely due to the prototypic nature of
our app; as it was not readily available on app stores, it required
adolescents to undertake multiple steps before receiving access
to the game. Moreover, participants’ feedback showed time
constraints and forgetfulness as additional factors for not
engaging with the game. To mitigate these issues in future
studies, it is imperative to streamline the app’s accessibility,
potentially by securing its availability on common digital
distribution platforms. Furthermore, incorporating human
support may serve to enhance participant engagement and
possibly the overall effectiveness of the intervention [41].
Addressing these aspects is critical for improving study
adherence and ensuring the robust evaluation of the app’s
therapeutic potential. Furthermore, participants who dropped
out were older and had a lower education level. Additionally,
they may have experienced more mental health problems, as
baseline measurements showed that they were less skilled at
recognizing automatic thoughts and were currently more likely
to be in treatment for psychological problems. The nongamer
group encompassed more adolescents with little interest in
games, as they currently played no games or had less knowledge
about them. In addition, they were less skilled at recognizing
automatic thoughts but had fewer cognitive distortions
themselves. However, high attrition rates are not uncommon
when studying e-mental health interventions. A systematic
review and meta-analysis of computer-based psychological
treatments showed an overall dropout rate of 57%, which further
increased to 74% in unsupported digital programs [6,42]. In
this study, the adolescents were also not offered any support,
and this may have had a major effect on adherence. Adding
human support could decrease the attrition rate and may even
increase the effectiveness of the serious game [43,44]. Moreover,
the effectiveness of serious games is often assessed in pragmatic
study trials. The real-life settings in which these studies are
carried out can also have an impact on the attrition rate.
Nevertheless, this type of study can improve the generalizability
of the results, as the environments in which they will be
implemented are similar to the ones in the trials [45]. Third, no
standardized questionnaire for the recognition of automatic
thoughts was used. The questionnaire was based on an existing
standardized questionnaire [29,30] but was adapted for this
study. Fourth, participants often responded with “neutral” in
the game evaluation. Although they may have used the neutral
midpoint response because they did not comprehend the items
or were undecided, offering these neutral responses may
decrease the quality and reliability of a questionnaire,
particularly in adolescents, since they are more sensitive to

pleasing by selecting a neutral answer. Future studies should
consider omitting the neutral midpoint [46,47]. Fifth, the study’s
emphasis on quantitative measures may have introduced
acquiescence bias. Adding qualitative methodologies may
provide a more nuanced perspective of the participants’
experiences with the prototype. Future studies should consider
using a mixed methods approach to enhance understanding of
the intervention’s impact [48].

Lastly, the eligibility criterion requiring participants to possess
a smartphone or tablet may have introduced a selection bias,
potentially excluding adolescents without access to such
technology or those reluctant to use it. This could inadvertently
reinforce the digital divide, that is, inequalities in accessing and
using information and communication technologies [49], and
limit the generalizability of the findings. Future research should
address this limitation by using more inclusive recruitment
strategies to minimize technological barriers and ensure broader
participation.

It is difficult to assess the effect of these methodological issues
on the validity of the current findings, more so as the current
results are difficult to compare to those from similar previous
studies. The few available studies of serious games aimed at
cognitive training had targeted adults or children with particular
mental health problems such as anxiety, alcohol use disorder,
or attention-deficit/hyperactivity disorder [11,20]. To the best
of the authors’ knowledge, only 2 serious games were studied
regarding effects on emotional resilience or mental health
promotion in a community sample of adolescents. The results
of these studies are comparable to our findings [20,35,36].

Conclusions
In conclusion, and keeping the limitations mentioned above in
mind, this pilot study demonstrates the promising effects of the
Silver prototype. Notably, participants exhibited not only an
enhanced ability to recognize cognitive distortions but also a
significant decrease in their own experiences of such distortions
after engaging with the prototype. This observation suggests a
potential positive influence on cognitive characteristics, which
are commonly associated with mental health issues. It is
therefore recommended that a serious game aimed at decreasing
cognitive vulnerability and therefore improving mental health
in a general population of adolescents should be developed
further and that its efficacy should be studied in future research.
This study provides a few cues for further research. The dropout
of adolescents who may have the greatest need for cognitive
restructuring is a matter of concern, and reasons and remedies
for this worrisome issue should be targeted in future research.
Randomized controlled trials should be used to further explore
the effects of serious games on adolescents in the general
population, preferably using an active control group that engages
with a different type of digital intervention [50]. Follow-up
periods should be sufficiently long to study potential
preventative effects among adolescents (Reynard et al [20]).

 

JMIR Serious Games 2024 | vol. 12 | e47513 | p.577https://games.jmir.org/2024/1/e47513
(page number not for citation purposes)

De Jaegere et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
Funding for this study was provided by the Flemish government. We are very grateful to the participants, teachers, school directors,
and game company whose time and efforts made this work possible.

Conflicts of Interest
None declared.

References
1. Kuehn BM. Lack of adolescents’ mental health care is a global challenge. JAMA 2021 Nov 16;326(19):1898. [doi:

10.1001/jama.2021.20064] [Medline: 34783832]
2. United Nations Children’s Fund. The state of the world’s children 2021: on my mind – promoting, protecting and caring

for children’s mental health. : UNICEF; 2021 Oct URL: https://www.unicef.org/media/114636/file/
SOWC-2021-full-report-English.pdf [accessed 2024-04-26]

3. Bridge JA, Goldstein TR, Brent DA. Adolescent suicide and suicidal behavior. J Child Psychol Psychiatry
2006;47(3-4):372-394. [doi: 10.1111/j.1469-7610.2006.01615.x] [Medline: 16492264]

4. Hawton K, Saunders KEA, O’Connor RC. Self-harm and suicide in adolescents. Lancet 2012 Jun 23;379(9834):2373-2382.
[doi: 10.1016/S0140-6736(12)60322-5] [Medline: 22726518]

5. NICEimpact mental health. : National Institute for Health and Care Excellence (NICE); 2019 URL: https://www.issup.net/
files/2019-05/NICEimpact-mental-health.pdf [accessed 2024-04-26]

6. Hollis C, Falconer CJ, Martin JL, et al. Annual research review: digital health interventions for children and young people
with mental health problems – a systematic and meta-review. Child Psychology Psychiatry 2017 Apr;58(4):474-503. [doi:
10.1111/jcpp.12663] [Medline: 27943285]

7. Perry Y, Werner-Seidler A, Calear AL, Christensen H. Web-based and mobile suicide prevention interventions for young
people: a systematic review. J Can Acad Child Adolesc Psychiatry 2016;25(2):73-79. [Medline: 27274742]

8. Torous J, Bucci S, Bell IH, et al. The growing field of digital psychiatry: current evidence and the future of apps, social
media, chatbots, and virtual reality. World Psychiatry 2021 Oct;20(3):318-335. [doi: 10.1002/wps.20883] [Medline:
34505369]

9. Bell IH, Nicholas J, Alvarez-Jimenez M, Thompson A, Valmaggia L. Virtual reality as a clinical tool in mental health
research and practice. Dialogues Clin Neurosci 2020 Jun;22(2):169-177. [doi: 10.31887/DCNS.2020.22.2/lvalmaggia]
[Medline: 32699517]

10. Dellazizzo L, Potvin S, Luigi M, Dumais A. Evidence on virtual reality–based therapies for psychiatric disorders: meta-review
of meta-analyses. J Med Internet Res 2020 Aug 19;22(8):e20889. [doi: 10.2196/20889] [Medline: 32812889]

11. Dewhirst A, Laugharne R, Shankar R. Therapeutic use of serious games in mental health: Scoping review. BJPsych open
2022 Feb 2;8(2):e37. [doi: 10.1192/bjo.2022.4] [Medline: 35105418]

12. Freeman D, Reeve S, Robinson A, et al. Virtual reality in the assessment, understanding, and treatment of mental health
disorders. Psychol Med 2017 Oct;47(14):2393-2400. [doi: 10.1017/S003329171700040X] [Medline: 28325167]

13. Carlbring P, Andersson G, Cuijpers P, Riper H, Hedman-Lagerlöf E. Internet-based vs. face-to-face cognitive behavior
therapy for psychiatric and somatic disorders: an updated systematic review and meta-analysis. Cogn Behav Ther 2018
Jan;47(1):1-18. [doi: 10.1080/16506073.2017.1401115] [Medline: 29215315]

14. Lehtimaki S, Martic J, Wahl B, Foster KT, Schwalbe N. Evidence on digital mental health interventions for adolescents
and young people: systematic overview. JMIR Ment Health 2021 Apr 29;8(4):e25847. [doi: 10.2196/25847] [Medline:
33913817]

15. Radovic A, Vona PL, Santostefano AM, Ciaravino S, Miller E, Stein BD. Smartphone applications for mental health.
Cyberpsychol Behav Soc Netw 2016 Jul;19(7):465-470. [doi: 10.1089/cyber.2015.0619] [Medline: 27428034]

16. Abd-Alrazaq A, Al-Jafar E, Alajlani M, et al. The effectiveness of serious games for alleviating depression: systematic
review and meta-analysis. JMIR Serious Games 2022 Jan 14;10(1):e32331. [doi: 10.2196/32331] [Medline: 35029530]

17. Abd-Alrazaq A, Alajlani M, Alhuwail D, et al. The effectiveness of serious games in alleviating anxiety: systematic review
and meta-analysis. JMIR Serious Games 2022 Feb 14;10(1):e29137. [doi: 10.2196/29137] [Medline: 35156932]

18. David OA, Costescu C, Cardos R, Mogoaşe C. How effective are serious games for promoting mental health and health
behavioral change in children and adolescents? A systematic review and meta-analysis. Child Youth Care Forum 2020
Dec;49(6):817-838. [doi: 10.1007/s10566-020-09566-1]

19. Eve Z, Turner M, Di Basilio D, et al. Therapeutic games to reduce anxiety and depression in young people: a systematic
review and exploratory meta-analysis of their use and effectiveness. Clin Psychology Psychoth 2024;31(1):e2938. [doi:
10.1002/cpp.2938]

20. Reynard S, Dias J, Mitic M, Schrank B, Woodcock KA. Digital interventions for emotion regulation in children and early
adolescents: systematic review and meta-analysis. JMIR Serious Games 2022 Aug 19;10(3):e31456. [doi: 10.2196/31456]
[Medline: 35984681]

JMIR Serious Games 2024 | vol. 12 | e47513 | p.578https://games.jmir.org/2024/1/e47513
(page number not for citation purposes)

De Jaegere et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.2021.20064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34783832&dopt=Abstract
https://www.unicef.org/media/114636/file/SOWC-2021-full-report-English.pdf
https://www.unicef.org/media/114636/file/SOWC-2021-full-report-English.pdf
http://dx.doi.org/10.1111/j.1469-7610.2006.01615.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16492264&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(12)60322-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22726518&dopt=Abstract
https://www.issup.net/files/2019-05/NICEimpact-mental-health.pdf
https://www.issup.net/files/2019-05/NICEimpact-mental-health.pdf
http://dx.doi.org/10.1111/jcpp.12663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27943285&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27274742&dopt=Abstract
http://dx.doi.org/10.1002/wps.20883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34505369&dopt=Abstract
http://dx.doi.org/10.31887/DCNS.2020.22.2/lvalmaggia
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32699517&dopt=Abstract
http://dx.doi.org/10.2196/20889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32812889&dopt=Abstract
http://dx.doi.org/10.1192/bjo.2022.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35105418&dopt=Abstract
http://dx.doi.org/10.1017/S003329171700040X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28325167&dopt=Abstract
http://dx.doi.org/10.1080/16506073.2017.1401115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29215315&dopt=Abstract
http://dx.doi.org/10.2196/25847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33913817&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2015.0619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27428034&dopt=Abstract
http://dx.doi.org/10.2196/32331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029530&dopt=Abstract
http://dx.doi.org/10.2196/29137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35156932&dopt=Abstract
http://dx.doi.org/10.1007/s10566-020-09566-1
http://dx.doi.org/10.1002/cpp.2938
http://dx.doi.org/10.2196/31456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35984681&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Hjemdal O, Friborg O, Stiles TC, Martinussen M, Rosenvinge JH. A new scale for adolescent resilience: grasping the
central protective resources behind healthy development. Meas Eval Couns Dev 2006;39(2):84-96. [doi:
10.1080/07481756.2006.11909791]

22. Beck JS. Cognitive Behavior Therapy: Basics and Beyond, 2nd edition: Guilford Press; 2011:xix-391.
23. Marton P, Churchard M, Kutcher S. Cognitive distortion in depressed adolescents. J Psychiatry Neurosci 1993

May;18(3):103-107. [Medline: 8499425]
24. Muris P, Field AP. Distorted cognition and pathological anxiety in children and adolescents. Cogn Emot 2008;22(3):395-421.

[doi: 10.1080/02699930701843450]
25. Smith EM, Reynolds S, Orchard F, Whalley HC, Chan SW. Cognitive biases predict symptoms of depression, anxiety and

wellbeing above and beyond neuroticism in adolescence. J Affect Disord 2018 Dec 1;241:446-453. [doi:
10.1016/j.jad.2018.08.051] [Medline: 30145516]

26. James AC, Reardon T, Soler A, James G, Creswell C. Cognitive behavioural therapy for anxiety disorders in children and
adolescents. Cochrane Database Syst Rev 2020 Nov 16;11(11):CD013162. [doi: 10.1002/14651858.CD013162.pub2]
[Medline: 33196111]

27. Weisz JR, McCarty CA, Valeri SM. Effects of psychotherapy for depression in children and adolescents: a meta-analysis.
Psychol Bull 2006 Jan;132(1):132-149. [doi: 10.1037/0033-2909.132.1.132] [Medline: 16435960]

28. Powell J, Hamborg T, Stallard N, et al. Effectiveness of a web-based cognitive-behavioral tool to improve mental well-being
in the general population: randomized controlled trial. J Med Internet Res 2012 Dec 31;15(1):e2. [doi: 10.2196/jmir.2240]
[Medline: 23302475]

29. Raes F, Hermans D, van den Broeck K, Eelen P. Kort Instrumenteel: de Nederlandstalige versie van de Dysfunctional
Attitude Scale – vorm A (DAS-A-NL). Gedragstherapie 2005;38:285-294 [FREE Full text]

30. Weissman AN, Beck AT. Development and validation of the Dysfunctional Attitude Scale: a preliminary investigation.
Presented at: Annual Meeting of the American Educational Research Association; Mar 27 to 31, 1978; Toronto, ON URL:
https://eric.ed.gov/?id=ED167619 [accessed 2024-04-26]

31. Maric M, Heyne DA, van Widenfelt BM, Westenberg PM. Distorted cognitive processing in youth: the structure of negative
cognitive errors and their associations with anxiety. Cognit Ther Res 2011 Feb;35(1):11-20. [doi: 10.1007/s10608-009-9285-3]
[Medline: 21461039]

32. Schwartz JS, Maric M. Negative cognitive errors in youth: specificity to anxious and depressive symptoms and age
differences. Behav Cogn Psychother 2015 Sep;43(5):526-537. [doi: 10.1017/S1352465814000228] [Medline: 26202072]

33. De Jaegere E, van Landschoot R, van Heeringen K, et al. The online treatment of suicidal ideation: a randomised controlled
trial of an unguided web-based intervention. Behav Res Ther 2019 Aug;119:103406. [doi: 10.1016/j.brat.2019.05.003]
[Medline: 31176889]

34. David OA, Cardo  RAI, Matu S. Changes in irrational beliefs are responsible for the efficacy of the REThink therapeutic
game in preventing emotional disorders in children and adolescents: mechanisms of change analysis of a randomized clinical
trial. Eur Child Adolesc Psychiatry 2019 Mar;28(3):307-318. [doi: 10.1007/s00787-018-1195-z] [Medline: 29987559]

35. David OA, Predatu R, Cardo  RAI. Effectiveness of the REThink therapeutic online video game in promoting mental health
in children and adolescents. Internet Interv 2021 Apr 20;25:100391. [doi: 10.1016/j.invent.2021.100391] [Medline: 33996508]

36. Huen JM, Lai ES, Shum AK, et al. Evaluation of a digital game-based learning program for enhancing youth mental health:
a structural equation modeling of the program effectiveness. JMIR Ment Health 2016 Oct 7;3(4):e46. [doi:
10.2196/mental.5656] [Medline: 27717921]

37. Merry SN, Stasiak K, Shepherd M, Frampton C, Fleming T, Lucassen MFG. The effectiveness of SPARX, a computerised
self help intervention for adolescents seeking help for depression: randomised controlled non-inferiority trial. BMJ 2012
Apr 18;344:e2598. [doi: 10.1136/bmj.e2598] [Medline: 22517917]

38. Babbage CM, Jackson GM, Davies EB, Nixon E. Self-help digital interventions targeted at improving psychological
well-being in young people with perceived or clinically diagnosed reduced well-being: systematic review. JMIR Ment
Health 2022 Aug 26;9(8):e25716. [doi: 10.2196/25716] [Medline: 36018675]

39. Ellis A, Dryden W. The Practice of Rational Emotive Behavior Therapy, 2nd edition: Springer; 2007. [doi:
10.1891/9780826122179]

40. Garrido S, Millington C, Cheers D, et al. What works and what doesn’t work? A systematic review of digital mental health
interventions for depression and anxiety in young people. Front Psychiatry 2019 Nov 13;10:759. [doi:
10.3389/fpsyt.2019.00759] [Medline: 31798468]

41. Tremain H, McEnery C, Fletcher K, Murray G. The therapeutic alliance in digital mental health interventions for serious
mental illnesses: narrative review. JMIR Ment Health 2020 Aug 7;7(8):e17204. [doi: 10.2196/17204] [Medline: 32763881]

42. Richards D, Richardson T. Computer-based psychological treatments for depression: a systematic review and meta-analysis.
Clin Psychol Rev 2012 Jun;32(4):329-342. [doi: 10.1016/j.cpr.2012.02.004] [Medline: 22466510]

43. Baumeister H, Reichler L, Munzinger M, Lin J. The impact of guidance on internet-based mental health interventions - a
systematic review. Internet Interv 2014 Oct;1(4):205-215. [doi: 10.1016/j.invent.2014.08.003]

44. Shum AK, Lai ES, Leung WG, et al. A digital game and school-based intervention for students in Hong Kong:
quasi-experimental design. J Med Internet Res 2019 Apr 5;21(4):e12003. [doi: 10.2196/12003] [Medline: 30950795]

JMIR Serious Games 2024 | vol. 12 | e47513 | p.579https://games.jmir.org/2024/1/e47513
(page number not for citation purposes)

De Jaegere et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1080/07481756.2006.11909791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8499425&dopt=Abstract
http://dx.doi.org/10.1080/02699930701843450
http://dx.doi.org/10.1016/j.jad.2018.08.051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30145516&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD013162.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33196111&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.132.1.132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16435960&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23302475&dopt=Abstract
https://psycnet.apa.org/record/2006-01720-004
https://eric.ed.gov/?id=ED167619
http://dx.doi.org/10.1007/s10608-009-9285-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21461039&dopt=Abstract
http://dx.doi.org/10.1017/S1352465814000228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26202072&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2019.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31176889&dopt=Abstract
http://dx.doi.org/10.1007/s00787-018-1195-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29987559&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2021.100391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33996508&dopt=Abstract
http://dx.doi.org/10.2196/mental.5656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27717921&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e2598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22517917&dopt=Abstract
http://dx.doi.org/10.2196/25716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36018675&dopt=Abstract
http://dx.doi.org/10.1891/9780826122179
http://dx.doi.org/10.3389/fpsyt.2019.00759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31798468&dopt=Abstract
http://dx.doi.org/10.2196/17204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763881&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2012.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22466510&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2014.08.003
http://dx.doi.org/10.2196/12003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30950795&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


45. Baumel A, Edan S, Kane JM. Is there a trial bias impacting user engagement with unguided e-mental health interventions?
A systematic comparison of published reports and real-world usage of the same programs. Transl Behav Med 2019 Nov
25;9(6):1020-1033. [doi: 10.1093/tbm/ibz147] [Medline: 31689344]

46. Borgers N, Sikkel D, Hox J. Response effects in surveys on children and adolescents: the effect of number of response
options, negative wording, and neutral mid-point. Qual Quant 2004 Feb;38:17-33. [doi:
10.1023/B:QUQU.0000013236.29205.a6]

47. Thornton L, Gardner LA, Osman B, et al. A multiple health behavior change, self-monitoring mobile app for adolescents:
development and usability study of the Health4Life app. JMIR Form Res 2021 Apr 12;5(4):e25513. [doi: 10.2196/25513]
[Medline: 33843590]

48. Bryman A. Integrating quantitative and qualitative research: how is it done? Qual Res J 2006 Feb;6(1):97-113. [doi:
10.1177/1468794106058877]

49. Scheerder A, van Deursen A, van Dijk J. Determinants of internet skills, uses and outcomes. A systematic review of the
second- and third-level digital divide. Telemat Inform 2017 Dec;34(8):1607-1624. [doi: 10.1016/j.tele.2017.07.007]

50. Zayeni D, Raynaud JP, Revet A. Therapeutic and preventive use of video games in child and adolescent psychiatry: a
systematic review. Front Psychiatry 2020 Feb 6;11:36. [doi: 10.3389/fpsyt.2020.00036] [Medline: 32116851]

Abbreviations
CBT: cognitive behavioral therapy
REBT: rational emotive behavior therapy

Edited by G Eysenbach; submitted 22.03.23; peer-reviewed by J Chu, P Matthews; revised version received 08.03.24; accepted
24.03.24; published 09.05.24.

Please cite as:
De Jaegere E, van Heeringen K, Emmery P, Mommerency G, Portzky G
Effects of a Serious Game for Adolescent Mental Health on Cognitive Vulnerability: Pilot Usability Study
JMIR Serious Games 2024;12:e47513
URL: https://games.jmir.org/2024/1/e47513 
doi:10.2196/47513

© Eva De Jaegere, Kees van Heeringen, Peter Emmery, Gijs Mommerency, Gwendolyn Portzky. Originally published in JMIR
Serious Games (https://games.jmir.org), 9.5.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete
bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and license
information must be included.

JMIR Serious Games 2024 | vol. 12 | e47513 | p.580https://games.jmir.org/2024/1/e47513
(page number not for citation purposes)

De Jaegere et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1093/tbm/ibz147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31689344&dopt=Abstract
http://dx.doi.org/10.1023/B:QUQU.0000013236.29205.a6
http://dx.doi.org/10.2196/25513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33843590&dopt=Abstract
http://dx.doi.org/10.1177/1468794106058877
http://dx.doi.org/10.1016/j.tele.2017.07.007
http://dx.doi.org/10.3389/fpsyt.2020.00036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32116851&dopt=Abstract
https://games.jmir.org/2024/1/e47513
http://dx.doi.org/10.2196/47513
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Feasibility and Acceptability of a Mobile Game to Support Smoking
Cessation: Repeated Measures Study

Shelby Goodwin1, MPS; Jessica A Nastasi2, PhD; Schyler T Newman3, BA; Darion Rapoza4,5, PhD; Bethany R Raiff1,
PhD
1Department of Psychology, College of Science and Mathematics, Rowan University, Glassboro, NJ, United States
2Department of Psychology, University of Florida, Gainesville, FL, United States
3Department of Psychology, University of Missouri, St. Louis, MO, United States
4Division of Cardiology, Department of Medicine, Duke University School of Medicine, Durham, NC, United States
5Entertainment Science, Inc, Durham, NC, United States

Corresponding Author:
Bethany R Raiff, PhD
Department of Psychology
College of Science and Mathematics
Rowan University
201 Mullica Hill Road
Glassboro, NJ, 08028
United States
Phone: 1 856 256 4500 ext 53782
Email: raiff@rowan.edu

Abstract

Background: Approximately half of smokers attempt to quit, but 90% of these attempts fail. Video game–based interventions
have the potential to address common barriers to evidence-based smoking cessation treatment, including high cost, lack of health
care access, and low engagement.

Objective: The purpose of this study was to evaluate the feasibility and acceptability of a video game–based smoking cessation
intervention called Inspired and its impact on the 7-day smoking point prevalence at the 30-day follow-up.

Methods: US adults (n=48) were recruited via the web to use Inspired on their smartphones for 7 weeks. The object of the game
was to defend a healing tree against attackers. Levels of the game were unlocked twice daily when participants self-reported the
number of cigarettes they smoked since the previous entry. Completion of the levels awarded players in-game currency, which
could strengthen in-game abilities. Participants received additional in-game rewards to aid gameplay by submitting either smoking
self-reports only or self-reports indicating abstinence, determined through random assignment. In addition, participants completed
a web-based survey at intake, week 4, week 7, and the 30-day follow-up.

Results: Of the 48 participants, who had an average age of 39.8 (SD 10.7) years, 27 (56%) were female, 4 (8%) Hispanic, 37
(77%) White, and 27 (56%) employed; 26 (54%) earned <US $40,000 a year; and 14 (29%) lived in nonurban areas (eg, rural
and suburban). There were no significant differences between the groups, so all outcome data were combined. Participants
averaged 20.6 (SD 15.3) days of gameplay and reached a mean highest game level of 10.7 (SD 8.4), although there was a high
degree of variability. Participants reported abstinence on 31.4% (SD 38.2%) of all cessation phase reports and averaged 5.4 (SD
9.8) consecutive abstinent smoke reports. For every 1 SD increase in the highest level achieved, there was a 27% increase in the
percentage of abstinent samples and a 405% increase in longest continuous abstinence. At the 30-day follow-up, 23% (11/48) of
the participants reported having not taken a cigarette puff in the prior 7 days and 31% (15/48) had spent at least 24 hours without
smoking in the prior 14 days. On an 11-point scale, participants rated the intervention moderately favorably: if they had to do it
again, they would use Inspired to help them quit (mean 6.4, SD 3.4), and Inspired was helpful in their current attempt to quit
(mean 5.4, SD 3.6).

Conclusions: These results support the acceptability of Inspired. Although high dropout rates prevent conclusions on feasibility,
a subset of the participants responded favorably. Scalable and accessible video game–based smoking cessation interventions
could be the key to addressing the foremost cause of preventable morbidity and mortality in the United States.

Trial Registration: ClinicalTrials.gov NCT03929003; https://clinicaltrials.gov/ct2/show/NCT03929003
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Introduction

Background
Although the prevalence of smoking has steadily declined over
the past several years, cigarette smoking remains the foremost
cause of preventable morbidity and mortality in the United
States, accounting for approximately 480,000 deaths each year
[1]. Most smokers express an interest in quitting, and
approximately half of smokers attempt to quit; however,
approximately 90% of quit attempts fail [2]. Evidence-based
interventions such as cognitive behavioral therapy and
pharmacotherapy are most likely to result in smoking cessation;
however, only 31% of smokers used counseling or medication
in their quit attempt, and fewer still used these strategies if they
were of low socioeconomic status [2-4]. Therefore, the
development of effective interventions must include efforts to
optimize their accessibility and appeal to all smokers who wish
to quit.

Mobile health phone apps have substantially greater reach than
in-person health visits and may reach populations of smokers
who wish to quit but would not otherwise access in-person
smoking cessation assistance. Mobile apps hold promise in their
flexibility, patient-directed treatment options, and the ability to
reach individuals who are not comfortable discussing smoking
cessation with a health care professional. These apps vary widely
in their level of interactivity, and participant retention remains
low [5,6]. Attempts to increase app use have included
gamification (ie, applying game-like elements without the
context of an actual game) such as goal setting, progress
tracking, and earning markers such as badges [7]. Use of these
features has been associated with increased motivation to quit
[8], but efforts to increase subjective enjoyment of the
interventions may further expand their use.

One approach that may increase subjective enjoyment while
maintaining accessibility is the use of video game–based
smoking cessation interventions, the main component of which
consists of a playable game [9-17]. In the United States,
approximately 62% of adults report playing video games, and
75% of players spend ≥3 hours playing games per week [17].
One survey conducted among smokers indicated that 75% of
participants already played video games, and 65% to 67% of
participants believed that a video game–based smoking cessation
intervention could help them or someone they knew quit
smoking [18]. With 64% of video game players in the United
States reporting the use of their smartphone to play games [19],
smartphones provide an accessible platform on which to develop
an intervention that is scalable, acceptable, and enjoyable.

Multiple video game–based smartphone smoking cessation
interventions have been developed and tested, including Inner
Dragon [16], Cigbreak [17], Tobstopp [12], QuitIt [15], and
Quittr [13]. A recent review examined other smoking
intervention games, highlighting 7 studies that featured digital

cessation games. These games drew on a range of theories
including social cognitive theory and cognitive behavioral
therapy, and they had a wide variety of game features including
earning points and other rewards as well as interactive
storytelling. Results were mixed, with approximately half of
the studies achieving significant effects on either the smoking
status or the number of cigarettes smoked, and most studies
displayed high rates of dropout [14].

In an attempt to improve cessation outcomes seen in video
game–based smartphone interventions, we previously developed
and evaluated a prototype of a stand-alone video game called
Inspired [9]. Inspired was unique because it drew from the
science of contingency management, which is a powerful
intervention consisting of delivering incentives when individuals
meet operationally defined and objectively verified behavioral
goals [20]. One common criticism of contingency management
is the cost of these typically monetary incentives, so Inspired
used in-game rewards whose only value was in the context of
the game [21,22]. The original intention of the game was to
reward users for providing objective evidence in the form of
breath carbon monoxide (CO) for meeting abstinence goals,
with the goal that this would function as a positive reinforcer
for smoking abstinence [23]. Adult smokers recruited via the
web (N=28) viewed the prototype favorably and indicated that
they thought a fully developed version of the game had the
potential to be fun (100%) and help them quit smoking (71%).
Participants also provided feedback for improving the gameplay,
such as adding variation to game levels to reduce monotony
and adding narrative to engage the player.

To continue this work, a beta version of Inspired was designed
and developed by an interdisciplinary team of researchers and
game designers based on the prototype evaluation. The narrative
of the game explained that the players were tasked with saving
a village and its people from invading enemies known as
“creatures of darkness.” At each level of the game, players
needed to build defensive structures to protect a healing tree
from the creatures. Game design elements included a core game
system (ie, levels where the creatures were battled and earnings
could be obtained), a metasystem (ie, where earnings could be
spent to customize villages and upgrade structures), and a
smoking cessation program in which players could earn in-game
rewards for complying with the smoking cessation program’s
objectives.

Objectives
The original aim of the study was to examine the impact of
in-game rewards dependent on objectively verified smoking
abstinence on the 7-day smoking point prevalence at the 30-day
follow-up. However, this objective was shifted due to technical
difficulties with objective verification measures and insufficient
impact of abstinence-dependent rewards (explained in the
Methods section). Therefore, the purpose of this study was to
evaluate the feasibility and acceptability of the beta version of
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Inspired as a smartphone-based smoking cessation intervention
to inform future research on smoking cessation games. The
main outcome remained the 7-day smoking point prevalence at
the 30-day follow-up; secondary outcomes included the longest
self-reported abstinence streak and percentage of abstinent
self-reported submissions during the abstinence phase.

Methods

Ethics Approval
All procedures were reviewed and approved by the Rowan
University Institutional Review Board (IRB-2014-170).

Participants
Participants were recruited on the web through Craigslist,
Facebook (Meta Platforms, Inc), Google Ads (Google LLC),
and Mechanical Turk (MTurk, Amazon). Multiple
advertisements with similar but varying text (eg, “test out a
mobile video game designed to help you quit”), images (eg, a
screenshot of gameplay), and a link to a screening survey were
included. The study was submitted to ClinicalTrials.gov on
September 26, 2017, and was published on the website on April
24, 2019. Participants were recruited between May 3, 2019, and
July 25, 2019. The screening survey was used to obtain
information on age, smoking history, desire to quit, prior
experience with video games, access to mobile devices, and
contact information (refer to the study by Upton et al [11] for
a secondary analysis of the screening data). Inclusion criteria

required participants to (1) be of legal age to purchase cigarettes
in their state or jurisdiction, (2) smoke ≥10 cigarettes per day,
(3) report smoking for at least 2 years, (4) report a desire to quit
of ≥8 on a 10-point Likert scale, and (5) own a smartphone
using the Android operating system and have an active data
plan or access to Wi-Fi to connect to the internet. Exclusion
criteria were (1) smoking cannabis or using other tobacco
products >2 times per month, (2) having unstable medical or
psychiatric conditions that may interfere with submitting
accurate CO samples (eg, asthma and lactose intolerance), and
(3) living with someone who smokes in the house and (4) having
a career that results in excessive exposure to CO (both of which
would interfere with CO sample accuracy). Respondents were
also asked whether they played video games and the types of
games they played. If respondents reported that they did not
play games, the researcher followed up by asking whether they
were interested in playing a game designed to help them quit
smoking.

A total of 511 respondents completed the screening survey, of
whom 113 (22.1%) met the inclusion criteria. Respondents who
met the inclusion criteria were contacted by email or phone so
that study staff could explain additional information about the
study and the individual could be fully informed before deciding
to participate. A total of 48 participants were enrolled (see
Figure 1 for a CONSORT [Consolidated Standards of Reporting
Trials] diagram). Analyses were conducted in SPSS (IBM Corp)
and R software (R Foundation for Statistical Computing).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram. AC: abstinence contingent; CO: carbon monoxide; SC: submission
contingent.

The original recruitment goal was 114 participants based on a
power analysis using an α level of .05 and an anticipated odds
ratio of 6.68 to achieve 80% power when analyzing the effect
of group on the dichotomous 7-day smoking point prevalence.

However, due to considerable technical difficulties with
collecting objective measures of smoking, recruitment was
delayed, and a final sample of 48 participants was achieved.
Initially, participants were required to submit breath CO samples

JMIR Serious Games 2024 | vol. 12 | e54684 | p.583https://games.jmir.org/2024/1/e54684
(page number not for citation purposes)

Goodwin et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to verify smoking abstinence within the last 12 hours or more
using a portable breath CO detector (iCO) [24], which was
attached to the participant’s phone via the headphone jack.
Furthermore, to verify the identity of the participant submitting
the CO sample and subsequent smoking self-report, participants
were required to use facial recognition software that was built
into the game. Due to technical difficulties with the
vendor-supplied hardware and software, both breath CO
monitoring and facial recognition technologies were removed
from the procedures after a pilot trial of participants. We
transitioned to relying exclusively on smoking self-reports to
determine smoking status for the purposes of in-game rewards,
which is the standard practice for most app-based smoking
cessation trials [25]. It should be noted that the final analytical
sample comprised participants who exclusively reported their
smoking through self-report as opposed to CO monitoring.

Participants completed the psychosocial history questionnaire
at intake, which included questions about demographic
information, smoking history, and cessation history. Questions
on smoking and cessation history included current tobacco use
patterns (eg, the number of cigarettes smoked per day and use
of other tobacco products), smoking onset (eg, age at which the
first cigarette was smoked and age at which the participants
started smoking daily), and quitting behavior (eg, number of
previous quit attempts). Participants rated how much they
wanted to quit smoking on an 11-point scale (0-10), with higher
ratings representing a greater desire to quit.

Participants completed the Fagerström Test for Nicotine
Dependence during intake, which consisted of 6 items. The total
score summed the responses and represented the participant’s
current level of cigarette dependence. A total score of 1 to 2
indicated low dependence, 3 to 4 indicated low to moderate
dependence, 5 to 7 indicated moderate dependence, and ≥8
indicated high dependence [26].

The Video Game Use Survey is a 19-item measure that was
administered during intake [18]. Questions assessed game
playing history (eg, duration played per week) and preference
for games (eg, action and adventure; strategy and puzzle) in an
open-ended response format.

Study Phases
The game was designed for 7 weeks of gameplay. Participants
completed web-based survey assessments at intake, week 4,
week 7, and the 30-day follow-up. Assessment content included
psychosocial history, video game use, and perceptions of the
intervention. Data from intake, week 7, and the 30-day follow-up
were used in these analyses. Survey links were sent via email,
and compensation was loaded after response completion was
confirmed. Participants were mailed debit cards (CT Payer),
through which compensation was delivered after completion of
each battery of surveys (ie, setup: US $10, week 4: US $15,
week 7: US $20, and 30-day follow-up: US $30). The
compensation provided for survey completion was not connected
to participant cessation efforts. Each participant was told they
had the opportunity to earn a total of US $75 in compensation
if all surveys were completed, regardless of whether they quit
smoking.

During intake, the researcher walked each participant through
downloading the Inspired app and submitting their first smoking
self-report. Smoking reports, explained in more detail in the
Smoking Self-Report in the Methods section, consisted of
reporting the number of cigarettes smoked since the last report.
Participants had the opportunity to submit 2 reports a day,
waiting at least 8 hours between reports.

In the baseline phase (days 1 to 3), all participants received
in-game rewards (detailed in the Gameplay section) for
submitting each smoking self-report and a silver multiplier for
every 3 consecutive smoking self-report submissions; however,
participants were not given any smoking goals. After baseline,
graduated smoking reduction and cessation goals for the
remainder of the study were provided to all participants. During
the tapering phase (days 4 to 7), participants were given
decreasing daily target smoking caps, calculated based on the
mean number of cigarettes reported during baseline, such that
the final goal of the tapering phase would be 0 (eg, mean 20
cigarettes divided by 8=goal reduced by approximately 2 to 3
cigarettes per required smoke report). During the abstinence
phase (weeks 2 to 4) and thinning phase (weeks 5 to 7), smoking
goals were always set to 0. Initially, the schedule of rewards
was programmed to end in the thinning phase. A thinning phase
is common in reinforcement-based interventions and consists
of gradually reducing the frequency of reinforcer delivery to
reduce dependence on the reinforcer while maintaining high
rates of the target behavior. This helps an individual transition
to maintaining abstinence, even when the reinforcer is no longer
available [27]. However, due to low rates of engagement in the
thinning phase, participants received rewards at the same
frequency as the abstinence phase until the end of the thinning
phase.

A repeated measures group design was used. Upon enrollment,
participants were randomly assigned to either a submission
contingent (SC) or an abstinence contingent (AC) experimental
group. All participants were given goals for smoking reduction
and eventual abstinence. The SC group earned “passes” for
submitting smoking self-reports on schedule, regardless of
whether they reported meeting their assigned smoking reduction
or abstinence goals. The AC group earned “passes” only for
submitting self-reports that met their assigned smoking reduction
or abstinence goals. Submissions reporting cigarette use that
did not meet their smoking reduction or abstinence target were
scored as a miss. For both SC and AC groups, failure to submit
a self-report by the reporting deadline was scored as a miss.
Thus, the only difference between the SC and AC groups was
what qualified as “passing” to earn the in-game rewards. The
groups were designed to compare the impact of in-game
reinforcement on cessation efforts and to determine if requiring
abstinence to receive rewards would be more effective than the
act of reporting smoking behaviors alone, as we have done with
monetary-based contingency management [28,29]. We
hypothesized that the group that received in-game rewards for
their abstinence would be more likely to quit smoking than the
group that received in-game rewards for submitting their smoke
reports only.

We compared the SC and the AC groups at intake to detect
systematic group differences based on reported demographics,
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smoking history, cessation history, nicotine dependence, and
game playing history. The 2 groups were also compared on the
proportion of participants completing baseline, tapering,
abstinence, and thinning phases to determine differences in
dropouts.

Gameplay
Each level in the core game began with planting a seed to grow
a new healing tree. Players needed to repeatedly build and
activate defensive structures to fight incoming enemies and to
activate healing structures to help the tree grow. At the start of
each level, players were given a bank of gems, which varied in
color and shape. Players could choose to activate either a
defensive or healing structure for a period of time by placing 3
gems from their bank into each structure, after which their bank
would replenish with 3 randomly generated gems. Players could
either place 3 random gems to power the structure for a short
time or match the gem type to the “recipe” shown on the
structure to power the structure for a longer period, creating a
larger effect for that structure. The level was completed when
the player placed an adequate number of gem sequences to
sufficiently power the defense structures to push back enemies
and let the healing structures fully grow their tree. Players could
earn 1, 2, or 3 stars depending on how quickly the level was

completed, which contributed to the player’s total score,
representing the accumulated points earned across overall levels.
The number of stars earned also corresponded with the amount
of silver, which functioned as the in-game currency gained upon
level completion.

The first 3 levels of the game served as tutorials with instructions
about how to play, and they were designed to be easy to win to
engage players early on. As the game continued, players were
exposed to levels with progressing difficulty, which required
more advanced defense structures and strategic decision-making
to defeat the new enemies.

In addition to playing the levels of the core game, players could
access a metasystem, which was an area for activities performed
outside of the core game levels. All players had a village that
they could customize in the metasystem. Silver was the primary
currency, earned through core level completion, that could be
used to purchase cosmetic additions to customize the village
and upgrade the strength of the defensive and healing structures
used in the core game. Village customization was for aesthetics
only and served no functional purpose, but defensive and healing
structure upgrades were critical to the players’ progression
through more challenging levels in the core game (see Figures
2A-2C for screenshots of each game component).
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Figure 2. Screenshots of Inspire. (A) core game level, (B) core game level, (C) metasystem, (D) smoking report results, and (E) silver multiplier for
passing smoking report (abstinence-contingent [AC] group).

Game use outcomes included the total numerical score achieved
in the game, with higher numbers indicating higher game use
and achievement in completing levels. The total number of stars
earned was calculated by adding the 1, 2, or 3 stars granted for
the completion of each level (including replayed levels). The
highest level achieved in the game and days of gameplay were
also reported. Finally, the total number of defense and healing
structures built in the metasystem was summed.

The Game Addiction Scale [30] assessed for indicators of
gaming addiction. A total of 9 questions from the problems,
conflict, and relapse subscales were rated on a 5-point Likert
scale and assessed during participant intake and week 7. Scores
were summed to indicate a total score of game addiction, with
higher scores denoting more frequently endorsed gaming-related
addictive behaviors (range 9-45). The SC and the AC groups
were compared on game use (ie, the highest level, total score,
total number of stars, and total number of buildings) and game
addiction total scores.

Smoking Self-Reports
As mentioned previously, players were told to submit a smoking
self-report twice per day. These reports were separated by at
least 8 hours and stated whether they had smoked since
submitting their last report; if so, participants reported the
number of cigarettes they had smoked [29]. Participants were
sent push notifications that signaled when it was time to submit
each report and the time by which the reports were due to avoid
being recorded as “missed.”

Upon submission of each smoking self-report, the game
displayed a bar graph showing the number of cigarettes reported
in each prior submission so that the participants could track
their smoking cessation progress over time (Figure 2D).
Submission of each smoking self-report unlocked the next level
in the core game system, regardless of self-reported smoking
or abstinence. Therefore, players could unlock a maximum of
2 new levels per day. Participants could also replay any unlocked
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level as often as they liked to earn additional silver (ie, in-game
currency).

Players earned in-game rewards for submitting a “passing”
smoking self-report, the criteria for which depended on their
group assignment (refer to the Study Phases in the Methods
section). These rewards consisted of a gem prism and a silver
multiplier. The gem prism was earned for every pass and could
be used to select a gem color of their choice in the core game,
which players could use to more easily meet the “recipes”
required to power their defensive or healing structure for a
longer period if their randomly generated gem bank had
insufficient gems available for the recipe. Although players
could match gems at random to power their structures for a
shorter time, gem prisms earned through passes made fulfilling
gem recipes easier, allowing for a longer structure activation
and making completion of the level more likely. A silver
multiplier was earned for submitting 3 consecutive passes and
increased the amount of silver earned by each completed level
in the core game. Multiplier values included 1×, 2×, 4×, or 7×
and increased with every 3 consecutive passing smoke reports
(Figure 2E). Larger quantities of silver earned through passing
smoke reports could be used to more frequently upgrade the
defensive and healing structures in the metasystem. This resulted
in stronger structure performance, which was particularly
important for later, more challenging levels.

Smoking self-report outcomes included the percentage of
smoking self-reports submitted (out of the total requested reports
over the course of gameplay) and the percentage of smoking
self-reports indicating abstinence (out of the total submitted
reports). The percentage of smoking self-reports indicating
abstinence was determined for all reports throughout the
gameplay and calculated for just the abstinence phase, where
the goal for cigarette use was set to 0. The duration of the
abstinence streak was calculated based on the highest number
of consecutive reports of 0 cigarettes smoked throughout the
study. The self-report submissions informed treatment dropout,
which was based on the completion of each phase of the study
(eg, baseline, tapering, abstinence, and thinning). Specifically,
participants were scored as completing a phase if they submitted
at least 1 smoking self-report in the final 2 days of the phase.
The follow-up survey assessed whether participants continued
to smoke once participation concluded (ie, 30 days after week
7). Participants were asked whether they had spent 24 hours
without a cigarette in the previous 2 weeks and whether they
had not taken a puff from a cigarette in the past 7 days. We
compared the SC and the AC groups on all smoking cessation
outcomes (ie, percentage of abstinent submissions during the
abstinence phase and the longest duration of abstinence streak).

Game Use on Smoking Abstinence
The proposed analyses originally planned to compare the 2
study groups, SC and AC, in the relationship between game use
and smoking abstinence. This would have tested whether
in-game rewards for reporting smoking abstinence were more
effective in promoting cessation than rewards for reporting
smoking independent of meeting abstinence goals. However,
we found no systematic differences between the groups on
demographics, smoking history, game use, or self-reported

abstinence. In this study, earning in-game rewards (submission
only or meeting abstinence goals) did not seem to impact
gameplay or cessation. Therefore, the 2 groups were combined
into 1 analytical group for the remaining analyses.

A total of 2 gamma generalized linear models with a log link
function were created to examine the impact of total game score
and the highest level achieved on both the percentage of
abstinent submissions during the abstinence phase and the
longest duration of abstinence. The models were conducted
both with and without an interaction term between the total
game score and the highest level achieved to determine the
necessity of its inclusion, using the Akaike Information
Criterion, Bayesian Information Criterion, and Bayes Factor as
selection criteria. A generalized linear model was used to
account for data heteroscedasticity, and a gamma distribution
was used to accommodate a positive skew on both models.

Cotinine Testing
Saliva cotinine testing was conducted at intake, week 2, week
4, week 7, and the 30-day follow-up to confirm smoking
abstinence. Testing kits (NicAlert) [31] were mailed to all
eligible participants to biologically verify self-reported tobacco
use. If participants reported using cessation strategies that could
elevate their cotinine levels (eg, nicotine replacement therapy
or vaping nicotine), cotinine testing was not conducted. Once
the kit was received, a member of the research team scheduled
a video call to walk the participant through completing the test
at home. After testing procedures were completed, participants
submitted an image of the strip results to the researcher. A total
of 2 observers independently scored all strip results and were
unaware of the time point at which the test was conducted. The
interobserver agreement was calculated by dividing the number
of strip results agreed by the total number of strips obtained,
multiplied by 100 to obtain a percentage. The interobserver
agreement was 91.7% for all strip results. Participants who were
eligible to submit cotinine samples received US $5 for each
submission.

Verification of smoking abstinence was determined by
comparing the cotinine results (positive or negative) with the
most recently submitted smoking self-report on the same day
the sample was collected. Participants met the correspondence
criteria when both the cotinine test and the smoking self-report
indicated tobacco abstinence or tobacco use. The percentage of
corresponding results across all participants and time points
was reported.

Treatment Acceptability
The Treatment Acceptability Questionnaire was a 38-item
survey developed to assess the perceived effectiveness of the
intervention, gameplay feedback, and a comparison of how
Inspired was viewed relative to other cessation strategies.
Statements were rated on an 11-point scale, with 0 meaning
“definitely not” to 10 meaning “yes, absolutely.” Participants
were also asked to rank 10 features of the game from most to
least valuable (1 being “most valuable” to 10 being “least
valuable”). This questionnaire was administered at week 7.

JMIR Serious Games 2024 | vol. 12 | e54684 | p.587https://games.jmir.org/2024/1/e54684
(page number not for citation purposes)

Goodwin et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

Participants
A total of 48 participants were randomized (n=24, 50% per
group), and a summary of their characteristics can be found in
Table 1. Of those participants, 27 (56%) were female, 4 (8%)
were Hispanic, and 37 (77%) were White, and they had an
average age of 39.8 (SD 10.7) years. A third of the sample

(n=17, 35%) had never been married and most either reached
high school graduation (n=15, 31%) or completed some college
(n=19, 40%). Approximately half of the participants reported
being employed (n=27, 56%), earning <US $40,000 a year
(n=26, 54%), and renting a home (as opposed to living in a
home they or someone else owned; n=26, 54%). Geographically,
14 (29%) participants lived in nonurban areas (eg, rural or
suburban) [32].
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Table 1. Participant demographics.

SCb group (n=24)ACa group (n=24)Total sample (n=48)

36.7 (8.2)43.0 (12.2)39.8 (10.7)Age (y), mean (SD)

Sexc, n (%)

9 (38)11 (46)20 (42)Male

14 (58)13 (54)27 (56)Female

1 (4)0 (0)1 (2)Other

Ethnicity, n (%)

2 (8)2 (8)4 (8)Hispanic

22 (92)22 (92)44 (92)Not Hispanic

Race, n (%)

0 (0)1 (4)1 (2)American Indian or Alaska Native

4 (17)3 (12)7 (15)Black

18 (75)19 (79)37 (77)White

2 (8)1 (4)3 (6)Mixed race

Marital status, n (%)

7 (29)8 (33)15 (31)Currently married

2 (8)0 (0)2 (4)Widowed

5 (21)4 (17)9 (19)Divorced

1 (4)4 (17)5 (10)Separated

9 (38)8 (33)17 (35)Never married

Education, n (%)

0 (0)3 (12)3 (6)Less than high school

9 (38)6 (25)15 (31)High school graduate or equivalent

9 (38)10 (42)19 (40)Some college

5 (21)3 (12)8 (17)Associate degree

1 (4)2 (8)3 (6)Bachelor degree

Employment, n (%)

14 (58)13 (54)27 (56)Employed

1 (4)0 (0)1 (2)Student

9 (38)11 (46)20 (42)Not employed

Housing, n (%)

7 (29)6 (25)13 (27)Owned by the participant or household member with mortgage or loan

4 (17)3 (12)7 (15)Owned by the participant or household member free and clear

12 (50)14 (58)26 (54)Rented

1 (4)1 (4)2 (4)Occupied without rent

Living in nonurban area, n (%)

8 (33)6 (25)14 (29)Yes

16 (67)18 (75)34 (71)No

Yearly income (US $), n (%)

6 (25)6 (25)12 (25)20,000

6 (25)8 (33)14 (29)20,000 to 39,999

5 (21)6 (25)11 (23)40,000 to 59,999

JMIR Serious Games 2024 | vol. 12 | e54684 | p.589https://games.jmir.org/2024/1/e54684
(page number not for citation purposes)

Goodwin et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


SCb group (n=24)ACa group (n=24)Total sample (n=48)

7 (29)4 (17)11 (23)≥60,000

aAC: abstinence contingent.
bSC: submission contingent.
cAlthough gender would have been the more appropriate metric, participants were asked to indicate their sex as opposed to gender at the time of
assessment.

Detailed smoking history of the participants is presented in
Table 2. All participants reported currently smoking and 38%
(18/48) of the participants said they also currently smoke other
substances (including cannabis). On the Fagerström Test for
Nicotine Dependence, participants scored an average of 6.5 (SD

1.5), indicating moderate nicotine dependence. Participants
endorsed playing games (on any device, including their mobile
phone) for an average of 27.1 (SD 25.4) hours per week at
baseline.

Table 2. Smoking history.

SCb group (n=24)ACa group (n=24)Total sample (n=48)

Smoking other than cigarettes, n (%)

12 (50)12 (50)24 (50)Never or extremely rarely

3 (12)3 (12)6 (12)Quit, but used to smoke

9 (38)9 (38)18 (38)Yes, currently smoking

14.4 (7.7)17.5 (9.7)15.9 (8.8)Number of cigarettes smoked per day, mean (SD)

16.5 (9.9)23.9 (13.6)20.2 (12.3)Duration of smoking (years), mean (SD)

17.9 (4.9)15.4 (4.6)16.7 (4.9)Age at which the first cigarette was smoked (years), mean (SD)

19.9 (5.1)18.7 (4.7)19.3 (4.9)Age of smoking regularly (years), mean (SD)

9.2 (1.4)8.7 (1.1)8.9 (1.3)Desire to quit (0-10), mean (SD)

5.4 (6.5)5.4 (4.3)5.4 (5.5)Number of quit attempts, mean (SD)

6.4 (1.3)6.6 (1.7)6.5 (1.5)FTNDc total, mean (SD)

aAC: abstinence contingent.
bSC: submission contingent.
cFTND: Fagerström Test for Nicotine Dependence.

Study Phases
Most participants completed the baseline (45/48, 94%) and
tapering phases of the study (26/48, 75%). Of the total 48
participants, 20 (42%) continued to submit smoking self-reports

through the end of the abstinence phase at week 4. Very few
participants (n=7, 15%) submitted smoking self-reports by the
end of the thinning phase (week 7). A survival curve of the
highest level achieved by any abstinence reported in the
abstinence phase is presented in Figure 3.
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Figure 3. Survival curve of the highest level achieved by any abstinence reported in the abstinence phase.

Gameplay
The participants played the game for an average of 20.6 (SD
15.3) days over the 7 weeks of the study. They scored an average
of 30,187.5 (SD 33,662.6; range 0-220,925) points and earned
an average of 35.6 (SD 34.4) stars from level completions. The

mean highest level reached in the game was 10.7 (SD 8.4). In
the metasystem, players either built or upgraded an average of
16.4 (SD 17.6) structures. The average video game addiction
score (on a scale from 9 to 45) remained stable, with scores of
14.6 (SD 4.5) at baseline versus 14.0 (SD 3.9) at week 7. Game
use results are presented in Table 3.

Table 3. Game use.

P valueSCb group (n=24), mean (SD)ACa group (n=24), mean (SD)Total sample (n=48), mean (SD)

.3222.8 (17.4)18.4 (12.9)20.6 (15.3)Days of gameplay

.0812.8 (9.2)8.6 (7.1)10.7 (8.4)Highest level achieved in the game

.3918.6 (20.0)14.2 (14.9)16.4 (17.6)Total number of structures

.1038,452.1 (41,467.9)22,122.9 (21,375.4)30,287.5 (33,662.6)Total score on the game

.0744.5 (40.8)26.7 (24.3)35.6 (34.4)Total number of stars

aAC: abstinence contingent.
bSC: submission contingent.

Smoking Self-Reports
A detailed summary of the smoking self-report results is
presented in Table 4. Of the 98 total possible report submissions
over the 7 weeks of the study, participants submitted an average
of 34.7 (SD 29.1; 34.7/98, 35%) reports. Participants reported
smoking abstinence on 28.7 (SD 32.5; 28.7/98, 29%) reports
of all 98 smoking self-reports submitted over the entirety of the

intervention and on 13 (SD 38.2; 13/42, 31%) reports of all 42
reports submitted in the abstinence phase only. During the
abstinence phase, 25 (52%) of the 48 participants submitted at
least 1 abstinent report, meaning that nearly half of the
participants did not have any abstinent reports during this phase.
On average, participants reported 5.4 (SD 9.8) consecutive
abstinent smoke reports.
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Table 4. Smoke report summary.

P value
SCb group (n=24),
mean (SD)

ACa group (n=24),
mean (SD)

Total sample (n=48),
mean (SD)

.945.5 (11.2)5.3 (8.3)5.4 (9.8)Longest abstinence streak

.4637.8 (28.0)31.5 (30.3)34.7 (29.1)Percent smoke report submitted

.7030.5 (24.3)26.9 (31.3)28.7 (32.5)Percentage of abstinent smoke reports (out of all smoke report
submissions across all phases)

.6328.6 (34.9)34.1 (41.7)31.4 (38.2)Percentage of abstinent smoke report (out of all smoke report
submissions in the abstinence phase only)

aAC: abstinence contingent.
bSC: submission contingent.

The main outcome of this examination was the 7-day smoking
point prevalence at the 30-day follow-up. Of the 30 participants
(across both groups) who completed the follow-up survey 30
days after the end of the intervention, 11 (37%) had not taken
a puff of a cigarette in the previous 7 days and 15 (50%) said
they spent at least 24 hours without smoking in the prior 2
weeks. Overall, 15 (50%) participants reported not smoking for
24 hours in the previous two weeks (AC=4, 36%; SC=11, 58%;
P=.45) and 11 (37%) participants reported not taking a single
puff from a cigarette in the previous 7-days (AC=4, 36%; SC=7,
37%; P=.65).

When individuals who did not respond to the survey were
conservatively considered not abstinent from smoking, 11 (23%)
of the 48 participants had not taken a puff of a cigarette in the
previous 7 days and 15 (31%) said they spent at least 24 hours
without smoking in the prior 2 weeks. Fifteen (31%) of
participants reported not smoking for 24 hours in the previous
2 weeks (AC=4, 17%; SC=11, 46%; P=.06) and 11 (23%)
reported not taking a single puff from a cigarette in the previous
7-days (AC=4, 20%; SC=7, 29%; P=.49).

Game Use on Smoking Abstinence
A total of 2 generalized linear models were conducted, first
examining the impact of total game score and the highest level
achieved on the percentage of abstinent submissions during the
abstinence phase and the second examining the impact of total
game score and the highest level achieved on the longest
duration of continuous abstinence. Both models favored the
exclusion of the interaction term, so only the individual
contributions of the total game score and the highest level
achieved were considered. Every 1 SD increase in total game
score was associated with an 11% decrease in the percentage
of abstinent submissions, whereas every 1 SD increase in the
highest level achieved was associated with a 27% increase in
the percentage of abstinent submissions. Similarly, an increase
by 1 SD in the total score was associated with a 51% decrease
in the longest abstinence streak, whereas an increase by 1 SD
in the highest level achieved was associated with a 405%
increase in the longest duration of continuous abstinence. In
sum, the highest level achieved, but not the total game score,
was positively related to both the percentage of abstinent
submissions and the longest abstinence streak, with the stronger
effect demonstrated between the highest level achieved and the
longest duration of continuous abstinence (Figure 4).
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Figure 4. The highest level achieved by the longest abstinence streak. The longest abstinence streak is calculated by determining the maximum number
of continuously reported abstinent submissions over the course of the study.

Cotinine Testing
Throughout the study, 20 cotinine samples were collected across
all participants and at all time points. These 20 samples were
compared with the number of cigarettes smoked as self-reported
by the participants, 7 (35%) of whom reported tobacco
abstinence. There was a 95% (19/20) correspondence between
self-reported tobacco use and biologically verified cotinine
results across all samples and a 100% (20/20) correspondence
for the 7 abstinent reports.

Treatment Acceptability
On an 11-point scale, ranging from 0 (“definitely not”) to 10
(“yes, absolutely”), participants rated the intervention
moderately favorably. Specifically, they said that if they had to
do it over again, they would use Inspired to help them quit
smoking (mean 6.4, SD 3.4), that Inspired was helpful in their

current attempt to quit (mean 5.3, SD 3.6), and that they would
recommend Inspired to a friend (mean 6.5, SD 3.2). Participants
felt the game was moderately fun to play (mean 6.7, SD 3.3),
found the in-game rewards as motivating for them to submit
tobacco-free smoke reports (mean 7.0, SD 3.6), and felt that the
connection between in-game rewards and meeting smoking
cessation goals was clear (mean 6.1, SD 3.9). More detailed
results are presented in Table 5. Of the 10 game elements listed
in the questionnaire, participants rated having specific-colored
gems, being able to upgrade buildings to fight darkness, having
waves at the end of the level that killed all remaining darkness,
and being able to upgrade buildings to produce good health as
the most valuable features. Apart from an open-ended “other”
category, participants reported that the least valuable elements
were silver to customize their village and the silver multiplier
earned with consecutive tobacco-abstinent submissions.
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Table 5. Treatment acceptabilitya (n=30).

P value
SCc group (n=19),
mean (SD)

ACb group (n=11),
mean (SD)

Total sample (n=30),
mean (SD)

.446.1 (3.3)7.1 (3.8)6.4 (3.4)If you had to do it over again, would you use Inspired to
help you quit smoking?

.925.3 (3.6)5.5 (3.6)5.4 (3.6)Was Inspired helpful to you in your attempt to quit
smoking?

.476.4 (3.0)7.3 (3.8)6.7 (3.3)Do you think the Inspired game is fun to play?

.226.0 (3.2)7.5 (3.1)6.5 (3.2)Would you recommend Inspired to a friend?

.456.6 (3.9)7.6 (3.2)7.0 (3.6)I felt motivated to submit clean samples in order to obtain

cessation pointsd

.816.0 (3.8)6.4 (4.3)6.1 (3.9)It was clear to me how I could use the rewards I earned
from meeting my goals

aScored on an 11-point scale, with 0 meaning “definitely not” to 10 meaning “yes, absolutely.”
bAC: abstinence contingent.
cSC: submission contingent.
dAlthough “abstinent” samples would be a more appropriate way to refer to these smoke reports, participants were asked to indicate their motivation
to submit “clean” samples at the time of assessment.

Discussion

Principal Findings
The study results supported the preliminary treatment
acceptability for the use of the Inspired mobile game as a
smoking cessation intervention. Treatment dropout was high,
and both game engagement and tobacco abstinence were highly
variable, decreasing feasibility. Half of the participants (25/48,
52%) submitted at least 1 abstinent report during the abstinence
phase, and game scores had a large range, suggesting that some
participants may have been more receptive to the intervention
than others. The main outcome, the 7-day smoking point
prevalence at the 30-day follow-up, found that one-quarter
(11/48, 23%) of all participants had not taken a puff of a
cigarette in the prior week and a third (15/48, 31%) had spent
at least 24 hours without a cigarette in the prior 2 weeks.
However, it is important to note that during testing, we
discovered that the game was imbalanced, and there were
remaining bugs (discussed more later in the Limitations section),
all of which likely prohibited game progression and led to
premature dropout. These bugs likely made the in-game rewards
earned through submitting smoke reports less valuable and,
therefore, less likely to function as a reinforcer to facilitate
smoking abstinence. Overall, participants played an average of
almost 11 levels over 20 days of gameplay, and their video
game addiction scores remained steady. One-third (31.4%, SD
38.2%) of submissions during the abstinence phase indicated
tobacco abstinence, and participants averaged 5.4 (SD 9.8)
submissions of continuous abstinence.

Of note, the AC and SC groups did not differ on gameplay and
smoking cessation. It is possible that the SC group erroneously
believed that they would earn in-game rewards through meeting
the smoking goal requirement rather than submission of smoking
reports alone. It is also possible the in-game rewards (gem
prisms and silver multipliers) did not function as reinforcers.
Gem prisms and silver multipliers were not required for playing

the game, and their utility was most apparent for later, more
challenging levels, which many participants did not reach.
Participants ranked the silver multiplier among the least valuable
game features in the Treatment Acceptability Questionnaire,
though the helpfulness of gem prisms was not directly assessed.
In addition, we do not have the data on earning and using the
gem prisms and silver multipliers to determine whether the
participants made contact with these rewards. Participants
indicated, on the Treatment Acceptability Questionnaire, that
they had a reasonably clear understanding of how the rewards
in the game could motivate their smoking cessation, but
participants were not asked about how they earned in-game
rewards, what those rewards were, and how they could be
valuable for their gameplay. Therefore, it is unclear whether
the game-based incentives impacted participants’ reports of
smoking.

The generalized linear models found that the highest level
achieved was positively associated with the percentage of
abstinent submissions and the longest abstinence streak, which
suggests promise for the potential efficacy of the game to
support smoking abstinence. However, the total game score was
not associated with reported abstinence. Participants unlocked
levels through smoking self-report submissions only and not
through gameplay, whereas participants increased their score
by completing levels in a sequential fashion and replaying levels,
which could be done independently of submitting smoking
self-reports or meeting smoking abstinence goals. In addition,
the total game score had a high range and a large SD, meaning
that some participants scored very little, whereas some scored
very high. It is possible that the highest-scoring individuals
engaged with the game more due to finding it fun or challenging
rather than being related to their efforts to achieve smoking
abstinence.

It is also important to note that most participants (28/48, 58%)
stopped submitting smoking reports by the thinning phase. This
decrease in engagement aligns with the lack of continued
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engagement across app-based smoking cessation interventions
more broadly, which continues to be a concern in the field [33].
High dropout likely contributed to the low percentage of
smoking reports submitted out of the total possible reports, at
around one-third (34.7%, SD 29.1%). Finding strategies to
increase and maintain engagement will be critical for future
video game–based smoking cessation interventions.

The 30 participants who completed the Treatment Acceptability
Questionnaire at week 7 found the game to be relatively helpful,
fun, and motivating to help them quit smoking. It should be
noted that participants who dropped out of the study before
week 7 or who otherwise did not complete the survey may have
had different opinions of the treatment, particularly if those
opinions contributed to their dropout. Those who did complete
the survey (30/48, 63%) highly valued the more active gameplay
elements (eg, colored gems and defensive buildings) as opposed
to the optional village customization that was part of the
metasystem.

Limitations
These results should be considered in the context of the study’s
limitations. Due to technical difficulties, CO collection could
not be performed, and smoking abstinence was determined
primarily from smoking self-report. It is possible that
participants falsely reported abstinence for social desirability
or to gain access to in-game rewards. Although not ideal,
self-reporting is common in smoking cessation studies and has
aligned closely with biologically verified smoking measures in
prior research [25,34,35]. We were only able to collect 20
cotinine samples; however, these demonstrated a high level of
agreement with self-reported tobacco use among both abstinent
and nonabstinent individuals.

The difficulties with CO collection also hindered the final
sample size. The power was originally calculated for a sample
size of 114 as opposed to the final sample of 48, and these
analyses were based on group membership as an independent
variable and the 7-day smoking point prevalence as an outcome.
The study was underpowered to detect group differences in the
outcome. The 2 groups were also not found to systematically
differ in demographics, smoking history, game use, or
self-reported abstinence. These developments informed the
choice to focus on feasibility and acceptability in these analyses.

In addition, as noted earlier, participants encountered a number
of bugs in the gameplay because Inspired was still in an early
phase of testing. Study staff worked closely to collect this
information from participants and helped troubleshoot
difficulties. The high level of dropout seen throughout the study
may have been due to participants returning to smoking or due
to frustrations with the bugs they encountered in the game. For
example, we know that level 9 of the core game was unbalanced,
and many participants (9/48, 19%) stopped engaging at this
level because it was too difficult to complete. Limited
information was collected on exact actions during gameplay,
such as the number of attempts on each level, which prevented
a more granular analysis. Future examinations should focus on
the playability of the game and the reasons for discontinuation.
Finally, the duration of follow-up was short (30 days),

preventing the examination of the intervention’s impact over a
longer period.

Strengths
This study had many strengths. Participants were relatively
diverse in terms of age, education, employment, and annual
income. In addition, the game was designed to deliver rewards
that were only valuable in the context of the game, which, if
effective, could greatly reduce the costs associated with
delivering interventions that typically rely on financial incentives
to promote abstinence (ie, contingency management) [36].
Although Inspired was ineffective in promoting abstinence for
most participants for several potential reasons already noted, if
it could be improved to promote greater levels of abstinence, it
could be expanded to reach many people. Scaling up a
game-based intervention that could be used by thousands of
users over an extended period would add little additional cost,
especially when compared to monetary-based contingency
management, where each successful quit attempt, as well as
longer periods of sustained abstinence, increases costs [37].

A major strength of Inspired was its flexibility. Participants
were able use their mobile phone to access the game at any time
of day and from any location, maximizing convenience. Using
participants’ existing mobile phones made this intervention
scalable and sustainable, requiring no additional hardware.
Although some disparities do continue to exist concerning access
to smartphones, especially among lower-income populations
who are also more likely to smoke, this gap has been steadily
closing, and approximately 76% of people living in households
making ≤US $30,000 have access to smartphones [38]. Although
participants were required to submit smoke reports twice per
day, they were able to incorporate them into their existing
schedule and play the game when they wished. The core game
was intentionally designed to take approximately 5 minutes to
complete (ie, casual game), which is about the duration of a
craving arc and approximates how long it might take to smoke
a cigarette, serving as a competitor to smoking [39-41].
Furthermore, common barriers to in-person smoking cessation
treatment include high cost, lack of access to health care settings,
and lack of cessation support from health care providers, with
those of low socioeconomic status and those belonging to
underrepresented groups being particularly vulnerable to
disparities in care [42,43]. A mobile smartphone game such as
Inspired could provide a cessation intervention regardless of
the health care status or the ability to pay for treatment. The
flexibility of a smartphone game–based intervention could allow
for low-cost access to cessation services for a wider range of
individuals.

Conclusions
Taken together, these results showed promise for Inspired as
an acceptable video game–based smoking cessation intervention.
Participants were highly motivated to quit but had
unsuccessfully tried to do so an average of 5.4 (SD 5.5) times
before enrolling in the study. Although engagement and
abstinence were variable, a subset of the participants (11/48,
23%) appeared to respond well to this approach having not
taken a puff of cigarette in the previous 7 days at the 30-day
follow up, which may make the difference in their smoking
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cessation quit attempts. Inspired used the principles of
contingency management, delivering incentives, the value of
which only existed within the context of the game and did not
require additional monetary resources to implement [44].

Although Inspired provides an exciting alternative to traditional,
in-person smoking cessation interventions, much needs to be
done to ensure feasibility and scalability. The bugs in the
gameplay limited the potential reinforcing value of the in-game
rewards. Future examinations of Inspired and other such
interventions should work to ensure that the gameplay is easy
to learn and enjoyable so that achieving abstinence goals results
in immediate, meaningful rewards.

The incentives offered through Inspired did not have value
outside of the game, but participants may have been motivated

to conceal their smoking anyway. To be in alignment with the
science of contingency management, objective measures of
smoking abstinence are needed. The iCO portable breath CO
detector and NicAlert cotinine test strips that we attempted to
use in this study were flawed [24]. Other objective measures of
smoking abstinence could be explored, such as Alere rapid oral
cotinine tests, which we successfully used in another study, or
changes in resting heart rate that can be measured from
smartphone cameras or smart watches [45,46]. The limitations
of this study can inform future video game–based smoking
cessation interventions, helping them fulfill the promise of using
contingency management as a scalable and fun way to enact
behavior change. Such low-cost and accessible interventions
could be the key to achieving a healthier, smoke-free life.
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Abstract

Background: The aging population highlights the need to maintain both physical and psychological well-being. Frailty, a
multidimensional syndrome, increases vulnerability to adverse outcomes. Although physical exercise is effective, adherence
among older adults with frailty is often low due to barriers. Motion-based video games (MBVGs) may enhance motivation and
engagement.

Objective: This study aims to evaluate the effect of individualized exercise programs that combine MBVGs, intergenerational
support, and therapeutic frameworks on physical, cognitive, and social frailty outcomes in community-dwelling older adults.

Methods: This randomized controlled trial was conducted from March 2022 to October 2023 across 6 community centers in
Hong Kong. Participants aged 60 years and above with mild neurocognitive disorder were recruited, screened, and randomly
assigned to either an intervention (n=101) or control group (n=101). The intervention included an 18-week program with 12
supervised exercise sessions utilizing motion-based technology, led by occupational therapists and assisted by youth volunteers.
Data were collected at baseline (T1) and postintervention (T2), focusing on physical, cognitive, and social frailty outcomes, as
well as client-related metrics. Statistical analyses were performed using SPSS, with significance set at P<.05.

Results: A total of 202 participants were recruited, with a mean age of 78.8 years (SD 7.8). Both groups showed improvements
in balance from T1 to T2, with a significant time effect (β=−0.63, P=.03). The intervention group demonstrated enhancements
in hand strength and BMI, but no statistically significant between-group differences were observed. The intervention group also
exhibited significant improvements in cognitive function (β=2.43, P<.001), while the control group’s scores declined. Short-term
memory improved for both groups, with no significant differences noted. Both groups experienced a reduction in depression
levels, with a significant within-group effect at T2 (β=−1.16, P=.001). Improvements in social connectedness and eHealth literacy
were observed in both groups, with the latter showing a significant within-group effect at T2 (β=3.56, P=.002). No significant
effects were found for social isolation, physical activities, or quality of life.

Conclusions: The growing aging population necessitates innovative strategies to support aging in place. Results indicated
statistically significant improvements only in BMI and cognition, while other outcomes such as loneliness, balance, and eHealth
literacy showed positive trends but lacked significance. Despite the limitations observed, particularly regarding the role of volunteer
support and the diverse needs of community-dwelling older adults, the findings contribute to the foundation for future research
aimed at enhancing biopsychosocial outcomes. Future studies should explore tailored interventions that consider individual
preferences and abilities, as well as evaluate specific components of motion-based video games to optimize their effectiveness.

Trial Registration: ClinicalTrials.gov NCT05267444; https://clinicaltrials.gov/study/NCT05267444
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Introduction

Aging and Frailty
There has been a dramatic growth in the aging population over
the past decade due to improved life expectancy. Although
prolongation of life is one of the most significant goals of public
health [1], maintaining both physical and psychological
well-being at older ages is a complex and challenging issue [2].
Frailty is a geriatric syndrome that arises with increasing age,
which is distinct from any single chronic illness [3]. Researchers
have found that older adults with frailty are vulnerable to
adverse outcomes including higher risk of falls, disability,
mortality, hospitalization, and institutionalization [4-6]. Fried
et al [7] developed a phenotypic description of frailty that
consists of 3 or more of the clinical components: muscle
weakness, low physical activity level, sense of low energy or
exhaustion, unintended weight loss, and slowed walking speed.
The Rockwood scale described frailty as the accumulation of
deficits including cognitive impairment, functional deterioration,
and number of diseases [8]. Current thinking regards frailty as
a multidimensional concept, and focuses on not only physical
but also psychological and social contributors for the definition
and treatment of frailty [9]. Despite its varying definition, older
adults with frailty typically are physically inactive, have less
social integration, and have chronic diseases requiring medical
and general care [6]. Frailty is a chronic and progressive process
for 90% of those becoming frail [10]; thus, interventions to slow
the progression of frailty and optimize health outcomes are
crucial.

Physical Exercise and Motion-Based Video Games
Numerous studies have shown that physical exercise is a
promising, low-risk, and effective therapeutic approach to
mitigating frailty [3,6]. Evidence suggests that regular physical
exercise is associated with improved physical performance (eg,
muscle strength, balance, endurance for activity) [11], decreased
risk of cognitive impairment [12], and improved psychological
well-being (eg, emotions, self-efficacy, life satisfaction) [13].
Although physical exercise is broadly recognized to bring health
benefits, motivation and adherence to physical exercise are
suboptimal among older adults with frailty. Aside from an
individual’s age-related impairment, other barriers that limit
exercise engagement include transportation restrictions,
inclement weather, lack of space, and economic issues [2].
Adopting a creative intervention such as applying motion-based
technology with exercise could be one alternative option to
solve some of the motivational barriers to physical exercise.
Motion-based video games (MBVGs), defined as “exergames”
in some studies, are generally understood to combine video
games or multimedia interactions with physical activities, which
means players are required to perform specific physical
movements to complete tasks assigned by the video game

interface [14]. Due to the gamification features, game-based
exercise is believed to enhance motivation and adherence since
it provides real-time interaction as well as visual and audio
performance feedback [15]. Moreover, this activity can be
applied in any context, such as in home, community, and
hospital settings [16].

Although the effectiveness of MBVGs in improving physical
heath (eg, functional mobility, balance, gait performance) has
been reported in a considerable number of studies [16,17], only
a few studies have investigated their psychological impact on
older adults as the main focus. As demonstrated in previous
studies, positive psychological effects can result from frequent
physical exercise [18]. Since older adults are less interested in
proactively improving their health, better engagement and
immersion in activities can be achieved when they view
activities as being intrinsically attractive and enjoyable, and
this can result in positive emotions [6]. The psychological effect
should be regarded as an indicator of MBVG effectiveness in
addition to the physical effect [19]. Several studies illustrated
a positive effect of MBVGs on improving mental health for
community-living older adults. A qualitative study provided a
10-week program involving a group play exergame for 16 older
adults with serious mental illnesses; it found that group play
through exergames elicited positive emotions and self-efficacy
[20]. A study conducted by Kahlbaugh et al [21] randomly
assigned 35 community-dwelling older participants to either
play activity simulation games (bowling) with a young partner
or watch television with a young partner for 10 weeks; decreased
loneliness and greater positive mood were reported in the group
who bowled. Another study compared the antidepressive effect
between an exergame group and traditional exercise group
among 102 older adults during a 6-week period, and the
exergame group was found to have more positive emotions and
less depressive symptoms [14]. In addition, participation in
MBVGs has been recognized as a social activity that facilitates
player interaction, thereby fostering the development of social
connection and friendships among participants [15]. Studies
have delved into the potential social benefits of MBVGs and
found it can reduce the loneliness level of older adults, which
may be attributed to increased social interaction and
connectedness with other participants rather than the act of
playing the game itself [22]. A study by Chao et al [16]
suggested that the social benefits of MBVGs may also enhance
exercise motivation and adherence among older adults.

So far, very little attention has been paid to the psychological
and social effect of MBVGs on frail community-dwelling older
adults. In addition, the majority of existing research has used
commercially available motion-based technologies such as the
Nintendo Wii (an interactive exercise video program) or Kinect
(for the Xbox 360 game system) in the training process, which
are not designed specifically for older people, especially those

JMIR Serious Games 2024 | vol. 12 | e57352 | p.600https://games.jmir.org/2024/1/e57352
(page number not for citation purposes)

Wong et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2196/57352
http://www.w3.org/Style/XSL
http://www.renderx.com/


with frailty. However, an individualized program is necessary
for people with frailty in order to prevent adverse outcomes,
and extra care is required to reassure people to engage with the
program. To encourage those with frailty to participate in the
exercise program, the individual’s needs and abilities should
be considered, as well as the best type of activity to reach their
goals [23].

Strategies for Individualized Programs
Frames of reference are commonly used guidelines for
addressing the impairments that pose barriers to activity
performance [24]. Older adults vary in the level of understanding
they have about their health conditions and the impact that their
current conditions have on their life experience. The
Biomechanical Frame of Reference is primarily concerned with
an individual’s capacity for movement (range of motion, muscle
strength, and endurance) in the context of performing daily
activities and is usually carried out by linking impairments to
performance deficits [25]. This framework can be used to
improve a person’s perception of their current health situation,
highlighting how ongoing or chronic dysfunction affects their
performance of daily activities. With respect to older adults
with considerably irreversible dysfunction, a compensatory
approach is necessary to enable those with impairments to regain
independence in daily activities. The Compensatory Frame of
Reference provides compensatory techniques for individuals
who have experienced functional decline to reengage in
activities, such as by using assistive devices to compensate for
dysfunction in their desired occupations [26]. Other than
applying frames of reference that focus on addressing specific
impairments, the Person-Environment-Occupation (PEO) model
is mainly utilized as a guide to organize the person, environment,
and occupation factors to create complete person-centered
intervention plans, which help to achieve the overall well-being
of the older adults [25]. This conceptual model points out that
the performance of activities can be optimized when the
environment and the occupation are aligned to support activities
[25]. Thus, the congruent environment plays an important role
in maximizing a person’s quality of performance. The
integration of the frames of reference and conceptual model is
considered to assist in individualizing exercise programs through
enhancing a person’s perception of their specific health
conditions and their impact, applying assistive technology based
on one’s functional level, and conducting training within a
carefully assessed environment.

Intergenerational programs have been utilized widely; this refers
to a process to bring together older adults and young people in
a collaborative context. It is generally believed that young
people are more adaptive to new conditions and capable of
acquiring new technologies in a short period of time [27]
compared to older adults. Older adults aged over 65 years are
less likely to adopt new technologies, and often show decreased
self-efficacy and performance while interacting with digital
interfaces [28,29]. Barriers for older users of technology include
a lack of experience, a lack of guidelines for this particular
group, and age-related changes. A study by So and Shek [30]
indicated that older adults have higher motivation and
enthusiasm to learn new knowledge when working with young
generations. Teater’s study [31] also found that intergenerational

contact enhanced older adults’ sense of self-worth and social
interaction. An intergenerational program is considered to be
an approach that can equip older adults with the competence to
engage in technology-based exercise with the guidance and
support of young volunteers.

Previous studies broadly classify psychological outcome
measures into 4 categories: emotions (eg, depression, anxiety),
self-perceptions (eg, self-efficacy, self-concept), bodily
well-being (eg, physical symptoms), and global well-being (eg,
life satisfaction, overall well-being) [13]. An abundance of
studies found a connection between exergames and improved
psychological outcomes, including self-efficacy, life satisfaction,
and depression [32]. Although some research has been carried
out on the psychological impact of game-based exercise among
older adults, there are few published randomized controlled
trials that have investigated the effect of MBVGs on
psychological outcomes for community-dwelling older adults,
especially those with frailty. Furthermore, no single study exists
that has combined frames of reference, a conceptual model, and
intergenerational support into an individualized game-based
exercise regime, which may be able to address the engagement
and adherence issues that are encountered in traditional exercise
programs. The aim of this study is to test the effect of
individualized exercise programs, using the combination of
frames of reference, intergenerational support, and MBVGs, on
physical frailty outcomes (balance, handgrip strength, blood
pressure, BMI), cognitive frailty outcomes (cognition, short-term
memory), social frailty outcomes (loneliness, social isolation),
and client outcomes (physical activities, quality of life,
depression, self-efficacy, social connectedness, eHealth literacy)
among frail community-dwelling older adults. The results might
suggest a new approach to improve the holistic health of older
adults with frailty, provide a comprehensive view on how to
better address the needs of older adults, and guide a more
effective use of resources to deliver physical as well as mental
health services in the community.

Methods

Design
The study was a randomized controlled trial conducted between
March 2022 and October 2023 at 6 community centers run by
a nongovernmental organization in Hong Kong. The study
protocol was approved by the Human Ethics Sub-committee of
the Hong Kong Polytechnic University (HSEARS20220225001)
and registered at ClinicalTrials.gov (NCT05267444).

Participants and Recruitment
The community centers assisted in screening and contacting
eligible participants from their 50,000 service users. Subjects
who were members of the centers and who showed an interest
in this program were screened and recruited into the study if
they (1) lived in the community; (2) were aged 60 years or
above; (3) had a mild neurocognitive disorder with a Hong Kong
version of the Montreal Cognitive Assessment (HK-MoCA)
score equal to or less than 22; and (4) had a level of frailty from
“managing well” to “living with severe frailty” (Clinical Frailty
Scale score from 3 to 7) [33]. Participants were excluded if (1)
they received any kind of rehabilitation service or (2) were
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living with another older adult who was participating in the
same study.

For individuals deemed eligible to participate in the program,
the research assistant provided a detailed explanation of the
study and obtained their written consent at the community
center. Baseline data were collected from these participants.
Using the Research Randomizer software, the subjects were
randomly assigned to either the intervention or control group
based on the generated group assignments. The group
assignments were securely sealed and opened sequentially by
the principal investigator during the randomization process. To
maintain a high level of double-blinding, participants were
informed that the intervention aimed to promote psychological
health but they were not informed about their specific group
assignment (intervention or control). Furthermore, the research
assistant responsible for data collection remained blind to the
group allocation, whereas the providers, including the
community center staff, were not blinded.

Intervention Group
The 18-week intervention program contained 12 exercise
sessions, which were supervised by occupational therapists and
included the assistance of youth volunteers. Prior to commencing
the intervention, youth volunteers attended educational training
about the study at the community center. The youth volunteers
were individuals between the ages of 17 and 35 years who were
unemployed and had an educational level of secondary 5 or
above. The training provided an overview of chronic disease
and the biomechanical rationale of how dysfunction would
interfere with performance in daily activities. The training also
introduced the PEO model, an analytical tool, and established
the concepts of interaction with older adults, application of
digital technology and assistive devices, and environmental
adaptations during the exercise protocol.

The intervention was an individualized exercise program using
motion-based technology developed by occupational therapists
(OTs). The first visit was conducted at the community centers
so the OT could provide a comprehensive assessment of
participants using a standardized assessment protocol. The
assessment included the participant’s frailty level (eg, energy,
physical ability, cognition, and health), capabilities and
constraints, and environmental enablers and barriers. The results
of the assessment and PEO model guided the OT to create a
complete profile of the participant and construct an
individualized exercise regime for the sequent follow-up phase.
For example, the type of motion-based exercises prescribed
could include video game–based activities focused on improving
balance, such as virtual reality games that challenge participants
to shift their weight and step in different directions. The intensity
of these exercises would be tailored to the individual’s current
fitness level and goals, such as building strength versus
improving flexibility. The OT would also incorporate strategies
to improve the participant’s engagement and meet their
identified goals. This could include compensating for specific
impairments by providing assistive technologies, like tablet
stands or voice-controlled smart home devices, as well as
advocating for environmental changes to minimize physical

barriers in the home or community, such as installing grab bars
or improving lighting.

Following the first meeting, 11 follow-up home visits were
arranged with participants, including 5 weekly visits in the first
month, and 6 biweekly visits in the next 3 months. The trained
youth volunteers were asked to provide technical support to the
older adults to help them get familiar with the digital interface
and engage in the MBVGs prescribed. Meanwhile, volunteers
also provided psychological support to help older adults cope
with their fear of using technologies.

Control Group
As with the participants in the intervention group, those in the
control group could receive usual community center services
such as health talks and physical activity class. They were also
allowed to play any motion-based interactive games if they were
interested, but without the guidance of youth volunteers or OTs.

Sample Size
Sample size calculation was based on power analysis. Assuming
a 2-tailed α of .05, a probability of .2 for β error (80% power),
and an effect size of 0.45 after calculating with respect to the
primary parameter (physical activities) from the result of a
previous similar article [34], it was determined that 158 subjects
were required. With an anticipated dropout rate of 20%, a total
of 190 subjects were required (ie, 95 subjects per group).

Data Collection
The data were collected at 2 time points: at baseline
preintervention (T1) and at 18 weeks, when the program was
completed (T2). The data were collected during home visits
that were arranged before and after the program. Research
assistants who were blinded to the grouping were responsible
for data collection.

Outcome Measures

Overview
There are 5 sets of measures, including demographics, physical
frailty outcomes, cognitive frailty outcomes, social frailty
outcomes, and client outcomes.

The demographic data—including age, gender, marital status,
education, working and living conditions, accommodation,
financial status, and caretaking support—were collected at T1.

Physical Frailty Outcomes (Balance, Handgrip Strength,
Blood Pressure, BMI)
Balance was assessed using the Berg functional balance scale
[35]. It is a 14-item scale designed to measure the balance of
older adults in a community setting. Handgrip strength and
blood pressure were measured using a calibrated hand
dynamometer [36] and an electronic sphygmomanometer [37],
respectively. BMI was calculated by dividing a subject’s weight
in kilograms by his or her height in meters squared.

Cognitive Frailty Outcomes (Cognition, Short-Term
Memory)
Cognition was assessed using the HK-MoCA. It has been shown
to have consistency and reliability in detecting cognitive decline
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in an older adult population. MoCA covers the cognitive
domains of short-term and working memory, visuospatial
abilities, executive function, language, attention, concentration,
and orientation. It has a maximum score of 30. The HK-MoCA
cutoff score for mild Alzheimer disease is 18/19, different from
the MoCA in English, which is 25/26 [38].

Short-term memory was assessed using the digit span forward
test. It consists of the presentation of a list of numbers, which
should be correctly repeated in a forward order immediately
after their presentation. The longest span correctly recalled
across all test items equals the highest number of repeated
correct sequences. The tests have high test reliability coefficients
(Fisher z=0.90) [39].

Social Frailty Outcomes (Loneliness, Social Isolation)
Loneliness was assessed using the University of California, Los
Angeles Loneliness Scale [40]. Each participant was asked the
following 3 questions: “How often do you feel that you lack
companionship?” “How often do you feel left out?” and “How
often do you feel isolated from others?” Each question had 3
options to reflect the frequency: 1=hardly ever, 2=some of the
time, and 3=often. The values for each question were summed
to get a loneliness score ranging from 3 to 9, with higher values
indicating greater loneliness. The scale had good internal
reliability in a previous study, with Cronbach α=.87 [41].

Social isolation was measured by the 2 subscales of the 6-item
Lubben Social Network Scale-6 (LSNS-6) [42]. The LSNS-6
is composed of a set of 3 questions that evaluate social
connectedness with relatives (LSNS-6 Family subscale) and a
comparable set of 3 questions that evaluate social connectedness
with friends (LSNS-6 Friends subscale). Specifically, the
questions of the LSNS-6 Family subscale are as follows: “How
many relatives do you see or hear from at least once a month?”
“How many relatives do you feel close to such that you could
call on them for help?” and “How many relatives do you feel
at ease with that you can talk about private matters?” The word
“relatives” in these 3 questions is replaced with the word
“friends” for the questions of the LSNS-6 Friends subscale.
Each subscale score ranges from 0 to 15, with a lower score
indicating greater isolation. The 2 subscales in the previous
study demonstrated good internal consistency reliability, with
a Cronbach α of .81 for the Family subscale and .80 for the
Friend subscale [41].

Client Outcomes (Physical Activities, Quality of Life,
Depression, Self-Efficacy, Social Connectedness, eHealth
Literacy)
Physical activities of the older adults were measured by the
Chinese version of the Physical Activity Scale for the Elderly.
It is a 12-item scale estimating the frequency and intensity of
older adults’ lifestyle physical activities with 3 types of physical
activities (leisure time activity: 5 items; household activity: 6
items; work-related activity: 1 item) during the previous 7-day
period. The total score is computed by multiplying the time
spent on each activity (recorded as never, seldom: 1‐2 days
per week; sometimes: 3‐4 days per week; and often: 5‐7
days per week) or participation (yes/no) by an item’s weight,

and summarizing all the items. The scale has a high test-retest
reliability coefficient (r=0.87) and concurrent validity [43].

Quality of life was measured by a 12-item short-form health
survey version 2 (SF-12v2), which has been translated,
validated, and proven reliable for use among the Hong Kong
Chinese population. The internal consistency and test-retest
reliabilities were good (range 0.67‐0.82), and the SF-12v2
summary scores explained >80% of the total variances of the
SF-36v2 summary scores [44].

Depression was measured with the Chinese version of the
Geriatric Depression Scale [45]. Good validity and reliability
were reported in this scale, with a criterion-related validity of
0.95 and test-retest reliability of 0.85 among Chinese older
adults. Sensitivity and specificity were 96.3% and 87.5%,
respectively, for a cutoff point of 8.

Self-efficacy was assessed using the Chinese version of the
General Self-Efficacy Scale [46]. It is a 10-item scale measuring
a broad and stable sense of personal competence to efficiently
deal with a variety of stressful situations. The scale measures
the strength dimension of self-efficacy on a 4-point Likert scale.
Scores are summed to give a total range from 10 to 40; higher
scores represent greater self-efficacy.

Social connectedness was assessed using the Social
Connectedness Scale - Revised. Like its predecessor, this scale
measures social connectedness as a psychological sense of
belonging or, more specifically, as a cognition of enduring
interpersonal closeness with the social world in toto. The scale
consists of 20 items (10 positive and 10 negative) rated on a
6-point Likert scale and it has demonstrated good internal
reliability [47].

Finally, eHealth literacy was measured using the Chinese version
of the eHealth Literacy Scale [48]. This 8-item scale is used to
measure an individual’s combined knowledge, comfort, and
perceived skills related to finding, evaluating, and applying
electronic tools to health problems. The scores of the scale range
from 8 to 40, with higher scores indicating higher levels of
eHealth literacy. The scale presented good reliability and validity
[48].

Data Analysis
The data were analysed using SPSS (version 29; IBM Corp).
The participants’ baseline characteristics were compared using
the chi-square test or Fisher exact test for categorical variables
and the 2-sample independent t test for continuous variables.
The P value was set at less than .05 as a significant result for
the 2-tailed test. The between-group (group), within-group
(time), and interaction effects (group × time) of outcome
variables were analyzed using the generalized estimating
equation, with Bonferroni adjustment to protect against the
inflated risk of a type I error because of multiple comparisons
[49]. The linear link function was used for all outcome measures.
Missing values were imputed by multiple imputation after
confirming the data were missing at random. We used the
multiple imputation by chained equations approach, which
generates multiple complete datasets by replacing missing values
with predicted values derived from other variables in the dataset.
Once the imputation was performed, we combined the results
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from the multiple datasets using Rubin’s rules. The primary
analysis method used was the intention-to-treat approach, while
the secondary analysis used the per-protocol method. No
differences in the results were identified between the 2 analysis
approaches.

Ethical Considerations
Ethical approval was sought from the Ethics Committee of The
Hong Kong Polytechnic University before the commencement
of the program (reference number HSEARS20220225001).
Information regarding procedures, risks, confidentiality, data
storage, and benefits were provided to all eligible subjects.
Written informed consent was obtained from the subjects. All
participant names were replaced with participant codes to ensure
confidentiality and anonymity. The digital data were stored in
locked and secure computers. In order to ensure the safety of
the study, the incidence of serious adverse events such as
fainting and falls was monitored, though no harm to the subjects
was found. Participants in this study received compensation for
their time and participation, which covered expsenses such as
travel costs. The compensation details were transparently
outlined during the informed consent process.

Results

Baseline Demographic Data
A total of 202 participants from 6 community centers were
recruited and randomly assigned to either the intervention group
(n=101) or the control group (n=101). During the program, 26
participants from the intervention group and 17 participants
from the control group dropped out for various reasons, such
as a move to another country (n=10), deterioration of the
participant’s physical condition (n=17), and a dislike of using
electronic appliances (n=2). The CONSORT (Consolidated
Standards of Reporting Trials) flow diagram can be found in
Figure 1.

Baseline demographic characteristics were balanced across the
2 groups (Multimedia Appendix 1). The mean age of the 202
participants was 78.8 years (SD 7.8) and only 21.8% (n=44)
had no formal education. All but 6 were retired. More than half
of the participants were living with their spouse or family
(n=132, 65.3%). The majority (n=183, 90.6%) indicated having
adequate or more than adequate financial resources. Most of
them said that they are able to take care of themselves (n=145,
71.8%). Some of them said that they are being taken care of by
their children (n=126, 62.4%) and spouse (n=40, 19.8%).

JMIR Serious Games 2024 | vol. 12 | e57352 | p.604https://games.jmir.org/2024/1/e57352
(page number not for citation purposes)

Wong et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. The CONSORT flow diagram. CONSORT: Consolidated Standards of Reporting Trials.

Outcomes
Both groups demonstrated significant improvements in balance
from T1 to T2, with a notable time effect (β=−0.63, 95% CI
−1.22 to −0.05; P=.03). Although the intervention group showed
improvements in right- and left-hand strength compared to the
control group, the differences were not statistically significant.
Similarly, no significant differences were found between groups
for systolic and diastolic blood pressure, short-term memory,
social isolation, physical activities, or quality of life components.

The intervention group exhibited D improvements in BMI
(interaction effect at T1: β=−1.00, 95% CI −1.91 to −0.08;

P=.03) and cognition (interaction effect at T1: β=2.43, 95% CI
1.08 to 3.78; P<.001), while the control group’s MoCA scores
decreased. Both groups improved in depression levels, with a
significant within-group effect at T2 for the intervention group
(β=−1.16, 95% CI −1.85 to −0.48; P=.001).

Furthermore, eHealth literacy also improved in both groups,
with a significant within-group effect at T2 for the intervention
group (β=3.56, 95% CI 1.33 to 5.78; P=.002). Despite these
improvements, no significant between-group differences were
observed across most measures, highlighting the lack of
significant interaction effects.

The full results are presented in Tables 1 and 2 and Figures 2-7.
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Table . Mean scores and values for balance, handgrip strength, blood pressure, BMI, cognition, short-term memory, loneliness, social isolation, physical
activities, quality of life, depression, self-efficacy, social connectedness, and eHealth literacy among frail community-dwelling older adults for the
intervention and control group at baseline (T1) and 18 weeks (T2).

95% Wald CIMean (SE)Outcomes and groups

Balance

Control group

4.45-5.534.99 (0.28)T2

5.1-6.145.62 (0.27)T1

Intervention group

4.67-5.845.25 (0.3)T2

5.19-6.315.75 (0.29)T1

Right hand strength

Control group

15.38-18.3416.86 (0.75)T2

15.35-18.1316.74 (0.71)T1

Intervention group

15.01-18.5416.78 (0.9)T2

14.54-17.4415.99 (0.74)T1

Left hand strength

Control group

14.38-17.0715.72 (0.69)T2

14.37-17.0615.71 (0.68)T1

Intervention group

15.56-18.7117.14 (0.8)T2

14.31-16.9715.64 (0.68)T1

Systolic blood pressure

Control group

131.22-139.62135.42 (2.143)T2

133.79-142.03137.91 (2.104)T1

Intervention group

127.61-136.66132.13 (2.308)T2

132.26-139.47135.86 (1.840)T1

Diastolic blood pressure

Control group

69.07-75.4072.24 (1.616)T2

72.04-76.0074.02 (1.011)T1

Intervention group

71.22-75.6873.45 (1.138)T2

72.02-75.9874.00 (1.008)T1

BMI

Control group

23.32-25.3424.33 (0.52)T2

23.44-25.2624.35 (0.46)T1

Intervention group

22.63-24.2723.45 (0.42)T2
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95% Wald CIMean (SE)Outcomes and groups

23.74-25.2124.47 (0.38)T1

Cognition

Control group

20.69-23.2121.95 (0.642)T2

21.16-23.2522.21 (0.534)T1

Intervention group

23.99-25.4524.72 (0.37)T2

21.59-23.5022.54 (0.49)T1

Short-term memory

Control group

11.22-12.2511.74 (0.263)T2

11.31-12.4711.89 (0.294)T1

Intervention group

11.44-12.4811.96 (0.268)T2

11.60-12.7612.18 (0.296)T1

Loneliness

Control group

4.06-4.714.39 (0.17)T2

3.80-4.344.07 (0.14)T1

Intervention group

4.12-4.814.47 (0.18)T2

3.74-4.284.01 (0.14)T1

Social isolation

Control group

10.17-12.9111.54 (0.70)T2

9.27-11.4710.37 (0.56)T1

Intervention group

9.08-11.5210.30 (0.62)T2

9.14-11.6910.42 (0.65)T1

Physical activities

Control group

67.21-86.8077.00 (5.00)T2

74.82-93.0883.95 (4.66)T1

Intervention group

80.89-109.8095.35 (7.38)T2

80.75-102.5991.67 (5.57)T1

Quality of life (physical component)

Control group

36.02-40.6938.36 (1.19)T2

34.87-39.3837.13 (1.15)T1

Intervention group

38.94-42.7840.86 (0.98)T2

36.89-40.5838.73 (0.94)T1
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95% Wald CIMean (SE)Outcomes and groups

Quality of life (mental component)

Control group

42.71-46.7944.75 (1.02)T2

42.69-46.7544.72 (1.01)T1

Intervention group

41.83-46.8444.34 (1.28)T2

46.00-50.6048.30 (1.17)T1

Depression

Control group

3.62-5.234.42 (0.41)T2

4.84-6.335.58 (0.38)T1

Intervention group

2.81-4.283.55 (0.37)T2

4.36-5.745.05 (0.35)T1

Self-efficacy

Control group

24.00-27.0225.51 (0.77)T2

22.54-25.2223.88 (0.68)T1

Intervention group

24.08-26.5925.33 (0.64)T2

23.88-26.4625.17 (0.66)T1

Social connectedness

Control group

75.77-82.1578.96 (1.63)T2

78.13-83.7180.92 (1.42)T1

Intervention group

72.73-78.3775.55 (1.44)T2

78.82-84.3981.60 (1.42)T1

eHealth literacy

Control group

19.61-23.2121.41 (0.92)T2

15.91-19.7917.85 (0.99)T1

Intervention group

19.90-23.3321.61 (0.88)T2

17.16-20.8419.00 (0.94)T1
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Table . The between-group (group), within-group (time), and interaction effects (group × time) of balance, handgrip strength, blood pressure, BMI,
cognition, short-term memory, loneliness, social isolation, physical activities, quality of life, depression, self-efficacy, social connectedness, and eHealth
literacy.

P valueWald chi-square (df)95% CIβ (SE)

Balance

<.001a448.2745.103 to 6.1445.624 (0.2656)Intercept

.740.109−0.635 to 0.8920.129 (0.3896)Intervention group

.03a4.582−1.218 to −0.054−0.636 (0.2970)Time=2

.760.094−0.737 to 1.0100.137 (0.4457)Interaction of interven-
tion group and time

Right hand strength

<.001a555.72915.348 to 18.13216.740 (0.7101)Intercept

.460.538−2.762 to 1.258−0.752 (1.0255)Intervention group

.880.023−1.451 to 1.6960.123 (0.8026)Time=2

.620.249−1.950 to 3.2820.666 (1.3347)Interaction of interven-
tion group and time

Left hand strength

<.001a526.26114.371 to 17.05615.713 (0.6850)Intercept

.940.005−1.960 to 1.817−0.071 (0.9636)Intervention group

.990.000−1.424 to 1.4440.010 (0.7316)Time=2

.211.563−0.843 to 3.8151.486 (1.1884)Interaction of interven-
tion group and time

Systolic blood pressure

<.001a4297.909133.788 to 142.034137.911 (2.1036)Intercept

.460.538−7.527 to 3.428−2.050 (2.7948)Intervention group

.261.276−6.822 to 1.834−2.494 (2.2081)Time=2

.710.134−7.833 to 5.365−1.234 (3.3668)Interaction of interven-
tion group and time

Diastolic blood pressure

<.001a5361.74172.039 to 76.00174.020 (1.0109)Intercept

.990.000−2.818 to 2.778−0.020 (1.4277)Intervention group

.281.165−5.017 to 1.454−1.782 (1.6507)Time=2

.540.373−2.731 to 5.2011.235 (2.0235)Interaction of interven-
tion group and time

BMI

<.001a2748.91523.443 to 25.26424.354 (0.4645)Intercept

.840.039−1.053 to 1.2880.118 (0.5974)Intervention group

.930.007−0.590 to 0.540−0.025 (0.2885)Time=2

.03a4.573−1.906 to −0.083−0.995 (0.4651)Interaction of interven-
tion group and time

Cognition

<.001a1729.69521.161 to 23.25422.208 (0.5340)Intercept

.640.217−1.080 to 1.7530.337 (0.7227)Intervention group

.610.264−1.230 to 0.719−0.256 (0.4970)Time=2

<.001a12.4061.078 to 3.7842.431 (0.6902)Interaction of interven-
tion group and time
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P valueWald chi-square (df)95% CIβ (SE)

Short-term memory

<.001a1632.04111.314 to 12.46811.891 (0.2943)Intercept

.490.473−0.531 to 1.1060.287 (0.4176)Intervention group

.620.246−0.757 to 0.451−0.153 (0.3082)Time=2

.880.023−0.911 to 0.781−0.065 (0.4315)Interaction of interven-
tion group and time

Loneliness

<.001a886.6553.801 to 4.3374.069 (0.1367)Intercept

.760.092−0.442 to 0.324−0.059 (0.1954)Intervention group

.083.003−0.041 to 0.674.316 (0.1825)Time=2

.600.277−0.383 to 0.6640.141 (0.2671)Interaction of interven-
tion group and time

Social isolation

<.001a341.7709.267 to 11.46510.366 (0.5607)Intercept

.950.003−1.635 to 1.7340.050 (0.8596)Intervention group

.122.449−0.296 to 2.6361.170 (0.7479)Time=2

.221.504−3.349 to 0.771−1.289 (1.0510)Interaction of interven-
tion group and time

Physical activities

<.001a324.85074.819 to 93.07783.948 (4.6577)Intercept

.291.131−6.512 to 21.9587.723 (7.2628)Intervention group

.152.062−16.422 to 2.534−6.944 (4.8357)Time=2

.251.346−7.322 to 28.56110.620 (9.1539)Interaction of interven-
tion group and time

Quality of life (physical component)

<.001a1043.21234.873 to 39.37937.126 (1.1494)Intercept

.281.170−1.306 to 4.5211.608 (1.4864)Intervention group

.311.028−1.151 to 3.6201.234 (1.2172)Time=2

.590.296−2.323 to 4.1100.894 (1.6410)Interaction of interven-
tion group and time

Quality of life (mental component)

<.001a2032.80747.255 to 51.55049.402 (1.0957)Intercept

.490.468−4.245 to 2.048−1.099 (1.6054)Intervention group

.690.162−2.798 to 1.844−0.477 (1.1842)Time=2

.073.227−7.296 to 0.317−3.489 (1.9421)Interaction of interven-
tion group and time

Depression

<.001a213.9854.836 to 6.3325.584 (0.3817)Intercept

.301.058−1.553 to 0.484−0.535 (0.5197)Intervention group

.001a11.012−1.849 to −0.476−1.162 (0.3503)Time=2

.520.423−1.367 to 0.686−0.340 (0.5236)Interaction of interven-
tion group and time

Self-efficacy

<.001a1224.12522.543 to 25.21923.881 (0.6826)Intercept
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P valueWald chi-square (df)95% CIβ (SE)

.171.846−0.570 to 3.1441.287 (0.9473)Intervention group

.063.572−0.060 to 3.3221.631 (0.8629)Time=2

.221.541−3.781 to 0.849−1.466 (1.1811)Interaction of interven-
tion group and time

Social connectedness

<.001a3239.57278.134 to 83.70780.921 (1.4217)Intercept

.730.115−3.258 to 4.6240.683 (2.0106)Intervention group

.221.489−5.102 to 1.187−1.957 (1.6042)Time=2

.092.932−8.793 to 0.593−4.100 (2.3944)Interaction of interven-
tion group and time

eHealth literacy

<.001a324.53715.909 to 19.79417.851 (0.9909)Intercept

.400.707−1.528 to 3.8251.149 (1.3658)Intervention group

.002a9.8261.333 to 5.7833.558 (1.1351)Time=2

.540.385−3.930 to 2.040−0.945 (1.5229)Interaction of interven-
tion group and time

aP<.05.

Figure 2. Mean changes in right hand strength across time for the intervention and control group.
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Figure 3. Mean changes in left hand strength across time for the intervention and control group.

Figure 4. Mean changes in BMI across time for the intervention and control group.
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Figure 5. Mean changes in total MoCA score across time for the intervention and control group. MoCA: Montreal Cognitive Assessment.

Figure 6. Mean changes in total geriatric depression scale score across time for the intervention and control group.
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Figure 7. Mean changes in eHealth literacy scale score across time for the intervention and control group.

Discussion

Principal Findings
The increasingly aging population across the world warrants
the development and implementation of novel strategies to
promote aging in place. In this study, we examined the effects
of individualized exercise programs using a combination of
frames of reference, intergenerational support, and MBVGs.
Overall, there were statistically nonsignificant results across
most outcomes except for BMI and cognition. Although
improved mean scores were observed for some outcomes such
as loneliness, balance, eHealth literacy, and social isolation,
these were not statistically significant across the groups.
Although the findings highlight the limited benefits associated
with the novel, comprehensive program implemented in this
study, this program may represent a foundation for further work
to improve biopsychosocial outcomes among older adults and
to promote aging in place for as long as practicable.

Video-based gaming interventions have generally been observed
to be potentially helpful at improving cognitive functions and
physical outcomes among older adults [50]. In a recent
meta-analysis that included 47 studies, it was reported that video
game interventions could be considered for older adults to
improve performance and cognitive function, especially general
cognitive scores and processing speed [51]. For older adults in

residential care, it has been reported that MBVGs are helpful
for both mental and physical stimulation [52]. Consistent with
these assertions, this study observed an improvement in
cognition. This finding may be related to the nature of the game,
which requires one to think through the game, ascertain the next
steps to take in the game, and work toward winning. MBVGs
can facilitate the development and improvement of spatial
awareness, attention span, spatial constraints, and executive
control skills [51,53]. All these can potentially contribute to
improving cognitive function [54].

Further to the above, we observed a statistical improvement in
BMI levels in this study, although the findings regarding
physical activity were not statistically significant. Potentially,
the movement required to play the game may have contributed
to marginal weight reduction over the study period and led to
changes in BMI. However, the negative finding observed
regarding physical activity may suggest that the physical actions
required to play the games may not necessarily translate to
participating in other physical activities. There was ongoing
support offered to participants during each episode of the gaming
intervention, whereas in reality, there may be limited support
to enable them to participate in other physical activities. Activity
levels vary across the older adult population, although this was
not taken into consideration in this study. Moving forward, this
finding may underscore a need to ascertain the activity level of

JMIR Serious Games 2024 | vol. 12 | e57352 | p.614https://games.jmir.org/2024/1/e57352
(page number not for citation purposes)

Wong et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


participants, which can help to attain a greater explanatory
power regarding the changes that occur over time.

Apart from cognition and BMI, all remaining biopsychosocial
outcomes were statistically insignificant. Although it remains
a rather challenging endeavor to ascertain why this was the case,
particularly considering the comprehensive and individualized
nature of the gaming intervention, it is possible that the added
aspect of volunteers was of limited impact in this study. This
is based on the assertion that participants in the control group
were allowed to play the games if they wanted to, but without
the support of community volunteers. Unlike older adults in
residential facilities, community-dwelling older adults may still
be able to do more for themselves, as they may have varying
degrees of functional limitations [55]. Thus, they may not
necessarily require extensive, ongoing support as offered by the
intervention. Instead, this form of ongoing support should be
offered on a case-by-case basis to community-dwelling older
adults who may be in need of such support. Another potential
explanation regarding the nonsignificant findings may perhaps
be related to the intergenerational gap between the
community-dwelling older adults and the younger volunteers;
they may have had varying worldviews and this could have
impacted the social interactions that emerged from such
relationships, affecting the support offered or received. This
influence may impede social bonding with the younger
volunteers and hinder older adults’ active participation in social
connectedness and engagement, thereby potentially affecting
outcomes related to social well-being. Additionally, the older
adult population is heterogeneous, with varying underlying
comorbidities, which was not taken into consideration in this
study. The pathological basis of underlying comorbidities such
as diabetes and hypertension can often impact psychosocial
outcomes. A more homogeneous group of community-dwelling
adults may offer results allowing stronger comparisons.

Future Implications
Future research may consider whether the intervention was
tailored enough to address the varied requirements of older
adults with frailty. Subsequent research could investigate more
customized methods to effectively cater to individual abilities
and preferences. The add-on aspect of volunteer support may
be considered on a case-by-case basis rather than a
one-size-fit-all approach. In addition, other specific components

of the MBVGs, such as exercise type, intensity, and duration,
could be systematically evaluated and adjusted to potentially
enhance the efficacy of the intervention. Future studies could
further examine individual differences to determine if specific
demographic groups show different levels of interest or
enjoyment when engaging with specific components of MBVGs.
These subtleties can offer more insights into how game design
can be adjusted to better cater to the diverse preferences and
requirements of players.

Limitations
Some limitations of the study should be noted. First, due to the
selection of participants based on their interests, this study
exclusively recruited individuals who were highly motivated
and proactive in the intervention, potentially leading to
recruitment bias and limiting sample diversity. Second, it should
be acknowledged that the community centers were unable to
assign the same youth volunteer to each participant throughout
the program. This was due to certain volunteers being relocated
to another country during the period or leaving the program due
to a lack of interest or time constraints. The presence of different
supporters each time may have resulted in less
relationship-building between the youth volunteers and the older
adults, potentially impacting the effectiveness of the program.
Third, there were multiple outcome measures that required
approximately 1 hour for older participants to complete. The
potential fatigue experienced by participants during these
assessments could have a negative impact on the reliability of
the results. Fourth, the COVID-19 pandemic necessitated a shift
in our training delivery method from face-to-face to Zoom. This
change in mode of instruction may have affected the quality of
teaching, particularly when it came to demonstrating
motion-based games. Finally, no follow-up assessment was
conducted, as the study was a preliminary investigation laying
the foundation for future research. Subsequent studies may
incorporate additional follow-up assessments to evaluate the
sustained long-term progress.

Conclusion
Undoubtedly, the growing aging population warrants the
development and implementation of creative strategies to
support them. A motion-based gaming intervention with the
add-on aspect of younger volunteers for support seemed to
confer limited benefits to older adults.
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Abstract

Background: Exercise offers substantial health benefits but can induce oxidative stress and inflammation, especially in
high-intensity formats such as high-intensity interval exercise (HIIE). Exergaming has become an effective, enjoyable fitness
tool for all ages, particularly older adults. Enzyme supplements may enhance exercise performance by improving lactate metabolism
and reducing oxidative stress.

Objective: This study investigates the efficacy of fruit and vegetable enzyme supplementation in modulating fatigue and
enhancing aerobic capacity in older adults following HIIE through exergaming.

Methods: The study recruited 16 older adult female participants and allocated them into 2 distinct groups (enzyme and placebo)
based on their pretest lactate levels. This division used pairwise grouping to guarantee comparability between the groups, ensuring
the integrity of the results. They engaged in HIIE using Nintendo Switch Ring Fit Adventure, performing 8 sets of 20 seconds
of maximum effort exercise interspersed with 30 seconds of rest, totaling 370 seconds of exercise. Key metrics assessed included
blood lactate levels, heart rate, rating of perceived exertion, and training impulse. Participants in the enzyme group were administered
a fruit and vegetable enzyme supplement at a dosage of 30 mL twice daily over a period of 14 days.

Results: The enzyme group showed significantly lower blood lactate levels compared to the placebo group, notably after the
fourth (mean 4.29, SD 0.67 vs mean 6.34, SD 1.17 mmol/L; P=.001) and eighth (mean 5.84, SD 0.63 vs mean 8.20, SD 1.15
mmol/L; P<.001) exercise sessions. This trend continued at 5 minutes (mean 6.85, SD 0.82 vs mean 8.60, SD 1.13 mmol/L;
P=.003) and 10 minutes (mean 5.91, SD 1.16 vs mean 8.21, SD 1.27 mmol/L; P=.002) after exercise. Although both groups
exceeded 85% of their estimated maximum heart rate during the exercise, enzyme supplementation did not markedly affect the
perceived intensity or effort.

Conclusions: The study indicates that fruit and vegetable enzyme supplementation can significantly reduce blood lactate levels
in older adults following HIIE through exergaming. This suggests a potential role for these enzymes in modulating lactate
production or clearance during and after high-intensity exercise. These findings have implications for developing targeted
interventions to enhance exercise tolerance and recovery in older adults.

Trial Registration: ClinicalTrials.gov NCT06466408; https://clinicaltrials.gov/study/NCT06466408

(JMIR Serious Games 2024;12:e52231)   doi:10.2196/52231

KEYWORDS

Ring Fit Adventure; training load; older adult training; training impulse; food supplement; older adults; exergames; exergame;
Taiwan; female; fruits; vegetables; blood lactate; exercise; feasibility; aerobic; enzymes; enzyme; female older adults; fitness;
food intake; diet; exergaming; enzyme supplements; older adults training; female older adult; older adult
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Introduction

Exercise represents a paradoxical element in health management,
offering substantial benefits yet posing potential risks if not
properly moderated [1,2]. High-intensity exercise, although
efficacious in improving various health parameters, can lead to
oxidative stress, muscle damage, and inflammation [3,4]. The
oxidative stress primarily arises from increased reactive oxygen
species production during intensive physical activities [5].
Moreover, exercise-induced fatigue serves as a protective
mechanism against overexertion and consequent injuries [6,7].
In contemporary fitness regimes, high-intensity interval exercise
(HIIE), particularly the Tabata training method, has gained
prominence for its effectiveness in enhancing aerobic power,
fat oxidation, and muscular endurance [8-10]. These attributes
are especially crucial for the older adult population, a
demographic that significantly benefits from regular physical
activity [11-13].

Exergaming, an innovative blend of physical exercise and
interactive gaming, has emerged as a transformative approach
to fitness, especially in engaging diverse age groups in regular
physical activity. Its efficacy in enhancing key fitness parameters
such as aerobic capacity, agility, and coordination, coupled with
its ability to make exercise more enjoyable, has been well
documented [14-16]. This fusion of technology and exercise
not only caters to the digital age but also opens avenues for
personalized fitness experiences, which are adaptable to various
demographic needs [17,18]. Although exergaming has been
effective across a range of ages, its application in older adult
populations presents unique opportunities and challenges. As
the older adult population seeks safe, engaging, and effective
exercise methods, exergaming could offer a solution that aligns
with these requirements. However, integrating HIIE concepts
into exergaming for older adults remains a relatively uncharted
territory. HIIE, known for its efficiency in improving
cardiovascular health and metabolic function, could significantly
benefit older adults, particularly in terms of enhancing functional
capacity and overall quality of life [12,19].

The potential of HIIE within exergaming for older adults hinges
on the balance between intensity and safety. Although HIIE is
beneficial, it is crucial to adapt its intensity to suit the
physiological capabilities and limitations of older individuals.
Research indicates that tailored HIIE programs can be both
feasible and beneficial for older adults, leading to improvements
in cardiovascular health, muscle strength, and metabolic function
[20,21]. Integrating these concepts into exergaming could further
enhance adherence and enjoyment, which are crucial factors in
maintaining regular exercise habits in this demographic.
Furthermore, the interactive and immersive nature of
exergaming can address common barriers to exercise among
older adults, such as the lack of motivation or fear of injury. By
providing a safe, controlled environment for engaging in HIIE,
exergaming can potentially transform the perception and
experience of high-intensity workouts for older adults. This is
particularly pertinent given the increasing need for innovative
exercise interventions that cater to the aging global population
[11].

Nutritional supplementation, especially with natural fruit and
vegetable enzymes, presents a promising avenue in augmenting
exercise performance through their antioxidant,
anti-inflammatory, and metabolic benefits [21-28]. Such
supplementation could potentially optimize lactate metabolism
and enhance muscle function during exercise. Recent
advancements in nutritional science have highlighted the
substantial role of natural fruit and vegetable enzymes in
enhancing exercise performance. These enzymes are
increasingly recognized for their multifaceted health benefits,
including their antioxidant, anti-inflammatory, and
metabolism-enhancing properties [21,22]. Notably, their
potential impact on exercise physiology, particularly in the
context of high-intensity workouts, offers a new perspective on
improving athletic performance and recovery.

One of the critical areas where these enzymes show promise is
in the modulation of lactate metabolism. Lactate, often produced
in higher quantities during intense physical activity, can lead
to fatigue and decreased muscle efficiency. The traditional view
of lactate as merely a byproduct of anaerobic metabolism has
evolved, with current research acknowledging its role as a
valuable energy source during prolonged exercise [23]. This
shift in understanding opens up new avenues for using enzyme
supplementation to optimize lactate use. Enzymes such as
bromelain and papain, found in pineapples and papayas,
respectively, have been studied for their potential in improving
lactate metabolism. These enzymes are known to facilitate faster
clearance of lactate from the bloodstream, thereby enhancing
recovery and reducing fatigue [26,28]. Furthermore, the
antioxidant properties of these enzymes play a crucial role in
combating oxidative stress, which is often elevated during
intense exercise regimens [24,25]. This reduction in oxidative
stress is not only beneficial for immediate recovery but also
contributes to long-term muscle health and function. Moreover,
the anti-inflammatory actions of these natural enzymes can
mitigate the inflammatory response often triggered by
high-intensity exercise [27]. By reducing inflammation, these
enzymes may enhance muscle recovery and function, thus
allowing for more efficient and prolonged exercise performance.
This aspect is particularly relevant in training regimens where
recovery is as crucial as the exercise itself.

The primary aim of this feasibility study is to examine the effects
of fruit and vegetable enzyme supplementation on aerobic
capacity and blood lactate response in older adults engaged in
HIIE through an exergaming framework. This study is dual
faceted, focusing on (1) the physiological responses and
feasibility of an exergaming HIIE regimen tailored for older
adults and (2) the impact of enzyme supplementation on
enhancing these exercise outcomes.

Methods

Sample Size
The sample size computation was based on the study by
Flanagan and Jakeman [29]. Based on a statistical power
analysis, a total sample size of 16 participants (8 per group) was
needed to achieve a statistical power of 0.8 to detect a large
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effect size (ES) for supplement-time interaction at an α level
of .05 [30].

Participants and Experimental Design
After recruiting a total of 30 healthy older adult participants,
the study proceeded with screenings and initial explanations.
Subsequently, 12 individuals were excluded as they did not
meet the inclusion criteria, and 2 declined to participate.
Ultimately, 16 female older adult participants were enrolled in
the study. These participants were then divided into 2 distinct
groups (enzyme and placebo) based on their pretest lactate
levels. Pairwise grouping was used to ensure comparability
between the groups, thereby preserving the integrity of the
results. All participants reported a regular exercise habit (3 times
per week within the past year). They also completed the Physical
Activity Readiness Questionnaire and confirmed no history of
upper-limb skeletal muscle injury or major injury. Participants
were instructed to avoid strenuous activities and the intake of
caffeine or muscle-enhancing supplements for 24 hours prior
to the experiment. Before the study commenced, all participants
provided personal information, completed health questionnaires,
disclosed personal medical history, and signed informed consent
forms.

The 16 participants underwent the exergaming HIIE test as an
initial assessment (pretest). Participants engaged in a 5-minute
warm-up on a stationary bike, followed by HIIE using Nintendo
Switch Ring Fit Adventure. The training method was adapted
from previous research [8,9] and consisted of 8 sets of 20
seconds of maximum effort exercise with 30 seconds of
complete rest between each set, resulting in a total exercise time
of 370 seconds. The HIIE design incorporated training modes
targeting the deltoid, pectoralis major, latissimus dorsi, and
quadricep muscles in Nintendo Switch Ring Fit Adventure.
Blood lactate levels, heart rate (HR), and ratings of perceived
exertion (RPE) were recorded before, during, and after exercise,
and training load was quantified using training impulse
(TRIMP). Participants were matched and divided into 2 groups,
the enzyme group and the placebo group, based on their blood
lactate levels during HIIE. Each group comprised 8 individuals.
Supplementation with vegetable and fruit enzymes or
maltodextrin commenced 3 days after the pretest and lasted for
a total of 14 days. On the 14th day, following the completion
of supplementation, the participants underwent the exergaming
HIIE test as a posttest (Figure 1). This study was not
preregistered as it was considered a feasibility study.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) and experimental procedure diagram. HIIE: high-intensity interval exercise; HR:
heart rate; RPE: rating of perceived exertion.

Ethical Considerations
The human research ethics committee of the local university
approved this study, which was also approved by the human
research ethics committee of the National Cheng Kung
University, Taiwan (approval NCKU HREC-E-112-419-2).
Users volunteered for this study and agreed to participate by

signing an informed consent form. To protect the personal data
of participants, all participant information has been anonymized
and assigned identification numbers. Participation was voluntary
following recruitment, and participants were given a small gift
at the conclusion as a token of appreciation.
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Supplementation Protocol
After the pretest, the enzyme group consumed 30 mL of
vegetable and fruit enzymes (the contents included needle-leaf
cherries, cherries, apples, cranberries, blackberries, black
currants, blueberries, beets, broccoli, cabbage, carrots, Concord
grapes, cranberries, elderberries, kale, oranges, peaches,
papayas, parsley, pineapples, raspberries, red currants, spinach,
and tomatoes, etc; Enzyme Village) mixed with 150 mL of
water twice a day (at breakfast and dinner) for 14 consecutive
days. The placebo group followed the same protocol but
consumed malt syrup (Amazon) instead until the end of the
study. Participants returned to the laboratory each morning to
receive the daily supplement, which was administered on site.
Following supplementation, participants reported their dinner
intake to the researchers, ensuring compliance with the
prescribed supplementation regimen.

Exergaming HIIE Test: Combination of Exergaming
and HIIE
Participants in this experiment engaged in HIIE using the
Nintendo Switch Ring-Con within a laboratory environment.
All participants completed pre- and posttest assessments on the
same day. The exergame used in this study was Nintendo Switch

Fitness Adventure, which ingeniously blends exercise with an
adventure narrative to deliver both physical workouts and
gaming enjoyment concurrently. This game is noted for its
intuitive, user-friendly interface that accommodates players of
all ages. It incorporates a specialized fitness ring—a smart
accessory that connects to the Nintendo Switch console. The
sensor system used 2 Nintendo controllers: 1 mounted on the
exercise ring and the other secured to the participant’s thigh to
enhance gameplay interaction. Through the Ring-Con,
participants engaged in diverse physical activities such as
weightlifting, yoga, and aerobic exercises. The fitness ring
sensor accurately captures and integrates players’ movements
into the game. The gameplay involves unlocking levels and
engaging in fitness challenges that are achieved through actual
physical activities. It offers a wide range of exercise routines
targeting various muscle groups and provides engaging gaming
challenges. The exercise protocol included 8 sets of 20-second,
high-effort exercises, interspersed with 30-second rest intervals,
totaling 370 seconds of active exercise time. Specifically, the
fitness game mode used was the Adventure Mode in Ring Fit
Adventure, comprising exercises targeting the pectoralis major,
latissimus dorsi, deltoid, and quadricep muscles (Figures 2 and
3).

Figure 2. Experimental flowchart. * indicates lactate test. # indicates tests for heart rate and rating of perceived exertion. Ex-: bouts of HIIE; HIIE:
high-intensity interval exercise; post–5 min: after 5 minutes of HIIE; post–10 min: after 10 minutes of HIIE.
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Figure 3. Exercise training model: (A) pectoralis major, (B) deltoid, (C) latissimus dorsi, and (D) quadricep muscles. The images represent the 4
exercises used in this study. (A) shows pressing the fitness ring inward; (B) and (C) depict pulling the fitness ring outward; and (D) illustrates mounting
the sensor device on the thigh, which should be raised to approximately 90°.

Blood Lactate Test
Blood lactate was measured at 5 time points: before exercise,
after the fourth and eighth bouts of exercise, and at 5 and 10
minutes after exercise. Blood lactate was analyzed using a
Biosen Cline blood analysis system (EKF-diagnostic). Capillary
blood samples of 10 μL were collected, added to red blood cell
lysis reagent, and stored at low temperature until analyzed. Prior
to analysis, instrument standardization and test calibration were
performed, and the coefficient of variation was determined to
be ≤1.5%. The detection range for blood lactate was 0.5-40 mM
[31].

Exercise Load (TRIMP)

Overview
In this study, the exercise load was represented by the TRIMP
[32], which was calculated as the product of exercise intensity
and duration. To accommodate the convenience of the

experiment, 2 different TRIMP calculation methods were used,
including % maximum HR (HRmax; objective) and RPE
(subjective). At the end of each exercise bout (8 bouts in total)
and during the recovery period before the next bout (7 bouts in
total), participants were asked to report their RPE, and their HR
was recorded. This process was repeated 8 times.

% HRmax Calculation Method
During the entire HIIE, the participant’s HR was recorded every
5 seconds using a HR monitor (iHeart Polar) to calculate %
HRmax. The block TRIMP method developed by Edwards [33]
was used, which divides the exercise intensity into 5 blocks
with corresponding weighting factors (Table 1). The weighted
score of each block was multiplied by the exercise time (min)
and then summed to obtain the exercise load (arbitrary unit
[AU]). The calculation formula was as follows: Exercise load
= (Z1 exercise time × 1) + (Z2 exercise time × 2) + (Z3 exercise
time × 3) + (Z4 exercise time × 4) + (Z5 exercise time × 5).
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Table . The Edwards [33] block training intensity calculation method.

Weighted scoreIntensity (% HRmaxa), rangeZone

150-60Z1

260-70Z2

370-80Z3

480-90Z4

590-100Z5

aHRmax: maximum heart rate.

RPE Calculation Method
The TRIMP calculation method of Foster et al [34,35] was used
to calculate the exercise load, by multiplying the RPE value of
each exercise segment by the exercise time and summing them

up. The RPE scale used in this method was the CR-10 version
modified by Foster et al [35] based on Borg et al [36] (Table
2). The calculation formula was as follows: Exercise load (AU)
= Borg CR-10 RPE score × exercise time (min).

Table . Borg CR-10 rating of perceived exertion (RPE).

Level of exertionBorg CR-10 RPE score

Rest0

Very, very easy1

Easy2

Moderate3

Somewhat hard4

Hard5

Hard6

Very hard7

Very hard8

Very hard9

Maximal10

Statistical Analysis
All the data were analyzed by SPSS for Windows 20.0 (IBM
Corp). Data are expressed as mean (SD) and 95% CI. A mixed
design 2-way ANOVA (group×time) was used to compare the
variables of lactate response, HR, and TRIMP between 2 groups
before and after the 14 days of supplementation. Graphs were
generated using GraphPad Prism 8.0 (GraphPad Software).
Cohen conventions for ES (Cohen d) were calculated by the
G*Power 3.1 software program (Heinrich-Heine-Universität),
where the ESs of 0.2, 0.5, and 0.8 are considered small, medium,
and large, respectively. Statistical significance was set as P<.05.

Results

Overview
Table 3 outlines the baseline characteristics of participants in
the study, divided into the enzyme and placebo groups. The

average age of participants was slightly higher in the placebo
group (66.50, SD 1.31 y) than the enzyme group (65.75, SD
0.88 y). Heights were similar across both groups, with the
enzyme group averaging 160.50 (SD 2.67) cm and the placebo
group averaging 160.13 (SD 2.75) cm. The enzyme group
members were slightly heavier (mean 56.75, SD 4.27 kg) than
those in the placebo group (mean 53.5, SD 3.42 kg), which was
also reflected in a higher average BMI (22.02, SD 1.41 kg/m²
in the enzyme group vs 20.89, SD 1.71 kg/m² in the placebo
group). Regarding exercise habits, both groups engaged in
regular physical activity, with the enzyme group exercising on
average 3.75 (SD 0.71) days per week and the placebo group
exercising slightly more at 4.00 (SD 0.76) days per week. The
daily exercise duration was comparable between groups, with
the enzyme group averaging 76.25 (SD 41.04) minutes and the
placebo group averaging 78.75 (SD 31.82) minutes.
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Table . Participants’ baseline characteristics.

Placebo group, mean (SD)Enzyme group, mean (SD)Characteristics

66.50 (1.31)65.75 (0.88)Age (y)

160.13 (2.75)160.50 (2.67)Height (cm)

53.5 (3.42)56.75 (4.27)Weight (kg)

20.89 (1.71)22.02 (1.41)BMI (kg/m2)

4.00 (0.76)3.75 (0.71)Frequency of regular exercise habits (d/wk
within the past year)

78.75 (31.82)76.25 (41.04)Daily exercise duration (min)

Enzyme Supplementation’s Impact on Lactate
Response in Exergaming Combined With HIIE
The results demonstrated that blood lactate levels surpassed 4
mmol/L after the fourth exercise bout, indicating the presence
of high-intensity exercise. Additionally, the study examined the
effects of 14 days of enzyme or placebo supplementation on
blood lactate levels (F1,14=6.99; P=.001). The enzyme group
exhibited significantly lower blood lactate levels than the
placebo group after the fourth (mean 4.29, SD 0.67; 95% CI

3.56-5.01 vs mean 6.34, SD 1.17; 95% CI 5.61-7.06 mmol/L;
ES=−2.14; P=.001) and eighth (mean 5.84, SD 0.63; 95% CI
5.14-6.54 vs mean 8.20, SD 1.15; 95% CI 7.50-8.90 mmol/L;
ES=−2.56; P=.001) exercise bouts, as well as at 5 minutes (mean
6.85, SD 0.82; 95% CI 6.10-7.60 vs mean 8.60, SD 1.13; 95%
CI 7.85-9.35 mmol/L; ES=−1.78; P=.003) and 10 minutes (mean
5.91, SD 1.16; 95% CI 4.99-6.84 vs mean 8.21, SD 1.27; 95%
CI 7.29-9.14 mmol/L; ES=−1.89; P=.002) after exercise (Figure
4). These findings suggest that the combination of HIIE and
exergaming can lead to high-intensity exercise, and enzyme
supplementation can contribute to a reduction in lactate levels.

Figure 4. Blood lactate response (A) before and (B) after 14 days of enzyme or placebo supplementation. Data are presented as mean (SD). * indicates
a significant difference (P<.05) from the pre-exercise value within the group. # indicates a significant difference (P<.05) between the groups. Ex-4:
fourth bout of HIIE; Ex-8: eighth bout of HIIE; HIIE: high-intensity interval exercise; post–5 min: after 5 minutes of HIIE; post–10 min: after 10 minutes
of HIIE.

Enzyme Supplementation’s Impact on HR in
Exergaming Combined With HIIE
The results demonstrated that during exergaming combined
with HIIE, older adult participants experienced a significant
increase in HR compared with before exercise (P<.05). The
estimated HRmax (220 – age, SD 10) for older adults was 155
(SD 10) beats per minute (bpm), and the observed HRs during
exercise exceeded 85% of the estimated HRmax for both groups.
However, there was no significant difference in the average HR
of the older adults between the enzyme and placebo groups
before and after supplementation. Before supplementation, there

was no significant difference in the HRs of the older adult
participants between the enzyme and placebo groups during the
first (mean 104.63, SD 24.71; 95% CI 86.77-122.48 vs mean
104.63, SD 22.32; 95% CI 86.77-122.48 bpm; ES=0; P>.99),
second (mean 116.13, SD 21.81; 95% CI 101.54-141.72 vs
mean 114.38, SD 16.26; 95% CI 99.79-128.96 bpm; ES=0.09;
P=.86), third (mean 126.13, SD 24.30; 95% CI 110.53-141.72
vs mean 118.38, SD 15.96; 95% CI 102.78-133.97 bpm;
ES=0.38; P=.46), fourth (mean 130.13, SD 21.97; 95% CI
114.63-145.62 vs mean 121.38, SD 18.77; 95% CI
105.88-136.87 bpm; ES=0.43; P=.41), fifth (mean 124.63, SD
20.49; 95% CI 109.37-139.88 vs mean 125.63, SD 19.73; 95%
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CI 110.37-140.88 bpm; ES=−0.05; P=.92), sixth (mean 128.88,
SD 23.34; 95% CI 112.71-145.04 vs mean 127.38, SD 19.06;
95% CI 111.21-143.54 bpm; ES=0.07; P=.89), seventh (mean
131.63, SD 22.01; 95% CI 116.56-146.69 vs mean 129.75, SD
17.45; 95% CI 114.69-144.81 bpm; ES=0.09; P=.85), and eighth
(mean 137.75, SD 23.60; 95% CI 121.78-153.73 vs mean
135.63, SD 18.19; 95% CI 119.65-151.60 bpm; ES=0.10; P=.84)
sets (Figure 2). Similarly, after supplementation, there was no
significant difference in the HRs of the enzyme and placebo
groups during the first (mean 102.13, SD 21.21; 95% CI
88.87-115.67 vs mean 109.88, SD 13.64; 95% CI 96.33-123.42
bpm; ES=−0.43; P=.40), second (mean 111.13, SD 18.04; 95%
CI 98.32-123.93 vs mean 114.88, SD 15.63; 95% CI
102.07-127.68 bpm; ES=−0.22; P=.66), third (mean 121.13,
SD 19.38; 95% CI 108.63-133.62 vs mean 115.38, SD 12.95;
95% CI 102.88-127.87 bpm; ES=0.35; P=.50), fourth (mean

128.25, SD 18.75; 95% CI 116.57-139.93 vs mean 118.5, SD
11.10; 95% CI 106.82-130.18 bpm; ES=0.63; P=.23), fifth
(mean 129.25, SD 18.12; 95% CI 115.29-143.21 vs mean
128.75, SD 18.68; 95% CI 114.79-142.71 bpm; ES=0.03;
P=.96), sixth (mean 132.00, SD 19.79; 95% CI 118.70-145.30
vs mean 125.50, SD 14.95; 95% CI 112.20-138.80 bpm;
ES=0.37; P=.47), seventh (mean 133.88, SD 20.84; 95% CI
120.50-147.25 vs mean 127.63, SD 13.70; 95% CI
114.25-141.00 bpm; ES=0.35; P=.49), and eighth (mean 137.75,
SD 21.18; 95% CI 124.42-151.08 vs mean 134.63, SD 13.02;
95% CI 121.30-147.95 bpm; ES=0.18; P=.73) sets (Figure 5).
In summary, the findings indicate that exergaming combined
with HIIE leads to a significant increase in HR among older
adults. However, there was no significant difference in HR
between the enzyme and placebo groups before and after
supplementation.

Figure 5. Heat rate response (A) before and (B) after 14 days of enzyme or placebo supplementation. Data are presented as mean (SD). * indicates a
significant difference (P<.05) from the pre-exercise value within the group. Ex-: bouts of HIIE; HIIE: high-intensity interval exercise; post–5 min: after
5 minutes of HIIE; post–10 min: after 10 minutes of HIIE.

TRIMP in Enzyme Versus Placebo Groups After
Supplementation in Exergaming Combined With HIIE
The TRIMP, representing both objective and subjective training
loads, was compared between the enzyme and placebo groups
after supplementation. Analysis revealed no significant
differences in either the objective (mean 542.5, SD 172.19 vs

mean 531.25, SD 123.34 AU; ES=0.08; P=.88) or subjective
training loads (mean 895, SD 143.73 vs mean 847.50, SD 223.46
AU; ES=0.25; P=.62) between the groups (Figure 6). This
suggests that the supplementation did not significantly alter the
perceived intensity or effort of the HIIE when combined with
exergaming.
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Figure 6. Comparison of (A) objective and (B) subjective training impulse (TRIMP) between the enzyme and placebo groups after supplementation
during HIIE with exergaming. Data are presented as mean (SD). AU: arbitrary unit; Ex-: bout of HIIE; HIIE: high-intensity interval exercise; HRmax:
maximum heart rate; RPE: rating of perceived exertion.

Discussion

Principal Findings
The study investigated the effects of enzyme supplementation
on lactate response and HR in older adult individuals engaging
in a combination of exergaming and HIIE. The results indicated
that enzyme supplementation significantly reduced blood lactate
levels after exercise, particularly after the fourth (P=.001) and
eighth (P<.001) exercise bouts, demonstrating the potential of
enzymes to mitigate exercise-induced lactate accumulation.
Despite a notable increase in HR during the exercise sessions,
which surpassed 85% of the estimated HRmax for older adult
participants, there was no discernible difference in HR responses
between the enzyme and placebo groups, either before or after
supplementation. Furthermore, the analysis of TRIMP,
encompassing both objective and subjective measures of training
load, revealed no significant differences between the enzyme
and placebo groups after supplementation. This suggests that
although enzyme supplementation may aid in lactate
management, it does not significantly impact the overall
perceived intensity or cardiovascular demand of HIIE combined
with exergaming in older adult individuals.

Lactate Response in Exergaming
This study contributes valuable insights into the efficacy of fruit
and vegetable enzyme supplementation in optimizing exercise
outcomes for older adults, particularly when combined with
HIIE and exergaming. The notable finding that blood lactate
levels surpassed the 4 mmol/L threshold after the fourth exercise
bout underlines the high intensity and physiological rigor of the
exercise protocol. This study’s emphasis on enzyme
supplementation’s impact on blood lactate levels is especially
pertinent. Enzyme supplementation significantly lowered blood
lactate levels after exercise, as compared to the placebo, after
both the fourth (P=.001) and eighth (P<.001) exercise bouts
and at 5 and 10 minutes after exercise (P=.003 and P=.002,
respectively). This observation suggests a potential role of
enzyme supplementation in enhancing lactate metabolism, either

through its reduction or improved clearance during and after
high-intensity exercise. The metabolism-enhancing attributes
of fruit and vegetable enzymes, such as bromelain and papain,
may facilitate this reduction in lactate accumulation [22,37].
Furthermore, their antioxidant and anti-inflammatory properties
could lead to enhanced muscle function, thereby contributing
to lower lactate production [38].

Exergaming, when integrated with HIIE, presents an innovative
and engaging exercise modality, particularly for older adults.
It has been established as an effective and enjoyable exercise
option, capable of achieving intensities comparable to traditional
exercise forms [16]. This study reinforces the feasibility of
exergaming combined with HIIE as a viable strategy for older
adults, achieving substantial exercise intensity as evidenced by
elevated lactate levels. However, the study is not without
limitations. The relatively small sample size and focus on a
specific demographic and exercise protocol may restrict the
broader applicability of the findings. Further research with
larger, more diverse populations is necessary to validate and
extend these preliminary results.

HR Response in Exergaming
Interestingly, although exergaming combined with HIIE
effectively elevated physiological parameters such as HR and
lactate levels, no significant difference in HR response was
observed between the enzyme and placebo groups. This suggests
that the subjective perception of effort might not accurately
reflect the actual physiological demands of the exercise, echoing
previous research [32,33]. In summary, this study illustrates
that enzyme supplementation can potentially reduce blood
lactate levels during and after high-intensity exercise in an older
adult cohort engaged in HIIE combined with exergaming. These
findings underscore the value of enzyme supplementation in
enhancing metabolic responses and optimizing exercise
outcomes. Future research should aim to unravel the underlying
mechanisms and investigate the long-term impacts of enzyme
supplementation across diverse populations. A deeper
understanding of the interplay between nutritional
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supplementation, exercise modality, and physiological responses
is crucial in tailoring effective interventions for optimal exercise
performance and overall health promotion.

TRIMP Response in Exergaming
An additional focal point of our study was the evaluation of
TRIMP in relation to enzyme supplementation during HIIE
combined with exergaming. TRIMP is a quantifiable measure
of training load, incorporating both objective and subjective
elements of exercise intensity [32]. In our study, the analysis
revealed no significant differences in TRIMP between the
enzyme and placebo groups after supplementation. This outcome
suggests that enzyme supplementation does not significantly
alter the perceived intensity or exertion levels during HIIE with
exergaming. This finding aligns with previous studies that have
explored the multifaceted nature of TRIMP. For instance,
research by Laursen and Jenkins [39] highlighted the complexity
of accurately measuring training load, emphasizing the need to
consider both physiological and psychological factors. The lack
of significant difference in TRIMP in our study could be
attributed to the stable physiological responses (HRs and lactate
levels) observed across both groups. This observation is
consistent with the work of Manzi et al [40], who noted the
importance of physiological markers in determining training
load, particularly in endurance sports.

Furthermore, the subjective component of TRIMP, which relates
to athletes’ perceived exertion, is a crucial aspect of training
load assessment [35]. Our study’s findings, where the subjective
perception of effort did not significantly differ between the
enzyme and placebo groups, resonate with the notion that
perceived exertion is a complex interplay of physical and
psychological factors [33]. This complexity might explain why
enzyme supplementation, primarily impacting physiological
responses, did not significantly alter the subjective experience
of the training load. The implication of these results is
substantial for designing exercise programs for older adults. As
suggested by Bethancourt et al [41], understanding and
managing training load is crucial in preventing overtraining and
optimizing exercise benefits, especially in older adults. The lack
of difference in TRIMP between the groups in our study
indicates that enzyme supplementation, although beneficial in
reducing lactate levels, does not necessarily impact the overall
training load as perceived by the participants. This insight is
vital for practitioners and researchers in tailoring exercise
regimens that are both physiologically effective and
psychologically manageable for older adults.

In conclusion, our study contributes to the growing body of
knowledge on TRIMP and its applications in exercise science.
Although enzyme supplementation shows promise in reducing
lactate levels, its impact on the overall training load, as measured

by TRIMP, appears to be minimal. Future research should
continue to explore this area, considering both physiological
and psychological aspects of exercise, to develop comprehensive
training strategies for various populations, including older adults.

Conclusions
This study aimed to evaluate the impact of fruit and vegetable
enzyme supplementation on aerobic capacity and blood lactate
response in older adults participating in HIIE combined with
exergaming. The results demonstrate that enzyme
supplementation significantly reduced blood lactate levels after
exercise compared to a placebo. This finding is indicative of
the potential role of such supplementation in enhancing lactate
metabolism during and after high-intensity exercise.
Additionally, the integration of HIIE with exergaming has
proven to be a novel and effective approach to exercise for older
adults, achieving significant physiological intensities while
maintaining engagement and enjoyment. However, enzyme
supplementation did not exhibit a noticeable effect on HR
response or the overall perceived training load, as measured by
TRIMP. This suggests that although enzyme supplementation
may influence specific physiological responses, such as lactate
production and clearance, it does not significantly alter the
overall perceived exertion or exercise experience for
participants.

These findings contribute to the growing body of literature on
the synergistic effects of nutritional supplementation and
innovative exercise modalities such as exergaming in the older
adult population. They highlight the potential of enzyme
supplementation in optimizing exercise outcomes, particularly
in reducing lactate accumulation, which is a crucial aspect of
high-intensity exercise tolerance. Moreover, the study
underscores the feasibility and effectiveness of exergaming
combined with HIIE as a strategy to enhance physical activity
levels in older adults. The study’s implications extend beyond
exercise physiology, offering practical insights for health
practitioners, fitness professionals, and researchers in the
development of targeted, effective, and enjoyable exercise
interventions for older adults. Future research should aim to
further elucidate the mechanisms behind enzyme
supplementation’s impact on exercise performance and explore
the long-term effects of such interventions in a wider
demographic.

In summary, this research supports the notion that carefully
tailored nutritional and exercise interventions, such as enzyme
supplementation combined with HIIE and exergaming, can
significantly enhance exercise outcomes in older adults. These
interventions hold promise for improving overall health and
well-being in this demographic, contributing to the growing
field of serious games and their application in health and fitness.
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Abstract

Background: One of the main contemporary forms of physical activity (PA) involves exercises and games in an immersive
virtual reality (VR) environment, which allows the user to practice various forms of PA in a small space. Unfortunately, most of
the currently available VR games and workout applications are mostly based on upper body movements, especially the arms,
which do not guarantee sufficiently high exercise intensity and health benefits. Therefore, it is worth seeking solutions to help
increase the exercise load during PA in VR.

Objective: The main aim of this study was to evaluate the effect of elastic arm resistance in the form of latex resistance bands
of different elasticity levels on the intensity of students’ PA while playing the BoxVR game. We further assessed the satisfaction
of this form of exercise and its associations with PA intensity.

Methods: A total of 21 healthy and physically fit men (mean age 22.5, SD 2.0 years) were included in the study. The tests
consisted of 3 10-minute games. One game was run with no load and the other two were run with 1.5-meter latex resistance bands
(low and high resistance). The order of the tests was randomized and the participants rested for 20 minutes after each exercise.
Exercise intensity was estimated using objective (heart rate monitoring) and subjective (Borg scale) methods. The Physical
Activity Enjoyment Scale was used to assess satisfaction with the PA. The effect of elastic resistance on exercise intensity and
user enjoyment was estimated using ANOVA for repeated measures.

Results: The ANOVA results indicated that incorporation of elastic resistance caused a significant change (F2,40=20.235, P<.001;
η²p=0.503) in the intensity of PA in VR, which was low while playing without resistance and then increased to a moderate level
with additional resistance. The use of elastic bands also changed participants’ perceptions of the enjoyment of exercise in VR
(F2,40=9.259, P<.001; η²p=0.316). The students rated their satisfaction with PA in VR on a 7-point scale highly and similarly
when exercising without an upper limb load (mean 6.19, SD 0.61) and with slight elastic resistance (mean 6.17, SD 0.66), whereas
their satisfaction declined significantly (mean 5.66, SD 0.94) when incorporating a higher load.

Conclusions: The intensity of PA among students playing the BoxVR game is at a relatively low level. With the added resistance
of elastic bands attached to the upper limbs, the intensity of the exercise increased to a moderate level, as recommended for
obtaining health benefits. Participants rated the enjoyment of PA in VR highly. The use of slight elastic resistance did not negatively
affect satisfaction with the BoxVR game, although user satisfaction declined with a higher load. Further research should be
undertaken to increase the effectiveness of exercise in VR so that regular users can enjoy the health benefits.

(JMIR Serious Games 2024;12:e58411)   doi:10.2196/58411

KEYWORDS

virtual reality; VR; game; gaming; immersive; immersion; health-related physical activity; physical activity; exercise; active
video games; attractiveness; enjoyment scale; enjoyment; serious games; elastic resistance; resistance

Introduction

The past few years have seen a rapid development of
technologies related to immersive virtual reality (VR). With
immersive VR, the user is cut off from the visual and auditory

stimuli of the surrounding reality and instead receives artificially
produced images, sounds, and even tactile sensations using
information technology, which is finding increasing applications
in various areas of human life. In particular, VR is increasingly
used for physical activity (PA) and in the development and
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diagnosis of physical fitness parameters. VR applications are
being developed to shape and assess motor skills [1-5], research
on motion analysis in VR is now actively carried out [6,7], and
active virtual reality games (AVRGs) are becoming increasingly
popular [8]. Feedback from users indicates the attractiveness
of AVRGs, making them competitive with conventional forms
of PA [9-11]. Some reports have also shown that VR can offer
greater flow for PA than a similar form of exercise in the real
world [12]. The great potential of AVRGs is also linked to the
fact that these types of applications enable practicing different
forms of exercise in a small space at home. However, one of
the main limitations of VR technology in the context of its use
for PA is that most of the exercises performed in the virtual
environment are primarily based on movements of the upper
body as the sensors placed in the VR headsets allow for tracking
movements of the head and possibly the torso, while the
movement sensors located in the controllers allow for tracking
arm movements. Although some trainers currently work with
VR headsets, such as virtual treadmills, flight simulators, and
cycle ergometers, these are relatively expensive and take up
space in living areas. Since PA performed in VR is mainly based
on upper limb movements, there is a concern that this type of
exercise may be characterized by relatively low intensity.
Consequently, physical efforts practiced in a virtual environment
may not be effective in terms of potential health benefits.
According to World Health Organization (WHO)
recommendations, PA should be characterized by moderate to
high intensity to obtain health benefits [13]. Therefore, solutions
should be sought to increase the body’s workload when
practicing PA in VR.

The first related studies are already being carried out. One of
the proposals to increase the intensity of physical exercise in
VR is to use an additional load in the form of handheld weights
(HHWs). Based on the experiments carried out to date, this type
of solution can be effective [10]. An alternative solution to
Velcro-fastened weights could be elastic resistance in the form
of rubber bands attached to the distal parts of the upper limbs.
Indeed, resistance bands have been widely used in fitness classes
and various sports to improve the effectiveness of training
[14-17]. Such a solution may be used provided there is effective
stretching of the elastic bands during arm movements in VR.
Applications that meet this condition include the popular
AVRGs based on boxing techniques. With appropriately
fastened straps, boxing movements can be performed with elastic
resistance, which should potentially increase the intensity of
this type of PA. However, the specific amount of resistance that
should be applied to increase the effectiveness of the exercise
while not causing discomfort due to the excessive load remains
unclear, as this could negatively affect the attractiveness of PA
perceived by users.

Therefore, the main aim of this study was to evaluate the effect
of elastic resistance in the form of latex resistance bands with
different elastic properties on exercise intensity in young and
physically fit adults while playing the popular AVRG game
BoxVR [18]. The results obtained were related to the WHO
health recommendations for PA. This study further assessed
the attractiveness of such a form of exercise and the relationships
between the use of elastic resistance and user satisfaction. It

was hypothesized that the use of resistance bands would
significantly increase the participants’ exercise intensity and
would not significantly affect their assessment of satisfaction
with playing the AVRG.

Methods

Participants
The study involved 21 healthy and physically fit men studying
at the Academy of Physical Education in Katowice, Poland
(mean age 22.5, SD 2.0 years; mean body height 181.6, SD 7.3
centimeters; mean body weight 79.5, SD 11.0 kilograms). People
with motion sickness, sensitivity to flashing lights, epileptic
seizures, and balance disorders were excluded from the study.
The research was carried out at the Jerzy Kukuczka Academy
of Physical Education in Katowice, Poland, at a certified
Laboratory of Research on Pro-Health Physical Activity (PN-EN
ISO 9001:2015, certificate validity: 7.12.2021‐16.12.2024).

Ethical Considerations
The study was conducted according to the guidelines of the
Declaration of Helsinki, and was reviewed and approved by the
Research Ethics Committee of the Jerzy Kukuczka Academy
of Physical Education in Katowice (protocols: 9/2018;
KB/27/2022). All participants took part in the study voluntarily
and could discontinue their participation at any time. All
participants were familiarized in detail with the purpose of the
study, safety rules, the use of the VR equipment, and the course
of the study. In addition, a written informed consent form was
provided to all eligible study participants. The test results were
secured in accordance with the security procedures in force at
the Laboratory of Research on Pro-Health Physical Activity.

Research Tools and Procedures
An HTC Vive (HTC Corporation, New Taipei, Taiwan) kit was
used for immersive VR, consisting of a headset, two base
stations, two controllers, and a computer. The HTC Vive set is
one of the popular VR systems on the market, which is
characterized by high visual quality and allows for realistic VR
experiences. This system was selected for this research since
the motion-tracking system in HTC Vive is very precise and
accurate, which allows the user to move smoothly and naturally
in the virtual environment. Owing to a set of sensors and
controllers, users can freely explore the virtual world. The
BoxVR application was used with several training programs of
varying difficulty. These programs involve boxing routines
combined with music, reminiscent of shadow boxing. The game
is based on basic boxing punches (ie, straight, hook, and
undercut), which are performed on virtual objects coming from
the depths of the room to the rhythm of the music in various
combinations. There are also shapes the user has to avoid or
block. The user hits targets with their hands, which they perceive
in the virtual environment as boxing gloves in two colors: blue
(left hand) and pink (right hand). An illustration of the playing
environment is provided in Figure 1. To obtain a high score in
the game, the user has to execute the punches correctly and hit
the targets moving toward them that correspond to the
appropriate glove color. The user scores points for every correct
response. In the case of a series of several or more accurate hits,
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the score is further multiplied by an appropriate multiplier.
Information on the number of points scored and the duration of
the game is displayed on virtual screens in front of the user.

The systsem has a panel that allows the user to select game
modes with different durations, levels of difficulty, and nature
of exercise. For the purposes of the study, mode “seventeen”
was selected lasting 10 minutes, set at medium difficulty and
with the no squat option. This mode was considered to be
optimal for physically fit young adults. The squat option was
disabled because the aim of the study was to assess the impact
of the elastic resistance of the arms on the intensity of physical
exercise; therefore, additional lower limb exercises would be a
factor that could complicate the interpretation of the study
results. It should be noted that many active video games (AVGs)
are based solely on arm and torso movements. Before the study,
participants were familiarized with the use of the application
and took part in a short (2-minute) no-load trial.

The tests consisted of 3 10-minute games. One game was run
with no load and the other two were run with 1.5-meter latex
resistance bands, including green (low resistance) and silver
(high resistance) bands. The elasticity characteristics of the
resistance bands provided by the manufacturer (Thera-Band)
are presented in Table 1. The bands were attached to the ground
on one side and to tactical gloves (M-Tac) on the other. When
starting the exercise with the bands, users held their hands in a
guard position and were positioned at an appropriate distance
from the point of attachment ensuring that the bands were taut
but not stretched. When the punches were performed, the bands
stretched, causing resistance (Figure 2). The order of the tests
was randomized, and the participant rested for 20 minutes after
each exercise before starting the next game.

While playing the VR game, participants’ heart rates were
monitored using a Vantage V heart rate monitor (Polar Electro

Oy, Kempele, Finland) coupled with a chest strap (Polar H10).
Based on the average exercise heart rate (HRave), the PA
intensity was estimated as the average percentage of maximum
heart rate (% HRmax). The HRmax value was first estimated from
the formula 208 – 0.7 × age (years) [19]. The results obtained
were compared to the PA intensity standards recommended by
the American College of Sports Medicine [20]. According to
this classification, it is assumed that during low-intensity
exercises, HRave<64% of HRmax, high-intensity PA occurs when
HRave≥77% of HRmax, and moderate exercise is defined in the
condition of HRave≥64% of HRmax with less than 77% of HRmax.
Furthermore, the average absolute duration of PA (in seconds)
was estimated for the following exercise intensity zones: 0, less
than 50% HRmax; 1, 50%‐59% HRmax; 2, 60%‐69% HRmax;
3, 70%‐79% HRmax; 4, 80%‐89% HRmax; and 5, ≥90%
HRmax. These intensity zones were selected because they are
used to report the results in the software of the heart rate monitor
(Vantage V) used in the study.

At the end of each test, the participants also self-assessed their
perceived exertion using the Borg Rating of Perceived Exertion
(RPE), which ranges from 6 to 20 [21,22]. According to this
scale, a score of 10-11 indicates low-intensity exercise, a score
of 12-13 indicates moderate-intensity exercise, and a score of
14‐16 indicates high-intensity exercise [23]. The RPE scores
were compared with the objective measurements to determine
the correlation of PA intensity with the subjective perceptions
of the participants.

Subsequently, the participants assessed their satisfaction with
PA in VR using the long version of the Physical Activity
Enjoyment Scale (PACES), consisting of 18 items [24], which
were answered after each test on a 7-point Likert scale. The
average calculated from all responses was used for analysis.
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Figure 1. Screenshot showing a view of the BoxVR game environment from the user’s perspective.

Table . Specifications of the elastic bands (Thera-Band) used during testing.

Resistance, kilogramsStretch, %

Silver bandGreen band

2.30.925

3.91.550

5.01.975

6.02.3100

6.92.6125

7.83.0150

8.63.3175

9.53.6200

10.54.0225

11.54.4250
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Figure 2. A participant during a resistance exercise with the green band.

Statistical Analysis
Basic descriptive statistics (arithmetic means and SDs) were
calculated. The Shapiro-Wilk test was used to assess whether
the data followed a normal distribution, whereas sphericity was
assessed using the Mauchley test. The effect of elastic resistance
on exercise intensity was estimated using ANOVA for repeated
measures or Friedman ANOVA, depending on the distribution
of the data. The repeated-measures ANOVA was supplemented
with Tukey posthoc tests, whereas Friedman ANOVA was
followed by the Dunn posthoc test. The level of statistical
significance was set at α=.05. The effect size was estimated
using η²p or the Kendall coefficient (W). The Spearman rank
correlation coefficient (rS) was used as a measure of the
relationship between objective and subjective intensity measures.
Statistical analyses were performed using Statistica v.13 (TIBCO
Software Inc) and Jamovi v. 2.2.3.0 software.

Results

Exercise Intensity in VR Without Upper Limb Loading
and With Elastic Resistance
Repeated-measures ANOVA showed that elastic resistance
significantly affected the participants’ heart rate (F2,40=20.151,
P<.001; η²p=0.503). When playing without external resistance,
the heart rate was the lowest, with a mean of 117.33 (SD 21.21)
beats per minute (bpm). The heart rate increased to a mean of
124.43 (SD 20.62) bpm during play with the green elastic band
and increased further to a mean of 134.90 (SD 20.33) bpm
during exercise with the silver band. Posthoc tests showed

statistically significant differences between the results of all
measurements taken according to the level of resistance applied
(Figure 3).

Elastic resistance also resulted in a significant change
(F2,40=20.235, P<.001; η²p=0.503) in exercise intensity as
expressed by the mean %HRmax. While playing without
resistance, the intensity of physical effort was low, with a mean
%HRmax of 61.27% (SD 11.21%). With elastic resistance,
physical effort (%HRmax) increased to a moderate level, as
recommended for health benefits, for both the green (mean
64.97%, SD 10.86%) and silver (mean 70.43%, SD 10.68%)
bands. Posthoc tests revealed statistically significant differences
between the results of all tests according to varying levels of
resistance (Figure 4).

Under conditions of no external load, the participants’ heart
rates lasted the longest in zone 1 (50%‐59% of HRmax),
whereas in both cases of exercise with elastic bands, the heart
rates remained in zone 2 (60%‐69% of HRmax). The Friedman
ANOVA showed significant variation in results for zones: 0

(χ2
2=14.711, P<.001; W=0.350), 3 (χ2

2=8.954, P=.01;

W=0.213), and 5 (χ2
2=9.333, P=.009; W=0.222). No significant

effect of arm loading on PA intensity was found for the other

zones: 1 (χ2
2=3.610; P=.17; W=0.086 ), 2 (χ2

2=2.913; P=.33;

W=0.052), and 4 (χ2
2=3.360; P=.19; W=0.080) (Figure 5).

We further analyzed the exertion perceived by the users after
each test based on the RPE scale (6-20). Friedman ANOVA
demonstrated that elastic resistance loading significantly
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(χ2
2=36.861, P<.001; W=0.878) altered users’ perceptions of

exertion. The lowest fatigue was declared by those exercising
without additional load. The exercise intensity in this case was
rated a mean of 11.19 (SD 2.54) points. In contrast, significantly
more exertion was reported for PA with elastic resistance. The
mean scores for the intensity of exercise were 13.67 (SD 2.15)
for the green band and 16.62 (SD 1.72) for the silver band.
Posthoc tests for the pairwise comparisons of the results revealed
statistically significant differences (Figure 6).

Spearman correlation analysis between subjective and objective
measures of exercise intensity showed a statistically significant
positive relationship between intensity evaluated based on
%HRmax and the Borg RPE scale (6-20) for PA in VR without
load (rS=0.504, P=.02) and with green elastic band resistance
(rS=0.45, P=.04). No significant correlation was found for
physical exercise with the silver band (rS=0.356, P=.11).

Figure 3. Average heart rate while playing BoxVR depending on upper limb load. bpm: beats per minute; HRave: average heart rate.

Figure 4. Intensity of physical exercise while playing BoxVR depending on upper limb load. % HRmax: percentage of maximum heart rate.
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Figure 5. Average time spent in different heart rate zones by participants depending on upper limb load while playing BoxVR; HRmax: maximum heart
rate.

Figure 6. Rating of Perceived Exertion (RPE) scale versus upper limb load while playing BoxVR.

Satisfaction of Study Participants With Exercise in VR
The ANOVA of the PACES questionnaire results showed that
additional elastic resistance significantly (F2,40=9.259, P<.001;
η²p=0.316) influenced participants’ perceptions of the
attractiveness of exercise in VR. Study participants rated their
satisfaction with PA in VR very similarly and highly for exercise
without an upper limb load (mean 6.19, SD 0.61 points) and
with elastic resistance in the form of a green band (mean 6.17,

SD 0.66 points). The differences between these scores were
minimal and statistically insignificant. Study participants were
by far the least satisfied with PA in VR with the silver band
(mean 5.66, SD 0.94 points). Therefore, statistically significant
differences were found between the results of the assessment
of exercises without additional resistance and with the silver
band (P<.001) and between the assessment of exercises with
the green and silver bands (P=.002) (Figure 7).
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Figure 7. Satisfaction of participants with physical activity in virtual reality versus upper limb load. PACES: Physical Activity Enjoyment Scale.

Discussion

Principal Findings
This study found that the use of elastic bands while playing the
AVRG BoxVR had a significant effect on exercise intensity,
as shown by objective measurements and manifested by an
increase in the heart rate. Furthermore, PA accompanying
boxing exercises in VR, which was classified as low-intensity
exercise, became moderately intense with additional resistance,
and therefore became an exercise program that is considered
beneficial for health according to WHO recommendations [13].
The heart rates remained in the high zones for a longer period
of time during the resistance band exercises. Therefore, this
type of shoulder loading during PA in VR appears to be an
effective solution for increasing the intensity of physical exercise
based on arm work.

The method presented in our study to increase PA intensity in
VR by using resistance bands represents a novel solution. To
date, weights attached to the distal part of the limbs have been
used for this purpose. A recent study showed that the use of
0.5-kilogram Velcro-fastened HHWs placed on the wrists
increased the intensity of PA in VR [10]. The authors found
that under such upper limb loading, the PA intensity while
playing the popular AVRG Beat Saber increased from low to
moderate, thus becoming a healthy exercise. Similar studies
were carried out using 2-kilogram ankle weights while playing
an AVRG based on locomotor movements and practiced on an
Omni omnidirectional treadmill (Virtuix) [11]. In this case, the
additional load on the lower limbs was found to significantly
increase physical exertion during virtual active entertainment.
Recently, manufacturers of VR accessories have begun to view
additional limb loading as a way to improve the effectiveness
of exercise in a virtual environment. More recently, special
controller overlays in the form of small discs have been offered
for sale for users of the Oculus Quest 2 headset, which, when
placed on the controllers, cause an increase in their weight to

increase the intensity of exercise while using the application.
As the use of resistance bands promotes increased PA intensity
in arm-based VR, the use of elastic resistance offers an
alternative to HHW or controller-mounted weights. However,
there is currently a lack of such dedicated solutions for VR
users.

The effect of elastic arm resistance on the intensity of physical
exertion of users while playing BoxVR was also evidenced by
the participant-reported RPE scores, which increased
significantly after the use of elastic bands. Comparison of RPE
reported by the participants with the objective classification of
PA intensity [23] revealed that the students rated the PA without
external loading as light and that with the green elastic band as
moderate, which was similar to the objective assessment based
on the heart rate monitor. In contrast, physical exercise
performed with the silver band was rated as vigorous by the
participants, indicating that the students overestimated its
intensity in relation to objective measurements. This
overestimation may be confirmed by the correlation analysis
between subjective and objective measures of exercise intensity,
showing a statistically significant relationship between RPE
and %HRmax for PA in VR without a load and with the green
elastic band resistance, while no significant relationship was
found for exercise with the silver band. The exaggerated level
of the subjective rating of PA during exercise in VR is somewhat
puzzling, as previous studies have demonstrated that being in
a VR environment reduces the intensity of perception of various
stimuli (eg, pain) because VR, by stimulating different senses,
distracts the immersed person from the problem [25-28]. During
exercise in VR, this phenomenon, known as cognitive
distraction, can alleviate the discomfort associated with hard
training. The few studies on this topic published to date suggest
that VR may be useful in distracting from unpleasant bodily
sensations occurring during aerobic PA in children with
overweight and obesity [9] and in reducing negative sensations
associated with the performance of isometric exercises [29].
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According to the PACES survey, study participants highly rated
their satisfaction with PA in a virtual environment while playing
BoxVR. Scores exceeded 6 on a 7-point scale for two
measurements. Although the ANOVA of the PACES
questionnaire results revealed that additional elastic resistance
significantly affects the participants’ perceptions of the
attractiveness of exercise in VR, study participants rated their
satisfaction with PA in VR very similarly for exercise without
upper limb loading and with green resistance bands; the
differences found were minimal and statistically insignificant.
This may indicate that the low external load on the arms does
not bother users and does not cause discomfort that could reduce
the enjoyment of the exercises performed in VR. This was also
confirmed by the aforementioned studies using a 0.5-kilogram
HHW and a 2-kilogram ankle weight [10,11]. However, our
results suggest that as the elastic external load on the arms
increases, there may be a reduction in user satisfaction with PA
in VR. Participants in this study were the least satisfied with
playing BoxVR while having to overcome the resistance of the
silver band, although a score of 5.66 still seems to be relatively
high. The attractiveness of PA in VR has also been assessed in
other contexts [10-12,30-36], and most of these studies have
indicated a high level of user satisfaction with such exercises.
Because those studies assessed other forms of PA or the
attractiveness of physical exercise was measured with different
tools, it is difficult to compare their results with those obtained
in our study. Due to the rapid development of AVRGs and
training applications used in a virtual environment, further
research is warranted to identify the determinants of satisfaction
of people participating in PA in VR. This will help guide the
further development of this new form of exercise. Notably,
satisfaction is an important motivation for undertaking regular
healthy PA, and how people feel when they exercise determines
their future training engagement [37]. Therefore, identifying
user preferences for different forms of PA in VR can increase
the likelihood of the regular active use of modern technology,
which should translate into health benefits.

Limitations and Prospects
Despite these promising results, the solution we have presented
has some limitations. Namely, for the user to perform the
exercise with the resistance band attached to the ground, they
must be looking forward and cannot move freely. Consequently,
the use of such a solution is only possible for certain AVRGs.
However, there is a way to address this limitation. There are
wearable resistance band (WRB) systems (eg, WearBands or

MASS Suit), using specially designed belts, socks, gloves, and
other items of clothing to anchor elastic resistance bands
connecting two or more body segments. WRB training is a new
entry to the field of resistance training. With WRBs, the
exerciser can move freely while performing movements with
elastic resistance [38]. Despite the lack of research on exercise
with WRB, it appears that this type of training system may be
useful for increasing the intensity and effectiveness of exercise
in VR. Testing this assumption may provide objectives for
further empirical research. Currently, elastic resistance is being
used in AVGs in nonimmersive VR. An example is the original
pointing device created by Nintendo called Ring Fit, which
works with the Ring Fit Adventure app. This is an elastic ring
that can be squeezed, stretched, and moved in space, which
enable controlling the movements of the virtual avatar. The few
studies conducted to date have shown that Ring Fit exercises
have a beneficial effect on students’physical fitness [39], reduce
lower back pain in adults [40], improve balance in older people
[41], and may be a useful form of PA for children with
overweight and obesity by increasing their daily energy
expenditure [42].

Conclusions
The intensity of PA among students playing the BoxVR game
is at a relatively low level. With the added resistance of elastic
bands attached to the upper limbs of the participants, the
intensity of the exercise increased to a moderate level, as
recommended for obtaining health benefits. Participants in this
study highly rated the attractiveness of PA in VR. The use of
slight elastic resistance did not negatively affect the satisfaction
of study participants with the BoxVR game, although the
satisfaction declined with a higher load.

Due to the rapid development of VR, the great popularity of
games and training programs in a virtual environment, and their
attractiveness to users, it is expected that more and more people
will enjoy active entertainment in VR. Therefore, research
should be undertaken to assess user preferences and seek
solutions to increase the usefulness and effectiveness of this
newly developed form of PA so that regular users can improve
their physical fitness and reap the health benefits. Our study
may provide guidance to VR equipment manufacturers on how
to make exercise more effective while playing AVRGs based
on upper limb movements. However, the validity of the
considerations outlined above should be confirmed in further
research using applications that allow various forms of PA to
be practiced in an immersive VR environment.
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RPE: Rating of Perceived Exertion
VR: virtual reality
WHO: World Health Organization
WRB: wearable resistance band
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Abstract

Background: Currently, the fusion of technology and sports is inevitable. The integration of various systems and devices has
brought about significant transformations in established sports practices, impacting not only the rules but also physiological,
biomechanical, and even psychological aspects.

Objective: The purpose of this study was to analyze the effect of an attention intervention through a video game on young
soccer players.

Methods: Twelve young male soccer players (age: mean 8.5, SD 1 years) were divided into 2 groups: a control group (CG;
n=10) and an experimental group (EG; n=10). During the 6-week training program, the EG received attention training through
a video game twice a week for 15 minutes per session. Pre- and postintervention measurements included a specific decision-making
soccer test and interviews with coaching staff. Additionally, success in the video game, muscular activity, and sweat levels were
monitored.

Results: The EG demonstrated a significant improvement in video game success following the intervention program, as indicated
by the achieved level (P<.001). However, no significant differences were found between groups regarding electromyographic
(EMG) activity (P=.21) and sweating (P=.20). Prior to implementing the attention training program, both groups exhibited similar
data for variables related to decision-making and execution mechanisms (≤10%). Only 2 decision-making variables exceeded
10% but remained below 15% (Shot_D=13.35%; Marking_with_Ball_D=−12.64%). Furthermore, changes in attacking action
variables were more pronounced in execution-related variables, except for dribbling and fixing. Conversely, in defensive action
variables, changes were greater in decision-related variables, except for marking with the ball and marking without the ball.

Conclusions: Our findings reveal that incorporating a specific attentional video game into a soccer training program enhances
decision-making compared to a program without the video game. Therefore, it is advisable for practitioners to consider using
this tool due to its high efficiency in terms of economic and temporal costs, particularly in improving a key psychological variable.

Trial Registration: ISRCTN Registry ISRCTN12742775; https://www.isrctn.com/ISRCTN12742775

(JMIR Serious Games 2024;12:e52275)   doi:10.2196/52275
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reaction time; serious games; executive function; decision making; game; games; gaming; sport; sports; soccer; football; athlete;
athletes; athletic; training; performance; physiological; muscle; muscular; sweat; sweating; attention training; attentional; ball;
exercise; physical activity; exergame; exergames; interview; interviews

Introduction

Currently, technology use is inseparable from sports. The
integration of various systems and devices has brought about
significant transformations in established sports practices,
impacting not only the rules but also physiological,
biomechanical, and even psychological aspects. This revolution
is particularly evident in soccer, where the implementation of

technology has primarily concentrated on the professional
sphere. From a physiological perspective, technology has
facilitated notable advancements in the understanding and
control of physical demands during elite soccer matches. Tools
such as the GPS [1,2], accelerometry, and specialized match
analysis programs [2] have made it possible for coaches to
design training tasks on the basis of data obtained from actual
games. Optical tracking systems and GPS devices were
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compared in professional soccer, revealing no significant
differences in analyzed variables such as total distance, distance
per minute, average speed, and maximum speed [3]. However,
limitations were identified, such as the ineffectiveness of the
GPS in indoor sports and the inability of optical tracking systems
to access internal variables. Nevertheless, researchers concluded
that both technologies were suitable for monitoring the
physiological demands of soccer players [3].

Technological applications in soccer have also shed light on
performance mechanisms in areas such as jumping [4] and the
minimization of lower limb injuries [5]. Usually, these
technologies rely on 3D movement analysis, muscle activation
assessment, and force production evaluation. Nonetheless, the
high economic cost and specialized expertise required for their
use pose significant challenges, making it difficult to implement
them in the daily lives of athletes. Another way to harness the
use of technology with a better cost-benefit relationship is
through the use of video games; in particular, those with a clear
aim to improve performance and learning, known as serious
games [6]. Games have been used to introduce challenging
concepts or develop skills in different areas such as surgery [7]
and rehabilitation [8] or to enhance team coordination via
cooperative training—the latter being called “small side games”
[9,10]. All manner of play seeks to achieve improvements in
skill acquisition in a more attractive way over and above
traditional forms [11,12]; in particular, among pediatric
populations with special attention and motivation characteristics
[13,14]. Playful forms of intervention have improved affective
responses in children compared to traditional teaching
methodologies [15], having achieved benefits with the use of
video games that optimize performance in variables as attention
and executive control [16] and other psychological variables
[17]. Serious games are emerging as valuable tools with positive
impacts on cognitive aspects, providing specific value to their
users. A pertinent study demonstrated that the implementation
of a serious game based on chess, titled “The Secret Trail of
Moon,” led to notable increases in emotional control levels and
a reduction in attention deficits among participants [18]. In the
sports domain, literature also highlights benefits, with a serious
virtual reality game showing a significant improvement in
players’ concentration during skiing tasks [13]. These findings
underscore the potential positive impact of serious games on
diverse cognitive and sports-related domains. Studies have
increasingly focused on the psychological and cognitive aspects
of athletes over the years [19,20], having highlighted attention,
memory, and motivation as crucial psychological variables for
athletes [21,22]. While the relationship among technology,
games, and the psychological behavior of athletes has been
explored, research specifically focusing on technology training
in soccer remains scarce compared with other areas of
knowledge. A notable study [23] revealed that young soccer
players who trained with a computerized attention training
system called Rejilla (version 1.0) [24] experienced significant
improvements in their attention. However, these improvements
were not directly linked to on-field performance variables. The
literature has primarily centered around elite soccer, with limited
attention given to youth soccer. Providing information to youth
soccer coaches regarding how technology can impact the

psychological and cognitive variables of their athletes will help
optimize performance and achieve long-term success.

Methods

Participants
The study involved 12 young male soccer players aged between
8 and 9 years from a club in Seville, Spain. The participants
underwent training sessions 3 days a week, each lasting
approximately 120 minutes. The sample was divided into 2
groups: a control group (CG) and an experimental group (EG).
Both groups were informed about their participation in a
program aimed at enhancing their soccer skills. For the CG, the
training involved watching videos of goals scored by the first
team in previous seasons, followed by researchers posing
questions to elicit responses. In search of a placebo effect, the
EG was informed that the activity they were engaging in was
attention training. This involved the visualization of videos
showcasing goals scored by the first team in past seasons. After
the video session, participants were required to answer questions
related to the content (eg, “how many goals did the player with
the number 9 score?”). Alternatively, the EG engaged in
attention training using a video game.

Sample size calculation was convenience-based. For this, the
study participants were players from a youth team belonging
to a top-tier club in the Spanish Professional Football League.
As an inclusion criterion, participants had to be 8 or 9 years old.
Additionally, they should have been free from injuries that
would have prevented them from participating in training or
competitions. Their required training frequency was 3 times per
week. During the 6 weeks, if any player reduced their training
frequency to once a week, they were withdrawn from the study.
Finally, a simple randomization method was chosen to
randomize the groups, using the toss of a coin.

Procedure
The study spanned a duration of 6 weeks (Figure 1). Initially,
all players underwent an evaluation of their decision-making
skills in relation to soccer performance using the Game
Performance Evaluation Tool (GPET) test [25]. The GPET is
a tool to assess performance in invasion sports, specifically in
soccer. Subsequently, both groups were assessed on the basis
of their success in the video game, electromyographic (EMG)
activity during the test, and sweat level. Throughout the study,
all participants maintained their regular training routine,
consisting of 3 sessions per week and a competitive game. The
intervention varied, in that, on the one hand, the CG attended
a room session twice a week where videos showcasing goals
scored by the first team in past seasons were shown during 15
minutes, and after each video, the investigators posed a question
to elicit a response; on the other hand, the EG attended a room
session where attention training was conducted using a video
game, with sessions lasting 15 minutes and taking place twice
a week. Upon completion of the 6-week intervention, all players
were reassessed regarding their decision-making abilities in
relation to soccer performance using the GPET, as well as their
performance in the video game, EMG activity, and sweat level
during video game practice. Finally, an interview was conducted
with the coaching staff to gauge the subjective attention levels
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of each soccer player, assigning them a score ranging from 1
(very low attentional level) to 3 (optimal attentional level) in

relation to competitive situations.

Figure 1. Study design. Left to right: participants were randomized into 2 groups. Subsequently, all soccer players were assessed using the Game
Performance Evaluation Tool (GPET), in addition to being evaluated for success in the video game, electromyographic (EMG) activity, and sweating
levels. Afterward, the intervention proceeded for 6 weeks. Thereafter, both groups were evaluated again with the GPET, EMG activity, and sweating
levels. Finally, the coaching staff was interviewed.

Instruments

The Video Game: BallApp
The video game used in the study involved the task of
memorizing a ball with a distinct color among others displayed
on the screen. After a period of 5 seconds, all the balls would
change to the same color and move randomly across the screen.
The participants were then required to identify the ball that
initially had a different color. Accomplishments in the video
game were measured in both groups, with the criterion being
the ability to advance to the next level 3 consecutive times to
mitigate the influence of luck. As the levels progressed, the
speed of the balls, the number of selectable balls, and the
presence of distractors such as noise increased. To replicate the
environment of competitive soccer matches, specific background
noise recordings from the soccer players’ actual matches were
provided.

The attention game for soccer players, BallApp, is designed to
enhance their attention processes, aiming for a positive impact
on attentional mechanisms when playing soccer. The game has
been developed as an application using various technologies,
including HTML for structural aspects, JavaScript for
functionality, and Material Design for Bootstrap for design. The
game is tailored for young soccer players and has been designed
for individual play, although multiple players can participate
on multiple screens.

The game involves selecting a ball of a different color than the
others, and after a few seconds, all the balls turn into the same
color and move randomly across the screen. The speed of
movement, number of balls, depth of movement, and added
noise vary as the difficulty levels progress. For example, in
level 1, three balls appeared (one of them being of a different
color), and the task was to choose 1 ball. All the balls moved
without depth, and the speed was low. As levels increased, the
difficulty level also increased on the basis of the number of
balls on the screen. In subsequent levels, such as level 3, four
balls appeared (one of them being of a different color), and the
task was to choose 1 ball. The balls moved without depth, at a
low speed, and without added noise. In total, the maximum
number of programmed levels in the game was 8.

Level 4 onward, an ambient sound replicating those in
real-world soccer matches was introduced. The aggressiveness
of the noise increased with an increase in the difficulty level
(Table 1). The aggressiveness of the noise was described on the
basis of whether it was a murmur (low noise), cheering noise
(medium noise), cheering noise with chants (moderate noise),
noise with chants where specific phrases from a fan stood out
(aggressive noise), or noise with chants and synchronized
disturbances in the form of complaints or disgust toward plays
(very aggressive noise).
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Table . Overview of the characteristics of each level of the game.

SoundSpeed of the ballsDepth of the movementNumber of eligible
balls

Number of balls on the
display

Level

NoiselessLowNo depth131

NoiselessLowWith depth132

NoiselessLowNo depth143

Slight noiseModerateNo depth154

Medium noiseModerateNo depth265

Moderate noiseModerateWith depth266

Loud noiseHighNo depth277

Very loud noiseHighWith depth288

Regardless, to progress to a higher level, the player had to win
the played level 3 times consecutively, eliminating luck as a
factor for level progression. If the player correctly identified
the balls of a different color in each level, they were awarded
a score. This score depended on not only accuracy but also the
time taken to make their choice.

The game has a configuration for individual use, although
competitions can also be held with other players. Thus, it
provides players with a leaderboard that compares scores among
players, and this ranking changes on the basis of the following
variables: the number of games played, the number of points
achieved per game, and the number of levels surpassed by the
player.

The selection of this particular video game for implementation
is predicated on its consistent engagement of the attentional
mechanism. This mechanism holds substantial implications in
the developmental processes of young soccer players and,
consequently, may yield positive effects on targeted
soccer-related tasks.

EMG and Skin Conductance
EMG activity and electrodermal activity (EDA) were assessed
on the basis of skin resistance and sweat production (bioPLUX).
The EMG activity and EDA of the dominant hand’s extensor
muscle were evaluated in all participants. Electrodes were
applied to the dominant hand, and these variables were analyzed
before and after the intervention program during video game
practice. These variables were examined from a somatic
perspective, allowing for the monitoring of psychophysiological
indicators during an attention-demanding task such as playing
a video game (Figure 2).

The assessment of somatic variables of anxiety using
biofeedback devices appears to be an excellent tool for
controlling anxiety during different tests and among different
populations [26], specifically in the analysis of EMG activity
[27] and EDA variables [28], as specific control of somatic
responses seems to be a good indicator of psychological states.
Alterations in these variables could indicate somatic states and
anxiogenic responses that would hinder the individuals’ task
performance [29]. Our study monitored these 2 responses while
participants played the video game.

Figure 2. Evaluation of electromyographic activity (A) and electrodermal activity (B) during video game practice.
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GPET
The GPET assessment tool was used to evaluate
decision-making in relation to soccer performance. This
instrument differentiates the cognitive-decisional aspect of
performance from execution. The playing field has dimensions

of 20×10 m2, with delimited areas of 3×4 m2 and goals

measuring 0.95×0.70 m2. The ball used is an A-7 soccer ball,
with a circumference ranging between 0.635 and 0.66 m. The
players engage in the task in teams consisting of 2 players each,
with two 4-minute halves and a 3-minute break between them.

The timer remains active throughout, and there are assistants
designated to retrieve the ball. The variables captured by the
test are assessed in both attacking and defensive situations, both
with and without the ball (as outlined in Table 2). The test is
recorded using a video camera for subsequent analysis. Using
an observation sheet, successful actions are coded on the basis
of the predefined roles into 4 options: appropriate decision
(coded as 1), inappropriate decision (coded as 2), successful
execution (coded as 1), and unsuccessful execution (coded as
2).

Table . Description of variables evaluated using the Game Performance Evaluation Tool.

Without the ballWith the ball

Attack •• Losing one’s defenderControl
• •Pass Fixing
• Dribbling
• Shot

Defense •• Marking without the ballMarking with the ball
• •Defensive blocking Interception

•• Clearing without the ballTackle
• Clearing with the ball

Outcome Measures
All variables evaluated using the GPET are described below
and are classified in accordance with two criteria (Table 2): (1)
whether the action is carried out with or without the ball and
(2) if the actions are those wherein the decisional or execution
mechanism predominates. For this purpose, all acronyms used
have been “_with_ball” for variables with the ball,
“_without_ball” for variables without the ball, “_D” for variables
where the decisional mechanism predominates, and “_E” where
the execution mechanism predominates. Thus, the variables are
the following: (1) control: this refers to situations where the
player keeps the ball under control; (2) pass: this is the action
where the player successfully makes a pass to another teammate;
(3) dribbling: this is an action where the player gets away from
his opponent, eliminating any possibility of the ball being taken
away from him; (4) shot: the player takes a shot at goal with
the aim of scoring; (5) Losing_one’s_defender: the player, by
means of an attacking action, unmasks themself from their
defender; (6) fixing: the player, in an attacking action, fixes the
defender, forcing the latter to occupy a specific position on the
field; (7) Marking_with_ball: in a defensive action, the player
marks the player who has the ball; (8) Defensive_blockin: in a
defensive action, the player tackles the player with the ball but
does not fall to the floor; (9) tackle: in a defensive action, the
player falls to the ground to snatch the ball from the opponent;
(10) Clearing_with_Ball: in a defensive action, the player clears
the player with the ball, using a free space; (11)
Making_without_ball: in a defensive action, the player marks
another player of the opposing team who is not in possession
of the ball; (12) interception: in a defensive action, the player
cuts off a play, preventing the ball from reaching its receiver;
and (13) Clearing_without_ball: in a defensive action, the player
makes a clearance to the player who does not have the ball,
using a free space.

Interview
Traditionally, the coach’s role as a key element in understanding
the athlete has proven to be crucial [30]. Specifically, the
athletes’ psychological factors have been tested using various
procedures, with the coach playing a pivotal role as a key to
understanding the athlete’s psychological status [31,32]. Thus,
the qualitative insights obtained from interviews with coaches
regarding the psychological variables of athletes can be a crucial
element that significantly enhances the understanding of these
psychological variables, aiding in decision-making about athletes
[33].

An individual interview was conducted with the coach to
subjectively assess the level of attention concerning
decision-making and athletic performance for each soccer
player. The coach was asked to rate, using a scale from 1 to 10,
the level of attention exhibited by the soccer player in making
optimal decisions that contribute to enhanced athletic
performance. The coach provided a numerical rating, which
was duly recorded by the evaluation team.

Statistical Analysis
A statistical analysis was conducted on the data obtained for
each variable. Initially, a parametricity analysis was performed
for each variable using the Shapiro-Wilk test. Subsequently,
the mean and SD of each variable were assessed. To compare
the means between groups, an independent samples t test was
used, with a significance level set at 95% confidence (P≤.05).
Moreover, the effect size for the variables was determined using
a 95% confidence limit. To qualitatively evaluate the potential
quantitative changes observed after the program, the following
categories were used [34]: highly improbable (<1%), very
unlikely (1%-5%), unlikely (5%-25%), possible (25%-75%),
likely (75%-95%), highly likely (95%-99%), and virtually
certain (>99%).
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Ethical Considerations
This study received ethical approval from the Ethics Committee
of the Center for University Studies affiliated with the University
of Seville (20190215) on February 5, 2019. This study complied
with the ethical guarantees and requirements for experimentation
on human beings and animals and the requirements established
in Spanish legislation in the field of biomedical research,
protection of personal data, and bioethics, and adhered to the
fundamental principles of the Declaration of Helsinki and the
European Convention on Human Rights. Informed consent was
obtained from the responsible tutors of the players.

Results

The aim of this investigation is to assess the impact of an
attention intervention among soccer players, using a video game.
To assess the video game’s impact on the athletic performance
of these players, an analysis of various variables was conducted,
categorized into 3 main groups: the first group focused on the
video game itself, examining the success rate in the game, EMG
activity, and EDA; the second group encompassed
decision-making variables related to the athletic performance
component in soccer players; and in the third group, a subjective
evaluation of each soccer player’s level of attention was obtained
from their coach.

Regarding the variables analyzed in the video game, a significant
improvement in the success rate of the soccer task was observed
in the EG following the intervention program, as indicated by
the level achieved. Both groups exhibited no differences in
terms of success rate before undergoing training using the video
game. However, after the 6-week duration, the EG demonstrated
a substantial increase in the obtained score compared to the CG
(Table 3).

Our findings indicate that there were no significant differences
in EMG activity and assessed sweat between the 2 groups (Table
4).

Regarding the set of variables assessed using the GPET tool,
both groups underwent evaluation before and after the

implementation of the attention training program using the video
game. The variables were categorized as successful or failed
actions based on the prevailing decision or execution
mechanism, and they were further classified as attacking or
defensive actions. All data were analyzed and are presented as
percentages. Furthermore, the change in percentages for each
variable was calculated by subtracting the values to determine
both inter- and intragroup differences, and these differences
were evaluated. See Figures 3 and 4.

Regarding the mean score, a significant difference was observed
between the EG and CG after the intervention period (pre-CG
mean 46.2, SD 12.5; pre-EG mean 46.9, SD 13.8; P=.95; Cohen
d=−0.01; post-CG mean 40.7, SD 13.7; post-EG mean 59.7, SD
17.3; P=.01; Cohen d=−1.73). As indicated, before the
application of the attention training program using the video
game, both groups showed relatively similar variables in which
the decision mechanism predominated, as well as in those in
which the execution mechanism predominated, the differences
between both groups being less than 10%. Only 2 decision
mechanism variables had values above 10% but never exceeding
15% (Shot_D=13/100, 13%; Marking_with_Ball_D=12/100,
−12%).

Regarding the EG, following a 6-week intervention, all variables
underwent some degree of modification, with minor changes
below 15%. The variables that experienced the most substantial
changes were Fixing_D (27/100, −27%), Fixing_E (37/100,
−37%), Defensive_blocking_D (28/100, −28%),
Marking_with_Ball_D (22/100, −22%), and Interception_D
(18/100, −18%). The minus sign in these changes indicates that
the percentage for each variable decreased after the intervention
period. In the case of the CG, 9 variables showed changes
exceeding 15%, with 5 of them surpassing 30%. On comparing
the percentage changes between the 2 groups after the
intervention, all variables had higher values in the EG than in
the CG. The only variable that had higher values in the CG was
the shot, on evaluation of both the decision mechanism
(Shot_D=−1.43) and the execution mechanism (Shot_E=−1.69).
However, the differences observed in both cases did not exceed
2 units.

Table . Comparison of success in the video game between groups before and after the intervention.

AfterbBeforeaVariable

EGCGEGdCGc

4.16 (0.75)1.83 (0.40)1.5 (0.54)1.66 (0.51)Success, mean (SD)

aP=.61.
bP<.001.
cGC: control group.
dEG: experimental group.
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Table . Comparison of EMGa activity and EDAb between groups before and after the intervention.

AfterBeforeVariable

P valueEGCGP valueeEGdCGc

.211.72 (0.05)1.78 (0.12).501.71 (0.09)1.66 (0.10)EMG activity (µV),

RMSf (SD)

.2025.01 (0.85)25.51 (0.48).0825.81 (0.88)25.11 (0.07)EDA (µΩ), RMS,
(SD)

aEMG: electromyographic.
bEDA: electrodermal activity.
cCG: control group.
dEG: experimental group.
eP≤.05 was considered significant.
fRMS: root-mean-square.

Figure 3. Comparison between the groups before the training period. CG: control group; EG: experimental group; GPET: Game Performance Evaluation
Tool.
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Figure 4. Comparison between groups after the training period. CG: control group; EG: experimental group; GPET: Game Performance Evaluation
Tool.

Furthermore, it is evident that in the set of variables related to
attack actions, the changes are more pronounced in variables
associated with the execution mechanism than with those
associated with the decision mechanism, except for dribbling
and fixing. Conversely, in the set of variables related to
defensive actions, the changes were more significant in the

decision variables than in the execution variables, except for
the variables of marking with the ball and marking without the
ball.

Finally, the results obtained from the interview-based subjective
evaluation of the soccer players’ attention levels are presented
in Table 5.

Table . Subjective levels of attention evaluated by the coach.

P valueaExperimental group, mean (SD)Control group, mean (SD)Variable

.225.83 (1.16)4.83 (1.47)Subjective level of attention

aP≤.05 was considered significant.

Discussion

Principal Findings
The primary aim of this study was to develop a video game
targeted at enhancing the attentional skills of young soccer
players. By providing coaches with a tool for training the
psychological aspect of attention, positive effects on various
performance variables in soccer players could be observed.

Following the intervention program, the EG demonstrated
improvements in video game performance, indicating significant
progress in overcoming the challenges presented by the game.
These findings are consistent with those of a previous study
[23] that reported improvements in attention execution through
software interventions and considered using video games as an
interesting tool for improve cognitive variables [35] in this
population [36]. While our study did not use a specific attention
assessment such as the D2 Attention Test [37] used by Reigal

JMIR Serious Games 2024 | vol. 12 | e52275 | p.652https://games.jmir.org/2024/1/e52275
(page number not for citation purposes)

Feria-Madueño et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


et al [23]x, one of our key findings is that alongside attention
training through the video game, we evaluated decision-making
related to soccer performance.

To monitor somatic factors such as muscle activity and skin
conductance, we used EMG activity and EDA measurements
for all participants. Research suggests that cognitive control
and management of the somatic aspects of anxiety could impact
attention levels [38]. In our study, we specifically collected
EMG activity data from the hand extensor muscles. Our
evaluation methodology aligned with that developed by
Palkowski and Redlarski [39], who assessed EMG activity
during various hand gestures. Our results revealed similar EMG
activity patterns during hand opening actions, comparable to
the postures observed when our sample participants placed their
nondominant hand on the table while using the dominant hand
to operate the computer mouse.

However, our analysis of EDA did not reveal any significant
differences between the groups. This lack of divergence in the
somatic response to anxiety suggests potential heightened
control over the outward display of anxiety during the test.
Surprisingly, both the CG and the EG obtained similar results.
One possible explanation for this finding could be the presence
of the play component, as both EMG activity and EDA
evaluations were conducted during the practice of the video
game. These results are aligned with the findings of
Pop-Jordanova and Pop-Jordanov [40], who observed similar
skin resistance outcomes when assessing individuals using
biofeedback in static and calm situations. However, it appears
that the video game may not be an effective tool for regulating
somatic anxiety.

The evaluation of performance-related variables in soccer
players with the GPET confirms the perceptual improvements
in decision-making and execution observed in the EG after
engaging in the intervention program with the video game. This
suggests that enhancing attention through video game practice
has a positive impact on decision-making in relation to soccer
performance. These findings are aligned with those of
González-Víllora et al [41], who assessed decision-making and
execution in soccer situations using the same tool and observed
significant differences between groups. Thus, our results further
support the notion that the video game can serve as a valuable
tool for enhancing the psychological aspect of attention in young
soccer players, yielding positive effects on various performance
variables in soccer.

Regarding shooting decisions, the CG demonstrated higher
results than the EG. One possible explanation for this is that the

EG developed attentional skills through the video game
intervention, leading to improved decision-making during soccer
and consequently reducing the frequency of shooting attempts.
While no significant differences were observed between the 2
groups in the coach’s subjective evaluation of their players’
attentional mechanisms, it is evident that the video game serves
as an effective tool for decision-making training. Moreover, it
shows promise as a tool for detecting attentional impairments
or abnormalities, highlighting its potential beyond its training
benefits.

Limitations
Despite our study reporting that this video game shows promise
in improving attention in young soccer players, there are clear
limitations that should be explained. Among the most important
limitations of this study is that the sample size was small. This
study comprised 12 soccer players, all members of a youth team
of a first-level soccer team of the Spanish League. Although
they comprised 100% of the team and effectively represented
that team, our findings cannot be generalized; hence, it would
be interesting to increase the sample size to verify our data.

The duration of the intervention was 6 weeks. Future studies
could evaluate the effect of the intervention over a greater
period, verifying if the effect on the improvement of some
attentional processes assessed using the GPET was positive. In
addition, the timing of the season where this attentional training
program was integrated through the video game may also have
been a limitation. Future studies could evaluate what happens
at different times of the season.

Furthermore, somatic variables such as EDA and EMG activity
were evaluated. Undoubtedly, the complexity underlying their
evaluation is an important limitation in terms of reproducibility.
Nevertheless, these variables were analyzed with the aim of
determining whether there were any somatic issues that
prevented the soccer players from being able to play the video
game and obtain the best possible results.

Finally, there is a contextual limitation regarding the analysis
of attention in real soccer situations. Although the ecological
nature of the GPET has been proven, it is still a test that
evaluates only the attention mechanism and the decision
mechanism in soccer situations. This limitation could be
overcome if future studies investigate what happens during a
real match after attention training using the video game.
Nevertheless, this evaluation was performed using the GPET
to standardize the procedure so that all participants were
evaluated in the same way and under the same conditions.

 

Acknowledgments
Sevilla FC (Football Club) deserves our heartfelt gratitude for generously granting us the opportunity to conduct this study. Their
commitment to advancing knowledge and contributing to the sports community is truly commendable, and we are honored to
have had their involvement in this endeavor.

We are very grateful to Enrique Arroyo for the fundamental work he has done in this study. His dedication is a symbol of effort
and serves as a mirror for those of us who love sport.

JMIR Serious Games 2024 | vol. 12 | e52275 | p.653https://games.jmir.org/2024/1/e52275
(page number not for citation purposes)

Feria-Madueño et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Editorial Notice
This randomized study was only retrospectively registered. The editor granted an exception from ICMJE (International Committee
of Medical Journal Editors) rules mandating prospective registration of randomized trials. However, readers are advised to
carefully assess the validity of any potential explicit or implicit claims related to primary outcomes or effectiveness, as retrospective
registration does not prevent authors from changing their outcome measures retrospectively.

Conflicts of Interest
None declared.

Checklist 1
CONSORT-EHEALTH (Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist (V 1.6.1).
[PDF File, 367 KB - games_v12i1e52275_app1.pdf ]

References
1. Wehbe GM, Hartwig TB, Duncan CS. Movement analysis of Australian National League soccer players using global

positioning system technology. J Strength Cond Res 2014 Mar;28(3):834-842. [doi: 10.1519/JSC.0b013e3182a35dd1]
[Medline: 23897019]

2. Ballesta Castells C, García Romero J, Fernández García JC, Cruz A. Current methods of soccer match analysis. Rev Int
Med Cienc Act Fis Deporte 2015;15(60):785-803.

3. Pons E, García-Calvo T, Resta R, et al. A comparison of a GPS device and a multi-camera video technology during official
soccer matches: agreement between systems. PLoS One 2019;14(8):e0220729. [doi: 10.1371/journal.pone.0220729]
[Medline: 31393932]

4. Jeras NMJ, Bovend’Eerdt TJH, McCrum C. Biomechanical mechanisms of jumping performance in youth elite female
soccer players. J Sports Sci 2020;38(11-12):1335-1341. [doi: 10.1080/02640414.2019.1674526] [Medline: 31575323]

5. Landry SC, McKean KA, Hubley-Kozey CL, Stanish WD, Deluzio KJ. Neuromuscular and lower limb biomechanical
differences exist between male and female elite adolescent soccer players during an unanticipated side-cut maneuver. Am
J Sports Med 2007 Nov;35(11):1888-1900. [doi: 10.1177/0363546507300823] [Medline: 17921416]

6. Cosimini MJ, Watsjold B, Chan TM. Serious games without screens. Comment on "Involvement of End Users in the
Development of Serious Games for Health Care Professions Education: Systematic Descriptive Review". JMIR Serious
Games 2022 Feb 9;10(1):e34656. [doi: 10.2196/34656] [Medline: 35138255]

7. Olgers TJ, de Weg AAB, Ter Maaten JC. Serious games for improving technical skills in medicine: scoping review. JMIR
Serious Games 2021 Jan 25;9(1):e24093. [doi: 10.2196/24093] [Medline: 33492234]

8. Clausen JD, Nahen N, Horstmann H, et al. Improving maximal strength in the initial postoperative phase after anterior
cruciate ligament reconstruction surgery: randomized controlled trial of an app-based serious gaming approach. JMIR
Serious Games 2020 Jan 24;8(1):e14282. [doi: 10.2196/14282] [Medline: 32012046]

9. Selmi O, Haddad M, Majed L, Ben Khalifa W, Hamza M, Chamari K. Soccer training: high-intensity interval training is
mood disturbing while small sided games ensure mood balance. J Sports Med Phys Fitness 2018;58(7-8):1163-1170. [doi:
10.23736/S0022-4707.17.07292-9] [Medline: 28488826]

10. Selmi O, Ouergui I, Levitt DE, Nikolaidis PT, Knechtle B, Bouassida A. Small-sided games are more enjoyable than
high-intensity interval training of similar exercise intensity in soccer. Open Access J Sports Med 2020;11:77-84. [doi:
10.2147/OAJSM.S244512] [Medline: 32210645]

11. Chang IC, Yang CY, Yen CE. The effects of a computer game (healthy rat king) on preschool children’s nutritional
knowledge and junk food intake behavior: nonrandomized controlled trial. JMIR Serious Games 2022 Jul 1;10(3):e33137.
[doi: 10.2196/33137] [Medline: 35776502]

12. Gentry SV, Gauthier A, L’Estrade Ehrstrom B, et al. Serious gaming and gamification education in health professions. J
Med Internet Res 2019 Mar 28;21(3):e12994. [doi: 10.2196/12994] [Medline: 30920375]

13. Ko J, Jang SW, Lee HT, Yun HK, Kim YS. Effects of virtual reality and non–virtual reality exercises on the exercise
capacity and concentration of users in a ski exergame: comparative study. JMIR Serious Games 2020 Oct 28;8(4):e16693.
[doi: 10.2196/16693] [Medline: 33112240]

14. Ishak SA, Din R, Hasran UA. Defining digital game-based learning for science, technology, engineering, and mathematics:
a new perspective on design and developmental research. J Med Internet Res 2021 Feb 19;23(2):e20537. [doi: 10.2196/20537]
[Medline: 33605885]

15. Vanden Bempt F, Economou M, Dehairs W, et al. Feasibility, enjoyment, and language comprehension impact of a tablet-
and gameflow-based story-listening game for kindergarteners: methodological and mixed methods study. JMIR Serious
Games 2022 Mar 23;10(1):e34698. [doi: 10.2196/34698] [Medline: 35319480]

JMIR Serious Games 2024 | vol. 12 | e52275 | p.654https://games.jmir.org/2024/1/e52275
(page number not for citation purposes)

Feria-Madueño et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v12i1e52275_app1.pdf&filename=d4c245f1-1c39-11ef-935b-c70b427dfe7a.pdf
https://jmir.org/api/download?alt_name=games_v12i1e52275_app1.pdf&filename=d4c245f1-1c39-11ef-935b-c70b427dfe7a.pdf
http://dx.doi.org/10.1519/JSC.0b013e3182a35dd1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23897019&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0220729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31393932&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2019.1674526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31575323&dopt=Abstract
http://dx.doi.org/10.1177/0363546507300823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17921416&dopt=Abstract
http://dx.doi.org/10.2196/34656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35138255&dopt=Abstract
http://dx.doi.org/10.2196/24093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33492234&dopt=Abstract
http://dx.doi.org/10.2196/14282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012046&dopt=Abstract
http://dx.doi.org/10.23736/S0022-4707.17.07292-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28488826&dopt=Abstract
http://dx.doi.org/10.2147/OAJSM.S244512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32210645&dopt=Abstract
http://dx.doi.org/10.2196/33137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35776502&dopt=Abstract
http://dx.doi.org/10.2196/12994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30920375&dopt=Abstract
http://dx.doi.org/10.2196/16693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33112240&dopt=Abstract
http://dx.doi.org/10.2196/20537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33605885&dopt=Abstract
http://dx.doi.org/10.2196/34698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319480&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Boot WR, Kramer AF, Simons DJ, Fabiani M, Gratton G. The effects of video game playing on attention, memory, and
executive control. Acta Psychol (Amst) 2008 Nov;129(3):387-398. [doi: 10.1016/j.actpsy.2008.09.005] [Medline: 18929349]

17. Concannon BJ, Esmail S, Roduta Roberts M. Immersive virtual reality for the reduction of state anxiety in clinical interview
exams: prospective cohort study. JMIR Serious Games 2020 Jul 9;8(3):e18313. [doi: 10.2196/18313] [Medline: 32673223]

18. Rodrigo-Yanguas M, Martín-Moratinos M, González-Tardón C, et al. Effectiveness of a personalized, chess-based training
serious video game in the treatment of adolescents and young adults with attention-deficit/hyperactivity disorder: randomized
controlled trial. JMIR Serious Games 2023 Apr 24;11:e39874. [doi: 10.2196/39874] [Medline: 37093628]

19. Brown DJ, Fletcher D. Effects of psychological and psychosocial interventions on sport performance: a meta-analysis.
Sports Med 2017 Jan;47(1):77-99. [doi: 10.1007/s40279-016-0552-7] [Medline: 27241124]

20. Kang JO, Kang KD, Lee JW, Nam JJ, Han DH. Comparison of psychological and cognitive characteristics between
professional internet game players and professional baseball players. Int J Environ Res Public Health 2020 Jul 3;17(13):4797.
[doi: 10.3390/ijerph17134797] [Medline: 32635282]

21. Ntoumanis N, Ng JYY, Prestwich A, et al. A meta-analysis of self-determination theory-informed intervention studies in
the health domain: effects on motivation, health behavior, physical, and psychological health. Health Psychol Rev 2021
Jun;15(2):214-244. [doi: 10.1080/17437199.2020.1718529] [Medline: 31983293]

22. Vaughan RS, Laborde S. Attention, working-memory control, working-memory capacity, and sport performance: the
moderating role of athletic expertise. Eur J Sport Sci 2021 Feb;21(2):240-249. [doi: 10.1080/17461391.2020.1739143]
[Medline: 32129718]

23. Reigal RE, González-Guirval F, Morillo-Baro JP, Morales-Sánchez V, de Mier RJR, Hernández-Mendo A. Effects of a
computerized training on attentional capacity of young soccer players. Front Psychol 2019;10:2279. [doi:
10.3389/fpsyg.2019.02279] [Medline: 31695637]

24. Hernández Mendo A, Martínez Jiménez M, Pastrana Brincones JL, Morales Sánchez V. Programa informático para
evaluación y entrenamiento de la atención [Article in Spanish]. Rev Iberoam Psicol Ejerc Deporte 2012;7:339-357.

25. López LMG, Villora SG, Gutiérrez D, Serra J. Desarrollo y validación de la herramienta de evaluación del rendimiento de
juego (HERJ) en fútbol [Article in Spanish]. SPORT TK-Revista EuroAmericana de Ciencias Del Deporte 2013;2:89-99.
[doi: 10.6018/185791]

26. Markiewcz R. The use of EEG biofeedback/neurofeedback in psychiatric rehabilitation. Psychiatr Pol 2017 Dec
30;51(6):1095-1106. [doi: 10.12740/PP/68919] [Medline: 29432505]

27. Leonidou C, Pollatos O, Panayiotou G. Emotional responses to illness imagery in young adults: effects of attention to
somatic sensations and levels of illness anxiety. Biol Psychol 2020 Jan;149:107812. [doi: 10.1016/j.biopsycho.2019.107812]
[Medline: 31722237]

28. Tolin DF, Davies CD, Moskow DM, Hofmann SG. Biofeedback and neurofeedback for anxiety disorders: a quantitative
and qualitative systematic review. Adv Exp Med Biol 2020;1191:265-289. [doi: 10.1007/978-981-32-9705-0_16] [Medline:
32002934]

29. Lang PJ, McTeague LM, Bradley MM. RDoC, DSM, and the reflex physiology of fear: a biodimensional analysis of the
anxiety disorders spectrum. Psychophysiology 2016 Mar;53(3):336-347. [doi: 10.1111/psyp.12462] [Medline: 26877123]

30. Côté J, Saimela J, Trudel P, Baria A, Russell S. The coaching model: a grounded assessment of expert gymnastic coaches’
knowledge. J Sport Exerc Psychol 1995 Mar;17(1):1-17. [doi: 10.1123/jsep.17.1.1]

31. Bloom G, Stevens D, Wickwire T. Expert coaches perceptions of team building. J of Appl Sport Psych 2003;15(2):129-143.
[doi: 10.1080/10413200305397]

32. Cote J, Sedgwick WA. Effective behaviors of expert rowing coaches: a qualitative investigation of Canadian athletes and
coaches. Int J Sports Sci 2003;7:62-77.

33. Escudero JT, Balagué G, García-Mas A. Estudio del conocimiento de variables psicológicas en entrenadores de baloncesto
mediante una aproximación metodológica cuantitativa [Article in Spanish]. Revista de Psicología del Deporte
2002;11:111-122.

34. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine and exercise
science. Med Sci Sports Exerc 2009 Jan;41(1):3-13. [doi: 10.1249/MSS.0b013e31818cb278] [Medline: 19092709]

35. Khaleghi A, Aghaei Z, Mahdavi MA. A gamification framework for cognitive assessment and cognitive training: qualitative
study. JMIR Serious Games 2021 May 18;9(2):e21900. [doi: 10.2196/21900] [Medline: 33819164]

36. Halbrook YJ, O’Donnell AT, Msetfi RM. When and how video games can be good: a review of the positive effects of video
games on well-being. Perspect Psychol Sci 2019 Nov;14(6):1096-1104. [doi: 10.1177/1745691619863807] [Medline:
31672105]

37. Brickenkamp R, Cubero NS. D2: Test de Atención [Book in Spanish]: TEA Ediciones; 2002. URL: https://selcap.cl/
wp-content/uploads/2019/11/D2-Manual-Extracto-1.pdf [accessed 2024-04-19]

38. Eysenck MW, Derakshan N, Santos R, Calvo MG. Anxiety and cognitive performance: attentional control theory. Emotion
2007 May;7(2):336-353. [doi: 10.1037/1528-3542.7.2.336] [Medline: 17516812]

39. Palkowski A, Redlarski G. Basic hand gestures classification based on surface electromyography. Comput Math Methods
Med 2016;2016:6481282. [doi: 10.1155/2016/6481282] [Medline: 27298630]

JMIR Serious Games 2024 | vol. 12 | e52275 | p.655https://games.jmir.org/2024/1/e52275
(page number not for citation purposes)

Feria-Madueño et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.actpsy.2008.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929349&dopt=Abstract
http://dx.doi.org/10.2196/18313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32673223&dopt=Abstract
http://dx.doi.org/10.2196/39874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37093628&dopt=Abstract
http://dx.doi.org/10.1007/s40279-016-0552-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27241124&dopt=Abstract
http://dx.doi.org/10.3390/ijerph17134797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32635282&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2020.1718529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31983293&dopt=Abstract
http://dx.doi.org/10.1080/17461391.2020.1739143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32129718&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2019.02279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31695637&dopt=Abstract
http://dx.doi.org/10.6018/185791
http://dx.doi.org/10.12740/PP/68919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29432505&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsycho.2019.107812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31722237&dopt=Abstract
http://dx.doi.org/10.1007/978-981-32-9705-0_16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32002934&dopt=Abstract
http://dx.doi.org/10.1111/psyp.12462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26877123&dopt=Abstract
http://dx.doi.org/10.1123/jsep.17.1.1
http://dx.doi.org/10.1080/10413200305397
http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19092709&dopt=Abstract
http://dx.doi.org/10.2196/21900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33819164&dopt=Abstract
http://dx.doi.org/10.1177/1745691619863807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31672105&dopt=Abstract
https://selcap.cl/wp-content/uploads/2019/11/D2-Manual-Extracto-1.pdf
https://selcap.cl/wp-content/uploads/2019/11/D2-Manual-Extracto-1.pdf
http://dx.doi.org/10.1037/1528-3542.7.2.336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17516812&dopt=Abstract
http://dx.doi.org/10.1155/2016/6481282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27298630&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


40. Pop-Jordanova N, Pop-Jordanov J. Electrodermal activity and stress assessment. Pril (Makedon Akad Nauk Umet Odd
Med Nauki) 2020 Sep 1;41(2):5-15. [doi: 10.2478/prilozi-2020-0028] [Medline: 33011695]

41. González-Víllora S, García-López LM, Contreras-Jordán OR. Evolución de la toma de decisiones y la habilidad técnica
en fútbol [Article in Spanish]. Revista Internacional de Medicina y Ciencias de la Actividad Física y del Deporte 2015
Jan;59(2015):467-487. [doi: 10.15366/rimcafd2015.59.005]

Abbreviations
CG: control group
EDA: electrodermal activity
EG: experimental group
EMG: electromyographic
GPET: Game Performance Evaluation Tool

Edited by R Baranyi; submitted 29.08.23; peer-reviewed by G Caggianese, J Buele, M Aksoy; revised version received 08.03.24;
accepted 09.03.24; published 27.05.24.

Please cite as:
Feria-Madueño A, Monterrubio-Fernández G, Mateo Cortes J, Carnero-Diaz A
The Effect of a Novel Video Game on Young Soccer Players' Sports Performance and Attention: Randomized Controlled Trial
JMIR Serious Games 2024;12:e52275
URL: https://games.jmir.org/2024/1/e52275 
doi:10.2196/52275

© Adrian Feria-Madueño, Germán Monterrubio-Fernández, Jesus Mateo Cortes, Angel Carnero-Diaz. Originally published in
JMIR Serious Games (https://games.jmir.org), 27.5.2024. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete
bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and license
information must be included.

JMIR Serious Games 2024 | vol. 12 | e52275 | p.656https://games.jmir.org/2024/1/e52275
(page number not for citation purposes)

Feria-Madueño et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2478/prilozi-2020-0028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33011695&dopt=Abstract
http://dx.doi.org/10.15366/rimcafd2015.59.005
https://games.jmir.org/2024/1/e52275
http://dx.doi.org/10.2196/52275
http://www.w3.org/Style/XSL
http://www.renderx.com/


Effects of a Virtual Reality Cycling Platform on Lower Limb
Rehabilitation in Patients With Ataxia and Hemiparesis: Pilot
Randomized Controlled Trial

Ana Rojo1,2*, PhD; Arantxa Castrillo Calvillo3*, BPT; Cristina López3*, BPT; Rafael Raya1*, PhD; Juan C Moreno2*,
PhD
1Departamento de Tecnologías de la Información, Escuela Politécnica Superior, Universidad San Pablo-CEU, CEU Universities, Madrid, Spain
2Neural Rehabilitation Group, Spanish National Research Council, Cajal Institute, Madrid, Spain
3Centro Lescer, Madrid, Spain
*all authors contributed equally

Corresponding Author:
Ana Rojo, PhD
Departamento de Tecnologías de la Información, Escuela Politécnica Superior, Universidad San Pablo-CEU, CEU Universities,
, Madrid, , Spain

Abstract

Background: New interventions based on motor learning principles and neural plasticity have been tested among patients with
ataxia and hemiparesis. Therapies of pedaling exercises have also shown their potential to induce improvements in muscle activity,
strength, and balance. Virtual reality (VR) has been demonstrated as an effective tool for improving the adherence to physical
therapy, but it is still undetermined if it promotes greater improvements than conventional therapy.

Objective: Our objective was to compare the effect on lower limb range of motion (ROM) when using VR technology for
cycling exercise versus not using VR technology.

Methods: A randomized controlled trial with 20 patients with ataxia and hemiparesis was carried out. The participants were
divided into 2 groups: the experimental group (n=10, 50%) performed pedaling exercises using the VR system and the control
group (n=10, 50%) performed pedaling exercises without using VR. Measurements of the active and passive ROM of the hip
and knee joint were taken before and after a cycling intervention, which consisted of 3 sessions of the same duration but with
progressively increasing speeds (4, 5, and 6 km/h). Repeated measures ANOVAs were conducted to compare the preintervention
(Ti) and postintervention (Te) assessments within each group. Additionally, the improvement effect of using the VR system was
analyzed by comparing the variation coefficient (Δ = 1 – [Te / Ti]) between the preintervention and postintervention assessments
for each group. Group comparisons were made using independent 1-tailed t tests.

Results: Significant improvements were shown in active left hip flexion (P=.03) over time, but there was no group-time
interaction effect (P=.67). Passive left hip flexion (P=.93) did not show significant improvements, and similar results were
observed for active and passive right hip flexion (P=.39 and P=.83, respectively). Neither assessments of knee flexion (active
left: P=.06; passive left: P=.76; active right: P=.34; passive right: P=.06) nor knee extension showed significant changes (active
left: P=.66; passive left: P=.92; active right: P=.12; passive right: P=.38). However, passive right knee extension (P=.04) showed
a significant improvement over time. Overall, although active and passive ROM of the knee and hip joints showed a general
improvement, no statistically significant differences were found between the groups.

Conclusions: In this study, participants who underwent the cycling intervention using the VR system showed similar improvement
in lower limb ROM to the participants who underwent conventional training. Ultimately, the VR system can be used to engage
participants in physical activity.

Trial Registration: ClinicalTrials.gov NCT05162040; https://www.clinicaltrials.gov/study/NCT05162040

(JMIR Serious Games 2024;12:e39286)   doi:10.2196/39286

KEYWORDS

ataxia; cycling; hemiparesis; lower limb; neuropathology; rehabilitation; virtual reality; limb; intervention; neural; neural plasticity;
therapy; muscle; strength; balance; tool; exercise; physical activity; neuroplasticity
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Introduction

Background
Ataxia is an umbrella term for describing deficits in limb
movement coordination such as dysmetria, dyspraxia, and
dyssynergia [1]. The persistence of these deficits affects an
individual’s functional ability and poses a health challenge for
both patients and clinicians.

Current scientific evidence indicates that the most effective
treatment for ataxia should combine balance and coordination
retraining and constraint-induced functional movement therapy
[2]. However, the scientific literature still lacks a consensus on
the details of these interventions and the timing of their
implementation to enhance the recovery of the functionality of
motor deficits in an individual [3].

On the other hand, in the field of neurophysiology, it is well
known that to induce changes in neuroplasticity to achieve the
functional recovery of motor deficits, the application of therapies
based on the repetition of movements is required [4]. Some
studies point out that the principles of motor learning are directly
related to the regeneration of structures and the reorganization
of neuronal function [5,6]. Moreover, the amount of practice is
a key factor in motor learning, as well as the feedback provided
during practice [7]. In fact, physical therapists must consider
both the error feedback and activity guidance as 2 fundamental
components of patient interaction during therapy to promote
neuromotor learning [8]. Thus, interventions that promote
normal function rather than the compensation of deficits are
more recommended and should be applied to generate a physical
activity plan based on the principles of motor learning and neural
plasticity for patients with ataxic hemiparesis.

Prior Work
The scientific literature in the field of neurorehabilitation shows
that pedaling exercises have the potential to induce
improvements in muscle activity, strength, and balance [9]. This
is mainly due to the fact that pedaling exercises based on the
use of a cycloergometer provide a high number of flexion and
extension repetitions [10] in the lower extremities for
considerable periods of time. Because pedaling and walking are
cyclical locomotor tasks that require the lower limb to alternate
between flexion and extension [11,12], both share similar
locomotor patterns of alternating muscle activation of
antagonists [10,13]. Thus, cycling exercises are found to be
useful for strengthening the lower limb muscles while acting
as a pseudowalking task-oriented exercise. Some studies eluded
that those biomechanical functions may be altered by the muscle
groups involved in the pedaling tasks [14-16]. In fact, it was
found that the degradation of pedaling performance in adults
with hemiparesis was related to abnormalities in the execution
of specific biomechanical functions [15]. Subsequently, it has
been proven that human walking and cycling shared similar
muscle synergies [16]. This evidence is the basis for
rehabilitation treatments based on pedaling movements with
potential positive outcomes for walking [16].

The ergometer is an equipment designed to perform
cardiovascular work based on the alternative circular movement

of the lower limb. Its use is advantageous for a muscle
coordination study because balance is not an applicable factor
in this kinematically constrained task [13]. In fact, applying an
ergometer-based cycling routine could be useful because it
requires no balance. Moreover, the exercise intensity of the
ergometer-based cycling can be adapted to the user by adjusting
the resistance of the pedal or the target speed. The ability to
personalize the intensity of the exercise is a relevant factor for
the patient’s rehabilitation process. For these reasons, regular
ergometer-based cycling is found to be a safer unsupervised
exercise that is recommended for lower limb rehabilitation.
Nevertheless, cycling exercise is also a static and repetitive form
of exercise that leads to boredom and listlessness in patients.
To deal with this discouragement factor, emerging technologies
have been applied to elicit intrinsic motivation for rehabilitation
patients [17]. Several studies pointed out the usefulness of
gaming elements and virtual environments as assistive
technology [18,19] and their potential effectiveness in physical
therapies as opposed to conventional therapies [20].

Quite a few studies have focused on the analysis of functional
metrics in virtual pedaling. A recent study evaluated the
functionality of a virtual reality (VR) cycling training program
that was applied to 10 patients with stroke [21]. It assessed the
improvement of the bilateral asymmetry between the
experimental group and the control group after the VR cycling
intervention program. To evaluate this index, they equipped the
ergometer pedals with force plates to determine the effect of
the VR cycling training on each limb. The improvement of
bilateral strength and standing balance was significantly different
between VR cycling training and traditional physical training.
Similarly, a previous study compared the effects of a cycling
training program with extrinsic biofeedback and a nonimmersive
interface versus traditional physical training on lower limb
functional recovery in patients with stroke [22]. The results
showed that improvements in walking endurance, walking speed,
and muscle spasticity of the group using VR were significantly
better than the group who underwent traditional physical
training.

Objectives
The main objective of this study was to evaluate 2 different
interventions: pedaling with VR and pedaling without VR. This
study focused on comparing the improvements in lower limb
range of motion (ROM) in pedaling activity between the group
using VR and the group not using VR. To this end, a randomized
controlled trial was carried out with patients with ataxia and
hemiparesis. Hip and knee ROMs were measured before and
after the cycling intervention. The overall aim of these analyses
was to determine the effects of the 2 different interventions on
short-term improvement of lower limb function and ROM.

Methods

VR System
The VR system implements extrinsic feedback strategies,
gamification by levels, and personalization of the sessions with
the aim of achieving greater adherence to pedaling exercise
sessions. Its immersive nature means an increase in the sense
of “presence,” promoting the active involvement of the user.
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The VR system is based on the transmission of the cycling
kinematic data captured by the inertial sensors to the Oculus
Quest 2 (Meta) head-mounted display (HMD) via Bluetooth.
Therefore, the virtual application estimates the pedaling cycles,
cadence, and distance during the exercise activity. The VR
scenarios generated for this therapy consist of mapping the
cycling cadence to the vehicle speed. Thus, the patient is placed
inside a vehicle and visualizes the session data on the control
panel while moving at the speed of the pedaling motion.

The design of the VR experience has been technically validated
computationally to ensure low latency in motion analysis and
visual representation of motion [23], thus preserving the
embodiment effect and the sense of presence. Subsequently,
the platform has also been validated from the point of view of
satisfaction and ease of use of the system [24]. Additionally,
considering that it is a stationary experience with an HMD that
simulates a displacement, we evaluated to which extent the VR
experience generates the type of motion sickness that causes
fatigue, nausea, disorientation, postural instability, or visual
fatigue [25]. Indeed, we verified that the platform does not
generate adverse effects due to cybersickness [24].

Recruitment
The participants were patients of both sexes between 18 and 90
years of age, recruited at the Lescer Clinic applying the inclusion
and exclusion criteria. Inclusion criteria were as follows:
individuals were eligible if they (1) had been prescribed pedaling
exercise as treatment for lower limb rehabilitation and (2) were
able to perform a pedaling session with VR technology.
Exclusion criteria were as follows: (1) an insufficient cognitive
state, (2) an unbound bone fracture, (3) severe disorders of
vision or audition (inability to perceive visual or auditory
information coming from VR), and (4) any incompatibility with
the use of a VR system according to the clinical record. A
sample of 22 participants (n=13, 59% male and n=7, 32%
female; mean age 59.90, SD 13.56 y) volunteered to participate
in this pilot randomized controlled trial (Table 1). Of this
22-person cohort, 1 participant dropped out of the study and 1
participant did not complete the study (Figure 1). The cohort
was randomly divided into the experimental group (EG; 9/10,
90% male and 1/10, 10% female; mean age 60.80, SD 12.26 y)
with VR cycling exercises or the control group (CG; 4/10, 40%
male and 6/10, 60% female; mean age 59.00, SD 14.69 y) with
traditional cycling exercises.

Table . Clinical and epidemiological features of the experimental group (EG) and control group (CG) participants.

ConditionEtiologyAge (y)SexGroup and participant number

EG

HemiparesisIschemic stroke57Male1

AtaxiaHemorrhagic stroke71Male2

AtaxiaHemorrhagic stroke53Male3

HemiparesisMCAa stroke72Male4

HemiparesisMCA stroke53Male5

HemiparesisIschemic stroke62Male6

AtaxiaHemorrhagic stroke59Male7

AtaxiaProgressive multifocal
leukoencephalopathy

56Male8

HemiparesisHemorrhagic stroke86Female9

HemiparesisIschemic stroke39Male10

CG

HemiparesisMCA stroke45Male1

AtaxiaHemorrhagic stroke64Female2

HemiparesisGuillain-Barré syn-
drome

58Male3

AtaxiaHemorrhagic stroke41Female4

AtaxiaIschemic stroke49Female5

AtaxiaIschemic stroke83Male6

HemiparesisHemorrhagic stroke80Female7

HemiparesisTraumatic brain injury72Female8

HemiparesisIschemic stroke57Male9

AtaxiaGuillain-Barré syn-
drome

41Female10

aMCA: middle cerebral artery.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram.

Ethical Considerations
Ethical approval was obtained from the Research Ethics
Committee of the San Pablo CEU University (550/21/51). This
study has been registered at ClinicalTrials.gov (NCT05162040).
All the participants were given written information in
accordance with the Research Ethics Committee. The informed
consent and the ability for participants to opt out was provided.
Additionally, participants were informed that the data collected
in this study can only be used for this study, not for secondary
studies. The approval of the Research Ethics Committee of San
Pablo CEU University only covers this study and does not cover
a secondary analysis without additional consent. However, no
additional analysis had been carried out.

To ensure privacy and confidentiality, data are collected by
employees of the agencies participating in the study. Each
participant is assigned a unique code along with personal
sociodemographic data and informed consent. These files remain
in the custody of the principal investigator in charge of the
project, while the assigned number is the one that identifies the
anonymized data that was later analyzed. Finally, the
participation in this study is completely voluntary; no
compensation of any nature is offered to the human participants.

Intervention
This study was designed as a randomized controlled trial with
20 participants divided into 2 groups, following a block

randomization method. The participants of the EG (n=10)
performed pedaling exercises while using the VR system,
whereas the participants of the CG (n=10) performed pedaling
exercises without using the VR system. Before and after
completing the exercise program, measurements of gait function
metrics and joint ranges were performed to assess the effect of
using VR stimulus during the cycling exercises.

The participants completed the cycling intervention
simultaneously with their rehabilitation sessions. Afterward,
for each participant, 3 cycling sessions were scheduled over 1
week with a maximum of 48 hours between sessions. Each
session consisted of 2 sets of a 5-minute pedaling exercise
spaced with a 2-minute break (to rest). Similar studies [19,26]
have tested robotic unicycles in pedaling sessions at a cadence
of 60 revolutions per minute. In our case, the pedaling speed of
1 cycle per second is equivalent to a target speed of 6 km/h. For
this reason, it was decided to set this speed as the maximum
speed and to start the first session with a slightly more
comfortable speed (4 km/h) and increase it progressively (Figure
2). The participants of both groups performed the exercise
following a set pedaling speed so that they received visual
feedback according to the set target speed of 4-6 km/h for each
session. The EG participants received visual feedback through
the immersive VR application, whereas the CG participants
received visual feedback on the ergometer display. All
participants were instructed to maintain a constant pedaling
speed throughout the session at the target cadence.
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Figure 2. Summary of the intervention program for experimental and control group participants. VR: virtual reality.

Physical Assessment
For the assessment of active and passive ROM of the hip and
knee joint, a specifical ROM assessment tool was used.
Measurements were extracted from biomechanical analysis
using an inertial motion capture system (Werium; Werium
Solutions) consisting of 2 inertial sensors: 1 placed in the distal
part of the extremity (moving sensor) and the other in the
proximal part (fixed sensor). Both sensors send their
measurements via Bluetooth to a PC that runs the data

acquisition software, Pro Motion Capture (Werium Solutions).
This software computes the relative angle from both angle
measurements (avoiding compensations) with an accuracy of
1 degree.

Protocol
The cycling sessions for both groups consisted of the use of a
leg ergometer that allows training of the lower limb.
Additionally, the EG used an inertial sensor placed on the right
thigh and the Oculus Quest 2 HMD (Figure 3).
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Figure 3. Cycling session of a participant in the experimental group using the virtual cycling platform.

The EG underwent the following procedure each session:

• The clinician connected the inertial sensor to the Oculus
Quest 2 HMD.

• The patient was seated in a nonmovable chair (with no
armrests) in front of the pedaling station during the entire
session. The inertial sensor was placed on the right thigh
of the patient by adjusting an elastic band, and the sensor
was turned on.

• The clinician fitted the Oculus Quest 2 HMD comfortably
on the patient and guided him or her through the selection
of the game scene. Once the game environment was entered,
the clinician indicated the number of minutes of exercise
and the target speed of the session so that the patient could
configure these parameters on the interactive settings panel.

• Finally, the user performed 2 sets of a 5-minute cycling
exercise with a 2-minute break between the sets.

Similarly, the CG underwent the following procedure each
session:

• The patient was seated in a nonmovable chair (with no
armrests) in front of the pedaling station during the entire
session.

• The clinician turned on the ergometer’s display and entered
the number of minutes of exercise and the target speed of
the session.

• Finally, the user performed 2 sets of a 5-minute cycling
exercise with a 2-minute break between the sets.

Statistical Analysis
The data analysis model is the repeated measures model between
2 groups and the analysis of the longitudinal effect in increments
of the measurements. Multifactor ANOVA analysis (with P<.05)
were computed with SPSS Statistics (version 27.0; IBM Corp).
The sample size was calculated using the software tool G*Power
(version 3.1.9.7; Heinrich Heine Universität Düsseldorf). Ideally,
assuming an effect size of 0.7, a minimum sample of 20
participants was required for the study to provide consistent
statistical results. Since the effect size shows the strength of the
relationships, it represents a minimum clinically meaningful
difference. Of the many different types of effect sizes, the
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G*Power software uses Cohen d to characterize effect size by
relating the mean difference to variability. Therefore, his study
standardized the effect size to 0.7 for sample size calculation
and power analysis.

Results

To identify the underlying differences between the
preintervention (Ti) and postintervention (Te) assessments in
each group, repeated measures ANOVAs were conducted with
time (Ti – Te) as the dependent variable and group as the main
within-subjects factor. When the ANOVA was significant, the

Bonferroni post hoc test was used. To ensure that the error
variance of the dependent variables is equal across groups, the
Levene test was applied beforehand for all the metrics.

In addition, to identify the improvement effect due to the use
or nonuse of the VR system, the variation coefficient between
the preintervention and postintervention assessments was
analyzed for each group as follows: Δ = 1 – (Te / Ti). The
variation coefficient outcomes were compared between groups
by the independent 1-tailed t test. The mean and SD of the ROM
outcomes for the hip and knee of each group are shown in Table
2. The mean increase Δ for each measurement is shown in
Figures 4 and 5.

Table . Hip and knee range-of-motion outcomes.

Control group, mean (SD)Experimental group, mean (SD)Outcome

Variation coeffi-
cient (%)

Postintervention (°)Preintervention (°)Variation coeffi-
cient (%)

Postintervention (°)Preintervention (°)

1.21 (14.20)94.37 (25.83)92.84 (21.40)26.30 (33.52)94.23 (32.26)81.25 (36.09)ALHFa

–1.43 (9.40)110.70 (16.83)112.92 (17.76)2.61 (5.81)107.94 (17.63)106.07 (21.16)PLHFb

5.60 (10.50)101.79 (27.35)97.11 (28.05)0.28 (10.94)97.13 (21.26)97.55 (20.94)ARHFc

–1.13 (8.72)117.71 (13.42)119.74 (14.73)3.69 (8.72)109.82 (14.99)106.63 (17.06)PRHFd

1.63 (30.86)35.65 (8.47)37.47 (12.03)4.27 (26.31)45.97 (11.47)46.07 (14.62)ALKFe

–1.66 (19.96)54.58 (12.15)57.14 (13.92)–3.48 (17.40)55.96 (9.79)58.82 (9.84)PLKFf

5.36 (30.29)44.58 (13.32)43.03 (10.00)8.98 (35.88)37.81 (10.68)39.13 (16.54)ARKFg

–9.35 (15.17)57.28 (13.95)63.35 (12.28)–0.65 (15.15)49.81 (10.31)50.57 (10.02)PRKFh

26.70 (51.68)63.41 (11.77)55.57 (17.13)3.28 (9.74)62.92 (13.11)61.72 (14.86)ALKEi

14.91 (24.40)72.30 (12.46)64.75 (11.94)4.94 (15.92)69.95 (15.09)66.46 (11.74)PLKEj

2.22 (23.52)57.19 (14.76)57.49 (14.91)8.33 (20.67)68.02 (10.14)64.00 (10.11)ARKEk

25.29 (34.70)68.78 (6.67)57.65 (11.21)1.58 (14.10)67.18 (10.93)66.67 (11.53)PRKEl

aALHF: active left hip flexion.
bPLHF: passive left hip flexion.
cARHF: active right hip flexion.
dPRHF: passive right hip flexion.
eALKF: active left knee flexion.
fPLKF: passive left knee flexion.
gARKF: active right knee flexion.
hPRKF: passive right knee flexion.
iALKE: active left knee extension.
jPLKE: passive left knee extension.
kARKE: active right knee extension.
lPRKE: passive right knee extension.
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Figure 4. Summary of increments in active and passive hip ROM parameters with SD bars. The vertical axis represents the percentage of postintervention
increase or decrease of each hip ROM parameter. ALHF: active left hip flexion; ARHF: active right hip flexion; PLHF: passive left hip flexion; PRHF:
passive right hip flexion; ROM: range of motion.

Figure 5. Summary of increments in active and passive knee ROM parameters with SD bars. The vertical axis represents the percentage of postintervention
increase or decrease of each knee ROM parameter. ALKE: active left knee extension; ALKF: active left knee flexion; ARKE: active right knee extension;
ARKF: active right knee flexion; PLKE: passive left knee extension; PLKF: passive left knee flexion; PRKE: passive right knee extension; PRKF:
passive right knee flexion; ROM: range of motion.

With regard to the hip flexion outcomes, the active left hip
flexion results were significant by ANOVA (P=.03), with no
significance observed for the between-subjects effects test
(P=.67). However, the within-subjects effects test was
significant for the time factor (P=.03), but no significant
group-time interaction effect was found (P=.08). Despite the
opposing results showing passive left hip flexion improvements
for each group, there was no significance difference by ANOVA
(P=.93) and no statistically significant result was obtained by
the between-subjects effects test. Passive left hip flexion was
statistically significant in the within-subjects effects test for the
time factor (P=.008). The active and passive right hip flexion
results were not significant by ANOVA (P=.39 and P=.83,

respectively). In both cases, no significant results were obtained
for the between- and within-subjects effects tests.

For the knee ROM measurements, when analyzing the left knee
assessments, the active and passive left knee flexion outcomes
were not significant by ANOVA (P=.06 and P=.76,
respectively). No statistically significant results were obtained
by the between- and within-subjects effects tests in both cases.
Similar results were obtained for the active left knee extension
outcomes. Although reasonable differences in the active and
passive left knee extension increases between groups can be
observed in Figure 5, neither active nor passive left knee
extension were significant by ANOVA (P=.66 and P=.92,
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respectively). No statistically significant results were obtained
by the between- and within-subjects effects tests in both cases.

Regarding the right knee assessments outcomes, all outcomes
were not significant by ANOVA (active flexion: P=.34; passive
flexion: P=.06; active extension: P=.12; passive extension:
P=.38). No statistically significant results were obtained by the
between- and within-subjects effects tests for all cases, except
for passive right knee extension, which was statistically
significant for the time factor (P=.04) by the within-subjects
effects test.

Discussion

Principal Findings
The aim of this study was to test the short-term effects of 2
different interventions on short-term improvement of lower
limb function and ROM. For this purpose, a randomized
controlled trial was carried out with participants with ataxia and
hemiparesis.

In this study, the improvement outcomes of active and passive
knee and hip joint ROMs due to the use of VR technology were
inconclusive. Likewise, no statistically significant differences
in the results between groups can be indicated. Even so, all the
active ROMs measured—that is, performed by the
patients—showed an increase with respect to the initial values.
A greater disparity was observed in the passive measurements,
although this may be attributed to the different passive
mobilizations performed at each time by different
physiotherapists. In this case, the active measurement is of
special relevance in clinical terms because it indicates a ROM
that the patient is able to achieve autonomously. On the other
hand, large SDs in outcome variables clearly indicate that the
improvements in the functional gait outcomes are not entirely
consistent or represent a group effect. We observe that no
significant effect can be attributed to VR intervention based on
the statistical analysis of the immediate effects on gait function
and joint ROM.

However, considering this similarity between groups, it can be
pointed out that the use of VR has similar positive effects as
the use of the conventional pedaling treatment. Thus, this
immediate observation of effects leads us to conclude that the
use of VR during pedaling exercise has similar effects to
non-VR exercise training. Therefore, given that the use of VR

technology does not worsen the improvement of lower limb
ROM, and in line with the scientific literature [17-20], it may
be advantageous to use it to maintain the patient’s motivation.

Strengths and Limitations
A limitation of this study is the short-term nature of the
intervention program. It is arguable that a longer intervention
program would have shown more notable effects on functional
improvement. However, assuming that it is precisely the
treatment time that is one of the main causes of progress in
physical improvement, the motivational impact of VR
technology over time would need to be assessed. Therefore,
further studies on the motivational impact of VR cycling versus
conventional cycling on long-term physical activity remain to
be addressed. Regarding these future studies, we suggest that
cohort studies should be conducted among a population with
more homogeneous neurological conditions. This
recommendation is based on the limitations encountered in this
study, where the difficulty of drawing conclusions about group
changes or improvements with such wide SDs is presumably a
reflection of the heterogeneity of the group.

Another factor to consider is that different physiotherapists were
involved in taking the ROM measurements of the participants,
although the measurement system was the same. This fact could
be considered in future studies to evaluate interrater effects.

Future Directions
We consider it relevant to analyze, in future studies, whether
these improvements in active and passive ROM are accompanied
by greater muscle activation, in particular, the hamstrings, rectus
femoris, gastrocnemius, and tibialis anterior muscles, as
suggested by scientific literature [27].

Conclusions
The results of this trial demonstrate that pedaling exercises
coordinated with VR technology works as successfully as
conventional training for patients with lower limb disorders
such as ataxia and hemiparesis. In this study, it was found that
participants who performed the pedaling exercise program using
the VR system showed similar results to the participants who
performed the exercise activity without using VR technology.
Overall, VR technologies can be a useful tool to help patients
with ataxia and hemiparesis engage in lower limb exercise
therapies.
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Abstract

Background: There is ample evidence that most children do not perform enough physical activity (PA). To address this major
public health problem, the French government implemented 30 minutes of daily PA (DPA) at schools but did not provide any
supplemental resources or concrete guidance. Considering both children’s interest in video games and the need for teachers to
complete their curriculum, the use of a learning-based exergame that combines PA and learning appears particularly relevant.

Objective: The first objective of this study was to evaluate the feasibility of implementing 30 minutes of DPA through exergaming
among school-age children. The second objective was to examine the effects of an exergaming program on physical literacy,
academic learning, and soft skills (motivation, self-efficacy, and concentration).

Methods: This interventional study had a pre-post design and used the Play LÜ exergame platform. The study included 79
children with a mean age of 8.9 (SD 1.2) years from grade 2 (7 years old) to grade 5 (11 years old). Play LÜ requires players to
throw balls against a wall to reach a target or to activate an object and provides an interactive game area for educational activities
linked to specific learning themes. After a 4-session familiarization phase during which the teachers chose to prioritize mathematics
learning in 30-minute DPA sessions, students took part in DPA sessions over a period of 3 weeks with Play LÜ and a motor skills
circuit behind the LÜ setup to keep them continuously active. All sessions were carried out by PA specialists. Each session started
with a warm-up using the Grööve application, continued with main activities promoting mathematics learning adapted to each
grade level, and ended with a 3-minute meditation for returning to a calm and serene state using the Gaïa application. Before (T0)
and after (T1) the program, students completed a self-evaluation booklet to assess their levels of physical literacy, academic
performance, and soft skills.

Results: The implementation of this exergaming program was welcomed by the school’s administration, teaching staff, and
parents. After the program, we observed increased scores for physical literacy (difference +2.6, percentage change +3.6%;
W=933.0; P=.002; rrb=−0.39, 95% CI −0.58 to −0.16) and motivation in mathematics (+0.7, +9.8%; W=381.5; P=.005; rrb=−0.44,
95% CI −0.66 to −0.16). In addition, it is important to note that some measures progressed differently across learning levels and
age groups.

Conclusions: The study results indicate positive impacts of learning-based exergaming on physical literacy and motivation in
mathematics among school-age children.

(JMIR Serious Games 2024;12:e53072)   doi:10.2196/53072
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Introduction

Background
Regular exercise and physical activity (PA) have been shown
to benefit children’s physical and social health, as well as their
academic performance [1-3]. For children, the World Health
Organization (WHO) recommends a minimum PA practice of
60 minutes of daily moderate-to-vigorous PA [4]. Yet, in France,
only 41.8% of children reach these recommendations [5]. In
other words, nearly 6 out of 10 children are physically inactive.
In this context, the French national health strategy [6] has set
as a major objective the implementation of a comprehensive
policy of prevention and health promotion. As a result, since
September 2022, primary schools have been required to provide
30 minutes of daily PA (DPA) to promote PA and encourage
the development of children’s motor skills and physical abilities.
Distinct from the teaching of physical education (PE), the 30
minutes of DPA can take a variety of forms, adapted to the
context of each school. They can be split up and combined over
the various school and extra-curricular periods. This was
extended to all elementary schools after 2 years of testing in
11,000 volunteer schools [7].

Given the significant amount of time children spend in school
throughout their childhood, schools represent an ideal setting
to achieve maximum impact with regard to improving PA levels
[8,9]. Furthermore, several studies have suggested that
combining PA with academic activities can improve children’s
health and cognitive functioning, which could subsequently
lead to an improvement in children’s academic performance
[10-12]. Attention, in particular, which is a prerequisite for
learning, is often targeted during classroom-based PA [13].
However, other variables, such as motivation and self-efficacy
(referring to the child’s perception of his or her capabilities),
are well known to influence children’s school performance and
acquisition [14-17] and could be influenced by a more
entertaining approach to learning via exergaming.

Despite all the benefits of implementing regular PA at school,
in a systematic review, Nathan et al [18] highlighted several
barriers, such as environmental context and resources with “a
lack of time in the curriculum;” goals with “competing
curriculum demands of other subjects” or “physical activity
considered a lower priority than other subjects;” and beliefs
about capabilities, such as a lack of teacher expertise and
confidence in delivering PA, and intentions with “a lack of
teacher motivation to implement PA” [18]. By contrast, the
authors also mentioned several facilitators. Among them, the
knowledge domain was indicated to play a facilitating role, for
example, “sufficient knowledge about PA and health to
effectively conduct PA” [18]. This dimension could be explored
through the notion of physical literacy (PL), which corresponds
to “the motivation, confidence, physical competence,
knowledge, and understanding to value and take responsibility
for engagement in physical activities for life” [19]. Indeed, PL
is particularly important in early childhood, a crucial period for
the development of fundamental movement skills [20] and the
adoption of PA habits. Physically literate individuals are more
physically active, spend more time playing sports, and are less

sedentary. PL is a multi-level concept that is increasingly taken
into consideration in the field of public health as it is a key
determinant of PA habits across the lifespan [21].

One of the factors behind children’s low levels of PA and high
levels of sedentary behaviors is screen time use. Indeed, 71.7%
of French boys and 58.5% of French girls aged 6 to 10 years
have more than 2 hours a day of screen time [5]. Children aged
between 8 and 12 years have 1.5 hours of daily screen time
attributable to video games [22]. Over the last decades, video
games have emerged as one of the most popular forms of global
entertainment. Given children’s keen interest in video games,
it seems particularly appropriate to use gamification to
encourage PA. For staying active while enjoying the pleasures
of video games, a worthwhile alternative is exergaming. Indeed,
exergaming or active video gaming requires bodily movements
to play the game and encourages PA, with a focus on children’s
interest in the game’s dynamics and stimulation. Our approach
to exergaming takes into account a health dimension and can
be associated with the conceptualization proposed by Oh and
Yang [23], defining an exergame as “a video game that promotes
(either via using or requiring) players’ physical movements
(exertion) that is generally more than sedentary and includes
strength, balance, and flexibility activities.”

Given that children spend most of their time at school, that they
have a particular appeal for video games, and that exergaming
seems to have beneficial effects on school learning [24], the use
of exergaming at school appears to be an ideal solution for
promoting PA, PL [25-27], and learning [28]. Furthermore, it
appears that the use of a technology-based learning environment
at school can increase soft skills, such as motivation and
concentration on academic tasks [29]. Similarly, it has been
shown that incorporating technology into an instructional
intervention can improve students’ sense of self-efficacy [30],
which is a key variable for academic learning. Exergames, in
particular, have been found to promote cognitive functions,
motor skill training, enjoyment, and motivation to play among
school-age children [31], and improve self-efficacy over
traditional exercises [32]. Supporting this idea, it has been shown
that exergaming (eg, Nintendo Wii Games [33]) incorporated
into PE classes combined with health messages has a higher
potential to enhance PA-related attitudes and behaviors than
regular PE classes, especially in elementary school children
[27]. An interesting exergaming tool for reconciling learning
and DPA is the Play LÜ exergame platform (LÜ Interactive
Playground) [34]. This technology can be used to change the
traditional sports-school atmosphere into an interactive learning
environment through interactive wall projection and a
synchronized sound system. LÜ Playground activities are
designed to improve the learning of children and adolescents
by allowing them to respond to questions in specific fields (eg,
mathematics, history, and natural sciences) by throwing balls
against an interactive wall. This tool would therefore allow the
practice of PA within non-PE curricula and thus ensure the 30
minutes of DPA among primary school children. Moreover,
given the associations among cognitive functioning, soft skills,
learning, and PA demonstrated in the literature, it appears
essential to assess whether an exergaming program can improve
these different variables.
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Objectives, Research Questions, and Hypotheses
The first objective was to study the feasibility of implementing
30 minutes of DPA through exergaming. Given that exergaming
combines the interests of children (for video games) and teachers
(for learning and respecting the curriculum) while promoting
PA, we hypothesized that it will enable effective implementation
of the 30 minutes of DPA in schools.

The second objective of this study was to evaluate the effects
of an exergaming program on PL, academic learning, and soft
skills (motivation, self-efficacy, and concentration). We
hypothesized that implementing a DPA program involving
exergaming on a specific academic course combined with
information on health-promoting behaviors daily could increase
children’s PL (hypothesis 1) and increase academic performance
(hypothesis 2). Indirectly, allowing students to work on an
academic subject more entertainingly through exergaming could
improve students’ motivation in the academic discipline
(hypothesis 3), their sense of self-efficacy in the subject
(hypothesis 4), and their concentration in class and the academic
subject (hypothesis 5).

Methods

Population
This study was conducted with children aged 7 to 11 years as
part of the implementation of the 30 minutes of DPA policy.
The study was designed as an interventional study with a
pre-post design. It included children from grade 2 (7 years old)
to grade 5 (11 years old) in a mid-sized city school in the
southern part of France, who had never benefited from any

intervention in the field of exergaming. Before the project, the
study and objectives of this research were presented to the
school administration and then to the teachers. This pilot study
took place in a small school with 1 class per level and 1 teacher
per grade, with each of them (n=4) having no experience of
exergaming and volunteering to take part in the research
protocol. This school was selected for its pre-existing
collaboration with the research team and middle-school students
(8th grade), as well as for the availability of a space that could
be used to install the LÜ mobile setup over a period of several
weeks.

Subsequently, the parents of the children in the classes
concerned were informed that their children would be part of a
research protocol on 30 minutes of DPA during school time. A
request for parental consent was sent via the school
administration to each parent. In the event of parental refusal
(only 3 parents refused), the children’s data were not analyzed.
A habituation phase was then proposed, and the teachers were
able to learn about the various potentialities of the LÜ tool, as
well as the implementation of the 30 minutes of DPA by the
project team. The intervention then began and lasted 3 weeks,
and preintervention (T0) and postintervention (T1) assessments
were conducted.

During the enrollment period, 102 children were eligible (Figure
1). However, owing to the absence of parental consent (n=3)
or the absence of children at evaluation time 0 (n=6) or time 1
(n=11), the analyses were carried out on 79 children. This final
sample was made up of 34 girls and 45 boys, with a mean age
of 8.9 (SD 1.2) years.

JMIR Serious Games 2024 | vol. 12 | e53072 | p.670https://games.jmir.org/2024/1/e53072
(page number not for citation purposes)

Goncalves et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Study flow chart.

Class Measures
All the teachers expressed the wish to work on mathematics
(geometry and arithmetic). A planning schedule was drawn up
with the classes concerned so that the sessions could be
scheduled during mathematics lessons.

Teacher Measures
At the end of the program, teachers were asked the following
questions: On a scale from 0 to 10, how would you rate (1) your
students’ motivation for mathematics before the program? (2)
your students’ concentration for mathematics before the
program? (3) your students’ motivation for physical activity
before the program? (4) your students’ motivation for
mathematics today? (5) your students’ concentration for

mathematics today? (6) your students’ motivation for physical
activity today?

Child Measures
At T0 and T1, students completed a questionnaire consisting
mainly of analog visualization scales or checkboxes on different
variables of interest (PL, motivation, self-efficacy, and
concentration), which are described in the following sections.
In addition, exercises adapted according to grade level were
proposed in the target subject (mathematics) and a control
subject (French).

Physical Literacy
PL was assessed using the Physical Literacy Assessment for
Youth Self (PLAYself), designed for children aged 7 years or
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older, to explore children’s perceptions of their PL [35].
PLAYself demonstrated robust psychometric properties, with
good fit statistics, internal reliability, and a lack of item bias
and problematic local dependency [36]. For a better
understanding of the different dimensions of PL in the PLAYself
questionnaire, the forms are available in English [37] and French
[38] versions. The adaptation of this form within the evaluation
booklet of this pilot project is available in Multimedia Appendix
1.

PLAYself consists of 22 questions divided into the following
four subsections: (1) Fitness, which involves children’s
perceived fitness level with “disagree” and “agree” response
categories for a single item; (2) Environment, which involves
measures of 6 different environments in which children can do
sports and activities (eg, “How good are you at doing sports
and activities in the gym?”) on a 5-point Likert scale ranging
from 1 (“never tried”) to 5 (“excellent”); (3) Physical literacy
self-description, which involves 12 statements about doing
sports and activities based on cognitive and affective factors
(eg, “It doesn’t take me long to learn new skills, sports, or
activities”), where the children are asked to rank how well they
agree on a 4-point Likert scale ranging from 1 (“not true at all”)
to 4 (“very true”); and (4) Relative ranking of literacies, which
involves children’s ranking of the importance of literacies in
school, at home with family, and with friends (eg, “Math and
numbers are very important in school”) on a 4-point Likert scale
ranging from 1 (“strongly disagree”) to 4 (“strongly agree”).

The first section is informative, while in the other 3 subsections,
a separate score can be calculated and a total score can be
obtained for PLAYself. The total PLAYself score is the average
across the scores of each subsection, excluding the fitness
question. A higher score (range 0-100) indicates a higher
self-perceived PL.

Academic Achievement
To measure academic achievement, exercises in French and
mathematics were retrieved from the national program by level
following teacher school year progression. The test evaluated
students’ academic knowledge and skills related to specific

subject areas, including French and mathematics. The test was
grade-specific; did not contain any bias regarding age, gender,
or ethnicity; and was scored as a percentage of achievement in
French on one side and mathematics on the other.

Motivation, Self-efficacy, and Concentration
Motivation and self-efficacy were assessed by 2 items each,
one for mathematics and the other for French. For motivation,
children were asked: “How much do you enjoy doing
[mathematics/French] exercises?” For self-efficacy, children
were asked: “How well do you think you did on the
[mathematics/French] exercises?” Concentration was assessed
by 3 items, one for mathematics, one for French, and a more
general one targeting concentration in class. For this variable,
children were asked: “How easy is it to concentrate in
[class/mathematics/French]?” We used a simple question per
variable to reduce the time needed to complete the entire
protocol. The items were formulated as clearly as possible to
be adapted to the children’s age and to ensure that they measure
the core component of each variable. For all items, children
were asked to respond using a 10-cm–long visual analog scale
representing their feelings and marked by extreme labels at 0
cm (eg, very hard) and 10 cm (eg, very easy), which appeared
as reliable response options in children’s questionnaires [39].

Procedure

Habituation Phase
On Thursdays in March 2023, students had 4 LÜ 30-minute
habituation sessions, spaced 1 week apart, enabling them to
familiarize themselves with the interactive gymnasium.
Activities linked to the academic development of the LÜ catalog
were proposed, targeting language (ie, Minewörd), mathematics
(ie, Wäk, Newton, Constello, and SphYnX), science and
technology (ie, Brüsh and Grüb), history (ie, Störia), and arts
(ie, Pixël). With mathematics accounting for one-fifth of the
school program in each grade and the LÜ catalog offering more
mathematics-related applications (except PE, which was not at
the center of the project), the 4 teachers wanted to work on
mathematics during the 3-week DPA immersion phase (Figure
2).
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Figure 2. Timeline of the project.

Immersion Phase
After the habituation phase, students took part in 30-minute
DPA sessions using the Play LÜ exergame platform and worked
on a single subject selected by the teacher (Figure 2).

Exergame Setting
For this research protocol, the LÜ mobile equipment owned by
the research team was made available to the school for this pilot
project and was installed in a designated space for the duration
of the project. The Play LÜ exergame platform (LÜ Interactive
Playground) has the potential to overcome the limitations of a
physical room. With Play LÜ, the participants are immersed in
the games displayed on a giant projection wall (6×3 m). The
principal mechanism of Play LÜ requires the players to throw
balls against the wall (eg, to reach a target or to activate an

object; Step 1 in Figure 3). In addition, this mobile platform
offers an interactive game area for educational activities linked
to specific learning themes (calculations, puzzles, etc). For this
research protocol, a work area with a daily changing activity
circuit was implemented behind the LÜ mobile setup (without
the interactive wall). With class compositions ranging from 26
to 30 students, this “with” and “without” interactive wall
configuration was essential to keep students active during the
30-minute session. Once the ball was sent to the interactive wall
(Step 1), the student was required to go behind the LÜ mobile
setup toward the back of the room (Step 2) to carry out various
exercises to promote different motor skills (eg, jumping,
throwing, and balancing) and perform other exercises on the
way back (Step 3). At the end of the circuit behind the LÜ setup
(Steps 2 and 3), the student waited for his or her turn in front
of the interactive wall (Step 4).
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Figure 3. Practice environment implementation.

Daily Session Exercises With Play LÜ
During the 3-week immersion phase, sessions were structured
in the same way, with a warm-up using the Grööve application
at the beginning (Figure 4), which can be assimilated with the
active video game Just Dance (Nintendo) [40], and then a core
session promoting mathematics learning adapted to each grade,
involving a section in front of the interactive wall with the
Newton application for arithmetic and Puzz application for
geometry (ie, with picture geometric forms or rules), and a

section without the interactive wall consisting of a motor skills
circuit (eg, throwing, jumping, and balancing) that enabled the
child to be as active as possible (Figure 4). During break times
(mainly while waiting for their turn on the interactive wall), the
children had access to posters presenting active health behaviors
with their favorite heroes according to age (ie, The Minions,
Miraculous, and a successful French singer or Youtuber,
depending on student age). The session ended with a 3-minute
meditation for a return to peace and quiet, using the Gaïa
application (Figure 4).
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Figure 4. Daily physical activity core session details.

Focus on LÜ Applications
The Play LÜ exergame platform allows the use of applications
(with or without customization) that can be used to meet general

or specific learning objectives. The applications used during
the immersion phase and their pedagogical benefits are
summarized in Table 1.

Table 1. Play LÜ applications.

Learning objectivesDescriptionDuration (min)Application

Sociocognitive develop-
ment

Physical and motor devel-
opment

Academic development

This is a perfect warm-up
and allows the develop-
ment of gross motor skills.

4Grööve ••• Cognitive flexibilityCoordinationMovement
• ••Dance InhibitionCardiovascular en-

durance

Newton is a fun way to
combine physical activity
and mathematics with the
customization of equations
by grade.

10Newton ••• InhibitionManipulation
(throw the ball and
aim at the target)

Arithmetic

Throw the ball at a piece
of the puzzle to rotate it
and allow it to create an
active knowledge competi-
tion.

10Puzz ••• Task engagementManipulation
(throw the ball and
aim at the target)

Puzzle created with
geometry-related
images

• Spatial orientation

This application helps stu-
dents cool down after they
have been active.

3-5Gaïa ••• Emotional regula-
tion

ProprioceptionHealth and healthy
habits

The customization of pre-existing games in LÜ was carried out
on the Newton and Puzz applications for mathematics learning.
For the Newton application, the difficulty of the operations
proposed depended on each grade (eg, addition and subtraction

calculations for grades 2 and 3, and multiplication calculations
for grades 4 and 5). For the Puzz application, the images to be
assembled were linked to the geometry program (eg, polygons
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and nonpolygons for grades 2 and 3, and complex polygons for
grades 4 and 5).

Evaluation Phase
Before (T0) and after (T1) the 3 weeks of DPA (Figure 2),
students completed a self-evaluation booklet to assess their
levels of PL, academic performance, and soft skills that could
be impacted by the program (eg, motivation, concentration, and
self-efficacy).

At the end of the 3-week immersion phase, the students retook
the same questionnaire, with only minor changes to the exercises
(eg, 12+18 replaced by 14+15), but with the same instructions
and level of difficulty. Following this, a short interview was
conducted with the teachers, asking them to assess the changes
observed in their classrooms.

All DPA sessions were carried out by sports science students
specializing in adapted PA and health, under the supervision of
a qualified teacher of adapted PA and health.

Statistical Analysis
Power analyses were conducted using G*Power
(Heinrich-Heine-Universität Düsseldorf). For a pre-post
comparison, with a medium effect size (0.50), an alpha error
probability of .05, and a power of 0.95, we obtained a total
sample size of 45. We then adjusted according to the number
of participants available in the school, which allowed us to reach
the sample size of 45.

As our data did not follow a normal distribution and given the
characteristics of our sample, the intervention impact was tested
with nonparametric within-group comparisons (T0 vs T1;
Wilcoxon test, bilateral P values) for all participants and then
by school-grade grouping. Effect sizes were expressed as the
rank biserial correlation (rrb) and its 95% CI. We also provided
the score differences between T1 and T0, and expressed them
as a percentage of improvement. Data were analyzed using
JASP software (version 0.17.2.1; JASP Team).

Ethical Considerations
This pilot study involved an experiment in human and social
sciences in the field of health. As mentioned in article R1121-1
section II subsection D of the French Public Health Code, this
type of experimentation in human and social sciences does not
require the authorization of the Committee for the Protection
of Persons. Before the start of the study, a favorable opinion
was obtained from the president of the University of Nîmes
ethics committee. This individual verified that the study was
conducted in accordance with institutional and national ethical
standards, as well as the Declaration of Helsinki (2008).
Moreover, this study was integrated into the school’s activities
and projects, and the protocol was validated by the school
administration.

Consent to Participate
Concerning consent and information, the study was first
presented to the school’s teaching staff and administration who

gave their approval to take part. Next, an online information
notice and online informed consent form with the names and
university affiliations of the experimenters were provided to
the parents of all children in the classes involved in the study
before initiation. Finally, the information and informed consent
of the children and their teachers were collected face-to-face.
Recruitment was based on voluntary participation, with no
compensation for participants. Participants were informed that
they could withdraw their consent at any time, whether at the
request of the child, parent, or teacher.

Specific Measures Taken
To assure safety and security, all activities took place during
class hours, under the supervision of the teacher, and the
exercises were led by an associate professor specializing in
public health and PA and two 3rd-year students in adapted PA
from the University of Nimes. The expertise of the 3 animators
enabled them to adapt the PA to the children’s abilities in order
to prevent any risk of injury. Moreover, the number of animators
made it possible to provide individual support when needed.
Finally, to guarantee the security of the data, they were stored
on a secure university computer, and the printed versions of the
data were kept in a secure cupboard in a university office.

Results

Feasibility of DPA and Exergaming
With regard to our first objective, which was to study the
feasibility of implementing 30 minutes of DPA through
exergaming, our results showed that implementing exergaming
during school time is entirely feasible. First, regarding the
parents, all but 3 were in favor of their children taking part in
the project. Second, regarding the teachers, all agreed to take
part in the project. Third, all scheduled sessions (n=11) were
carried out, with no sessions canceled. External constraints,
such as educational visits or other activities, could have led to
cancellations, but the teachers expressed a desire not to miss
any sessions and agreed to exchange schedules with other classes
when constraints arose, demonstrating their interest.

Effects of the Exergaming Program

Effects on the Entire Cohort
With regard to our second objective for the whole cohort, the
3-week intervention of DPA led to increased scores in PL (in
accordance with hypothesis 1) and motivation in mathematics,
which was the subject covered in the intervention (in accordance
with hypothesis 3). There was a general improvement regarding
concentration in class, and we expected (hypothesis 5) this
increase to be observed for mathematics as well (Table 2). In
addition, contrary to our assumptions, we did not observe any
changes in academic performance (hypothesis 2) or feelings of
self-efficacy (hypothesis 4) in mathematics. Surprisingly, the
intervention also favored French learning, which was not
covered in the intervention, with academic performance,
concentration, and self-efficacy in French being higher after the
intervention.
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Table 2. Descriptive analyses of variables of interest before (T0) vs after (T1) the 3 weeks of daily physical activity in the whole cohort (N=79).

rrb
a, value (95% CI)P valueW

Difference (T1-
T0), value (%
change)

Score after the
program (T1),
mean (SD)

Score before the
program (T0),
mean (SD)Variable

−0.39 (−0.58 to −0.16).002b933.0+2.6 (+3.6%)73.4 (13.3)70.8 (13.6)Physical literacy

Academic achievement

0.12 (−0.13 to 0.37).351440.0−2.8 (−4.4%)60.8 (31.0)63.6 (32.5)Mathematics

−0.26 (−0.50 to 0.00).05b858.0+5.7 (+9.6%)65.0 (27.9)59.3 (26.2)French

Motivation

−0.44 (−0.66 to −0.16).005b381.5+0.7 (+9.8%)7.8 (3.0)7.1 (3.6)Mathematics

−0.09 (−0.34 to 0.16).481222.0+0.3 (+5.6%)5.6 (2.9)5.3 (3.2)French

Concentration

−0.24 (−0.48 to 0.01).07934.5+0.5 (+9.0%)6.0 (2.7)5.5 (3.0)Classroom (general)

−0.21 (−0.48 to 0.08).16580.0+0.2 (+2.8%)7.2 (2.8)7.0 (3.2)Mathematics

−0.34 (−0.55 to −0.09).01b838.0+0.8 (+14.2%)6.4 (2.8)5.6 (2.7)French

Self-efficacy

−0.14 (−0.40 to 0.13).30887.5+0.4 (+5.8%)7.2 (3.1)6.8 (2.8)Mathematics

−0.32 (−0.54 to −0.05).02b728.5+0.6 (+9.8%)6.7 (2.8)6.1 (3.1)French

aRank biserial correlation.
bStatistically significant.

Effects on Grade 5 Participants
Focusing specifically on each grade (see Multimedia Appendix
2 for full details), participants in grade 5 were those most
affected by the intervention.

After the intervention, grade 5 participants showed an increase
in PL (difference +5.6, percentage change +7.9%; W=9.0;
P<.001; rrb=−0.91, 95% CI −0.96 to −0.78; hypothesis 1),
mathematics motivation (+1.1, +20.0%; W=15.5; P=.007;
rrb=−0.77, 95% CI −0.91 to −0.43; hypothesis 3), and
mathematics concentration (+0.8, +12.7%; W=21.5; P=.01;
rrb=−0.68, 95% CI −0.88 to −0.27; hypothesis 5) scores.
Regarding French classes (even though they were not targeted
by the intervention), grade 5 participants demonstrated an
increase in motivation (+0.8, +17.7%; W=60.0; P=.05;
rrb=−0.48, 95% CI −0.76 to −0.03) and self-efficacy (+1.5,
+29.4%; W=45.0; P=.02; rrb=−0.57, 95% CI −0.81 to −0.14)
scores after the intervention. They also tended to show an
increase in academic achievement scores in French after the
intervention (+7.3, +11.4%; W=53.0; P=.09; rrb=−0.44, 95%
CI −0.75 to −0.03). Contrary to hypothesis 1, grade 5
participants showed a decrease in academic achievement scores
in mathematics after the intervention (−10.7, −13.6%; W=192.0;
P=.006; rrb=0.66, 95% CI 0.29 to 0.85).

Effects on Grade 2 to 4 Participants
The other grades also benefited from the intervention but to a
lesser extent. After the intervention, grade 2 participants showed
an increase in PL scores (difference +5.2, percentage change
+7.1%; W=28.0; P=.03; rrb=−0.58, 95% CI −0.84 to −0.11;

hypothesis 1) and a marginal increase in academic performance
in mathematics (+15.1, +33.7%; W=18.5; P=.06; rrb=−0.59,
95% CI −0.86 to −0.06; hypothesis 2). Grade 3 participants
showed an increase in mathematics concentration (+0.5, +7.5%;
W=50.5; P=.04; rrb=−0.51, 95% CI −0.79 to −0.07; hypothesis
5) after the intervention. Regarding French classes, grade 2
participants showed a marginal increase in self-efficacy scores
(+1.0, +14.4%; W=24.0; P=.07; rrb=−0.54, 95% CI −0.83 to
−0.01), grade 3 participants showed a significant increase in
academic performance (+16.8, +40.1%; W=68.0; P=.01;
rrb=−0.58, 95% CI −0.80 to −0.21), and grade 4 participants
showed a marginal increase in concentration (+1.1, +20.7%;
W=25.0; P=.09; rrb=−0.52, 95% CI −0.82 to 0.01) after the
intervention. Grade 4 participants showed a decrease in
academic performance in French after the intervention (−15.0,
−19.8%; W=103.5; P=.01; rrb=0.72, 95% CI 0.33 to 0.90).

Effects on Teachers’ Perceptions
Concerning the results obtained from teachers, 3 out of 4
teachers observed an improvement in their students’motivation
for mathematics after the program (grade 2, T0=5.5 vs T1=7.5;
grade 3, T0=7.0 vs T1=7.5; grade 5, T0=8.0 vs T1=8.5), and 1
teacher observed no change (grade 4, T0=6.0 vs T1=6.0). In
addition, 2 out of 4 teachers observed an improvement in their
students’concentration for mathematics after the program (grade
2, T0=6.0 vs T1=6.5; grade 4, T0=3.0 vs T1=5.0), and the other
2 teachers observed no change (grade 3, T0=6.0 vs T1=6.0;
grade 5, T0=6.5 vs T1=6.5). Finally, regarding students’
motivation for PA, only 1 teacher observed an increase (grade
2, T0=8.0 vs T1=9.0). It should be noted that 2 of the teachers
who observed no change (grades 4 and 5) had already identified
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the maximum motivation score before the start of the program.
The last teacher rated the students’ motivation at 9.0 before and
after the program.

Discussion

Principal Findings
Since September 2022, primary schools have been required to
provide 30 minutes of DPA. In this pilot study, the
implementation of an exergaming program as part of the 30
minutes of DPA policy was welcomed by the school’s
administration, parents, and teachers, with an increase in
perceived motivation for mathematics.

After the program, we observed that children showed increased
scores in PL and motivation in mathematics following 11
learning-based exergaming sessions.

Exergaming Implementation
Although this PA reform is recent in France, it has already been
introduced in other countries several years ago. Indeed, the DPA
school policy has been implemented since 2005 in Canada to
promote active lifestyles for children in school settings [41],
and in the province of Ontario, all elementary school children
perform DPA during instructional time [42]. Yet, 10 years later
(in 2015), it was revealed that only half of Ontario teachers were
meeting this expectation [43], and this number dropped to 23%
5 years later in the report by Martyn et al [44]. The Canadian
experience underscores the need to explore effective and
sustainable methods for implementing the 30 minutes of DPA
in schools. Consequently, this pilot study shows that exergaming
can be used as a valuable tool in the deployment of DPA at
schools.

Efficiency and Usefulness of Exergaming
Our second objective was to find out whether an exergaming
intervention could be effective and useful. We hypothesized
that implementing a DPA program involving exergaming on a
specific academic course could have an impact on different
aspects of a child’s experience. First, in line with hypothesis 1,
our results showed a significant increase in the PL of the entire
cohort, with significant increases of over 7% for both grades 2
and 5. This result is all the more important as it has been
highlighted that elevated PL leads to greater PA participation,
resulting in positive physiological, social, and psychosocial
adaptations, and thus improved physical, mental, and social
health [45]. In other words, PL could play a role across the
lifespan in promoting positive health. Therefore, exergaming
seems to be an effective and useful instrument to promote PL.
This observation is in line with the review by Sun [46], which
highlighted that active video gaming could contribute to
enhancing children’s PL, in particular on the motivational aspect
of exergaming, making it possible to provide a variety of
opportunities to develop or reinforce basic motor skills among
children.

Second, concerning motivational aspects, in line with hypothesis
3, our results showed an overall positive effect on students’
motivation toward the discipline. Indeed, we found an increase
in motivation for mathematics (target subject), with a significant

increase of almost 10% for the total cohort, while motivation
for French (control subject) was not impacted. It seems that
allowing students to work on mathematics more entertainingly
(ie, by throwing balls onto calculation operations) helps to
increase their appeal in this course.

Third, contrary to hypotheses 2, 4, and 5, our results showed
no increase in academic performance, motivation, and sense of
efficacy in mathematics, but they showed an increase in these
variables in French, even though this subject was not directly
targeted in the sessions. Although the interpretation is limited
without a control group that did not benefit from the
intervention, it is conceivable that the participants benefited
from additional motivational resources provided by the 30
minutes of DPA toward learning at school, in accordance with
the results of Vazou et al [16] regarding motivation and
self-efficacy. An argument in support of this explanation may
be the marginal increase in general concentration in class for
the total cohort, as has been observed in the review by Taras
[47], which noted an immediate increase in concentration in
students after PA. This overall concentration may have benefited
all subjects, especially those frequently considered less difficult
than mathematics (ie, French).

Finally, it is important to note that the positive effects of the
intervention were found in all school grades, even if a greater
benefit was observed in grade 5. As the ability to apply skills
or knowledge learned during one activity to another activity is
evidence of a transfer process, older children are likely to be
more sensitive to it [48]. Indeed, in this study’s intervention,
the children were learning with different tasks and objectives
(in DPA exergaming and their normal lessons). The transfer of
skills from one to the other was therefore not obvious (even if
the “mathematics” cue was common to both) and remains a
particularly demanding cognitive process for which the children
need to be motivated. Decreases in academic performance in
French and mathematics (grades 4 and 5) may be explained by
constraints in the classrooms, as the teachers were rotated during
the semester and the last data collection took place the day
before the vacation (the participants were less involved overall
in the academic exercises required). However, the marginal
increase in mathematics performance in grade 2 and the increase
in French performance (overall cohort and grade 3) demonstrate
the importance of continuing to test this intervention.

Practical Implications in the Educational Context
Learning-based exergames can be powerful allies in the
implementation of the DPA policy at schools. For schools and
educational teams, the first obstacle could be the associated
cost. In France, the Ministry of Education has launched a call
for projects entitled, “Pour un socle numérique dans les écoles
élémentaires” (“for a digital base in elementary schools”) [49]
to equip the schools of tomorrow. In this context, it is necessary
to create links between the worlds of research and education.
Researchers need to present teachers with the advantages (ie,
academic performance, self-efficacy, motivation, PL, PA, and
sedentary behavior) and constraints (ie, update, group
management, and security) of this type of practice to make the
teachers as efficient as possible in different teaching situations.
Indeed, as part of the 30 minutes of DPA policy in elementary
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schools, one of the major difficulties is sustaining the actions
and motivation of teachers, as presented in the Canadian study
[43,44]. Once the equipment has been acquired and installed in
a fixed position (ceiling-mounted model), one of the solutions
for maintaining motivation among teaching teams would be to
integrate PA professionals into the internship framework. This
option enables teachers to not only benefit from the specific
skills of the trainees but also position themselves as observers
of the class, to be able to work on specific notions during PE
teaching [18].

Limitations
In the context of this pilot study, which focused mainly on
implementation feasibility and learning, it would have been
interesting to consider the children’s physical fitness (ie,
muscular strength, agility, and cardiorespiratory fitness) and
general state of health. Indeed, a French longitudinal study with
a 3-year follow-up of children aged 7.7 years at the start of the
study showed that the physical fitness of French youth decreased
between childhood and early adolescence [50].

It would also have been interesting to compare the effects of
this program with a control group. For example, it would have
been worthwhile to compare the scores of the experimental
group involving exergaming and targeted school exercises to 2
control groups: the first one with no PA and no school exercises,
and the second one with no PA but with school exercises
identical to the experimental group (eg, on a tablet computer).
To verify the validity of the results, it would also have been
necessary to vary the targeted school exercises (eg, mathematics
and French; randomizing their inclusion in the intervention to
ensure that the most difficult material is not the only one tested).
Moreover, this study was carried out in a single school with a
single class per level. It would be worthwhile to increase the
size of the cohort by increasing the number of classes per level
in different schools. Furthermore, our program had a limited
duration (3 weeks), and a longer program (at least 1 trimester)
with more DPA sessions would undoubtedly have increased the
effects we observed and allowed additional benefits to be
observed. In future studies, it would be interesting to compare
the effects of a short program like ours with those of a longer

program, and this could shed light on the duration of effects
through time (in particular, following longer interventions).

Perspectives
Future studies could explore the possible diffusion effects of
enhanced DPA interventions with or without exergaming on
various PA indicators (eg, physical fitness, increased mobility
by accelerometry, sedentary time and breaks, and increased
implication in PE curricula at school). It would also be useful
to conduct a longitudinal study to measure the impact of
exergaming on not only PA and fitness levels but also the
evolution of overweight and obesity in children.

Furthermore, in future studies, it could be relevant to assess
intervention effects on students’ academic performance,
motivation, and self-efficacy in specific academic courses during
interventions, or general attitudes and performances in different
courses. Finally, specifying various student profiles concerning
these measures (eg, depending on the initial levels of PL and
PA, and depending on age or grade) could provide information
on the subgroups of children benefiting the most from such
exergaming interventions. In addition to student characteristics,
it might be useful to consider teacher characteristics (eg,
attitudes toward exergaming) to better understand the individual
and environmental factors likely to moderate the effects of such
interventions.

Conclusions
As part of the 30-minute implementation of DPA, the use of
learning-based exergaming showed very interesting results in
increasing PL as well as student motivation toward mathematics.
Furthermore, supporting pedagogical teams with qualified
teachers in PA has been proven to be beneficial for both students
and staff.

With this encouraging pilot study, it is necessary to continue
investigations by increasing the number of students per grade
and to carry out research over a longer school period with a
control group to confirm these results regarding the use of
learning-based exergaming with Play LÜ within the framework
of DPA.
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Abstract

Background: Many senior adults are at risk of mental and physical disorders due to a lack of sufficient exercise. Therefore,
adherent exercise should be urgently promoted to improve senior adults’ muscle strength, preventing falls and conditions caused
by physical and cognitive decline. However, off-the-shelf exercise games, so-called exergames, are mainly targeted at the younger
generation or children, while senior adults are neglected, when this age group strongly needs exercise. Exergames could serve
as a health intervention for promoting exercise.

Objective: This study aimed to investigate senior adults’experience, perceptions, and acceptance of game technology to promote
exercise in order to suggest game design guidelines.

Methods: In this usability study, participants engaged in playing Nintendo Switch and Xbox Kinect games, after which
semistructured interviews were conducted. Before the gameplay, the participants provided their background information, exercise
habits, and use of technology products. Next, all participants completed a workshop including 3 activities (brief instructions on
how to play the games: 20 minutes; playing the selected exergames: 80 minutes; semistructured interviews: 20 minutes) for 2
hours a day for 3 days each. The participants played the latest Nintendo Switch games (eg, Just Dance, Boxing, Ring Fit Adventure)
and Xbox Kinect games (eg, Kinect Adventures!, Mini Games). Just Dance, Zumba, and Boxing were played in activity 1; Ring
Fit Adventure and Mini Games in activity 2; and Kinect Adventures! in activity 3. Reflexive thematic analysis was applied to
identify the relative themes generated from the interviews.

Results: In total, 22 participants (mean age 70.4, SD 6.1 years) were enrolled in the workshop in May 2021. The results of the
generated themes included incomprehension of game instructions, psychological perception of game technology, and game art
preferences. The subthemes generated from game art preferences included favorite game genres, characters, and scenes.

Conclusions: There is a significant need for customized game tutorials considering senior adults’ cognitive and physical aging.
Furthermore, the adventure game genre is preferable to other games. Humanlike game characters are preferable, especially those
with a fit and healthy body shape. Nature scenes are more enjoyable than indoor stages or rooms. Furthermore, the game intensity
design and playing time should be carefully planned to meet the World Health Organization’s criteria for physical activity in
older adults. Intelligent recommendation systems might be helpful to support older adults with various health conditions. The
guidelines suggested in this study might be beneficial for game design, exercise training, and game technology adoption of
exergames for older adults to improve health.

(JMIR Serious Games 2024;12:e36154)   doi:10.2196/36154

KEYWORDS

exergame; senior user experience; senior technology acceptance; game technology; psychological perception; serious games;
exercise; aging; older adults; physical activity
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Introduction

Background
The rapid growth of the aging population has drastically
increased the need for medical and health care services. The
life expectancy is increasing; however, the average life in a state
of good health, the so-called healthy life expectancy, is almost
8-10 years less than the life expectancy [1,2]. It is important to
increase the healthy life expectancy for active aging and reduce
the financial burden on health systems caused by incapacitation,
bedridden patients, and chronic physical or mental health
conditions. The World Health Organization (WHO) [3] has
suggested that adults 65 years and older perform 150-300
minutes of moderate-intensity or 75-150 minutes of
strenuous-intensity aerobic physical activity in a week in order
to improve physical and functional health and lower the risk of
noninfectious chronic illness and mental health conditions.
However, it has been reported that in Taiwan, 33.8% of older
adults in the age group of 65-74 years and about 36% of
55-64-year-old “graying” adults do not exercise at all [4]. Many
“graying” adults in Taiwan are at risk of mental and physical
disorders due to a lack of sufficient exercise. Therefore,
providing preventive health care and promoting adherent
exercise are urgent issues to be considered in order to improve
senior adults’ muscle strength and physical fitness to prevent
falls and conditions caused by physical and cognitive decline.

Studies on Exergames for Health
Several studies have highlighted the benefits and positive impact
of exercise games, so-called exergames, on overall health. The
term “exergame” is most frequently used by health-related
researchers to refer to video games that use strength training,
balance, or flexibility [5]. Exergaming has gained public and
commercial interest due to its combination of fun and fitness
together and is particularly popular for obesity-related
interventions [6]. Furthermore, it is regarded as the future of
fitness to maintain regular activity as it is a healthy, appealing
alternative to other physical activities, as seen especially during
the COVID-19 quarantine [7]. In addition to increasing physical
exercise, exergaming could also be beneficial for psychological,
cognitive, or psychosocial issues [8]. Exergames have been
gradually applied in psychological treatment or physical
rehabilitation for senior adults. For example, some studies have
adopted exergames in psychological treatment for cognition
[9], dementia [10], and depression [11]. Exergames have also
been adapted for physical treatment to improve physical skills
or fitness [12,13], balance [14,15], fall prevention [16], and
rehabilitation [17-19]. Although many studies have applied
off-the-shelf exergames for mental and physical health, with
proof of their benefits and effectiveness, older adults’
perceptions, experiences, and expectations are rarely discussed.
Therefore, it is important to investigate older adults’experiences
and expectations of playing exergames as a preventive approach
to promote exercise habits.

Exergame Technology
Exergames require players to interact with the virtual gameplay
by means of their physical movements and gestures in the real
world [20]. Exergames generally use motion-sensing technology,

which tracks and monitors players’ movements while they
perform game tasks using sensory devices, such as Nintendo’s
Joy-Con or Microsoft’s Xbox Kinect. Motion-sensing
technology differs between Nintendo and Xbox consoles. The
Joy-Con contains an accelerometer and a gyroscope built into
the device to track a player’s motion. Additionally, the Joy-Con
also contains 3D touch technology, which provides subtle
vibration feedback to the player. In contrast, Xbox Kinect, which
is a camera-based and infrared depth-scanning-approach device,
enables a player to interact with the game with body movements.
Various types of game consoles with different underlying body
motion technologies offer different user experiences, but the
amount of physical effort and energy required to play exergames
remain similar [21]. Accessibility and entertainability are the 2
distinguishing factors of exergames in promoting exercise and
activity [22]. This study explored which interactive technology
is preferred by older adults.

Technology Acceptance of Older Adults
For decades, many studies have researched how people adopt
technology [23-26]. Davis [23] first developed the technology
acceptance model to explain user behavior and the intention to
use technology. Chen and Chan [26] further modified the
technology acceptance model, calling their modified version
the senior technology acceptance model, to learn about senior
users’adoption of technology. The term “older adults” generally
refers to people whose chronological age is 60 years or older
[27]. Researchers suggest that older adults’attitude toward using
and their intention to use technology are particularly affected
by their self-efficacy, anxiety, health conditions, cognitive
ability, social relationships, attitude toward life and satisfaction,
physical functioning, and the support of technology use they
receive around them. The senior technology acceptance model
has been applied to understand older adults’ behavior with
regard to technology in Hong Kong [26], Sweden [28], and
Taiwan [29].

According to a statistic survey by the American Association of
Retired Persons (AARP), in 2019, in the United States, 44% of
older adults enjoyed playing video games compared to 38% in
2016 [30]. The growing population of older adults in the game
market shows that their needs should be considered in game
design. However, many older adults may not have had much
experience playing video games during their childhood, as
computer-based video games became popular around the 1980s
[31]. The target users of these exergames are mostly younger
adults or children. The aging population is neglected in the
market, when this age group strongly needs exercise. Therefore,
this study investigated older adults’ experience, perceptions,
and acceptance of game technology to promote routine exercise.

Methods

Study Design and Recruitment
The workshop was conducted in a spacious classroom that was
transformed to accommodate exergame testing. The classroom
was large enough to ensure there were no obstacles to the
participants performing their movements and gestures while
playing the games. Four Sanlux 55-inch 4K Ultra HD televisions
with Nintendo consoles and Xbox Kinect consoles were set up
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in the classroom, and each television equipped with the consoles
was shared by 2 participants while playing the selected
exergames. The participants had sufficient space to move around
and had full range of motion with the whole body. The
classroom accommodated 6-8 participants in each workshop,
and 3 workshops were conducted in total.

The inclusion criteria for the workshop and interview were
participants aged 60 years and older who could exercise and
understand the instructions provided. A total of 22 senior adults
(≥60 years old) were enrolled in this study.

Gameplay
Each of the 3 workshops included 3 activities (Figure 1). Every
activity was conducted for 2 hours a day for 3 days. Before

playing the games, a questionnaire was administered, in which
the participants provided their background information, exercise
habits, and use of technology products. The following games
were selected for this study: the latest Nintendo Switch games
Just Dance, Boxing, Mini-Games, and Ring Fit Adventure and
the Xbox Kinect game KinectAdventures! Before each activity,
the participants were provided with brief instructions for 20
minutes on how to play the games. Next, they played the
selected exergames for 80 minutes, and finally, a 20-minute
semistructured interview was conducted. The participants played
Just Dance and Boxing in activity 1, Ring Fit Adventure and
Mini-Games in activity 2, and Kinect Adventures! in activity 3.

Figure 1. Participants played Boxing (left) and Ring Fit Adventure (right).

Data Analysis
Data were collected from the semistructured interviews using
audio recordings and transcribed verbatim. Qualitative data
were analyzed using thematic analysis, a qualitative data
analytics method proposed by Braun and Clarke [32,33] and
further clarified and defined as reflexive thematic analysis.
Reflexive thematic analysis is a common approach to identify,
analyze, and report themes from qualitative data sets in content
analysis and grounded theory [34]. Braun and Clarke [35] have
provided a 6-phase process of thematic analysis for researchers
to conduct qualitative studies: (1) familiarizing with the data,
(2) generating initial codes, (3) searching for themes, (4)
reviewing potential themes, (5) defining and naming themes,
and (6) producing a report. The 6-phase process is not linear
but an iteratively developing process that is flexible enough to
be tailored for qualitative data [36]:

• Phase 1 (familiarizing with the data): In phase 1, the
researcher read and reread the data and made notes on a
manual transcript. The researcher also identified connections
between participants, data, and existing studies.

• Phase 2 (generating initial codes): The interview transcript
was systematically analyzed through coding. Some codes
matched the participants’ concepts, while others had to be
interpreted by the researcher.

• Phase 3 (searching for themes): All the coded data were
identified and clustered into broader topics or themes based
on their similarities and overlaps.

• Phase 4 (reviewing potential themes): All the generated
themes were reviewed to check whether they worked
meaningfully and relevantly with the coded data.

• Phase 5 (defining and naming themes): After reviewing
possible themes, the identified themes were subsequently
defined and labeled.

• Phase 6 (producing a report): The generated themes
answered the research questions about senior adults’
experience, perceptions, and acceptance of adopting
exergames for exercise.

Ethical Considerations
This study was approved by the Central Regional Research
Ethics Committee China Medical University Taiwan (review
number: CRREC-109-090). All participants were informed of
the procedures involved in the study. They agreed to participate
in the study and signed the consent form. The data in this study
is anonymized. This study offered non-monetary incentives to
participants as compensation.

Results

Participant Details
In total, 22 participants (n=16, 73% female; n=6, 27% male)
were enrolled in the study. Their ages ranged from 60 to 82
years (Table 1).
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Table 1. Participants’ general information (N=22).

ValueCharacteristics

70.4 (6.1)Age (years), mean (SD)

68.7 (5.4)Male

71.0 (6.4)Female

Sex, n (%)

6 (27)Male

16 (73)Female

11.5 (4.5)Education (years), mean (SD)

BMI (kg/m2), mean (SD)

23.3 (4.5)Male

22.4 (2.8)Female

Exercise routine, n (%)a

6 (27)Everyday

12 (55)3-5 days a week

3 (14)1-2 days a week

1 (5)1-3 days a month

Exercise time (minutes/day), n (%)

16 (73)>30

4 (18)20-30

1 (5)10-20

1 (5)<10

Exercise intensity, n (%)

11 (50)Barely there

10 (46)Moderate

1 (5)Harder

Technology products use habits (possession of smartphones/tablets/computers), n (%)

1 (5)I do not have any of them.

8 (36)I have 1 of them.

13 (59)I feel comfortable using them.

Frequency of using the technology products, n (%)

1 (5)Never

3 (14)1 time a week

0 (0)2-3 times a week

1 (5)Many times a week

2 (9)1 time a day

15 (68)Many times a day

12 (55)Experience of playing videogames/digital games (arcade, home console, handheld game console, com-
puter game, or online game), n (%)

aThe percentages might add up to more than 100 because of rounding.

The background information of the 22 participants showed that
only 7 (32%) met the WHO criteria for weekly exercise. The
participants were familiar with phone technology and often used
it for social media, photography, Google searching, or online
shopping. Some of them had previous experience of playing

video games. These results showed that the participants were
less active and were comfortable using technology products.

Most participants performed regular or mild light-intensity
exercise; however, only a few participants met the WHO criteria
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for senior adult exercise. WHO recommends multicomponent
physical activity at a moderate or high intensity [3]; however,
the results showed that the exercise intensity of older adults and
the time they spend are not enough.

Thematic Analysis
The semistructured interviews raised topics relating to user
experience, psychological perceptions, and the adoption of game
technology. In phase 2 of the thematic analysis, the manual
transcript was systematically analyzed through coding. For
example, “The tutorials in the game were not clear and not easy
to understand. It is better to have instructors to teach me how
to operate the game” was coded as the game tutorials not being
supportive, being difficult to understand, and causing the
participant to lose the motivation to play. In phase 3, the coded

data was grouped into larger themes based on how they were
connected. For example, coded data such as “do not know how
to play,” “not understanding,” and “forgot tutorials” were
clustered into “incomprehension of game instructions.” In phase
4, the identified themes were carefully reviewed to ensure they
accurately and meaningfully represented the coded data. In
phase 5, the themes were defined and named as (1)
incomprehension of game instructions, (2) confusion caused by
a complicated interface, (3) frustration caused by the fast game
speed, (4) a sense of control and freedom, (5) psychological
perception of game technology, (6) social interaction, and (7)
preference of game art. These 7 themes could answer the
research questions about older adults’ experience, perceptions,
and acceptance of exergaming. The first 6 themes and the
participants’ feedback are shown in Table 2.
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Table 2. Themes 1-6 generated from the interviews.

Sex (male/female), age (years), game expe-
rience (yes/no)

Theme and example quotes

1. Incomprehension of game instructions (n=8, 36%)

Female, 74, no“It is very critical that someone could guide us before playing games [Just Dance]. Knowing how
to play motivates me to play the game.”

Female, 67, yes“I need someone next to me and tell me how to play.

Male, 68, yes“I don’t know how to play the game because I don’t understand the game mechanics and rules.”

Female, 75, no“I need a detailed game tutorial of the game to support me when playing the game.”

Male, 62, yes“The tutorial in the game is not clear and not easy to understand. It is better to have instructors to
teach me how to operate the game [Ring Fit Adventure].”

Male, 72, yes“By the game instructions, I cannot fully understand what it means and how to play. I prefer someone
(instructors) to teach me for better understanding.”

Female, 79, yes“I can't remember things well. So, I forgot tutorials while playing. I might remember how to play
after many times gameplay.”

Male, 76, yes“I need more practice to remember how to play.”

2. Confusion caused by a complicated interface (n=5, 23%)

Female, 66, no“At the beginning, it was difficult to understand the game interface, but after practicing, I got used
to controlling it.”

Female, 74, no; male, 76, yes“I don’t know the meanings of the icons in the game interface.”

Female, 75, no“There is too much information on the screen; I don’t know what to look at while playing [Ring Fit
Adventure].”

Female, 63, no“The game interface was very complicated and difficult to use. I guess it is also difficult to control
machines for most of the older adults [Just Dance].”

3. Frustration caused by the fast game speed (n=8, 36%)

Female, 82, yes“I would give up and feel frustrated when I cannot keep up with the speed of the games.”

Female, 63, no“I wish I could control the speed of the game from slow to fast so that I could participate in the
game, not be excluded since the very beginning.”

Female, 78, yes; female, 75, no“I was too slow in the response in the playing. For example, I wanted to jump and get the golden
coin, but when I jumped, the golden coin disappeared [Kinect Adventures!].”

Female, 74, no“It is very difficult and complicated to do more than 2 actions at the same time. I have to avoid
getting bombed and to get golden coins [Ring Fit Adventure].”

Female, 79, yes“I feel I am not as agile as I was. The game should provide different levels of difficulty for different
ages.”

Female, 66, no“After seeing the boxing icon showing up from the bottom of the screen, I need to punch at the right
tempo. But I was always too late to react. I need some time to think and then do the action [Boxing].”

Female, 79, yes“The speed in the game was too fast for me. I think the game should provide different levels of
difficulty or provide different levels according to different age groups [Boxing].”

4. A sense of control and freedom (n=4, 18%)

Female, 60, yes“I like to use joystick to control games because of the tactile responses, although I feel free when I
don’t need to hold anything to control the game. However, I don’t receive tactile sensation feedback
to know whether I did the correct movement or not [Kinect Adventures!].”

Female, 63, no“I like to use my body motion to control the game because I don’t like to hold anything on hands.
I don’t know how to use joystick, and I feel it is quite complicated. It is easy, free, and intuitive to
control the game by my body.”

Male, 71, no“I prefer the realistic feeling of pressing and dragging the Ring-Con. It gives me real feedback and
is easy to use.”

Female, 74, no“The vibration of the joystick gives me feedback of correct movement, and I like to receive the
feedback [Boxing].”

5. Psychological perception of game technology (n=9, 41%)

Female, 66, no“Playing the games could make me keep focus, train my brain and coordination.”
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Sex (male/female), age (years), game expe-
rience (yes/no)

Theme and example quotes

Male, 68, yes“It is so much fun to do exercise by playing games. I didn’t expect myself to enjoy doing exercises
[Boxing, Kinect Adventures!].”

Male, 62, yes“I prefer to play Boxing game because it is very challenging.”

Female, 82, yes“I feel it is fashionable to play state-of-the-art games, which could connect me and the younger
generations.”

Female, 74, no“I feel I am keeping up with trends because I can operate game technology device and share with
my grandchildren.”

Female, 79, yes“I didn’t know games could so charming and interesting. It is a fresh experience, and it is quite
fashion and trendy to play games for me.”

Female, 74, no“I would like to try new things, and I wish I could keep up with the times.”

Female, 60, yes“I was afraid of new technology in general. I don’t know how to use them. But if I have a chance
to approach it and someone could teach me, I will be happy to learn.”

Female, 82, yesI feel video games are not for us; it is for the youth.

6. Social interaction (n=5, 23%)

Female, 75, no“It has become a common interest between me and my grandchildren. We can play together, and
we have common topics to talk about.”

Female, 69, yes“Collaborating with other players is very fun, and it attracts me to continue using exergames.”

Male, 68, yes“I am feeling that I don’t want to lose against my friends. I will make every effort to win.”

Female, 68, no“I felt lonely when I did exercise alone, so I like exergames, which allow me to do exercise with
people.”

Male, 63, yes“I enjoyed playing with friends who are the same age as me. It’s much more fun to play games or
do exercise with friends than by myself.”

Additionally, the subthemes of game art preference were
generated from the “preference of game art” theme. The
qualitative data related to game art were collated and coded into
game genres, characters, and scenes (Table 3). In the interviews,
participants talked about their favorite games from among Just
Dance, Zumba, Boxing, Kinect Adventures!, Mini Games, and
Ring Fit Adventure. Adventure games were constantly
mentioned as participants’ favorite games (n=16, 73%,
participants): 11 (69%) participants preferred Kinect
Adventures!, and 5 (31%) participants liked Ring Fit Adventure.
Only 3 (14%) participants liked the Zumba dance game and 3

(14%) liked Boxing. Thus, most participants were fond of the
adventure game genre compared to the sports genre, such boxing
or dance. Most participants (n=13, 59%) preferred true-to-scale
3D human models as game characters instead of cartoons. Some
participants (n=8, 36%) preferred to see a real man on the screen
to lead them in exercise, that is, the participants preferred the
game characters to be real-scale humans or virtual models.
Nearly all participants (n=21, 95%) mentioned that they enjoyed
and immersed themselves in outdoor or natural scenes in the
games, while only 1 (5%) participant preferred a static virtual
stage.
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Table 3. Subthemes generated from theme 7 (preference of game art; n=8, 36%, participants).

Sex (male/female), age (years), game expe-
rience (yes/no)

Subtheme and example quotes

7.1. Favorite game genre

Female, 74, no“My favorite game is adventure games. It made me focus and immersed myself in the gameplay.
The adventure game is very exciting, which could also train my brain and improve my coordination.
I don’t usually have the experience in my daily life [Kinect Adventures!].”

Male, 76, yes“The Ring Fit Adventure provides a more intense and challenging exercise for me. I love to take
the challenge.”

7.2. Preference of game character

Female, 75, no“I like the game character is made by 3D humanlike model with a realistic ratio, such as the character
in Ring Fit Adventure. The character looks fit, muscular, and powerful.”

Female, 69, yes“I prefer a real man in the game, such as the coaches in Zumba. They are real people, who make it
easier to understand and learn their dancing.”

7.3. Preference of game scene

Female, 69, yes“I like the game with outdoor natural scenes. I feel like I was doing exercise outdoor rather than in
an indoor room.”

Male, 63, yes“I was very excited and fully immersed in the game with a natural scene, such as Xbox Adventure!
or Ring Fit Adventure.”

Female, 69, yes“The natural background made me feel comfortable, and I wanted to go forward to see what shows
up next. It also keeps me focus on the gameplay [Kinect Adventures!].”

Female, 60, yes“I prefer static stages in the background because then I can focus on my game tasks [Boxing].”

Themes Generated From the Interviews
A total of 7 themes were generated from the semistructured
interviews. Of these themes, 3 (43%; themes 1, 5, and 7) were
initially identified in the study. The remaining 4 themes (57%;
themes 2, 3, 4, and 6) aligned with prior research findings and
are discussed in the Comparison With Prior Work section.

Theme 1: Incomprehension of Game Instructions
Lacking gaming experience in their youth might result in senior
adults not understanding the game mechanics, the meaning of
visual effects or reward icons, health points (HPs), or experience
points (EPs). The instructions in the gameplay were not easy
to understand, so most of the participants perceived them
negatively. Moreover, although some participants had game
experience, it did not seem to support their learning in
exergames. They still needed appropriate instructions for
gameplay learning.

As the game instructions were not helpful to the participants,
they needed instructors to explain and teach them again to learn
how to play. However, although the participants were taught
how to play before the gameplay, they forgot how to play when
playing. It was not easy for some participants to understand and
memorize the given information. These findings showed that
age-related visual and hearing loss might also contribute to
increasing the barriers to understanding the gameplay. Thus,
repetitive and real-time tutorials in games might be helpful to
support memory, learning, and thinking. Therefore, simple
visual instructions and oral guidance using plain language might
support senior adults’ game learning.

Theme 2: Confusion Caused by a Complicated Interface
In general, younger adults tend to find game interfaces more
intuitive and user friendly compared to senior adults with regard
to playing digital games. Senior adults often encounter
significant challenges when attempting to engage with game
interfaces. For instance, Ring Fit Adventure integrates a diverse
range of physical tasks within its exercise regimen. Players are
required to perform actions such as pressing or dragging the
ring with their hands while simultaneously engaging in activities
such as jumping, squatting, or running with their feet. The
information and tasks presented in the game interface pose a
complexity that senior adults may find challenging to
comprehend. For instance, 1 (5%) participant (female, age 75
years, nonexperienced player) said:

There is too much information on the screen, I do not
know what to look at while playing.

Another participant (female, age 63 years, nonexperienced
player) said:

The game interface is very complicated and difficult
to use.

Furthermore, senior adults often struggle to grasp the meaning
of icons or virtual objects displayed in the game interface. For
instance, they may not be aware that collecting golden coins in
Ring Fit Adventure can lead to earning additional points. Two
participants expressed:

I do not know the meanings of the icons in the game
interface.

Theme 3: Frustration Caused by the Fast Game Speed
One participant expressed frustration and a sense of exclusion
when unable to keep up with the game’s pace. They desired the
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ability to control the game’s speed, allowing for a more inclusive
gaming experience. The participant (female, age 66 years,
nonexperienced player) playing Boxing noted that her ability
to perform actions effectively was affected by slower response
times. She explained:

After seeing the boxing icon showing up from the
bottom of the screen, I need to punch at the right
tempo. But I was always too late to react. I need some
time to think and then do the action.

Another participant (female, age 82 years, experienced player)
said:

I would give up and feel frustrated when I cannot
keep up with the speed of the games.

In addition, participants perceived a decrease in agility compared
to their previous exercise experiences, which could be attributed
to the natural decline associated with aging. Thus, an
inappropriate game speed could result in senior adults feeling
frustrated and avoiding playing exergames.

The American College of Sports Medicine [37] has classified
the characteristics of physical fitness into health-related and
skill-related components. The skill-related components of
physical fitness include agility, coordination, balance, power,
reaction time, and speed, which can be adjusted in-game to meet
individual conditions. The results in this study showed that
game speed levels should be adjustable according to given
skill-related health conditions. Senior adults need more time to
understand what is going on and how to react accordingly.
Therefore, games should provide a range of difficulty levels
specifically designed to accommodate different age groups,
thereby ensuring an enjoyable gaming experience for senior
adult players.

Theme 4: A Sense of Control and Freedom
Participants shared diverse preferences regarding their choice
of gaming controls. Some appreciated the tactile responses
provided by a joystick (n=3, 14%) or the Ring-Con (n=7, 32%),
while others found freedom in not having to hold anything when
controlling the game, such as Kinect motion-sensing interaction
(n=12, 55%). Alongside their appreciation for the sense of
freedom, 7 (32%) participants favored the Ring-Con because it
resembles holding a steering wheel, thus enhancing their
perception of control.

However, the absence of tactile feedback in some games left
participants uncertain about the accuracy of their movements.
For example, 1 (5%) participant said:

Although I feel free when I do not need to hold
anything to control the game...I do not receive tactile
sensation feedback to know whether I did the correct
movement or not.

Theme 5: Psychological Perception of Game Technology
Playing exergames was perceived to relate to enjoyment,
socializing, achievement, frustration, defeat, and keeping up
with trends. Generally, participants enjoyed playing and
socializing with people. In addition, playing exergames and
operating technological devices made them feel trendy.

I feel I am keeping up with trends because I can
operate [a] game technology device and share with
my grandchildren. [Female, 74 years]

Some participants felt frustrated when they could not follow
the game speed or obtained lower scores due to their longer
reaction time and lack of coordination.

I want to have a feeling of achievement, rather than
being defeated.

Therefore, the game design should consider senior adults’
psychological perceptions to meet their emotional needs.

Theme 6: Social Interaction
The use of exergames fostered a sense of connection and
engagement, both within the family and among peers.

I enjoyed playing with friends. [Male, age 63 years,
experienced player]

I like to play with my family, and it is the biggest
motivation to play.

Some participants enjoyed the collaboration and competition
with team players. For instance, 1 (5%) participant (female, age
69 years, experienced player) expressed:

Collaborating with other players is fun, and it attracts
me to continue using exergames.

These findings showed that playing exergames serves as a
common interest that allows for enjoyable collaborative
experiences, providing shared topics for discussion, and
enhancing the motivation to continue using exergames.

Theme 7: Preference of Game Art
The game preference for game art and game genres was
investigated. The exergames in the workshop included the latest
Nintendo Switch games, such as Just Dance and Ring Fit
Adventure, and Xbox Kinect games, such as Kinect Adventures!
Among these games, 16 (73%) participants were fond of
adventure games, including Ring Fit Adventure and Kinect
Adventures! Interestingly, the results showed that younger senior
adults (6/16, 37.5%, participants; average age 65.8, SD 5.7
years) preferred Ring Fit Adventure, which is a resistance
exercise and a high-intensity training game, more than older
senior adults (10/16, 62.5%, participants; average age 71.4, SD
5.3 years). Other participants (n=6, 27%) preferred less intensive
exercise games, such as Boxing and Zumba. Of these 6
participants, 5 (83%) had no previous game experience, and the
average age was 73.2 (SD 6.2) years. Therefore, younger senior
adults might prefer a more intensive resistance exercise, while
older senior adults might prefer a gentle exercise with less leg
work.

For game characters, most of the participants preferred a human
or humanlike character because it was easier to understand their
movements. The participants also could reflect themselves as
the avatar if the game character looked like a human. Of the 22
participants, 21 (96%) preferred human or humanlike characters,
of which 13 (62%) participants preferred a humanlike game
character and 8 (38%) preferred real humans as game characters.
One participant did not show her preference. These findings
showed that among the cute animal characters and human
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(humanlike) characters, senior adults prefer human or humanlike
avatars, which allows them to easily reflect themselves in games
and observe exercise movements more clearly.

For game scenes, outdoor nature scenes were the most
preferable, such as scenes in Kinect Adventures! and Ring Fit
Adventure. Of the 22 participants, 20 (91%) preferred nature
scenes, followed by static scenes. The participants felt the nature
scenes made them feel comfortable and helped them focus. Two
participants preferred simple and clean colored indoor scenes
rather than a sophisticated background, which allowed them to
focus on the game mission and not be distracted by the
background.

Therefore, adventure games, humanlike characters, and nature
scenes could create a sense of reality and players might be more
easily immersed in the gameplay.

Discussion

Principal Findings
In this study, most of the participants had no or little experience
of playing exergames. However, after playing exergames in the
workshop, they found them interesting and appealing. The
results of this study reflect factors of the senior technology
acceptance model [26]. Most of the participants referenced a
positive attitude, perceived usefulness, and social relationships
regarding using game technology. However, the participants
provided negative feedback for the perceived ease of use and
support of technology use. Lacking experience of playing video
games might have also resulted in the participants not having
the knowledge and skills needed to adopt game technology.

The supports for technology use, such as understandable tutorials
or game mechanics, to help senior adult players are not
sufficient. Thus, there is a significant need for customized
instructions for senior adults. Overall, the reasons the
participants did not have the intention to play could be because
they thought video games are for younger people, not for them.
Therefore, exergames should also meet senior adults’
psychological needs to increase their adoption of game
technology.

The results of this study present older adults’ experience,
perceptions, and acceptance of commercial exergames. In total,
7 themes were generated from the semistructured interviews; 4
of these are in line with previous studies, but 3 were identified
in this study.

Three distinguished themes generated from this study are
incomprehension of game instructions, psychological perception
of game technology, and preferences of game art. These themes
have rarely been discussed in prior studies. The psychological
perception toward exergames that the participants expressed
was that it is fashionable and trendy to play the latest digital
games, which belong to the youth. They also enjoyed the
gameplay by collaborating and competing with their peers.
Among the exergames, the participants preferred adventure
games much more than other genres. In this study, the adventure
games were Kinect Adventures! and Ring-Fit Adventure, both
of which focus on players’ action tasks. These types of games

typically emphasize storytelling and character development, as
players assume the role of a principal character who must
overcome various challenges and obstacles to reach their
objectives. The exciting experience of outdoor sports motivated
them to continue to play, and the virtual environment provided
a safe place to perform thrilling activities.

The game characters and scenes are also critical visual elements
to immerse senior adult players in games. In this study, senior
adults preferred humanlike characters who looked healthy, fit,
and muscular. The game character with a healthy outlook
inspired senior adult players to reflect themselves as energetic
people exercising in the gameplay. The nature scenes in the
game also gave the senior adult players feelings of comfort and
relaxation during the gameplay. WHO recommends that
adjustable intensity and game levels should be carefully
designed to support senior adults perform a sufficient amount
of physical activity.

However, if senior adults cannot understand how to play a game
or react in time, they feel defeated and frustrated. They may
give up playing straight away. Therefore, there is a significant
need for game tutorials that are easy to understand for senior
adults and game levels that are suitable for their mobile ability.

Comparison With Prior Work
Four themes generated from the qualitative data demonstrated
similar issues as in previous studies. First, “confusion caused
by a complicated interface” (theme 2) and “frustration caused
by the fast game speed” (theme 3) are in line with the results
of Aarhus et al [38], who found that simultaneously increasing
information, speed, and colors would more likely increase
cognitive challenges. Although Aarhus et al [38] adopted
Nintendo Wii in a physical rehabilitation context, the issue
remains in the current Nintendo Switch. Second, the game speed
was too fast to follow for most of the participants, which is in
line with the results of Brox et al [39]. From the cognitive ability
perspective, an age-related decrease in working memory causes
a reduction in the amount and speed of information processing
[35]. Third, the participants in this study highlighted “a sense
of control and freedom” (theme 4) in the gameplay, similar to
the results of Thin et al [21], who found that the game
experience of motion-sensing games is preferrable due to its
greater freedom and holistic movement experience. Fourth,
“social interaction” (theme 6) is a prominent motivation for
senior adults to adopt exergames, which is in line with previous
studies [38]. Therefore, social interactions with peers, friends,
the family, and society formed through playing exergames are
appreciated.

Previous studies have also discussed the aforementioned themes,
although most of the commercial games tested in previous
studies were Nintendo Wii, Wii Fit, Wii Balance Board, and
Wii Sports. Compared to prior studies, this study adopted the
latest Nintendo Switch and Xbox Kinect to investigate the player
experience. However, obstacles, such as game speed, interface,
and tasks, remained, indicating that the latest games still do not
consider the needs of senior adults.
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Evaluation of This Study
According to the criteria for scientific rigor (credibility,
dependability, confirmability, and transferability), in the
qualitative research proposed by Lincoln and Guba [40],
consistent outcomes are expected when replicating the research
process within the same setting. To enhance credibility in this
study, continuous interaction was maintained with each
participant throughout the data collection process. Furthermore,
the participants were encouraged to provide examples while
discussing their gaming behavior and experiences, with the
interviewer posing follow-up questions. This approach facilitated
the participants’ familiarity with both the research setting and
the content, thereby ensuring an accurate interpretation of their
original perspectives. Regarding transferability, which pertains
to applicability, the researcher provided detailed descriptive
data, such as participants’ demographics, exercise
characteristics, technology use habits, inclusion criteria of
recruitment, workshop and interview procedures, and the
iterative research process. The information helped the researcher
explain the participants’ behavior and experience within a
gaming context, potentially making them meaningful and
transferable to an external observer. To ensure dependability,
which is related to consistency, a detailed analysis process was
used throughout this study [41], thereby establishing the
potential for reproducing the outcomes across similar participant
cohorts and settings. Given the constraints, concerning
confirmability, which relates to maintaining neutrality, although
the absence of an external review was recognized, diligent steps
were taken to compensate for this limitation by implementing
a rigorous process of self-evaluation and critical reflection on
the research process and outcomes. This included a careful
examination of the data, consistent cross-referencing with
established literature, and self-awareness regarding potential
biases.

Strengths and Limitations
This study makes a noteworthy contribution by emphasizing
the importance of game tutorials, preferences of game art and
genres, and the perception of trendiness in the game design for
older adults. However, the study does have limitations. First, it
is essential to acknowledge that the sample size was restricted
to 22 participants, consequently impacting the precision of
estimates for main outcomes. Second, evaluating the qualitative
study’s confirmability would ideally involve external
researchers. The advantage of having a single researcher code
the content is that it ensures consistency and stability in the use
of codes; however, confirmation bias can be manifest during
various stages of the research process, such as data coding or
interpretation [42]. As previously stated, a single researcher
may hold preconceived ideas or preferences about the outcomes
they anticipate or desire, and these biases can inadvertently
impact their scholarly work. Although this study was conducted
by a single author, the inherent limitations associated with solo
authorship are recognized. The absence of external researchers

in this study could limit the diversity of perspectives during
data coding and interpretation. This limitation may result in a
narrower scope of interpretation and analysis, potentially
overlooking valuable insights. By acknowledging potential
biases and preconceptions, steps have been taken to minimize
their impact on the study’s findings. Although collaborative
research may not have been feasible in this study, the research
process involved continuous cross-referencing with established
literature and a sustained awareness of potential biases. It is
hoped that this study will contribute valuable insights to the
field of digital exergames for senior adults, despite its single
authorship limitations. Additionally, it is anticipated that future
research will build upon the study’s findings to further enhance
our understanding of senior adults’ experiences in engaging
with exergames.

Conclusion
Exergames could serve as an engaging approach to promote
exercise and a healthy life among senior adults. Most of the
prior studies have focused on usability and facilities, but senior
adults’ psychological perception toward the exergame
experience is highlighted in this study. The findings of this study
have some important practical and research implications for
adoption of game technology, as well as for research with senior
adults’ gameplay experience for future work. First, tailored
game tutorials for senior adults could be beneficial for increasing
the adoption of exergames to promote physical health. Because
of insufficient game experience in their youth and cognitive
decline due to aging, there is a significant need for
understandable and age-friendly tutorials of exergames to equip
senior adults with affordable information and skills to get into
the game scenario and mechanics. Second, preferences of game
art and genres reveal that adventure games are the most
favorable game genre and humanlike avatars in nature scenes
are most liked among senior adults. Moreover, evidence from
this study and the literature shows that the exercise time and
intensity of senior adults in Taiwan are clearly not sufficient
according to WHO criteria. Thus, game design should plan
appropriate game times and intensities for senior adults, which
could support them in gradually performing moderate- or
high-intensity exercise to promote their health. In addition to
game intensity, the game speed of current off-the-shelf
exergames is still not suitable for senior adults. Therefore,
intelligent recommended systems of game intensity, speed, or
difficulty might be helpful for senior adults with various health
conditions. Finally, senior adults also want to be fashionable
and keep up with trends, not to be excluded by the market, so
exergame developers may consider including senior adults’
physical and psychological needs to create age-friendly
exergames that are more accessible. Future research could focus
on investigating age-friendly game tutorials, developing
approachable adventure games, creating adjustable game
intensity levels, and designing game artwork for senior adults
to enhance their exercise for better health.
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Abstract

Background: The effectiveness of virtual reality (VR) fitness games as a form of moderate to vigorous physical activity has
yet to be thoroughly quantified through gold standard energy expenditure measures.

Objective: The purpose of this study was to examine the energy expenditure of 2 medium-intensity modes (“Flow and “Boxing”)
of a VR fitness game, Supernatural, using indirect calorimetry.

Methods: Indirect calorimetry was used to examine relative and objective maximal oxygen consumption (VO2 max), metabolic
equivalents of task (METs), and calories burned during medium-intensity bouts of both Flow and Boxing gameplay modes in
young (mean age 25.42, SD 3.25 years), active individuals (n=12 female and n=11 male). METs and calories were also compared
using a triaxial waist-worn accelerometer, an Apple smartwatch, and a VR headset. Mood states were assessed pre- and postbout
using the shortened Profile of Mood States Questionnaire. Paired 2-tailed t tests were used to examine differences in game modes,
between sexes, and pre-post exercise sessions.

Results: Objective and relative VO2 max averaged 1.93 (SD 0.44) L/min and 27.61 (SD 5.60) mL/kg/min, respectively, between
modes. Flow (mean 8.2, SD 1.54 METs) and Boxing (mean 7.6, SD 1.66 METs) are both classified as high energy expenditure,
vigorous activities. Calorie expenditure data of the accelerometer and VR headset differed significantly from the metabolic cart.
Mood changes pre- to post exercise were consistent with expected values for moderate- to vigorous-intensity physical activity,
with participants reporting that they felt more “active,” “full of pep,” “vigorous,” and “lively” (P<.05) following bouts. Male
individuals reported higher objective oxygen consumption (VO2) for both Flow and Boxing modes; no other sex-specific differences
were observed.

Conclusions: Both Flow and Boxing gameplay modes of Supernatural classify as vigorous physical activity and demonstrate
the potential to promote mental and physical health benefits. Supernatural may be an effective exercise modality in a VO2 training
program.

(JMIR Serious Games 2024;12:e53999)   doi:10.2196/53999
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Introduction

Regular physical activity (PA), described as a movement-driven
increase in energy expenditure [1], is an important health
behavior that has well-established mental and physical benefits
[2]. Evidence suggests that individuals who partake in regular
PA of 150 minutes of moderate-intensity PA or 75-150 minutes
of moderate- to vigorous-intensity PA (MVPA) each week [3]
have a lower risk of cancer, type 2 diabetes mellitus, ischemic
heart disease, and ischemic stroke [4].

While there are diverse modes in which individuals can engage
in regular PA, at-home exercise options have increased in
popularity recently [5]. Before the COVID-19 pandemic,
at-home PA may have been chosen due to the ease of access,
high levels of autonomy in modifying both workouts and
equipment, and the increased feeling of comfort provided by
exercising in a familiar environment [6]. Due to
COVID-19–related shutdowns of traditionally frequented centers
for PA (eg, gyms, recreation centers, and organized sports
leagues), individuals had to develop new routines to stay active.
Many turned to home fitness workouts and exergames, including
virtual reality (VR) fitness options, to maintain their PA levels
[7,8]. Even beyond the pandemic, home workout options, such
as VR gaming and internet-based fitness workouts, continue to
appeal to individuals, in part due to their convenience and
accessibility.

VR can be described as a head-mounted amalgamation of the
human perception of sensation into an interactive virtual
environment [9]. Contemporary iterations of VR, specifically
immersive VR (such as the Oculus Quest 2 or HTC Vive),
involve a head-mounted device inlaid with cameras that track
the wearer’s environment, in order to project a virtual
environment within the headset. VR gaming (also known as
VR exercising, VR game exercising, or active VR games) refers
to the use of a VR headset (and often handheld controllers) to
engage in a single immersive, digital fitness experience
consisting of both video game and exercise elements [10]. VR
gaming differs from traditional exergaming (eg, Wii Fit and
Just Dance) in that the gaming environment is visually
immersive and interactive, rather than having visuals confined
to a screen and movements or interactivity restricted by the
fidelity of an external camera. These limitations of exergaming
may contribute to their variability in energy expenditure [11].
Popular VR games include Beat Saber (Beat Games), Fruit
Ninja VR (Halfbrick Studios), HOLOFIT (Holodia Holofit),
Dance Central (Harmonix Music Systems), and BOXVR
(FitXR). VR fitness demonstrated both mental and physical
health during the COVID-19 lockdown [12]. Thus, VR fitness
continues to remain popular as we emerge from the era of
COVID-19 lockdowns, in part due to its enjoyable, flexible,
and motivating nature [13].

While VR is gaining in popularity as a form of PA, there are,
unfortunately, several factors that currently limit our
understanding of whether it can serve as an effective means of
achieving MVPA intensity. There is a tremendous amount of
variance in the equipment involved within a VR gaming setup.
Many studies use specialized equipment (eg, cycle ergometer

[14], bespoke machinery [15], or sport-specific VR setups [16]),
which would be unrealistic or inaccessible for most users to
acquire or comfortably use. Among studies that examined a
“regular” VR gaming setup, other confounding factors may also
be at play. For example, some studies examine the use of
additional accessories to existing VR setups, such as hand
weights [17], which further obfuscate the energy expenditure
of VR games.

Even in previous research that has used more consumer-friendly
VR (eg, Oculus Quest and HTC Vive), the VR games
themselves are quite variable in what they demand from the
user. For example, Beat Saber, a popular VR rhythm game,
requires users to hit targets in a virtual space with either one or
both of their handheld controllers. However, the intensity with
which these targets must be hit to register as a valid hit can be
quite low. Additionally, the movements facilitated by VR games
can vary, leading to a change in energy expenditure. Stewart
[18] compared the energy expenditure from 3 different VR
games, including Beat Saber, and found that each game
demonstrated a significantly different energy expenditure for a
similar playtime. Given the nature of VR setups and the range
of movement they require [19], few studies have used the
gold-standard measures of energy expenditure (eg, indirect
calorimetry) within VR gaming studies. Furthermore, the
presence of sex and gender differences within the field of VR
gaming remains a controversial topic, with mixed evidence
supporting a higher rate of physical discomfort and symptoms
for female individuals [20,21]. Combined with the tendency for
male individuals to demonstrate higher maximal oxygen
consumption (VO2 max) values when controlling for age [22],
investigating the presence of any sex-specific differences within
VR gaming is of importance.

Supernatural is a VR fitness service that is available on the
Oculus Quest (Meta) headsets, a popular consumer VR headset.
Supernatural was chosen due to its specificity as a fitness service
[23]. Other contemporary titles, like Beat Saber and Fruit Ninja
VR, play closer to rhythm or arcade games in that the goal of
the game is to achieve a high score, which can be done by hitting
more targets. Supernatural is similar in that target accuracy is
a metric; however, the key difference is that Supernatural
records a metric of movement power (ie, power for the “Flow”
mode and speed for the “Boxing” mode). In this way,
Supernatural provides a means to compare effort, not just
accuracy. Hence, limiting our study to just Supernatural was
deemed appropriate. Thus, the primary purpose of this study
was to examine and compare the energy expenditure of a bout
of the VR fitness game Supernatural through indirect
calorimetry; specifically, we examined the energy expenditure
of both the Flow and Boxing modes, selecting workout durations
and intensities (ie, medium intensity) based on the game’s
average workout data. Comparisons between sexes (ie, male
and female) were also examined as part of this primary
objective.

The emerging popularity and novelty of VR gaming presents a
further point of interest insofar as how accurate traditional PA
monitoring devices are when applied to VR contexts. Traditional
devices, such as waist-worn accelerometers and wrist-worn
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accelerometers (eg, smartwatches), demonstrate reasonable
validity for capturing walking and running behaviors [24];
however, whether this extends to the more space-restricted,
calisthenic-focused movements of VR gaming is unclear [25,26].
The inclusion of an onboard accelerometer in many consumer
VR headsets is also a noteworthy activity monitor that is worth
comparing to gold-standard energy expenditure measures [23].
Thus, the secondary purpose of this study was to examine the
energy expenditure of the VR game as measured by
accelerometry, consumer activity monitor (ie, Apple Watch 2),
and the built-in accelerometer in the VR headset to provide a
comparison to the gold-standard measure of indirect calorimetry.

The tertiary purpose of this study was to examine any changes
to mood as a result of engagement in Flow and Boxing, as
compared to the contemporary literature on VR exercise and
mood [27,28].

Methods

Participants
Inclusion criteria for participants were (1) being 19-40 years of
age; (2) self-reporting a minimum of 150 minutes of MPVA
per week; (3) self-identifying as not being at increased risk for
contracting COVID-19 or being a part of an
immunocompromised population; and (4) being considered to
have a minimal risk of an exercise-induced adverse outcome.
To ensure participants with a broad range of VR experiences
were recruited, recruitment documentation described the study
as a “digital fitness experience” to avoid confounding any
measurements collected. Participants became aware of the use
of VR technology upon their receipt of the informed consent
documentation before their first visit. Participants were recruited
between September 2022 and December 2022 using a

combination of social media postings, physical postings on the
host university’s campus, and word of mouth.

VR Headset and Game
Participants engaged with the VR fitness game Supernatural
[29], which was played using the Oculus Quest 2 VR headset
[30]. The Oculus Quest 2 uses a head-mounted display and 2
handheld controllers to provide an immersive VR experience
for users. For this study, a 5-foot (1.5 m) by 5-foot space was
marked onto the floor with tape to calibrate the in-headset play
area boundaries (Multimedia Appendix 1). For each participant,
the floor level was calibrated, and headset straps were adjusted
to fit comfortably.

The Supernatural game has 2 exercise modes: Flow and Boxing.
Both modalities cue participants to arm movements with
color-coordinated orbs that have directional arrows to indicate
movements to participants. There are also horizontal bars and
triangles to encourage squatting, lunging, and the dodging of
obstacles. During their first session, participants engaged in the
workout mode Flow. Flow is an aerobic workout that involves
both the upper and lower body and footwork in 360 degrees
(Figure 1). Participants wield a virtual bat in each hand, striking
targets in a variety of patterns and intensities. Lower-body
movements are incorporated into each sequence, requiring
participants to squat or lunge to hit some targets. During the
second session, participants challenged a Boxing workout.
Boxing requires participants to punch, uppercut, or swing
through color-coordinated orbs and has horizontal and diagonal
bars that participants have to maneuver their head and torso
under and around (Figure 2). Note that still captures of
Supernatural provide only an approximate impression of the
actual, first-person in-app perspective of a Supernatural user on
modern Meta Quest hardware.

Figure 1. Supernatural Flow game mode.
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Figure 2. Supernatural Boxing game mode.

Experimental Overview

Overview
Interested participants contacted the researcher by email to
arrange the initial session. Participants attended 2 sessions at
the host institution which occurred a minimum of 24 hours apart.
The first visit centered around the Supernatural Flow session,
and the second visit was around the Supernatural Boxing
session. This order was maintained for all participants.
Participants were asked to abstain from engaging in MVPA for
12 hours before each session. During the first study visit,
participants signed the informed consent document, completed
a Get Active Questionnaire (GAQ [31]), had their
anthropometric data collected, and completed a baseline survey
assessing previous knowledge and exposure to VR. Before and
after each session, participants’mood states using the shortened
version of the Profile of Mood States (POMS-SF [32]) were
assessed. After initial surveys, participants were fitted with a
heart rate (HR) monitor and the Oculus Quest 2 VR headset
and then followed a standardized progression up to the
measurement intensity workout until meeting the predetermined
threshold for competency (see Zones of Competency section).
Upon meeting the zone of competency, participants were fitted
with the indirect calorimetry mask and headpiece, Apple Watch,
and waist-worn accelerometer and completed the measurement
session.

VR Game Stage Progression
Following initial surveys at each visit, participants watched a
series of tutorial videos for the respective mode of the session
(ie, Flow for session 1 and Boxing for session 2) which are
available on Supernatural’s YouTube page. Participants then
engaged in an in-game tutorial (approximately 5 minutes).
Participants then proceeded to a low-intensity “Quick Hits”
workout and a medium-intensity “Quick Hits” ramp-up workout,
both approximately 5 minutes long, to further familiarize them
with the mode. Participants who were able to meet the minimum
zones of competency for each mode (as detailed in Zones of
Competency section) proceeded to the measurement workout.
Participants could repeat the “Quick Hits” workouts until the
zones of competency were obtained. The measurement session
was a medium-intensity workout between 14 and 17 minutes
in length. All workouts were selected from a predetermined list
of relatively similar-intensity workouts. In correspondence with
Supernatural, the makeup of the different workouts within the

same intensity is generally similar to one another in the range
of motion, target origination, pace, and number of targets
delivered. Participants chose the genre of music (eg, pop, rock,
hip-hop, and electronic) they preferred, and a researcher would
select a workout matching the description.

Zones of Competency
To advance to the measurement session, participants had to
meet the predetermined zones of competency for each mode.
Flow measures participant competency in accuracy (ie,
percentage of targets hit) and power (ie, how fast targets were
hit). Participants had to obtain a minimum of 92% accuracy to
participate in the measurement session. Power was not used in
the determination of participant readiness. Boxing measures
participant competency in accuracy (ie, percentage of targets
hit) and speed (ie, how fast targets were hit). Participants had
to achieve a minimum of 94% accuracy in Boxing to progress
to the measurement round. During preliminary testing, it was
also determined that a minimum speed goal should be achieved
to ensure participants were all working out at a similar intensity.
Hence, a minimum score of 70% speed was determined to be
sufficient, as this best reflected the lower end of the speed an
average user would hit the targets at, according to
correspondence with Supernatural.

Instrumentation and Measurement

Primary Outcome: Energy Expenditure
(Breath-by-Breath Oxygen Consumption)
A Parvo Medics TrueOne 2400 metabolic cart was used to assess
oxygen consumption (VO2; ie, volume of oxygen) during both
measurement sessions [33]. A 2-meter hose and a 3-meter hose
were joined together using a polyvinyl chloride elbow joint and
hose clamps to allow the hose to reach from the metabolic cart
to loop suspended above the participant, then down to the
participant to allow VO2 to be assessed with minimal
interference during the testing (Multimedia Appendices 1 and
2). The metabolic cart was calibrated to room air and known
gas concentrations before testing, followed by individual setup
according to participants’ height, weight, age, and sex. Both
objective VO2 max and relative VO2 max were collected.
Relative VO2 max was also compared to age-predicted VO2

max. VO2 averages were recorded in 30-second intervals.
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Secondary Outcomes

Energy Expenditure (Metabolic Equivalents and Caloric
Expenditure)

Metabolic equivalents of task (METs) and caloric expenditure
were assessed using the metabolic cart, an ActiGraph GTX3
triaxial waist-worn accelerometer, a Series 7 Apple Watch, and
the built-in accelerometer on board the Oculus Quest 2 headset
(as displayed through the Oculus Move in-headset app). Time
spent in low-, moderate-, and high-intensity exercise was
recorded by the waist-worn accelerometer. The waist-worn
accelerometer was calibrated according to each participant’s
age, height, weight, and sex. The Apple Watch and Oculus
Move accounts were calibrated to a reference individual (female,
height 181 cm, weight 78 kg) to avoid the need for an individual
Apple and Oculus Move account for each participant. The
Oculus Quest 2 boundaries were standardized to a 1.5 meter by
1.5 meter square.

Heart Rate

A Polar H10 HR monitor was used to measure average and
maximum beats per minute (bpm) and the percentage of time
spent in HR zones. Polar classifies HR into 5 zones by both
levels of intensity and percentage of age-predicted maximum
HR (HRmax). Specifically, these zones are categorized as zone
1: very light, 50%-60% HRmax; zone 2: light, 60%-70%
HRmax; zone 3: moderate, 70%-80% HRmax; zone 4: hard,
80%-90% HRmax; and zone 5: maximum, 90%-100% HRmax
[34]. The Polar H10 HR monitor was calibrated to a reference
individual (female, height 181 cm, weight 78 kg) to avoid the
need for an individual Polar account for each participant.

Tertiary Outcomes

Demographics

Participants’ age, sex, height, weight, waist circumference, and
PA levels were recorded during the initial visit. Age, sex, and
PA level were self-reported using a single item. Height, weight,
and waist circumference were measured by a researcher.

Mood States

Participants completed surveys at the beginning and end of each
session to assess potential changes in mood states, which were
assessed with the POMS-SF [32]. Our specific subscales of
interest were vigor (ie, lively, active, energetic, full of pep, and
vigorous) and fatigue (ie, worn out, fatigued, exhausted, weary,
and bushed), as these were thought to be the most receptive to
participants’ exertion within our acute aerobic intervention and
nonclinical sample [35,36]; however, the entire POMS-SF was
completed by each participant.

Data Handling and Analysis

Energy Expenditure Outcomes
Energy expenditure outcomes were analyzed descriptively (mean
and SD) and assessed for normality. Winsorization [37] of any
outliers was planned. An average of the objective VO2 max and
relative VO2 max for Flow and Boxing sessions was calculated.
The relative VO2 max was also calculated as a percentage of
the age-predicted VO2 max. Accelerometer data were analyzed

using the Freedson Adult MV3 cut points [38]. The
accelerometer, Apple Watch, and Oculus Move data were
compared to the metabolic cart data to determine the percentage
difference between the measurement tools. Comparisons
between modes (Flow and Boxing) and measurement modalities
(ie, metabolic cart, waist-worn accelerometer, Apple Watch,
and Oculus Move) were compared for the 21 complete data sets
(n=11, 52% male individuals) using paired sample 2-tailed t
tests using a Bonferroni correction (ie, α=.0125). Missing data
were excluded case-wise.

Psychological Outcomes
Changes in mood state (ie, vigor and fatigue subscales) from
pre- to postsession for both Flow and Boxing modalities were
assessed using paired 2-tailed t tests.

Sample Size Determination
To be sufficiently powered to do a sex-specific subanalysis, we
aimed to collect at least 20 full data sets (ie, 10 male and 10
female individuals). This number was determined based on an
investigation of previous energy expenditure and VR fitness
publication recruitment numbers and was deemed appropriate
to capture sex-specific differences in energy expenditure
outcomes [39-41]. Sex-specific subanalyses were only
performed for the energy expenditure outcomes, as the sample
was deemed to be too small to capture small-to-medium–sized
effects on psychological outcomes.

Ethical Considerations
This prospective, single-group experimental study was approved
by the host University of Victoria's research ethics board
(22-0213), and all participants provided written, informed
consent before their involvement in the study and for inclusion
in the publication of any research findings, as indicated by the
Declaration of Helsinki.

Results

A CONSORT (Consolidated Standards of Reporting
Trials)-eHealth checklist for this study can be found in
Multimedia Appendix 3.

Participant Characteristics
A total of 12 male and 12 female individuals who met inclusion
criteria and provided informed consent were recruited for this
study. One male participant dropped out before beginning the
Flow data collection due to issues with the VR environment.
Overall, 2 female participants completed the Flow session but
not the Boxing session due to factors unrelated to the study. A
total of 23 (n=11, 48% male) participants completed the Flow
session, and a total of 21 participants (n=11, 52% male)
completed the Boxing session.

Participant demographics are presented in Table 1. The average
age of participants was 25.42 (SD 3.25) years. Participants
reported participating in MVPA 4.71 (SD 1.62) days a week
for an average of 72.38 (SD 39.04) minutes per session,
classifying our participants as active [3]. Our participant pool
was very naive to VR and VR fitness, however, with 96% (n=23)
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reporting no previous familiarity with VR fitness products before study participation. There were no outliers in the data set.

Table 1. Participant demographics.

Female participants (n=12), mean (SD)Male participants (n=12), mean (SD)Characteristic

25.2 (3.0)25.5 (3.1)Age (years)

166.6 (7.9)178.1 (9.9)Height (cm)

64.36 (7.9)76.7 (14.1)Weight (kg)

76.0 (5.1)85.5 (6.2)Waist circumference (cm)

Workout Characteristics
The average Flow workout was 15.48 (SD 1.31) minutes in
duration and was completed with 94.57% (SD 2.35%) accuracy
and 85.52% (SD 5.27%) power. The average Boxing workout
was slightly longer than Flow at 16.91 (SD 1.51) minutes in
length, with 96.67% (SD 1.77%) accuracy and 78.86% (SD
7.89%) speed.

Energy Expenditure

Oxygen Consumption
Objective VO2 max, as measured by the metabolic cart, was
1.98 (SD 0.44) L/min for Flow, 1.88 (SD 0.45) L/min for
Boxing, and 1.93 (SD 0.44) L/min overall. Relative VO2 max
was 28.52 (SD 5.39) mL/kg/min for Flow, 26.70 (SD 5.79)
mL/kg/min for Boxing, and 27.61 (SD 5.60) mL/kg/min overall.
There was a significant difference between Flow and Boxing
for both objective (mean difference [Mdiff]=0.14, 95% CI
0.05-0.24; P=.006) and relative VO2 max (Mdiff=2.05, 95% CI
0.53-3.56; P=.01). The percentage of age-predicted VO2 max
was 59.39% (SD 11.75%) for Flow, 55.42% (SD 12.45%) for
Boxing, and 57.41% (SD 12.12%) overall. There was no
difference between Flow and Boxing with respect to the
percentage of age-predicted VO2 max (Mdiff=4.20%, 95% CI
1.34%-7.05%; P=.006).

With respect to sex-specific differences, a significant difference
was observed for objective VO2, with male individuals

demonstrating a significantly higher objective VO2 for Flow
than female individuals (Mdiff=0.46, 95% CI 0.13-0.78; P=.009).
Sex differences for objective VO2 for Boxing were not
statistically significant (Mdiff=0.36, 95% CI –0.02 to 0.74;
P=.06). No significant differences between sexes were revealed
for any other VO2 outcome (P>.05).

Outcomes for METs
METs were collected by both the metabolic cart and the
waist-worn accelerometer. The metabolic cart recorded average
METs to be 8.15 (SD 1.54) for Flow, 7.63 (SD 1.66) for Boxing,
and 7.89 (SD 1.60) overall, while the waist-worn accelerometer
recorded averages as 4.31 (SD 0.56) for Flow, 4.78 (SD 0.57)
for Boxing, and 4.55 (SD 0.65) overall. For data recorded by
the metabolic cart, there was a significant difference between
Flow and Boxing modes (Mdiff=0.58, 95% CI 0.15-1.02; P=.01).
There was a significant difference between the values recorded
by the metabolic cart and the waist-worn accelerometer for both
Flow (Mdiff=3.69, 95% CI 3.12-4.25; P<.001) and Boxing
(Mdiff=2.84, 95% CI 2.21-3.47; P<.001), with the accelerometer
reporting a percent of metabolic cart reading of 45.26% (SD
14.55%) for Flow, 56.03% (SD 13.80%) for Boxing, and 50.64%
(SD 15.05%) overall.

With respect to sex-specific differences, no significant
differences were revealed for METs as assessed by either the
metabolic cart or waist-worn accelerometer (P>.05). Oxygen
consumption and metabolic equivalent data are given in Table
2.

Table 2. Oxygen consumption (VO2) and metabolic equivalent of task (MET) data.

Overall, mean (SD)Boxing, mean (SD)Flow, mean (SD)Energy expenditure outcome

1.93 (0.44)1.88 (0.45)a1.98 (0.44)aObjective VO2 (L/min)

27.61 (5.60)26.70 (5.79)28.52 (5.39)Relative VO2 (mL/kg/min)

57.41 (12.12)55.42 (12.45)59.39 (11.75)Age-predicted VO2 maxb (%)

7.89 (1.60)7.63 (1.66)a8.15 (1.54)aMETs (metabolic cart)

4.55 (0.65)4.78 (0.57)4.31 (0.56)METs (accelerometer)

aValues represent a significant difference between modes (ie, Flow and Boxing).
bVO2 max: maximal oxygen consumption.

Calories

The estimated caloric expenditure of the metabolic cart,
waist-worn accelerometer, Apple Watch, and Oculus are
presented in Table 3. For Flow, both the accelerometer

(Mdiff=79.25, 95% CI 68.30-90.20; P<.001) and Oculus Move
(Mdiff=30.79, 95% CI 12.84-48.74; P=.002) were found to be
significantly different from the metabolic cart, while the Apple
Watch (Mdiff=–4.83, 95% CI –18.30 to 8.66; P=.47) was not.
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Similarly, for Boxing, both the accelerometer (Mdiff=70.56, 95%
CI 56.59-84.53; P<.001) and Oculus Move (Mdiff=62.89, 95%

CI 45.52-80.26; P<.001) were found to be significantly different
from the metabolic cart, while the Apple Watch (Mdiff=–14.24,
95% CI –32.22 to 3.73; P=.11) was not.

Table 3. Caloric expenditure data.

Overall (kcal)Boxing (kcal)Flow (kcal)Device

% Metabolic cartMean (SD)% Metabolic cartMean (SD)% Metabolic cartMean (SD)

N/A155.49 (36.95)N/A159.76 (38.829)N/Aa151.22 (35.52)Metabolic cart

50.46b79.90 (27.12)b56.03b89.20 (28.892)b45.26b70.60 (22.34)bAccelerometer

109.95164.71 (33.59)112.34174.00 (39.607)107.56155.41 (24.87)Apple Watch

73.32b111.63 (22.06)b63.75b102.00 (17.914)b82.88b121.27 (21.98)bOculus Move

aN/A: not applicable.
bValues represent a significant difference from the metabolic cart (P≤.0125).

Heart Rate
The average HR for Flow was 151.13 (SD 23.12) bpm, and
HRmax was 169.39 (SD 20.04) bpm. The average HR for
Boxing was 143.29 (SD 26.36) bpm, with an HRmax of 161.43
(SD 26.36) bpm. Flow demonstrated a significantly higher
average HR (Mdiff=8.43, 95% CI 3.45-13.40; P=.002) and
HRmax (Mdiff=8.38, 95% CI 3.12-13.64; P=.003) when

compared to Boxing. The overall average HR across both
modalities was 147.21 (SD 23.12) bpm, and the average overall
HRmax was 165.41 (SD 20.04). Sex-specific differences in HR
were observed for Boxing average HR (Mdiff=25.61, 95% CI
1.99-49.23; P=.04) and HRmax (Mdiff=25.53, 95% CI
4.04-47.01; P=.02), with male individuals demonstrating a
higher HR during Boxing. Time spent in HR zones is presented
in Figure 3.

Figure 3. Time spent in heart rate zones. Error bars represent the SD. HR: heart rate.

Changes in Mood States
Between baseline and postsession 1, on average, participants
reported that they felt more “lively” (Mdiff=0.46, 95% CI
0.50-0.86; P=.03), more “active” (Mdiff=0.67, 95% CI 0.32-1.07;
P<.001), more “full of pep” (Mdiff=0.57, 95% CI 0.14-0.99;
P=.01), and more “vigorous” (Mdiff=0.48, 95% CI 0.90-0.87;
P=.02). Between presession 2 and postsession 2, on average,
participants reported feeling more “active” (Mdiff=0.76, 95%
CI 0.36-1.17; P<.001), more “full of pep” (Mdiff=0.38, 95% CI
0.02-0.75; P=.04), and more “vigorous” (Mdiff=0.52, 95% CI

0.18-0.87; P=.004). No item on the fatigue subscale of the
POMS-SF changed significantly for either session 1 or 2.

Discussion

VR fitness games have seen an increase in popularity as a mode
of PA in recent years [7]. However, variability among game
demands and objectives, along with difficulties in measuring
energy expenditure with gold standard assessments (ie, indirect
calorimetry), have limited our understanding of the intensity of
these games [19], in turn limiting recommendations involving
this mode of PA with respect to MVPA guidelines. Hence, the
primary aim of this study was to examine the energy expenditure
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of one of the most popular VR fitness games, Supernatural.
Specifically, we assessed the energy expenditure of a session
of medium intensity for both the Flow and Boxing modes of
Supernatural using indirect calorimetry. We also examined how
other popular measures of energy expenditure compared relative
to indirect calorimetry.

For Flow, average relative VO2 max was 28.52 (SD 5.39)
mL/kg/min, which translated to approximately 8.2 (SD 1.54)
METs, classifying it as vigorous intensity (ie, >6 METs) [42].
Compared to other forms of PA, Flow was akin to climbing
stairs (8.0 METs) or general circuit training (8.0 METs) [43].
Moreover, the percent of age-predicted VO2 max (mean 59.39%,
SD 11.75%) points to the potential use of this mode of
Supernatural within a VO2 training program [44]. Notably, only
objective VO2 was found to be significantly different between
male and female participants, which suggests that this mode of
PA demonstrates a significant sex difference in objective energy
expenditure. This finding is likely due to the body weight nature
of the game (ie, movements were relative to participants’ own
body weight), as this significant difference was not evident
when examining the relative VO2 values or METs (ie,
accounting for participants’ weight). This is encouraging,
suggesting that young, active individuals engaging in a bout of
Supernatural Flow should receive a relatively similar aerobic
workout, independent of sex. This indicates that during a flow
session, participants were averaging a high enough percentage
of VO2 to potentially improve maximum oxygen uptake.

For Boxing, average relative VO2 max was 26.70 (SD 5.79)
mL/kg/min, which translated to approximately 7.6 (SD 1.66)
METs, also classifying it as vigorous intensity (ie, >6 METs)
[42]. Compared to other modes of PA, Boxing was higher than
high-impact aerobics (7.3 METs) and close to sparring while
boxing (7.8 METs) [43]. Interestingly, both the Flow and Boxing
modes demonstrated a higher energy expenditure than
“activity-promoting video or arcade game (eg, Exergaming and
Dance Dance Revolution), vigorous effort” (7.2 METs), which
further speaks to the heterogeneity in demands among available
VR fitness games [45]. For example, the lower average energy
expenditure of the Boxing mode may be due to the difference
in physical demands between modes, with Flow incorporating
more frequent multimuscle group movements (eg, squats and
arm swings) than Boxing, which consists primarily of slips and
punches. Similar to Flow, there was a trend in objective VO2

between sexes (P=.06) favoring male individuals but no
significant differences in any other VO2 outcome or METs, for
the Boxing session. Furthermore, while the objective VO2 max
and METs were significantly lower for Boxing than Flow, the
data suggests that individuals were still exercising at a high
enough percentage of VO2 to improve maximal oxygen uptake
[46]. Hence, Boxing also has implications as a candidate for
use in aerobic training programs, independent of sex.

Given the lack of research comparing indirect calorimetry to
device-based measures when examining VR fitness, we also
aimed to compare the findings from the metabolic cart to that
of a triaxial waist-worn accelerometer, an Apple Watch, and
the Oculus Move. On average, the accelerometers

underestimated the energy expenditure of the metabolic cart by
approximately 65% (SD 14.55%) for Flow and approximately
45% (SD 13.8%) for Boxing. This discrepancy and variability
were somewhat surprising, given the relative reliability and
validity of this particular accelerometer in assessing aerobic PA
(eg, running and walking) [47]. However, this underestimation
is likely due to the placement of the accelerometer (ie,
waist-worn), which is unlikely to capture the full range of
dynamic upper and lower body movements characteristic of a
VR fitness game. Notably, several other studies have used
waist-worn accelerometers within VR research [25,26], though
these studies have examined time spent in MVPA rather than
an energy expenditure outcome (eg, METs). Despite this, an
underrepresentation of MVPA as captured by accelerometry
still appears to be evident; Sousa et al [26] reported an average
of 4.10 (SD 4.93) minutes of MVPA for a 20-minute VR fitness
session (approximately 21%), while Giakoni-Ramirez and
colleagues [25] reported an average of 3.57 minutes of MVPA
for a 9-minute “intermediate” VR fitness session (approximately
40%). Hence, our findings suggest that the use of accelerometers
during this form of PA be used cautiously.

Compared to the accelerometer, the Apple Watch was relatively
more accurate, estimating approximately 108% (SD 24.88%)
and approximately 112% (SD 25.41%) of the metabolic cart
for Flow and Boxing, respectively. This may be due to the
wrist-worn placement of the Apple Watch, which makes it more
sensitive to the movements of the VR fitness games. Notably,
there was a considerable degree of variability within the Apple
Watch measures, ranging from a 28% underestimation to a 56%
overestimation of caloric expenditure. Our findings are
consistent with previous validation work using the Apple Watch
to measure MVPA and energy expenditure [48]. Work by Bai
and colleagues [49] does support the validity of the Apple Watch
as a measure of MVPA; importantly, however, their work uses
a waist-worn accelerometer as the criterion measure, which
limits the interpretability of their findings in a VR fitness
context. Hence, while our results support the relative accuracy
of the Apple Watch, its usefulness as a precise measure of
energy expenditure during VR fitness is limited.

On average, the Oculus Move accelerometer underestimated
the energy expenditure of the VR fitness games measured by
the metabolic cart by 27% (SD 23.1%) and 44% (SD 12.48%)
for Flow and Boxing, respectively. Like the waist-worn
accelerometer, the placement of the accelerometer within the
Oculus headset may have impacted the accuracy of its
measurements. Similar to the other measures of energy
expenditure, the use of this outcome as a measure of energy
expenditure is limited.

Lastly, preliminary comparisons of pre-post VR fitness
measurement session mood states revealed reported changes in
mood that are consistent with the beneficial changes we would
expect from a bout of moderate-intensity PA [36] and with
previous VR exergaming research [28,35]. These changes
provide preliminary evidence for the positive mental health
benefits of even single sessions of VR fitness, which is
encouraging given the relationship between positive affect and
adherence to PA [50].
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Though our study contained many strengths, such as a
gold-standard measure of energy expenditure (ie, indirect
calorimetry) and a relatively homogeneous sample, there are
limitations to our work. One limitation of this study is that all
participants were naive to VR fitness. This may have resulted
in a variable amount of energy expended compared to someone
who regularly engages in VR fitness. Although we implemented
a strict threshold for inclusion in the measurement session,
discrepancies in the final accuracy and power scores, along with
direct observation of participants, suggest that some participants
spent more or less energy adjusting to the difficulty of the
measurement session workout. In other words, the final score
across participants suggests that some struggled more than others
in acclimating to the difficulty of the measurement session.
Further, all participants were active individuals (ie, meeting the
weekly PA guidelines). As a result, the measured metabolic and
cardiorespiratory responses to the measurement session may
not be reflective of the average new user.

Both the Flow and Boxing medium-intensity modes of
Supernatural demonstrated relatively high energy expenditures
(8.2, SD 1.54 METs, and 7.6, SD 1.66 METs, respectively),
classifying as vigorous-intensity PA (ie, >6.0 METs) [42].
Device-based measures of energy expenditure varied
considerably both between participants and when compared to
the metabolic cart results. Hence, caution should be used when
using and interpreting device-based measures of energy
expenditure within VR fitness games, including Supernatural.
This study also provides preliminary evidence to support the
physical and mental health benefits of engaging in VR fitness
games like Supernatural. These findings are encouraging, given
the increasing popularity and accessibility of VR fitness games
as a means of achieving MVPA. For individuals who are
interested in being physically active at home or are unable to
access traditional forms of exercise, VR fitness presents a
potential supplement or alternative to achieving the
recommended levels of MVPA.
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Multimedia Appendix 1
Experimental setup in action detailing the Oculus Quest 2 VR headset, metabolic cart apparatus, Apple Watch 2, and ActiGraph
waist-worn accelerometer (located beneath model’s shirt).
[PNG File , 3761 KB - games_v12i1e53999_app1.png ]

Multimedia Appendix 2
Experimental setup including Oculus Quest 2 VR headset and metabolic cart headgear and mouthpiece.
[PNG File , 4287 KB - games_v12i1e53999_app2.png ]

Multimedia Appendix 3
CONSORT (Consolidated Standards of Reporting Trials)-eHealth Checklist.
[PDF File (Adobe PDF File), 8798 KB - games_v12i1e53999_app3.pdf ]
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Abbreviations
CONSORT: Consolidated Standards of Reporting Trials
GAQ: Get Active Questionnaire
HR: heart rate
HRmax: maximum heart rate
Mdiff: mean difference
MET: metabolic equivalent of task
MVPA: moderate to vigorous intensity physical activity
PA: physical activity
POMS-SF: shortened version of Profile of Mood States
VO2 max: maximal oxygen consumption.
VO2: oxygen consumption.
VR: virtual reality
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Abstract

Background: Prolonged sedentary behavior, such as sitting or reclining, has consistently been identified as a stand-alone risk
factor for heightened cardiometabolic risk and overall mortality. Conversely, interrupting sedentary periods by incorporating
short, active microbreaks has been shown to mitigate the negative effects of sedentary behavior. Casual exergames, which mix
elements of casual gaming with physical activity, are one prospective intervention to reduce sedentary behavior because they
require physical exertion. Casual exergames have shown promise in fostering emotional and physical advantages when played
in specific circumstances. However, little research exists on how different types of movement interactions impact the psychological
effects as well as the physical exertion of playing casual exergames.

Objective: The primary aim of this work was to explore the psychological effects and physical exertion of playing casual
exergames lasting 2 minutes. More precisely, the investigation focused on comparing upper body and full body movement
interactions. In addition, the work examined variations in body positions, considering both standing and seated positions during
upper body movement interactions.

Methods: Two casual exergames were developed and investigated through 2 quasi-experimental studies. In study 1, we
investigated how players’ perceptions of control, exertion, and immersion were affected by using upper body as opposed to full
body exergame controllers when playing casual exergames. In study 2, we investigated differences in positive affect, performance,
enjoyment, and exertion when playing casual exergames with upper body movement interactions in seated and standing positions.

Results: Study 1 showed that perceived control was significantly higher for upper body movement interactions than for full
body movement interactions (P=.04), but there were no significant differences regarding perceived exertion (P=.15) or immersion
(P=.66). Study 2 showed that positive affect increased significantly for both standing (P=.003) and seated (P=.001) gameplay.
The participants in the standing gameplay group showed slightly higher actual exertion; however, there were no differences
between the groups in terms of positive affect, perceived exertion, enjoyment, or performance.

Conclusions: Casual exergames controlled by upper body movement interactions in seated gameplay can produce similar
psychological effects and physical exertion as upper body movement interactions in standing gameplay and full body movement
interactions. Therefore, upper body and seated casual exergames should not be overlooked as a suitable microbreak activity.

(JMIR Serious Games 2024;12:e55905)   doi:10.2196/55905
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Introduction

Background
High levels of sedentary behavior (such as sitting or lying down)
[1] and low levels of moderate to vigorous physical exercise
are characteristics of an inactive lifestyle [1,2]. The people most
vulnerable to the negative effects of an inactive lifestyle are
those who have highly sedentary lives with minimal exercise
[3,4]. The advances in domestic and workplace technologies,
along with the changes in personal and public transportation,
have decreased the necessity for physical activity, leading to
increased sedentary lifestyles among populations [5]. The
frequency of light-intensity activities (such as walking and
performing household chores) in outdoor and nonoffice
occupations has decreased in the last few decades [5]. Sedentary
behavior is a widespread issue affecting various groups of people
(eg, children [6-8], youth [9], and adults [10,11]) across different
demographics and settings. While watching television, reading,
using a computer, and playing video games are discretionary
activities [12], sitting during school [6-8], university [9], or
work [10,11] hours is generally nondiscretionary [12].
Therefore, researchers have investigated the impact of sedentary
behavior [5]. Numerous studies have demonstrated the
connection between excessive sedentary behavior and
unfavorable health indicators or results [13-15], regardless of
how much time is spent exercising to counteract the sedentary
behavior [16]; for instance, when physical activity is taken into
account, adults who sit 10 hours a day, as opposed to 1 hour a
day, still show a 34% higher risk of increased mortality [17].

Incorporating active microbreaks has demonstrated the potential
to mitigate the adverse consequences linked to sedentary
behavior [14,18] and improve people’s moods [19]; for example,
2- to 3-minute microbreaks with a light activity level every 30
minutes can positively impact mental and physical health
[20-22]. Another study showed that over the course of 8 weeks,
individuals who were encouraged to stand up and move every
30 minutes for 1 to 2 minutes during the workday significantly
decreased their sedentary behavior by approximately 36 minutes
per workday [23]. Thus, encouraging frequent, short breaks
from sitting could improve health outcomes related to the risk
of chronic diseases [23].

Exergames—video games that use movement and physical
exertion during gameplay—have been shown to be effective in
providing a good psychological experience [24] while also
offering advantages for the player’s health [25]. Exergames
have been created with a variety of health-related goals in mind,
including rehabilitation [26] and better mental health [27].
Exergames can increase physical activity [28,29], decrease
sedentary behavior [30-33], and promote more active breaks
[34-37]. Exergaming has been shown to achieve both moderate
[31,38] and vigorous [38] levels of exertion, suggesting that
exergames have the potential to serve as an alternative to
conventional exercise [39].

Casual exergames are easily learned and quickly accessible
exergames with simple rules, designed to motivate players to
engage in moderate-intensity exercise during short play sessions
[33]. Incorporating active microbreaks using casual exergames

has demonstrated the potential to interrupt sedentary behavior
[32,37,40]. Playing casual exergames can also induce positive
affective states [31,32,41], which can reduce stress levels [42]
and enhance overall well-being [43]. Previous studies have
demonstrated that casual exergames can be enjoyable and
generate appropriate levels of exertion [31,32,40]. However,
little research has been conducted on the psychological
experience and physical exertion when playing casual exergames
[44-73] or on using different types of movement interactions
in casual exergames [45].

When developing exergames, it is important to consider both
the psychological and physiological aspects of the player’s
experience [46-48]. According to the dual flow model, the
attractiveness of an exergame is determined by balancing the
player’s skill level with the exergame’s challenge level, resulting
in a state of psychological flow; and the effectiveness of the
exergame is determined by balancing the player’s fitness level
with the exergame’s physical intensity level [35,49]. As the
optimal psychological experience and the optimal physiological
experience are not necessarily aligned, focusing exclusively on
boosting in-game experience may risk reducing health-related
advantages [48]. On the basis of the dual flow model,
movements with great psychological attractiveness and
physiological effectiveness should be used [48]. The
psychological and physiological aspects are also connected
because the level of enjoyment experienced during playing
exergames is correlated with increased exertion levels [44].

One aspect of psychological attractiveness in the exergame
experience is immersion, defined in the context of video games
as the degree to which the player participates in a game [50]
and loses awareness of their surroundings while playing [51].
Immersion is closely related to the concept of flow, which is
defined as the psychological state in which one is fully involved
in an activity, losing self-consciousness [52]. Immersion impacts
the psychological attractiveness of exergames [53] and can be
achieved when players have control over the game’s actions
[50]. While both flow and immersion revolve around player
engagement in a game, flow pertains to the general motivation
and enjoyment of an activity, while immersion is more directly
tied to the user experience and can be seen as a quantifiable
aspect of the game experience that relates to both flow and
motivation [44]. Movement-based controllers can enhance
immersion levels by allowing for natural interaction, leading
to increased well-being associated with physical exercise [53].
As control is one of the first stages in creating an immersive
experience, it should be considered as a factor that might affect
the player’s immersive experience and, in turn, the casual
exergame’s psychological attractiveness [50]. Higher control
can also contribute to improved performance, which is positively
related to game enjoyment [54-56].

The characteristics of players’ movements when exergaming
are influenced by the characteristics of the exergame, the
difficulty of remaining motivated without sacrificing the quality
of the movements, the exergaming experience even when it is
of short duration, and the scoring of points [57]. For the physical
exertion of playing exergames, the type of movement interaction
used in the exergame is an important design decision [47,58].
One decision revolves around using upper body or full body
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movements. Specifically, for casual exergames designed to
target upper body movements, it is worth investigating whether
the use of upper body movements can encourage sufficient
levels of exertion. To induce positive health-related outcomes,
it has previously been stated that casual exergame play should
produce a moderate level of exertion [33]. Previous research
has shown that upper body movements in exergames have lower
potential for increasing exertion compared to full body
movements [46,59]. A meta-analysis discovered that lower body
and full body exergames produced more energy expenditure
than upper body exergames; thus, the authors concluded that
upper body exergaming movements are insufficient for
achieving adequate energy expenditure [23]. Another study
measured movements during gameplay of 3 different exergames
using upper body and full body movements and discovered that
adequate physical activity required full body movements [58].
However, another meta-analysis showed that exergames with
continuous upper body movements have the potential to meet
the recommendations for a moderate-intensity activity level
[39]; for example, playing Wii boxing exergames with upper
body movement interactions has been shown to elicit a
moderate-intensity activity level [39,60-63]. On the basis of the
mixed results of previous studies, it is worth further investigating
whether upper body movements can elicit similar levels of
exertion as full body movements for casual exergames as well
as how the psychological experience is affected.

Another factor that can affect the psychological and
physiological aspects of casual exergames is whether the
exergame is designed to be played in a seated or standing
position. One study comparing seated and standing gameplay
in an exergame for individuals with mobility impairments found
that the participants playing seated had higher perceived exertion
[64]. However, because the participants chose gameplay mode
depending on their abilities instead of being randomly selected
for each condition, other factors apart from the seated or
standing position could have affected the results. In addition,
the psychological effects experienced could have influenced
exertion levels because the seated players rated the exergame
as more usable than the standing players. By contrast, another
study comparing seated with standing positions when playing
an adapted game mat exergame showed that participants had
lower energy expenditure, perceived exertion, and heart rate
when they played seated than when they played standing [65].
This aligns with research outside of the exergame domain that
shows that performing an otherwise sedentary activity while
standing requires more energy expenditure than performing the
same activity while seated [66,67]. However, when we compared
upper body movement interactions in seated and standing
positions for a casual exergame, we found that there were no
significant differences in perceived exertion between seated and
standing gameplay [41]. Furthermore, an additional study
compared playing 8 to 10 minutes of a boxing exergame in
standing and seated positions and found that the seated position
resulted in lower energy expenditure than the standing position,
while there was no significant difference in perceived exertion
[68]. As “Every move counts towards better health” according
to the World Health Organization [69], even if exergame
activities do not exceed recommended intensity levels, playing
exergames is superior to being inactive [39] and might lead to

higher exercise adherence [70]. Furthermore, microbreaks with
light-intensity exercise every 30 minutes during the day offer
both physical and mental health benefits [20]. Therefore, it
could be argued that playing upper body casual exergames while
seated is better than not playing at all.

In terms of psychological effects, research shows that both
standing and seated gameplay generally have the same level of
enjoyment [41,64,65,71,72]. However, in 3 of these previous
studies [64,65,72], no statistical analysis comparing sitting and
standing positions was performed, and in 2 of the studies,
different movements were used in the sitting and standing
conditions [65,71]. Thus, the generalizability of the results
regarding the effect of standing versus sitting positions on
enjoyment is limited. On the basis of the limitations of previous
studies, we statistically compared 2-minute seated and standing
casual exergame play with the same movement interactions in
a previous study and found no significant difference between
playing seated or standing in terms of positive affect and
enjoyment [41].

Objectives
This work is an extension of a conference paper on full body
and upper body movement interactions [45]. The aim of this
work was to study the psychological effects and physical
exertion of playing short-duration casual exergames lasting 2
minutes based on upper body movement interactions designed
to promote active microbreaks to interrupt sedentary behavior.
Considering the limited research and the mixed results of the
psychological effects and physical exertion of different
movement interactions in casual exergames, we specifically
wanted to explore the psychological effects and physical
exertion of upper body compared to full body movement
interactions (study 1) and standing compared to seated positions
for upper body movement interactions (study 2). The following
research questions (RQs) were addressed:

• RQ1: How do casual exergames based on upper body
compared to full body movements differ in terms of their
psychological effects and physical exertion?

• RQ2: How do upper body casual exergames played in seated
positions compared to standing positions differ in terms of
their psychological attractiveness and physical exertion
levels?

Methods

Overview
To answer the RQs, we conducted 2 studies using distinct
in-house–developed casual exergames (Crossing and Beaver)
for each study. The casual exergames were developed using the
open-source game engine Godot. Each round of play lasts 2
minutes. Both casual exergames can be played on a computer
screen equipped with a webcam that captures players’
movements. To enable players to observe their movements in
relation to on-screen events, the webcam feed is displayed in
the top left corner of the casual exergame interface. The actual
time and collected points are displayed in the upper right corner
of the interface.
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Both studies were performed at a game and cosplay festival.
People walking by were asked whether they wanted to
participate in a study about exergames. Those interested were
provided with detailed information, and if willing to participate,
they read through the information materials and signed a consent
form. Participants aged <18 years needed their guardian to sign
the form on their behalf. By recruiting participants who were
naturally interested in games, we aimed to evaluate the impact
of exergames on a population that is likely to engage with such
interventions in real-world settings. This setting provided a
unique opportunity to observe the effects of exergames on
individuals already motivated by gaming, which we believe is
crucial for understanding the design and immediate effects of
these interventions.

Study 1: Upper Body Versus Full Body Movement
Interactions

Casual Exergame (Crossing): Design and Interaction
The casual exergame Crossing is based on the classic arcade
game Frogger (Figure 1). Using a well-known game genre and
basic game mechanics is known to make it easier for players to
identify and comprehend the game mechanics [73,74]. In
Crossing, players control a rabbit navigating roads, rivers, and
rail lines, earning points for forward jumps. Players can also
perform sideways jumps, which aid in avoiding obstacles but
do not contribute to the accumulation of points. If players collide
with vehicles or fall into rivers, the rabbit dies, prompting a
5-second restart. The points acquired before each death are
retained, but the waiting period during the restart impacts overall
performance.

Figure 1. (A) Demonstration of forward movement for upper body movement interactions for (B) the casual exergame Crossing. (C) Demonstration
of forward movement for full body movement interactions. Arrows show the direction of movement.

To support our research, 2 different movement controllers were
developed for Crossing: an upper body condition and a full body
condition. In the upper body condition, players raise their hands
from near their bodies up to their shoulders and above their
heads, starting with their arms stretched downward. The rabbit
on the screen leaps forward as soon as the hands cross over the
head. The player must repeat the movement and extend their
arms to the starting position to make the rabbit jump again. In
the full body condition, players raise their left or right knee over
the hip to make the rabbit jump forward. The rabbit jumps
forward when the knee is lifted above the hip. The player must
stretch their leg back down to the starting position and repeat
the maneuver with either leg to make the rabbit jump once more.
To make the rabbit jump to the side in both upper body and full
body conditions, players extend a single arm corresponding to
the intended direction—raising the right arm for a jump to the
right and the left for a jump to the left, unlike extending both
arms upward.

Previous research has indicated the importance of shifting the
player's focus away from the physical exertion they are
experiencing while playing the exergame [58,73]. When it
comes to body focus, Crossing’s fast-paced, time-limited
gameplay forces players to pay attention to their movements
and prevents them becoming self-conscious. The game’s
obstacles might kill players if they remain motionless for an

extended period of time, further contributing to the game’s fast
pace [73].

Participants and Procedure
In all, 80 people participated in the study. The participants’ ages
ranged from 11 to 54 (mean 25, SD 7) years. Of the 80
participants, 56 (70%) identified as man, 17 (21%) as woman,
and 5 (6%) as nonbinary, while 2 (3%) reported that they were
unsure about their gender identity. Of the 80 participants, 51
(64%) reported having played exergames multiple times, 25
(31%) reported having played exergames once, and 4 (5%)
reported never having played exergames.

After signing the consent form, all participants watched an
instructional video about how to play and interact with the
exergame. Participants were then asked to stand 1.5 meters away
from a computer screen equipped with a webcam. The webcam
was adjusted so that the participant was clearly visible, and they
were asked to demonstrate the movements they should use.
Next, participants played one 2-minute round and then filled
out a questionnaire (Figure 2) that included (1) demographic
questions, (2) the Borg rating of perceived exertion (RPE) scale
[40], and (3) the perceived immersion and control subscales of
the Exergame Enjoyment Questionnaire (EEQ) [44]. We
alternated between controllers for each new participant, resulting
in half the participants (40/80, 50%) playing Crossing in the
upper body condition and the other half (40/80, 50%) playing
in the full body condition.
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Figure 2. Study 1 procedure.

Measures
Physical exertion and psychological effects were the main
measures in the study. To measure the physical exertion of
playing Crossing, the Borg RPE scale was used to measure
perceived exertion [75,76] because it is a valid instrument for
measuring exercise intensity [76] and has been used previously

to measure perceived exertion when playing casual exergames
[33]. The Borg RPE scale ranges from 6 (indicating no exertion
at all) to 20 (indicating maximal exertion) [77], with ratings of
11 to 12 corresponding to light intensity, 13 to 14 corresponding
to moderate intensity, and 15 to 16 corresponding to hard
intensity [78] (Table 1).

Table 1. Correspondence between the Borg rating of perceived exertion (RPE) score and percentage of maximum heart rate [78-80].

Borg RPE scoreIntensityMaximum heart rate (%)

6-7No exertion at all20-39

8-10Very light40-59

11-12Light60-69

13-14Moderate (somewhat hard)70-79

15-16Hard (heavy)80-89

17-18Very hard90-99

19-20Maximal100

To measure psychological effects, the perceived immersion and
control subscales of the EEQ were used (Table 2) [81]. The
EEQ perceived immersion subscale consists of 5 items and
measures the degree to which the player is fully engaged and
involved in the activity [81]. The EEQ perceived control

subscale consists of 4 items and measures the degree to which
players can directly affect the outcome of the exergame [81].
All items were measured on a 5-point Likert scale: strongly
disagree (score=1), disagree (score=2), neutral (score=3), agree
(score=4), and strongly agree (score=5).

Table 2. The Exergame Enjoyment Questionnaire (EEQ) perceived immersion and control items [81].

Item wordingScaleItem

I did not feel like I wanted to keep playing.EEQ immersionImmersion 1a

I felt like I lost track of time while playing.EEQ immersionImmersion 2

I felt a strong sense of being in the world of the game to the point that I was unaware of my surroundings.EEQ immersionImmersion 3

I felt emotionally attached to the game.EEQ immersionImmersion 4

I was focused on the game.EEQ immersionImmersion 5

I felt that it was easy to familiarize myself with the game controls.EEQ controlControl 1

I felt that it was difficult to understand how the game works.EEQ controlControl 2a

I felt in control over the game.EEQ controlControl 3

I felt that the game reacted quickly to my movements.EEQ controlControl 4

aReversed item.
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To provide descriptive data, the number of movements during
the play session was measured by counting the number of
movements each participant executed while playing the
exergame, encompassing both the forward and sideways
jumping movements for the rabbit. In addition, each participant’s
performance was measured by recording their final score.

Statistical Analysis
A between-subjects analysis was conducted for the players in
the upper body condition compared to those in the full body
condition using SPSS software (version 29.0; IBM Corp). Before
the analysis, the items immersion 1 and control 2 were reversed,
and internal consistency was measured for the perceived
immersion and control subscales of the EEQ using Cronbach
α. The Cronbach α value for the 5-item perceived immersion
subscale was 0.66, and the Cronbach α value for the 4-item
perceived control subscale was 0.68, both close to the
satisfactory threshold value of 0.70 [82]. As several of the
variables did not meet the assumption of normality and had no
significant outliers [83], we chose to use the nonparametric
Mann-Whitney U test to answer RQ1. The condition was used
as the independent variable and perceived control, perceived
immersion, and perceived exertion as the dependent variables.
Approximate values of the effect size r were calculated by
dividing the z score for each test by the square root of the
number of cases (n=80) [84], following the guidelines of 0.2
corresponding to a small effect size, 0.5 to a medium effect size,
and 0.8 to a large effect size [85]. To complement the analysis,
a Spearman correlation matrix was produced looking at the
correlation between perceived control, perceived immersion,
and perceived exertion for both conditions, following the
guidelines of ≤0.35 corresponding to a weak correlation, 0.36

to 0.67 corresponding to a moderate correlation, and 0.68 to 1
corresponding to a strong correlation [86].

Study 2: Standing Versus Seated Positions for Upper
Body Movement Interactions
The second study replicated our previous study on seated and
standing exergames [41], using a different casual exergame and
with the addition of using the participant’s actual heart rate as
an objective measure of exertion.

Casual Exergame (Beaver): Design and Interaction
The in-house–developed casual exergame Beaver was used in
this study. The goal of Beaver is to hit targets on the screen as
fast as possible within the time limit of 2 minutes. In the
exergame, beavers holding target boards appear on the screen
in 6 different positions according to a specific pattern. The
player receives points based on how fast the target is hit (slow
hit=1 point, moderately fast hit=3 points, and very fast hit=5
points). The order in which the targets appear follows different
patterns but is repeated over 2 rounds, allowing players to learn
the current pattern and hit the targets faster in the second round.
To hit the targets, the player moves the arm on the opposite side
across the body toward the target’s position, as shown in Figure
3. Targets alternate between the left and right side of the player’s
head, shoulders, and hips so that the player keeps hitting the
targets across the torso with both arms. This movement is similar
to boxing because prior research on boxing exergames has
demonstrated that boxing-like movements can result in moderate
levels of exertion [39,60-63]. The decision to avoid a boxing
game graphics theme was to maintain consistency with the
game-like, rather than sport-like, theme and appearance used
in the Crossing exergame in study 1.
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Figure 3. The casual exergame Beaver with boxing-like upper body movement interactions.

Participants and Procedure
In all, 40 people participated in the study, and their ages ranged
from 18 to 47 (mean 25.27, SD 6.357) years. Of the 40
participants, 23 (58%) identified as man, 12 (30%) as woman,
and 4 (10%) as nonbinary, while 1 person (2%) reported that
they were unsure about their gender identity. Of the 40
participants, 19 (48%) reported as work was their main
occupation, 17 (42%) were students, 2 (5%) worked as well as
studied, and 2 (5%) had some other main occupation. Of the 40
participants, 4 (10%) had never played an exergame, 17 (42%)
had played an exergame at some point, 14 (35%) sometimes
played exergames, 4 (10%) played exergames somewhat often,
and 1 (2%) often played exergames.

After signing the consent form, participants answered a
questionnaire that included (1) demographic questions and (2)
the international, shortened version of the Positive and Negative
Affect Schedule (PANAS) [87,88]. A Polar Unite fitness tracker
was fastened around each participant’s wrist to track their heart
rate during the play sessions. The participants were then shown
an instructional video that explained how to play the exergame.

To avoid possible bias, the video was recorded in such a way
that it was impossible to tell whether the instructor was sitting
or standing. Conditions were alternated for each participant,
resulting in half of the participants (20/40, 50%) playing Beaver
in the sit-first condition (seated in a chair) and the other half
(20/40, 50%) playing in the stand-first condition. Participants
were placed 1.5 meters away from a computer screen equipped
with a webcam in both conditions. The webcam was then
adjusted so that the participant was clearly visible, and the
participant was asked to demonstrate the movements they should
use. Once the participant had confirmed that they had understood
the exergame and movements by demonstrating them correctly,
the fitness tracker was set to start logging the heart rate, and the
participant started the first game session. The time was also
noted to correlate the heart rate data to the questionnaire results.
After the session ended, the final score was noted, while the
participant filled in the second questionnaire, which included
(1) the PANAS [87], (2) the Borg RPE scale [40], and (3) the
Physical Activity Enjoyment Scale (PACES) [70,89]. Next, the
participant was again guided to sit or stand in front of the
computer in the position they had not played before. The
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webcam was adjusted to the new position, and the participant
played a second round of the exergame. The starting time of
the second gameplay session was again noted for purposes of
later identification in the data. When the gameplay session
ended, the heart rate data logging was stopped, and the final

score of the second gameplay session was noted while the
participant filled out the third and final questionnaire, which
included the same scales as the second questionnaire. The entire
procedure is shown in Figure 4.

Figure 4. Study 2 procedure.

Measures
Physical exertion of playing exergames can be measured using
subjective perception (eg, using the Borg RPE scale [75-77] as
in study 1) and objective measures (eg, capturing the actual
heart rate) [79]. As there is a strong correlation between heart
rate and energy expenditure, heart rate monitors can be used to
measure actual exertion in exergames [90]. Borg RPE scores
and heart rate measures are positively correlated during
exergame play [91]. Thus, integrating both subjective and
objective data offers a comprehensive assessment of physical
exertion, enhancing accuracy in evaluating exergame physical
exertion.

The participant’s actual heart rate was measured using a Polar
Unite fitness tracker fastened around their wrist during the
gameplay sessions, while the perceived exertion was measured
using the Borg RPE scale [75-77], which corresponds to the
maximum heart rate [75,78] (Table 1). The fitness tracker logs
the wearer’s heart rate during a recorded training session and
displays the heart rate over time in a graph. The highest and
average heart rates during the first gameplay session and the
second gameplay session were compared to the participant’s
estimated maximum heart rate (calculated using the following
formula: maximum heart rate = 220 – age in years) to obtain a
percentage used to determine exercise intensity.

After study 1, some potential issues with measuring immersion
in very short exergames were discovered, as described in the
Discussion section. Therefore, in study 2, psychological effects
were instead measured in terms of affect, enjoyment, and
performance. Positive and negative affect before and after
playing Beaver were measured using the international, shortened
version of the PANAS [88]. The PANAS was selected because
of its established reliability and validity in assessing affect [92],
its proven efficacy in measuring changes in affect before and
after shorter interventions [93], and its frequent use in research
on exergames [94]. The shortened PANAS contains 10 validated
items—5 for positive affect and 5 for negative affect—and has
a total score for both positive and negative affect that ranges
from 5 to 25 based on the summation of its items [87]. In this
study, only the positive affect scale of the PANAS was analyzed
because the negative affect scale exhibited low variation and,
as a result, issues with internal consistency, with values close
to 0. As the positive and negative affect scales are uncorrelated
and independent [88], eliminating the negative affect scale does
not impact the findings related to the positive affect scale.

Physical activity enjoyment was measured using the shortened
version of the PACES [70,89]. Five of the original 18 statements
are included in the shortened version, which has demonstrated
strong reliability for exergames across age groups [70]. In the
PACES, the player rates how much they agree with each
statement using a 7-point Likert scale.
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Finally, performance was measured using the participants’ final
scores. These scores indicated the number of times the
participant had successfully jumped forward on the path.

Statistical Analyses
Two main statistical analyses were conducted. First, a
within-subjects comparison of the difference in positive affect
before and after playing the first round was carried out for both
the participants playing the first gameplay session seated and
the participants playing the first gameplay session standing.
The second analysis was a within-subjects comparison of the
differences in heart rate, perceived exertion, affect, enjoyment,
and performance between the seated and standing positions for
each participant.

For the first analysis, Cronbach α was calculated for positive
and negative affect before and after the first gameplay session
for participants playing the first gameplay session standing and
seated. Internal consistency was acceptable for positive affect
before playing for both seated (0.67) and standing (0.75)
gameplay, but while negative affect had acceptable consistency
for seated (0.70) gameplay, it was low for standing gameplay
(0.22). After playing 1 session of the exergame, the internal
consistency for positive affect was high for both seated (0.83)
and standing (0.86) gameplay, but, once again, the consistency
for negative affect was low for standing (0.15) gameplay while
remaining high for seated (0.89) gameplay. Because of the low
internal consistency for negative affect, only positive affect was
analyzed. To evaluate the difference in positive affect after
playing 1 session of the exergame, the difference between the
positive affect before and after playing the exergame was
calculated. The assumption behind the dependent 2-tailed t test
was checked in terms of outliers and normality. No outliers
were found for either sitting or standing gameplay, and the
Shapiro-Wilk test statistic showed that the standing group had
no significant deviation from normality at a significance of
P=.94. However, the seated group deviated from normality with
a significance of P=.04, which is less than the threshold of
P=.50. Therefore, the nonparametric Wilcoxon signed rank test
was run on the positive affect before and after the first seated
and standing gameplay sessions. Effect size was calculated
using the formula r = z/sqrt(N) [84].

For the second analysis, the differences between each
participant’s seated and standing gameplay were calculated.
Cronbach α was calculated for the PACES (seated=0.83 and
standing=0.83) as well as positive (seated=0.89 and
standing=0.88) and negative (seated=0.78 and standing=0.73)
affect. As all scales showed high internal consistency, their
items were summed. Next, the differences between standing
and seated values were calculated for the PACES, positive and
negative affect, Borg RPE, percentage of maximum heart rate
reached (highest and average), and game score for each
participant and analyzed to check assumptions of normality.
Negative affect had multiple extreme outliers and was heavily

skewed with a Shapiro-Wilk significance of <.001 and was thus
excluded from further analysis. No other score showed deviation
from normality according to the Shapiro-Wilk test statistic
(positive affect=.13, PACES=.50, Borg RPE=.07, highest heart
rate percentage=.69, average heart rate percentage=.39, and
game score=.50). While the game score had 1 outlier, it was
not extreme, and we decided to keep it for analysis due to its
being a possible increase in score between gameplay sessions.
The dependent t test could thus be used to analyze the
differences between standing and seated gameplay.

Ethical Considerations
According to the Swedish Ethical Review Act [95], this study
did not require ethical review, as it posed no apparent risk of
physical or psychological harm to the research subjects, did not
involve a physical intervention, and did not involve sensitive
personal data. Nonetheless, all procedures adhered to ethical
standards outlined in Swedish law (SFS 2003:460). Participants
were verbally invited to join the study and were provided with
an overview of the project and study procedures. Upon agreeing
to participate, individuals received a written information letter
and were asked to sign the written consent form. Participants
were informed of their right to withdraw from the study at any
time without providing a reason. To ensure anonymity, each
participant was assigned a unique code that could not be traced
back to them. Only the project team had access to these coded
data.

Results

Study 1: Upper Body Versus Full Body Movement
Interactions
Overall, the participants perceived the exergame as controllable
and immersive, with perceived exertion corresponding to a
low-intensity activity for both the upper body and full body
movement interactions (Table 3). In the upper body condition,
participants on average agreed that the casual exergame was
controllable (median 4.00, IQR 0.88) and were between being
neutral and somewhat agreeing that the casual exergame was
immersive (median 3.40, IQR 0.90), with a perceived exertion
corresponding to a low-intensity activity (median 11.00, IQR
2.00). In the full body condition, participants perceived the
exergame as less controllable (median 3.50, IQR 1.00) than,
and as immersive (median 3.40, IQR 1.00) as, the upper body
condition, with a perceived exertion corresponding to a
moderate-intensity activity (median 13.00, IQR 3.50). The
statistical analysis (Table 4) showed that the exergame was
perceived as significantly more controllable in the upper body
condition than in the full body condition (U=589.00; P=.04),
corresponding to a small effect size (0.23). However, there was
no statistically significant difference between the conditions
regarding perceived immersion (U=754.00; P=.66) and
perceived exertion (U=652.00; P=.15).
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Table 3. Descriptive statistics for upper body and full body movement interactions.

Full bodyUpper bodyMeasure

Median (IQR)Mean (SD)Median (IQR)Mean (SD)

9.00 (8.00)9.58 (4.86)11.50 (7.50)12.88 (6.57)Sideways movements, n

57.50 (16.50)56.98 (11.38)62.50 (16.00)62.30 (13.54)Forward movements, n

46.50 (22.50)47.60 (13.98)58.50 (16.00)58.53 (12.93)Performance

3.50 (1.00)3.48 (0.69)4.00 (0.88)3.78 (0.61)Perceived control

3.40 (1.00)3.15 (0.65)3.40 (0.90)3.24 (0.62)Perceived immersion

13.00 (3.50)12.00 (2.60)11.00 (2.00)11.47 (2.10)Perceived exertion

Table 4. Differences between upper body and full body movement interactions.

Effect size (r)P valuez scoreMann-Whitney U testΔmedian (UBa–FBb)Variable

0.23.04c–2.05589.000.5Perceived controlc

0.05.66–0.45754.000.0Perceived immersion

0.16.15–1.45652.00−2.0Perceived exertion

aUB: upper body game controller.
bFB: full body game controller.
cSignificant effect at P<.05.

The Spearman correlation matrix (Table 5) showed a significant
moderate correlation between perceived immersion and
perceived control (0.44; P<.001). No significant correlation was

found between perceived exertion and perceived control (0.07;
P=.51) and between perceived exertion and perceived immersion
(0.11; P=.33).

Table 5. Spearman correlation matrix of perceived control, immersion, and exertion.

Perceived exertionPerceived immersionPerceived controlVariable

Perceived control

0.070.44—ar

.51<.001b—P value

Perceived immersion

0.11—0.44r

.33—<.001bP value

Perceived exertion

—0.110.07r

—.33.51P value

aNot applicable.
aP value met the threshold for significance.

Study 2: Standing Versus Seated Positions for Upper
Body Movement Interactions
There was an increase in positive affect scores from before
(mean 13.90, SD 3.43; median 14.00, IQR 4.50) to after
(mean 16.00, SD 4.61; median 15.00, IQR 7.00) playing one
2-minute session of the exergame in the seated position. The
Wilcoxon signed rank test showed that this difference was
significant (z=–3.288; P=.001), and the effect size (r=0.74)
corresponded to a large effect [85]. There was also an increase
in positive affect scores from before (mean 13.45, SD 3.69;
median 13.50, IQR 5.00) to after (mean 16.00, SD 4.19; median

16.00, IQR 7.00) playing one 2-minute session of the exergame
in the standing position. The Wilcoxon signed rank test showed
that this was also significant (z=–2.947; P=.003), and the effect
size (r=0.66) corresponded to a large effect [85].

The highest percentage of their maximum heart rate that
participants reached during standing gameplay (mean 63.29%,
SD 7.40%) was slightly higher than that reached during seated
gameplay (mean 60.46%, SD 7.38%), which was significant
(t39=2.805; P=.008), with an effect size (Cohen d=0.44)
corresponding to a small effect. Similarly, the average heart
rate (as a percentage of the estimated maximum heart rate) was
also slightly higher in standing gameplay (mean 55.71%, SD
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7.78%) than in seated gameplay (mean 52.63%, SD 6.92%).
This was again statistically significant (t39=2.542; P=.02), with
an effect size (Cohen d=0.40) corresponding to a small effect.

Standing gameplay also showed slightly higher scores in positive
affect, enjoyment, and perceived exertion than seated gameplay,
while seated gameplay had slightly higher scores in performance
than standing gameplay. However, none of these differences
were significant (Table 6).

Table 6. Statistical analysis of seated gameplay compared to standing gameplay.

Effect size
(Cohen d)

P valuet test (df)Standing game-
play, median (IQR)

Seated gameplay,
median (IQR)

Standing game-
play, mean (SD)

Seated gameplay,
mean (SD)

Measure

0.18.271.114 (39)15.50 (7.00)15.00 (8.50)16.13 (4.82)15.80 (4.85)Positive affect

0.14.380.894 (39)25.50 (8.50)25.00 (9.50)25.90 (5.66)25.38 (5.67)Enjoyment

0.21.201.300 (39)11.00 (3.00)11.00 (3.00)10.95 (2.40)10.60 (2.04)Perceived exertion

0.40.02a2.542 (39)55.21 (0.97)51.93 (1.74)55.71 (7.78)52.63 (6.92)Average heart rate (%)

0.44.008a2.805 (39)62.24 (8.93)60.21 (8.44)63.29 (7.40)60.46 (7.38)Highest heart rate (%)

0.07.69–0.409 (39)706.00 (116)716.50 (154.50)695.50 (94.13)702.30 (109.52)Performance

aP value met the threshold for significance.

Discussion

This work aimed to study the psychological effects and physical
exertion of playing short-duration casual exergames lasting 2
minutes based on upper body movement interactions designed
to promote active microbreaks for people who are sedentary.
In the first study, upper body movement interactions were
compared to full body movement interactions, and in the second
study, seated gameplay was compared to standing gameplay
when using upper body movement interactions.

Principal Findings
This work demonstrated that (1) upper body movement
interactions in casual exergames can be as effective and
appealing as full body movement interactions; and (2) playing
upper body casual exergames in standing positions can result
in slightly higher effectiveness than, and a similar degree of
attractiveness as, playing upper body casual exergames in seated
positions.

In terms of the psychological effects of casual exergames, study
1 showed that the upper body casual exergame controller was
perceived as more controllable than the full body controller and
that the level of immersion was similar for both conditions. As
perceived control is seen as a prerequisite to an immersive
experience [50] and was found to positively correlate to
immersion in this study, longer-duration gameplay could have
resulted in the upper body condition being perceived as more
immersive over time; for example, 1 study found that
short-duration gameplay lasting 3 minutes resulted in less
immersion than long-duration gameplay lasting 7 minutes [96].
The short-duration gameplay session lasting 2 minutes in this
study could thus have resulted in lower immersion than if the
exergame had been played for longer durations. Further research
would be needed to investigate whether this holds true. In study
2, the psychological effects were similar for the seated and
standing upper body movement conditions, with no significant
difference in positive affect, enjoyment, or performance.
Furthermore, the results showed that both seated and standing
upper body casual exergame movement interactions significantly

increased positive affect after participants played a 2-minute
session. The result signifies that seated and standing casual
exergame play could both be valid movement interaction options
for upper body casual exergames.

In terms of physiological effectiveness, study 1 showed that
perceived exertion did not differ for the upper body and full
body casual exergame conditions. Similarly, in study 2, there
was no significant difference between perceived exertion for
the standing and seated upper body casual exergame conditions.
However, there was a difference in terms of the objective
measure of exertion. The standing group had a significantly
higher heart rate than the sitting group for both the highest and
average heart rates, although the effect size was small for both.
As no objective measure of exertion was taken in study 1, a
similar pattern could have emerged for the upper body
conditions compared to the full body conditions. The upper
body movement interactions provided a light level of perceived
exertion in both study 1 (mean 11.47, SD 2.10), with the upper
body movement corresponding to players lifting their arms, and
study 2 (mean 10.60, SD 2.04 for seated gameplay and mean
10.95, SD 2.40 for standing gameplay), with the upper body
movement corresponding to boxing-like movements. However,
while the highest heart rates reached also showed a light level
of exertion (mean 60.46%, SD 7.38% for seated gameplay and
mean 63.29%, SD 7.40% for standing gameplay), the average
heart rates in study 2 (mean 52.63%, SD 6.92% for seated
gameplay and mean 55.71%, SD 7.78% for standing gameplay)
only indicate a very light–intensity activity, which might also
be the case for study 1. On the basis of previous research
claiming that casual exergames should produce at least a
moderate level of exertion [33], neither exergame thus reached
sufficient levels of exertion. Despite this, both exergames may
be considered appropriate tools for microbreaks during the day,
considering that every move contributes to better health [69],
and microbreaks (2-3 min of light-intensity exercise) during the
day (every 30 min) still offer both physical and mental health
benefits [20-22]. The higher heart rate averages displayed in
study 2 imply that people could gain some benefit from playing
upper body casual exergames in standing positions compared
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to seated positions. However, due to the small difference in
effect size and with both measures corresponding to very light
activity, playing seated should be seen as a reasonable option
for those who prefer to do so. Further research is necessary to
ascertain the long-term effects on physical health of playing in
seated or standing positions.

Comparison With Prior Work
The importance of considering both the psychological effects
and the physical exertion of playing exergames has been
highlighted previously [46-48, 73]. This study focused on how
the movement interactions used in casual exergames could affect
these dimensions.

Previous research has shown that playing exergames in both
standing and seated positions produces equivalent levels of
enjoyment (psychological attractiveness) [41,64,65,71,72]. The
results from this work further support these findings, showing
no difference between the seated and standing positions in terms
of enjoyment; in addition, they support the notion that the
psychological effects are also similar in terms of positive affect
and performance [41]. Previous research has also shown that
playing casual exergames can induce positive affective states
[31,32,41]. The results of this study support this notion, with
both the seated and standing positions generating an increase
in positive affect. As positive affect can reduce stress levels
[42], enhance overall well-being [43], and improve work
performance [97], casual exergames could be promising for
implementation in a workplace context to promote active
microbreaks.

Regarding physiological effectiveness, previous studies have
found mixed results when comparing standing and seated
exergaming. While some studies have found higher energy
expenditure in seated gameplay [64,65], others have found
higher energy expenditure in standing gameplay [68,72]. Our
results in study 2 support that standing gameplay involves higher
objective exertion than seated gameplay, with no difference in
subjective measures. The higher exertion in the standing position
is likely due to using the leg muscles to stand (although they
are not used to play the exergame) because even sedentary
activities require more energy when standing instead of sitting
[66,67]. When rating perceived exertion, this difference might
be small enough that people do not register it because the
exertion in their arms is more noticeable after playing, thus
leading to similarly rated exertion despite differing heart rates.
The results show that the difference in heart rate percentage is
only approximately 3% for both the highest and average heart
rates, which may feel very similar. As for why the participants
rated their exertion higher than their heart rates show, it is
possible that the average over the 2 minutes of gameplay does
not reflect the exertion level at the end, which is when the
participants rated their exertion. When beginning an activity,
the heart rate rises gradually. With the short playtimes, this
initial increase might affect the average heart rate more than it
would in a longer activity. The highest heart rate reached was
typically toward the end of the sessions and was also more
closely matched to the perceived exertion.

Previous studies have also shown mixed results when comparing
upper body to lower body movement interactions. It has been

suggested by some studies that upper body exergaming might
not be sufficient for achieving adequate energy expenditure
[46,59]. Meanwhile, other studies have suggested that certain
upper body movements could produce sufficient exertion levels
[39,60-63]. This study found no difference in perceived exertion
between upper body and full body movement interactions,
somewhat supporting the notion that upper body movements
could produce sufficient exertion. However, because no
objective measures of exertion were recorded in study 1, more
research would be needed to validate that this holds true not
only for subjective measures of exertion but also for objective
measures.

A meta-review shows that upper body movement interactions
characterized by continuous movements can result in greater
energy expenditures and intensity levels [39]. Previous studies
on boxing exergames have shown that boxing-like movements
can achieve a moderate intensity of exertion [39,60-63].
However, both the perceived exertion and the heart rate data
showed that the exergame in study 2, which involved using
boxing-like movements, only reached a light or very light
intensity of exertion. A potential explanation for this difference
could be the time participants spent playing because a 2-minute
exergame session will feel less exerting than the same exergame
played for twice as long or more. Another explanation could be
that the design of the exergame influenced the amount of
physical effort the participants were willing to exert; for
example, the exergame in study 2 features short pauses between
sets of targets, which could have contributed to participants not
reaching moderate levels of exertion. The interplay between
gameplay duration, movement design, and exergame design is
an interesting avenue for further research.

Limitations
Integrating active microbreaks into the day via casual exergames
has shown promising advantages [32,37]. However, both studies
took place at a game and cosplay festival at a specific point in
time. The 2-minute casual exergames may influence positive
affect in distinct ways when experienced in other settings; for
example, having an audience of peers sharing an interest in
gaming might be experienced as more positive than playing
alone. Furthermore, because the number of people observing
the players varied throughout the day depending on other
activities at the festival, participants may also have had different
experiences depending on their reactions to feeling observed.
Conducting the studies in a more controlled setting might
produce different results. In addition, continuous gameplay
might play a role in influencing changes in positive affect over
time. Further research should also be undertaken to quantify
the findings of these studies by using other casual exergames.

Participants in both studies played the exergames for the first
time. Thus, the lack of familiarity may have influenced their
impression of the movement interactions in both study 1 (upper
body movement interactions compared to full body movement
interactions) and study 2 (upper body movement interactions
in seated compared to standing positions). Further research
should incorporate a phase allowing participants to familiarize
themselves with the exergame controllers before the start of the
study. This would help determine whether the findings remain
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applicable when participants have fully mastered the exergame
controls. As this study only covered players’ initial experience
with casual exergames, there is a need for longitudinal studies
on the psychological attractiveness and physiological
effectiveness of different movement interactions in casual
exergames and how they should be constructed to increase the
psychological attractiveness and physical effectiveness over
time.

The results regarding exertion in study 1 are also limited due
to a lack of objective measures of exertion. As seen in study 2,
there could be differences in the full body and upper body
movement interactions in terms of exertion that are not captured
through only perceived exertion. Further research using
objective measures (eg, heart rate) should be undertaken to
better understand the effectiveness of full body and upper body
movement interactions in short casual exergames. Furthermore,
both studies could greatly benefit from using more extensive
measures of physical activity, such as metabolic equivalents of
tasks (METs) and maximal oxygen consumption, to examine
the extent of any health benefits of playing short-duration casual
exergames in different player modes.

Conclusions
Short-duration casual exergames lasting 2 minutes with upper
body movements may hold potential in promoting active
microbreaks during sedentary periods. As this study showed,
upper body casual exergame play can produce light exertion
levels and an increase in positive affect after compared to before
playing. Upper body movement interactions may also be more
suitable for casual exergames used for microbreaks because
they are perceived as easier to control than full body movement
interactions, while reaching similar (light) exertion levels and
immersion. Playing with upper body movement interactions in
standing gameplay could involve slightly higher objective
exertion (as measured by the heart rate) than when playing the
same exergame in a seated position; however, due to the small
difference, seated positions should not be neglected as a viable
alternative for players who prefer them. Furthermore, upper
body movement interactions in both seated and standing
positions elicit comparable psychological effects, resulting in
similar levels of enjoyment, positive affect, and performance.
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Abstract

Background: In the Netherlands, neighborhood sport coaches (NSCs) play an important role as intermediaries in promoting
physical activity (PA) in the neighborhood. Gamification is the use of game elements in nongame contexts; it can be implemented
with or without technology and holds promise for promoting PA. NSCs infrequently make use of this option.

Objective: This study aims to understand barriers to, and facilitators of, using gamification to promote PA, as perceived by
NSCs.

Methods: A total of 25 semistructured interviews were conducted with NSCs in the Netherlands. The interviews were audiotaped,
transcribed, and analyzed by means of thematic analysis using ATLAS.ti (version 22; ATLAS.ti Scientific Software Development
GmbH) software. The deductive coding was informed by the capability, opportunity, motivation, behavior model and the theoretical
domains framework, complemented by inductive coding.

Results: Barriers and facilitators identified as factors influencing the implementation of gamification were related to 7 themes.
NSCs required technical, creative, and promotion skills; knowledge about existing gamification tools; and social support from
their employer and professional network. Financial costs were identified as a barrier to the successful implementation of
gamification. Lack of clarity regarding stakeholders’ responsibility to implement gamification could further hamper implementation.
In general, NSCs were positive about investing time in implementing gamification and expected positive effects from implementing
it.

Conclusions: To overcome identified barriers, a clear overview of tools, best practices, and available subsidies must be created,
a gamification network must be established, the responsibility of NSCs must be clarified, and guidance must be offered on the
promotion of gamification.

(JMIR Serious Games 2024;12:e52991)   doi:10.2196/52991

KEYWORDS

gamification; gamified apps; physical activity; implementation; intermediaries; interview

Introduction

Background
Physical activity (PA) supports both physical and mental health.
It can prevent noncommunicable diseases, such as
cardiovascular diseases, type 2 diabetes, hypertension, and

certain types of cancer [1-3], and it reduces the risk of it reduces
the risk of becoming overweight or developing obesity [4].
However, worldwide PA prevalence is low, especially in
high-income countries [5]. PA guidelines for children
recommend daily moderate to vigorous PA for 60 minutes and
vigorous activities 3 days per week. PA guidelines for adults
recommend at least 150 minutes of moderate-intensity aerobic
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PA each week, a minimum of 75 minutes of vigorous-intensity
aerobic PA or an equivalent combination of both.
Muscle-strengthening activities involving major muscle groups
should be performed at least 2 days a week [6]. In the
Netherlands, 43% of children (aged 4-11 years), 62% of youths
(aged 12-17 years), and 54% (aged 18-64 years) of adults did
not meet the PA recommendations in 2022 [7]. Therefore, PA
interventions are needed to increase PA levels in all populations.

Intermediaries or health brokers play an important role in
offering accessible (ie, geographically close and inexpensive)
PA interventions that are tailored to local communities’ needs
and wishes [8,9]. In the Netherlands, the Dutch Ministry of
Health, Welfare, and Sport introduced neighborhood sport
coaches (NSCs; in Dutch buurtsportcoach) with the aim of
connecting the sport sector with other sectors (eg, daycare and
welfare) and of promoting PA and sports participation in the
neighborhood. NSCs are responsible for supporting local sports
clubs, promoting a specific sport (eg, hockey or soccer), or
promoting informal PA (eg, physical exertion such as running,
jumping, and dancing). These coaches are 40% funded by the
state and 60% funded by the municipality or other local
organizations. Currently, NSCs are strategically part of the local
policy of almost all municipalities in the Netherlands [10]. In
each municipality, the NSC’s role is unique, thereby allowing
municipalities to implement activities in line with local needs
and contexts. Examples of activities organized by NSCs include
sports clinics, PAs during or after school, and sports
tournaments. The latest trend, gamification, is increasingly
gaining popularity and interest among NSCs [11,12] and is
increasingly applied in PA interventions [13].

Gamification is the use of game elements in nongame contexts
[14]. It draws from various theories, with the self-determination
theory being the most frequently applied [15], particularly in
PA interventions [13]. Self-determination theory supports the
proposition that games and gamification can intrinsically
motivate individuals to initiate and sustain health behaviors [16]
by leveraging people’s natural desires for autonomy,
competence, and relatedness [17]. Gamification is a set of
motivational techniques that can enhance long-term engagement
with apps [18], and it offers a promising route for behavioral
change [17,19]. It can be implemented either technologically
or nontechnologically. Examples of nontechnological
gamification include points, badges, challenges, or leaderboards.
Technological implementations include, for example, urban
dance grounds, digital game walls or playgrounds, or gamified
apps. These gamified apps apply gamified elements to enhance
user engagement and enjoyment, as seen in popular apps such
as Strava (Strava, Inc), Geocaching (Groundspeak, Inc), or
Pokémon Go (Niantic, Inc). Gamification is most often applied
in PA interventions, and systematic reviews and meta-analyses
indicate that it has small to medium effects on various PA
outcomes [20-22]. Increased use of gamification elements was
associated with greater effectiveness in promoting moderate to
vigorous PA [18]. These gamified PA interventions have been
shown to affect PA behavior in a broad range of populations,
regardless of age or health status [13,18,20], and to be more
effective compared with equivalent nongamified interventions
[13,18]. Johnson et al [20] identified 7 promises of gamification:

enhancing intrinsic motivation, broad accessibility, broad appeal,
broad applicability, cost-benefit efficiency, everyday-life fit,
and supporting well-being. These benefits of gamification
[13,20] align well with NSCs’ function of aligning their
activities with the local population’s needs, ensuring the
everyday-life fit of their activities, engaging a wider population,
and supporting well-being. Therefore, implementing
gamification through NSCs may hold promise.

Despite these benefits and the availability of gamification tools
such as interactive (outdoor) play equipment (eg, interactive
game walls) or gamified apps (eg, Seppo [Seppo.io]), NSCs’
actual use of gamification appears to remain low (Schwarz, AF,
unpublished data, December 2022). Insight into factors
underlying of implementation of gamification is needed to
determine whether gamification aligns with NSCs’ intentions
and, if so, to better understand how to encourage NSCs to
implement gamification. Offering gamification via
intermediaries (eg, health professionals, NSCs, and health
brokers) has been barely researched [23]. Instead, gamification
research has so far focused largely on the development of
gamified interventions from end users’ perspectives and on the
interventions’ effectiveness on behavior change in end users
[24]. Consequently, knowledge on the strategic implementation
of gamified interventions at a systemic level is still lacking,
despite this being invaluable for a successful and sustainable
uptake of innovations [24].

This Study
Implementation science, which comprises the study of methods
to promote the translation and uptake of evidence-based research
into practice, has grown as a research field in the last decades.
The aim of implementation science is 2-fold. On one hand, it
aims to identify barriers to, and facilitators of, uptake. On the
other hand, it aims to develop and apply implementation
strategies to overcome identified barriers and enhance facilitators
in the adoption of innovations [25]. Various implementation
frameworks, such as the capability, opportunity, motivation,
behavior (COM-B) model and the theoretical domains
framework (TDF), have been developed to identify and
understand barriers and facilitators [26,27]. Both frameworks
can be classified as determinant frameworks that aim to
understand influences, including barriers to, and facilitators of,
implementation outcomes. This study applied both COM-B and
TDF to better understand the perceived barriers to, and
facilitators of, intermediaries’ gamification implementation, a
topic that is barely researched.

Methods

Overview
This research is part of a larger project called mVital@2040
[28], which investigates gamification to promote PA in the
neighborhood among youth (aged 10-14 years) living in
low-income neighborhoods. In the first step, the project aimed
to investigate how NSCs can implement gamification. For this
study, we conducted semistructured interviews with NSCs in 5
municipalities in the Netherlands. These 5 municipalities,
ranging from small (approximately 55,000 inhabitants) to large
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(>250,000 inhabitants), had 56,000; 238,000; 244,000; 368,000;
and 918,000 inhabitants, respectively.

Ethical Considerations
All NSCs provided informed consent with the option to opt out,
and the study was approved by the Social Sciences Ethics
Committee of Wageningen University & Research on March
23, 2022 (2022-45-Schwarz). NSCs did not receive any
compensation for their participation, and all personally
identifiable information was pseudonymized. Informed consent
was obtained by accepting the Microsoft Teams invitation. At
the start of each interview, the researcher once again asked for
verbal informed consent.

Selection and Study Population
For the purpose of this study, 6 intermediary organizations (eg,
youth club and sports club) that employed NSCs were contacted
across 5 municipalities in the Netherlands. At each organization,
1 contact person made a preselection of available NSCs,
including NSCs both with and without prior experience with
gamification or gamified apps to research experienced and
expected barriers to, and facilitators of, gamification
implementation. All age ranges of NSCs’ target group, ranging
from young children to older persons, were included. Preselected
candidates were invited by email to take part in an interview.
A total of 31 NSCs were contacted, and 25 (81%) interviews
were held.

Procedure
The interviews were held between April and September 2022.
The interviews took place via Microsoft Teams and lasted
approximately 1 hour. All interviews were conducted by 1
researcher (AS).

The interview guide can be found in Multimedia Appendix 1.
Topics discussed were related to NSCs’ function profile, the
target group that they aim to reach, their definition of
gamification, the role of gamification in their work, inhibiting
and promoting factors regarding gamification implementation,
and the envisioned future of gamification. The interview guide
was informed by the COM-B model [29]. The model proposes

that behavior arises from a result of the interaction among 3
components: capability (ie, people must have the knowledge,
skills, and strength to perform the behavior), opportunity (ie,
the physical and social environment must enable the behavior
to occur, by, eg, being accessible, affordable, or acceptable),
and motivation (ie, people must be motivated to perform the
relevant time). Although best known for its application to
understand behavior change in the receivers of health
interventions, COM-B has been deemed useful to focus on
professionals that incorporate health interventions targeted at
a variety of audiences [30-32]. Designing the interview guide
based on the COM-B model allowed us to create open questions
to identify perceived barriers and facilitators.

Data Analysis
The interviews were audiotaped and transcribed verbatim by
an external company. The researcher who conducted the
interviews checked the transcripts for accuracy. The transcripts
were coded and analyzed using ATLAS.ti (version 22; ATLAS.ti
Scientific Software Development GmbH) software. Data were
inductively and deductively coded [33] by 1 researcher (AS)
and double-coded by a second researcher (KV). Researchers
compared the deductive part of the coding until a consensus
was reached. In total, 3 (12%) interviews were double-coded.

Deductive coding was based on the COM-B [29] model and
TDF [34] (Table 1). Both models allow the identification of
barriers and facilitators influencing the uptake and use of
gamification. COM-B maps all barriers and facilitators in a
simple model of behavior, and TDF complements COM-B with
a detailed outline of psychological capability and reflective
motivation [34]. TDF contains 14 domains, derived from 33
theories and 128 psychological constructs. These can be mapped
onto the components of the COM-B model [29]. The data
analysis was based on thematic analysis [35], shifting from
codes (TDF) to themes, which are patterns deriving from the
large sample of inductive and deductive codes. In the Results
section, nonspecific terms of semiquantification (eg, few,
several, some, or many) are used to convey general patterns
within the data [36].
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Table 1. COM-Ba and TDFb as outlined in the study by Michie et al [29].

DefinitionCOM-B component and domains (TDF)

Physical capability

An ability or proficiency acquired through practicePhysical skills

Psychological capability

An awareness of the existence of somethingKnowledge

An ability or proficiency acquired through practiceCognitive and interpersonal skills

The ability to retain information, focus selectively on aspects of the environment, and choose between
≥2 alternatives

Memory, attention, and decision pro-
cesses

Anything aimed at managing or changing objectively observed or measured actionsBehavioral regulation

Physical opportunity 

Any circumstance in a person’s situation or environment that discourages or encourages the development
of skills and abilities, independence, social competence, and adaptive behavior

Environmental context and resources

Social opportunity 

Those interpersonal processes that can cause individuals to change their thoughts, feelings, or behaviorsSocial influences

Automatic motivation

A complex reaction pattern, involving experiential, behavioral, and physiological elements, by which
the individual attempts to deal with a personally significant matter or event

Emotions

Increasing the probability of a response by arranging a dependent relationship, or contingency, between
the response and a given stimulus

Reinforcement

Reflective motivation

A coherent set of behaviors and displayed personal qualities of an individual in a social or work settingSocial and professional role and identi-
ty

Acceptance of the truth, reality, or validity of an ability, talent, or facility that a person can put to con-
structive use

Beliefs about capabilities

The confidence that things will happen for the best or that desired goals will be attainedOptimism

A conscious decision to perform a behavior or a resolve to act in a certain wayIntentions

Mental representations of outcomes or end states that an individual wants to achieveGoals

Acceptance of the truth, reality, or validity of outcomes of a behavior in a given situationBeliefs about consequences

aCOM-B: capability, opportunity, motivation, behavior.
bTDF: theoretical domains framework.

Results

NSCs’ Work Profile
We interviewed 25 NSCs from 5 municipalities in the
Netherlands. The spread of participants (4, 8, 8, 4, 1) differed
depending on the size of the municipality. Of these 25 NSCs,
18 (72%) indicated that they had worked <5 years at their
organization, representing the level of work experience. NSC
teams typically consisted of 1 coordinating NSC that supervised
multiple executive NSCs. The NSCs had predominately an
executive role (17/25, 68%), including tasks such as organizing
sports activities and events in the neighborhood (eg, at schools
or public parks) and recruiting members of the target group for
activities and events. The other 8 (32%) NSCs had a
coordination role, consisting of project planning, coordinating,
and connecting different organizations and parties in the
neighborhood, and supporting executive NSCs. Responsible
roles and tasks differed between municipalities, and not all

municipalities differentiated between executive and coordinating
NSCs.

NSCs’ Target Groups
Many NSCs focused on a predefined age group (eg, children
aged 6-12 years, youth, children and adults, and older persons),
which was determined by the responsible municipality or
organization. Some, however, indicated that they were
responsible for all age groups. NSCs affirmed that they had
perceived a shift over the last few years from a focus on younger
children (eg, aged 6-12 years) to adolescents (aged 12-16 years).
Besides specific age groups, NSCs targeted people who were
physically inactive or people in a low socioeconomic position.
NSCs focused on hard-to-reach groups, such as adolescents
(especially female adolescents), children who were physically
inactive, people with a low socioeconomic position or multiple
problems or constraints, people with a language barrier, young
adults with depression, older people, and young adult refugees.
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Level of Experience With Gamification
Quotes relating to the questions posed to NSCs are provided in
Textbox 1. Overall, 20 (80%) of the 25 NSCs had some
experience with gamification in general, and gamification was
integrated into their program more naturally (quote 1, Textbox
1). In general, NSCs wanted to learn more about the possibility
of applying gamified apps and were positive about committing
themselves to adopting gamification but were still looking to
see how they could apply it in practice (quote 2, Textbox 1).
Examples of current applications of gamification were (1)
translating web-based games (eg, Fortnite [Epic Games, Inc])
to real-life activities; (2) adding points systems, competition,
and prize-winning to their current activities (eg, photo challenges

and social media leaderboards); (3) implementing smart devices,
such as light poles (eg, Interactive Play System cones changing
colors) or smart walls; (4) reinventing a common sport (eg,
James Bond game); and (5) gamified bicycle routes. Many NSCs
reported a lack of experience with gamified apps. Those who
had some experience implemented gamified apps sporadically.
Examples of gamified apps were (1) popular social and
dance-related media apps (eg, TikTok [ByteDance] and Just
Dance [Ubisoft Inc]), (2) apps particularly designed to increase
PA (eg, Missie Master [8D Games BV], Fitcoins [It’s My
Life–Corporate & Individual well-being BV], Strava [Strava
Inc], City Legends [CityLegends BV], Jachtseizoen [StukTV],
and VR game), or (3) apps designed by the employer to link a
reward system to their current PA offer.

Textbox 1. Numbered quotes, listed per theme level of experience with gamification, defining gamification, skills, and knowledge.

Level of experience with gamification

• Quote 1: “I think [gamification] comes back, in a light form in a lot of activities in our work as [NSCs], making an activity playful.” [Executive
neighborhood sport coach; NSC]

• Quote 2: “I would like to broaden my er, my world. Ehm, with regard to app use.... I think there is much more to be achieved than we as an
organization are currently doing.” [Executive NSC]

Defining gamification

• Quote 3: “You have certain game elements...that you have in games, such as competition, leaderboards...and translate that into our own
sports-promotion activities. That can be done in many ways...by means of apps, but that can also be done by being critical: well, you have sports
equipment...a traditional football and a volleyball, but now there are also a lot of exercise products that are completely separate from a certain
sport with the main aim of being fun.... For me, it is actually a very broad term, but to summarize it is about translating game elements elsewhere
to that traditional sports world.” [Executive NSC]

Skills

• Quote 4: “I’m not constantly thinking about [designing new content for the app]. So that’s quite a shame, eh, that we don’t all have that [creative
skill] from ourselves, but at the same time I don’t think you can eh, force something like that. You have to have a little, er, [technical] feeling
and I just have that a little less than my colleagues.” [Executive NSC]

• Quote 5: “One says, you have to start small.... One of our [executive NSCs] used to promise a lot and was very enthusiastic and creative, but, in
the end, they do not manage in ‘how are we going to apply that in a good way?’ And, in the end, they get frustrated because it doesn’t work, so
that’s from a practice point-of-view.” [Coordinating NSC]

• Quote 6: “This is [an effective] tool, at least if promotion eh, support from the municipalities and other parties, when this is assured, then this
could be the tool.” [Executive NSC]

• Quote 7: “It should actually be ensured that it will just become something normal. And it shouldn’t be that they do it because it’s new and then
they um, again um, ignore it because um, the novelty wears off. So, it has to – they have to be stimulated every time, uh, to use the app, I think.”
[Executive NSC]

Knowledge

• Quote 8: “In our work it is difficult to determine first, what exactly do we want, where, in which direction do we want to go, do we have enough
evidence for this, do we have to find out whether this is already happening elsewhere, in other municipalities or cities, what are their experiences
with this and then we already notice that we have lost quite a bit of time just figuring that out before anything really gets off the ground.”
[Coordinating NSC]

Defining Gamification
The definition of gamification varied among NSCs, and, at the
onset of the interview, not all NSCs (8/25, 32%) were acquainted
with the term. Many NSCs stated that they found it difficult to
define gamification. They defined gamification mostly in terms
of applying game elements, either on the web or offline, with
the overall aim of promoting behavioral change. Others defined
it in terms of the direct translation of web-based games to offline
activities (eg, playing Super Mario [Nintendo] in real life), the
application of different game elements (eg, competition or

leaderboards) to offline traditional sport activities, or playful
learning (quote 3, Textbox 1). Some NSCs defined gamification
as the trend of increasingly making use of digital games or being
increasingly more on the web and stated that they were
especially confused by multiple terms, such as gamification,
gaming, and esports used interchangeably.
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Barriers to, and Facilitators of, Implementing
Gamification

Overview
NSCs made a distinction between implementing gamification
during their program (eg, integrating gamification on the site)
or offering it as an extension to their program (eg, offering a
gamified app during holidays, when NSCs are not physically
present). In addition, 7 topics relating to barriers to, and
facilitators of, gamification implementation were identified,
namely, skills, knowledge, expected effects, responsibility,
social support, financial costs, and time. Barriers and facilitators
were discussed equally often, except for expected effects and
responsibility, which were raised more often.

Skills
NSCs with gamification experiences felt very capable of
applying this to their program compared with NSCs with no
former experience. They felt more capable of applying
gamification tools, which they often already applied
unconsciously and did not require technical skills. Creative
skills also appeared necessary. Some gamified apps offered the
possibility to ideate and create new content, for example,
challenges. Although this feature supported NSCs to use apps,
it sometimes also impeded structural implementation. NSCs
noticed that they continuously needed to create new content to
keep the app up-to-date. Thinking continuously about new
content was considered tiresome and could, together with a lack
of creativity to ideate new content, hinder the implementation
of a gamified app (quote 4, Textbox 1).

The development of their creative skills was influenced by
starting with small steps and their former education (quote 5,
Textbox 1). Several requirements need to be met to use the
potential of gamification fully, such as a successful promotion
of gamified apps (quote 6, Textbox 1). NSCs pointed out that
they lacked skills in promoting gamification tools among the
target group. In some cases, their employer took over the
promotion (eg, public relations department), yet, neither

succeeded in attracting (app) users (long term), which eventually
resulted in the decision to stop offering a gamified app.
Moreover, NSCs confirmed that it was a challenge to keep the
target group engaged, especially when the novelty effect wore
off (quote 7, Textbox 1).

Knowledge
NSCs indicated that their knowledge of gamification was
limited, as keeping track of all trends demanded a lot of time.
An overload of apps in different app stores hampered the search
for suitable gamified apps. A clear overview of gamification
tools (eg, examples from other municipalities), in addition to
workshops, would help NSCs acquire new knowledge. Proven
effects and shared experiences contributed to the decision to
implement gamification (quote 8, Textbox 1).

Expected Effects
NSCs generally believed in the positive effects of gamification.
Contributory factors included their own experiences, scientific
evidence on the effectiveness of gamification, and the target
group experiencing it as fun. However, not having an affinity
for gamification, irrespective of experience, hampered
implementation (quote 9, Textbox 2). NSCs stated that
gamification could contribute to lowering the threshold to
engage in their program, to reaching a broad target group that
is often perceived as difficult to reach (eg, people who were
inactive), and to reaching people from a distance (eg, during
holidays). Further, gamification was considered easy to organize,
and gamified apps were appreciated in terms of having one
place where all information could be bundled, and valuable
insights could be found based on user data. However, NSCs
also noticed risks with regard to gamified apps. They feared
that the target group’s (especially children’s) total screen time
would increase and that the target group would be distracted by
other apps or notifications on their phone while using the
intended gamified app, and therefore NSCs feared that they
would contribute to the digital divide (eg, by excluding people
who have no phone or speak another language).
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Textbox 2. Numbered quotes, listed per theme expected effects and responsibility.

Expected effects

• Quote 9: “I don’t have anything with that at all, not myself, not personally. So um, I’m not into eh, iPads or computers. I don’t have anything
with that at all. So – I don’t like it anyway.” [Coordinating neighborhood sport coach; NSC]

Responsibility

• Quote 10: “I also think that as part of the role as NSC we should simply keep up with the times and this is no longer just the standard games as
before. But we, uh, have to go along with it.” [Executive NSC]

• Quote 11: “I like to move with the times...then I’d rather be too early with something than...too late.” [Executive NSC]

• Quote 12: “Um, the question is, whose task is it? Maybe of the municipality? or education? Ehm, and I think that er, that issue has never actually
been mentioned and as long as, as long as no one actually raises it, it will actually not be taken up, eh, I think.” [Coordinating NSC]

• Quote 13: “To share the knowledge, that would be my task.... So, I should actually acquire the knowledge first and then share it among our
[executive NSCs]. So, it should be the responsibility of the [coordinating NSCs] to train.” [Coordinating NSC]

• Quote 14: “The [executive NSCs] we employ are responsible for one sport. And they don’t yet have enough knowledge to continue with the
bigger piece. And they are used to just providing fun sports lessons and being enthusiastic about their sport. But [gamification] requires something
completely different – that has a completely different goal than if you try to get the kids excited to start playing [one particular] sports and let
them discover what they like .... So, that’s quite a big shift for them. So, it requires a different way of looking at how you organize your lessons
and a different way of looking at the children you have in your group and that takes quite a lot.” [Coordinating NSC]

• Quote 15: “Sometimes you just need to be handed the [gamification] solution to eventually do it.” [Executive NSC]

• Quote 16: “Eh, if this is an assignment from the municipality, eh, then I feel that we should just, eh, take it up together.” [Executive NSC]

• Quote 17: “Who takes care of it and is also going to implement it and, er, everything that comes with it. So, the implementation of the lessons,
the implementation of new elements eh, having knowledge about it, but also the communication of, okay, how are we going to promote it?”
[Coordinating NSC]

• Quote 18: “It is good that a number of colleagues are in the lead and are really going to pick that up and roll it out and then maybe give me a
concrete assignment of, you now have to come up with a mission and then I will think about it. But I don’t quickly start from myself.” [Executive
NSC]

Responsibility
NSCs viewed the adoption of gamification in their professional
responsibilities as a means of keeping up with the latest
developments and trends (quote 10 and Q11, Textbox 2). At
the same time, NSCs questioned whose responsibility it was to
adopt gamification eventually (quote 12, Textbox 2). One
coordinating NSC considered knowledge transfer as part of their
responsibility (quote 13, Textbox 2). Another coordinating NSC
indicated that imposing the responsibility on executive NSCs
could be challenging (quote 14, Textbox 2). Appointing a
responsible NSC in the team and receiving a direct assignment
by the supervisor or policy makers were deemed to promote
implementation (quotes 15 and 16, Textbox 2). Yet, many NSCs
indicated that it was difficult to find suitable, but indispensable,
persons to enthusiastically promote gamification in the field
(quote 17, Textbox 2). Reinforcement by colleagues or
supervisors was considered essential to keep reminding them
to ideate and create new content or updates for a gamified app.
A clear assignment by supervisors can support NSCs. However,
once they noticed that the gamified app was not or barely used,

they felt demotivated to create new content or to promote the
gamified app. NSCs clearly designated reinforcement as a
responsibility of coordinating NSCs (quote 18, Textbox 2).

Social Support
NSCs received both direct support from their employer and
support from external parties, such as schools, municipalities,
or commercial sports clubs.

Support by Employer
Overall, NSCs emphasized that they experienced a lot of
freedom in performing their job. Freedom was allowed, as long
as activities aligned with national or local sports agreements
that often reflected the needs of the neighborhood for which
they worked (quote 19, Textbox 3). NSCs felt supported by
their employer to apply gamification (quote 20, Textbox 3).
However, several NSCs asserted that they did not receive active
support to apply gamification. They often used social media to
get inspiration on how to apply gamification. Sharing this
content with their direct colleagues contributed to the
implementation of gamification tools.
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Textbox 3. Numbered quotes, listed per theme social support, external support, financial costs, and time.

Social support

• Quote 19: “I do have a lot of freedom and that stems, I think, from the vision of, er, our employer, that, er, every neighborhood actually needs
customization. So, what works in my neighborhood may not work in another neighborhood for example. So, it is also necessary to have some
freedom, to be able to test some things and then also build on that.” [Executive neighborhood sport coach; NSC]

• Quote 20: “I just notice, we are with quite a large team of [executive NSCs] and everyone has their own expertise and their own eh, eh, eh, thing
they get energy from. And I do notice that, as far as possible, efforts are made to give people tasks that suit them best.” [Executive NSC]

External support

• Quote 21: “Financial support from the municipality is necessary...what you often see in municipal processes is that they are quite slow and start
slowly.” [Executive NSC]

• Quote 22: “If the municipality would focus on that and if the municipality had the vision to do more with it, um, financial support would be
desirable.” [Executive NSC]

• Quote 23: “Certain choices that are made higher up and which you as an [NSC] cannot influence.” [Executive NSC]

• Quote 24: “The municipality actually thought the results were too, too small. Eh, while the investment, uh, was quite high. So eh, quite a lot of
time and energy eh, went into that, but actually too little [impact], in a structural way.” [Coordinating NSC]

• Quote 25: “I am getting more and more budget....I looked for more eh, partners who eh, who have similar initiatives in the city. So uh, I looked
at what we, what we can uh, do together. Eh, little by little, the more the municipality and other parties experience it, the more enthusiastic they
become, the more eh, the more budget is available and the more they are convinced that it can really be an added value eh, for the city.”
[Coordinating NSC]

Financial costs

• Quote 26: “Money is always an uh, an obstacle, let me put it this way. So, you do indeed have to have good considerations and good arguments
that it has an eh, that it has added value and there is always – you always have to argue that very well and eh, eh, have that information before
the choice would indeed be taken.” [Coordinating NSC]

Time

• Quote 27: “To shape it into an uh, a concept idea that is realistic, feasible, and that really, uh, can take place, also needs time.” [Coordinating
NSC]

• Quote 28: “That will take a lot of time. Ehm, so if that threshold is lowered, it will become easier to apply it in practice.” [Executive NSC]

• Quote 29: “Of course, you have to make time to find out how it works. How are you going to apply it? But on the other hand, it also eases your
work sometimes, as the app takes over a lot.” [Executive NSC]

• Quote 30: “The goal was to, uh, actually get people moving. Eh, without having to be physically present and that was eh, ideally eh, a very nice
goal for us. Only in practice it turned out differently. Eh, mainly because it just takes a lot of time to prepare. Ehm, but once it’s in practice, it’s
done.” [Executive NSC]

• Quote 31: “I think it’s not so much a question of do you have time, but more of, do you make time?” [Executive NSC]

External Support
Support from outside the organization was rarely mentioned,
except for NSCs who indicated that support from external parties
(eg, schools and commercial sports clubs) contributed to a more
sustained implementation of gamification. In general, a strong
collaboration and exchange between various stakeholders was
considered important. NSCs perceived pressure to adopt and
implement gamified apps when they noticed that colleagues
outside their organization kept up with gamified app trends.
NSCs lacked highly needed support and vision from policy
makers (quotes 21 and 22, Textbox 3). Furthermore, NSCs
mentioned policy makers’power, which they could not influence
(quotes 23 and 24, Textbox 3). One NSC mentioned the
importance of starting small to slowly convince the municipality
and other organizations and to build a sustainable gamification
network (quote 25, Textbox 3). NSCs stated that it was part of
their role to create sustained networks in the neighborhood.
However, making external organizations enthusiastic about

gamification, or providing more information about the
gamification concept or the added value of gamified apps, were
perceived as barriers.

Financial Costs
Challenges with regard to costs included (1) high product costs
(eg, expensive physical gamification tools or subscriptions to
gamified apps), (2) difficulties finding suitable subsidies to
afford gamification tools or gamified apps, and (3) substantiating
the budget plan to policy makers with persuasive arguments.
Regarding high product costs, it was mentioned that it was
financially challenging for smaller municipalities to subscribe
to a gamified app compared to larger municipalities, as often
the same price was applied and was not linked to the number
of inhabitants and therefore (possible) users. In addition to
subscription costs, expensive on-site products (eg, smart
playgrounds) that required subsidies from municipalities were
mentioned as a barrier. Furthermore, some NSCs experienced
difficulty finding suitable subsidies or finding different
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municipal subsidies to combine, whereas others seemed to know
all the ins and outs of finding the right subsidies. Justification
or argumentation was important to receive the subsidy
eventually. An adequate level of knowledge about gamification
tools and gamified apps (eg, including scientific effects) and
expected outcomes was required to justify their subsidy plans
(quote 26, Textbox 3).

Time
For small gamification adaptations, time was not identified as
an impeding factor, as this felt more intuitive for NSCs to align
with their current way of working and their perceived freedom
to plan their activities. However, especially preparatory work,
such as justifying costs, finding scientific evidence or suitable
applications, and good practices was identified as challenging
(quotes 27 and 28, Textbox 3). NSCs indicated that the time
investment could be worth it (quotes 29 and 30, Textbox 3).
NSCs framed it as the willingness to prioritize time, which was
seen as being crucial to the sustainable provision of an
up-to-date app (quote 31, Textbox 3).

Discussion

Principal Findings
This study aimed to better understand the perceived barriers to,
and facilitators of, NSCs’use of gamification. The results reveal
that NSCs have limited experience with gamification; this is in
line with earlier research showing that only 4% of lifestyle
professionals in the Netherlands use gamified tools [37]. In
comparison with their use of gamified apps, NSCs apply
gamification (without technology) more naturally in their daily
work. Perceived barriers and facilitators related to skills,
knowledge, expected effects, responsibility, social support,
financial costs, and time. No other research has been done on
NSCs’ implementation of gamification, but we can compare
our results with a study focusing on the implementation of
digital health tools by lifestyle professionals in the Netherlands
[37]. That study found that lifestyle professionals were
motivated to use digital coaching tools but required more
content-specific exchanges with colleagues and a complete
overview of available tools. They lacked training during their
education and experienced a high financial burden when
implementing digital coaching tools. All these factors align with
the results of this study in terms of expected effects, knowledge,
social support, skills, and financial costs [37]. Regarding
responsibility and time, our findings in this study are different.
Lifestyle professionals perceived the successful implementation
of digital coaching as time-intensive, and hours spent could not
be claimed from health insurance. In comparison, the NSCs in
this study did not consider time to be a barrier. Rather, their
perceived freedom in their work contributed to implementing
gamification. However, both executive and coordinating NSCs
felt uncertain about which of the 2 should take responsibility
for implementing gamification, whereas this did not appear as
a barrier for lifestyle professionals [37].

Former research among intermediaries, such as physiotherapists,
physicians, and nurse practitioners, investigated the
implementation of health interventions in primary care.
Structurally implementing existing health guidelines (ie, PA

guidelines), exercise referral schemes, or interventions (ie,
mobile health, eHealth, and combined lifestyle interventions)
in organizational structures and regulations were identified as
a common barrier to successful implementation [30,37-44].
Besides NSCs, school teachers are important intermediaries and
implementers of gamification to promote PA. They already
have experience with implementing gamification with the aim
of promoting PA in schools [45,46]. Schools are often
considered as a place where a diverse population, including
students that are often considered hard to reach, can be addressed
in a structural manner (eg, integration in the curriculum). This
is the first study to focus on the implementation of gamification
by NSCs as intermediaries. Offering interventions via
intermediaries may contribute to the successful implementation
of interventions. Intermediaries can reach populations that may
benefit the most from the interventions and are often considered
hard to reach. Our research reveals that NSCs perceive
advantages in implementing gamification (ie, expected effects)
for hard-to-reach populations that are often known to engage
in lower levels of PA, to reach people from a distance, and to
lower the threshold to engage in their program. Expected effects
emerged as one of the most frequently mentioned themes in our
study. Furthermore, NSCs perceive that they have the freedom
to choose suitable activities themselves and are in charge of
allocating their time to a range of diverse activities. This
suggests that NSCs form a specific group of intermediaries that
hold promise to integrate gamification in their current work.

Coordinating and executive NSCs’ roles and responsibilities
regarding the adoption and implementation of gamification
appear to be unclear; this emerged as a frequently mentioned
theme. This is in line with earlier research indicating that a
blueprint for NSCs’ function is not in place [47] and at the same
time not desired, as the freedom to implement PA activities and
allocate their time independently is part of the function
description [48]. In general, both coordinating and executive
NSCs see gamification implementation as part of their function
but experience difficulties in successfully establishing
collaborations with other parties to structurally implement
gamification. Moreover, a clear vision on the part of municipal
policy makers could facilitate the structural implementation of
gamification. As a result, strategic implementation at a systemic
level is often lacking [24]. A responsible person who is
enthusiastically involved and reinforces colleagues often seems
to be lacking, although such a person is considered crucial for
the strategic implementation of gamification in the long term
to prevent NSCs from implementing gamification only
sporadically. Clear assignments by the manager or municipal
policy makers may support successful implementation in the
future [43,44,49].

Research has shown that scaling up digital health innovations
is often hindered by barriers, such as a lack of evidence or
long-term financial funding, and therefore often depends on the
acceptance of different individual stakeholders working in
different domains or different levels of systems. Research
suggests that a higher level of coordination and knowledge
sharing across digital health projects is needed [50]. A promising
pathway to facilitate scaling up is to incorporate systems
thinking in the implementation process. Systems thinking helps
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to elucidate how situations and experiences are connected and
influence implementations. Viewing gamification through the
conceptual lens of systems thinking is deemed to have the
potential to create harmonized solutions that are relevant to
individuals and take the various mutually influencing levels of
the system into account [51]. Systems thinking is in line with
our study, as different levels in the system, such as research,
policy, and practice, do not seem to align well during the
implementation phase. For example, policy needs to be informed
by researchers to support the scientific effects of gamification
(eg, on health outcomes). In contrast, practice (eg, NSCs) lacks
subsidization and policy makers’ vision. A better alignment
among the 3 different levels of the system together with end
users is crucial [52] to ensure adoption, implementation, and
sustainability and therefore effects on health outcomes (ie,
increased PA). Implementation science can facilitate this need
to translate research into practice and contribute to system
change. Including different stakeholders from different system
levels through the development of the gamification tool is
crucial. Integrating a horizontal systems approach (ie, sports
clubs, schools and PA organizations) with a vertical systems
approach (ie, local-, regional-, national-level governments) may
strengthen synergetic effects among a varied group of
stakeholders and further strengthen sustainable implementation
and even scale up of gamification and gamified apps [53,54].

Strengths and Limitations
Several limitations of this research should be considered. First,
no generalizations can be made beyond the study sample. NSCs
seemed to focus on children and adolescents during the
interviews, although this age group was not the sole focus of
this study. Possibly, NSCs relate the concept of gamification
and gaming to a younger age population. As we recruited via a
contact person in each organization, it might also be possible
that the contact person made a preselection beforehand.
According to the national NSC monitor, many NSCs do focus
on children or adolescents, therefore our sample seems to be in
line with the general NSC profile [55]. In addition, as the NSCs’
job description varies between municipalities, it is difficult to
determine whether our sample reflects the diversity of NSC
profiles currently present across municipalities. In the
Netherlands, municipalities can employ executive or
coordinating NSCs, or NSCs that fulfill both functions.
However, some municipalities employ only coordinating NSCs
or only executive NSCs, who may either lack vision, usually
developed by coordinating NSCs, or lack executive activities
performed by executive NSCs [48]. In our study, the interviewed
NSCs in the 5 municipalities are all employed as either
coordinating or executive NSCs.

Several strengths of this study can be identified too. We
conducted a substantial number of qualitative interviews that
led to data saturation. In addition, in terms of method, we
managed to inform our analysis based on well-established
theoretical models, the COM-B and TDF, that cover the wide
spectrum of behavioral determinants. Coding the interviews
according to the COM-B model and TDF shows that both are

relevant in implementation science and can identify factors
facilitating or hindering the implementation of innovation
[30,38-41,56]. Moreover, the analysis was performed by 2
coders, thereby further strengthening the credibility of the study.
In terms of gamification experience, we reached a diverse
sample including nonexperienced, inexperienced, and
experienced gamification NSCs. As this was the first study to
focus on intermediaries promoting PA in the neighborhood via
gamification in their daily work, we managed to contribute to
a novel and relevant scientific and societal topic.

Implications

For Practice
By linking the identified facilitators and barriers to the behavior
change wheel [29], we can identify several relevant intervention
functions, such as education (eg, providing information), training
(eg, practicing technical and creative skills in workshops),
modeling (eg, providing best practices and clear implementation
guidelines), and environmental restructuring (eg, support a
restructuring of the organization where NSCs are employed).
From the results, we formulated 5 recommendations for policy
makers, industry, intermediaries, and professionals (Textbox
4).

First, NSCs indicated that they lacked not only sufficient skills
training to implement gamification but also education about the
scientific effects and an overview of the different tools. Hence,
it is recommended to provide a clear overview of tools and best
practices, for example, via education and workshops. Second,
NSCs felt supported by their employer who granted them a lot
of freedom to design activities in line with local needs and
wishes. However, NSCs indicated a lack of exchange with
colleagues and external parties. A network within but also
outside the organization or municipality appears to be important
in terms of sharing content, best practices, and keeping up with
the latest trends and developments. This relates to intersectoral
collaborations [37,43,44,47,57], which might be needed among
NSCs in the Netherlands to learn how to better collaborate with
other parties. Here, NSCs’ professional organizations could
play an important role in facilitating a network [37]. Third,
coordinating and executive NSCs were uncertain about their
responsibility to adopt gamification, a frequently mentioned
theme. Clarifying NSCs’ responsibility, as indicated by NSCs
during the interviews, for example, by appointing a dedicated
gamification NSC to provide a clear assignment to executive
NSCs or to allocate hours to NSCs, may help the sustainable
implementation of gamification. Fourth, NSCs perceive large
barriers with regard to financial costs, as product costs are high
and suitable subsidies are lacking. A clear overview of subsidy
options may help to better connect and scale up initiatives and
integrate gamification and gamified apps sustainably. Fifth,
NSCs indicated that they lacked sufficient promotion skills that
they considered necessary for the successful implementation of
gamification and gamified apps. Supporting NSCs to
successfully embed the gamification tool in a larger promotion
campaign might impact the implementation of an intervention.
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Textbox 4. Actions that should be taken to enable all relevant stakeholders, policy makers, industry, intermediaries, and professionals to exploit the
potential of gamification.

Recommendations

• Establish a sustainable network of organizations to strengthen the offer within one municipality and to exchange ideas and best practices beyond
municipalities

• Clarify the responsibility of neighborhood sport coaches (NSCs), for example, appoint a dedicated NSC to provide a clear assignment or to
allocate hours

• Provide a clear subsidy overview that helps NSCs to connect initiatives and integrate gamification and gamified apps sustainably

• Offer guidance on how to promote gamification and gamified apps among the target group to secure book long-lasting engagement

For Research
One of the barriers identified by intermediaries was the lack of
a clear overview of gamification that has proven effective.
Research is often struggling with conclusive results on the
effects of gamification and often lacks rigorous study designs
[13,22,58]. A white paper that translates research results in a
comprehensive manner could support intermediaries in the
future to understand and refer to the proven effects, for example,
to justify financial subsidies. Furthermore, more quantitative
research is necessary to identify the determinants that
significantly explain NSCs’ implementation of gamification
across the Netherlands and how these determinants influence
different stages of the implementation phase (ie, adoption,
implementation, and sustainability) [59]. As differences between
NSC profiles depend on the municipality, it is difficult to assess
which resources contribute to the implementation of
gamification, for example, small versus large municipalities’
offering. Moreover, to understand the implementation of
gamification at the systems level, it is important to better align
research with practice and policy, as all 3 subsystems depend
on one another. Future studies may want to consider integrating
the focus on different levels of the system and how they can be
better aligned to implement long-lasting gamification
interventions with effects on health outcomes.

Conclusions
This study aimed to assess the barriers and facilitators that NSCs
perceive toward using gamification in their daily work. NSCs
highly valued the application of gamification to stimulate PA
in the neighborhood. Different barriers and facilitators relating
to 7 themes emerged, namely, skills, knowledge, expected
effects, responsibility, social support, financial costs, and time.
As this is one of the first studies to focus on NSCs that
implement gamification, different practice-based and
research-based implications can be considered. Providing a clear
overview of tools and best practices, a clear overview of
subsidies available to help NSCs connect initiatives and integrate
gamification sustainably, and guidance on how to promote
gamification among the target group are important actions that
can be undertaken by means of written documentation. Certain
restructuring policies can assist the establishment of a
sustainable network of organizations to strengthen the offer
within and beyond the municipality and to clarify NSCs’
responsibilities. Further research is needed to measure the effects
of gamification and needs to be approached by the triangle of
research, practice, and police to implement gamification in a
systems approach.
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Abstract

Background: Osteoarthritis is one of the most common degenerative diseases of the musculoskeletal system and can ultimately
lead to the need for surgery, such as total knee or hip arthroplasty. Functional movement deficits can be a prognostic factor for
osteoarthritis in the lower extremities. Thus, training physiological movement patterns may help in the treatment of such functional
deficits. Motivation to exercise frequently is of utmost importance and can be promoted by using digital real-time feedback.

Objective: This qualitative study aims to gather user recommendations for prototype feedback visualizations in a real-time
exercise-feedback system called homeSETT for the treatment of functional deficits. The system provides real-time feedback to
participants while performing exercises that focus on functional deficits, such as lateral trunk lean, pelvic drop, and valgus thrust.
The findings of this study should help to optimize the prototype feedback visualizations. Thus, the main research questions were
how patients, physiotherapists, and physicians evaluate the presented, current state of prototype feedback visualizations for
selected functional exercises, and what improvements and variations would be recommended.

Methods: Testing of the prototype feedback visualizations took place at a movement laboratory using a 3D optoelectronic
movement analysis system. Data on usability factors were acquired using the thinking aloud method during and semistructured
interviews after prototype testing. Transcribed audio recordings of semistructured interviews as well as scribing logs of the
thinking aloud method were examined using qualitative content analysis.

Results: Data were analyzed from 9 participants, comprising 2 (22%) patients, 2 (22%) physicians, and 5 (56%) physiotherapists.
The mean age of the participants was 45 (SD 9) years and the mean work experience among the participating physiotherapists
and physicians was 22 (SD 5) years. Each participant tested 11 different exercise-feedback combinations. Overall, results indicated
that participants enjoyed the prototype feedback visualizations and believed that they could be used in therapeutic settings.
Participants appreciated the simplicity, clarity, and self-explanatory nature of the feedback visualizations. While most participants
quickly familiarized themselves, some struggled to recognize the feedback goals and connect the visualizations to their movements.
Recommendations for improvement included optimizing color schemes, sensitivity, and difficulty adjustments. Adding instructional
information and game design elements, such as repetition counting and reward systems, was deemed useful. The main study
limitations were the small sample size and the use of feedback on performance as the sole feedback modality.

Conclusions: The prototype feedback visualizations were positively perceived by the participants and were considered applicable
in therapy settings. Insights were gathered on improving the color scheme, sensitivity, and recognizability of the feedback
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visualizations. The implementation of additional gamification and instructional elements was emphasized. Future work will
optimize the prototype feedback visualizations based on study results and evaluate the homeSETT system’s efficacy in eligible
patient populations.

(JMIR Serious Games 2024;12:e51771)   doi:10.2196/51771

KEYWORDS

visualization; lower extremity; digitized visual feedback; exercise therapy; functional deficit; serious game; rehabilitation;
osteoarthritis; usability; physiotherapy; mobile phone

Introduction

Background
Degenerative musculoskeletal conditions are increasingly
burdening both patients and public health care systems, driven
by demographic changes and rising costs [1-4]. Among these
conditions, osteoarthritis is particularly prevalent, affecting >40
million individuals in Europe [5]. Globally, this results in >18
million years lived annually with the disease. Degenerative
conditions, such as osteoarthritis of the lower extremities, often
necessitate total knee or hip arthroplasty [6].

Research indicates that physical inactivity can lead to
osteoarthritis [7] and dysfunctional movement patterns, such
as lateral trunk lean, can be predictors for osteoarthritis in the
lower extremities [8,9]. Addressing these functional deficits
and promoting the relearning of physiologically favorable
movement patterns are key to preventing and rehabilitating
osteoarthritis, as well as aiding recovery following knee or hip
arthroplasty. However, patients often lack sufficient motivation
to engage in regular, autonomous physical activity even though
exercise and effective repetition of correct movement patterns
are essential for achieving desired learning effects [10-14]. A
lack of motivation can adversely affect the learning process,
primarily due to 2 factors—a general lack of interest in exercise
[15] and conflicts with other daily life interests and
responsibilities [16].

Motivation to exercise can be positively enhanced through
real-time feedback incorporating serious gaming elements,
among other supportive methods [17]. The integration of digital
feedback mechanisms in exercise games has the potential to be
engaging, enjoyable, and thus, a significant source of motivation
for participants or patients. Various gamification strategies have
been highlighted for their ability to improve therapy adherence
and encourage patient participation [18]. Moreover, visual
feedback control can substantially enhance learning effects.
Zemková and Hamar [19] demonstrated that task-oriented,
sensorimotor exercises are performed considerably better with
visual feedback control than without visual feedback control.

Objectives
This qualitative study aimed to evaluate usability factors of
prototype on-screen visualizations of a real-time visual feedback
system for exercise therapy targeting neuromuscular functional
deficits such as lateral trunk lean, pelvic drop, and valgus thrust.
The prototype visualizations were tested on the Gait Real-Time
Analysis Laboratory (GRAIL) system (Motek Medical BV).
Following this evaluation, the visualizations will be incorporated
into the prototype homeSETT, a portable marker-less

exercise-feedback device developed in the research project
SETT (Smart Real-Time Feedback Assisted Exercise Therapy).
Patients, physiotherapists, and physicians were eligible to
participate in this qualitative study to generate broad feedback
on the prototype feedback visualizations. The knowledge gained
should highlight usability issues and improve the understanding
of individually required visualizations of real-time feedback for
exercise therapy, targeting the listed functional deficits for
prevention and rehabilitation. These findings will be used to
optimize the prototype feedback visualizations according to the
needs and suggestions expressed by patients, physiotherapists,
and physicians. This should ensure that the prototype feedback
visualizations within the homeSETT system are accepted by all
end users and are applicable within a therapeutic process.

The development of the prototype feedback visualizations as
well as the whole homeSETT system is based on the
human-centered design approach. According to International
Organization for Standardization 9241-210:2010(E) [20], this
is used to focus on users’needs and requirements for interactive
systems and aims to make systems usable and useful. Through
the findings of this study, we hope to gain a better understanding
of the individual visualizations needed to provide real-time
feedback for exercises that target functional deficits. Therefore,
2 main research questions were pursued: How do patients,
physiotherapists, and physicians evaluate the presented state of
real-time visual feedback for selected functional exercises
regarding usability factors and acceptance? What improvements
and variations can be made to the visual feedback displayed?

Methods

Study Design
We present a qualitative study examining usability factors of
prototype feedback visualizations for real-time exercise
feedback. We used 2 qualitative methods for data acquisition
and a content structuring approach for data analysis. The
thinking aloud method proposed by Ericsson and Simon [21]
in combination with scribing logs presented by Eaton et al [22]
were used to collect field data during the prototype testing. After
prototype testing semistructured interviews based on the
approach of Meuser and Nagel [23] were conducted to gather
in-depth information about the participants’ views of the
prototype feedback visualizations for real-time exercise
feedback. In addition, a questionnaire was used to gather
participant-reported information on technical affinity before
prototype testing. The Consolidated Criteria for Reporting
Qualitative Research (COREQ) checklist [24] was used to report
the study findings (Multimedia Appendix 1).
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Sampling Strategy
Data from previous studies showed that usability testing using
the thinking aloud method does not require a large sample size
to successfully identify usability problems. It has been shown
that up to 85% saturation in the identification of usability
problems can be achieved with >5 participants [25]. Therefore,
a goal of including 10 participants in this study was set to
achieve saturation regarding the reporting of usability problems.
The prototype feedback visualizations were iterated several
times before the study, based on the results of internal expert
workshops; focus groups; and workshops with physicians,
physiotherapists, and patients as summarized in a previous
publication by Widhalm et al [26]. The results of this study
represent the final iteration process for the design of the
on-screen prototype feedback visualizations. Details on the
development of the prototype feedback visualizations are
available in Multimedia Appendix 2. Participants were recruited
using nonprobability, purposive sampling according to eligibility
criteria for the prototype testing [27]. Participants were recruited
by contacting several networks of the FH Campus Wien
University of Applied Sciences, Vienna (FHCW) via email in
September 2022. The FHCW physiotherapy staff was contacted
via email with the study information. In addition,
physiotherapists and physicians outside the FHCW were
informed about the study via email and publicly available
contact information. Patients were recruited through personal
contact with the help of publicly available contact information,
outpatient rehabilitation centers, and physicians at the
Orthopedic Hospital Speising (OSS).

Inclusion and Exclusion Criteria
Participants aged between 18 and 65 years who belonged to 1
of the 3 (physiotherapists, patients, and physicians) user groups
and who met their specific inclusion criteria were included in
the study.

Physiotherapists who (1) were actively working at the time of
study participation, and (2) had at least 2 years of professional
experience in the field of orthopedic physical therapy after
obtaining professional certification (intramural and extramural
professional experience were considered equally) were included
in this study.

Patients who (1) were currently or previously experiencing
lower extremity musculoskeletal conditions, such as
osteoarthritis, and (2) had undergone surgery at least 3 months
before, if they had already undergone any arthroplastic or
reconstructive surgery, were included in this study.

Physicians with at least 2 years of professional experience in
the field of orthopedics or rehabilitation were included in this
study.

Individuals in any of these groups were excluded if (1) they had
acute pain or inflammation, and (2) the performed health and
flexibility check indicated that they could not participate in the
study due to functional or physiological limitations.

Ethical Considerations
The study was conducted in accordance with the principles of
the Declaration of Helsinki. Ethics approval for the study

protocol was obtained from the FHCW Ethics Commission
(ethics commission number 62/2022). The principal investigator
instructed the participants, explained the expected benefits and
risks of the study, and answered open questions from the
participants. Written informed consent was obtained from all
participants. Shopping vouchers were given out as compensation
for about 2 hours of study participation. No other incentives
were offered. All participants were covered by clinical trial
insurance for all study-related procedures.

Data Collection
The prototype testing took place in the movement laboratory
of the FHCW. Feedback testing was performed on the GRAIL
system, which consists of a dual belt instrumented treadmill, a
3D optoelectronic motion analysis system (Vicon Motion
Systems Limited), and a 180° circular projection screen.
Prototype feedback visualizations were run in D-Flow software
(Motek Medical BV) and projected onto the screen. Parameters
presented in the feedback visualization were processed in real
time from marker coordinates, captured by the motion analysis
system. The GRAIL system was chosen for developing and
testing the prototype feedback visualizations due to the
versatility of the D-Flow software, which allows for rapid and
straightforward prototyping.

All participants were first verbally informed of the procedures
and methods by the principal investigator. After participants’
questions were sufficiently answered, informed consent was
obtained. Appropriate clothing was provided as needed.
Demographic data and self-reported technical affinity data were
collected. A health and flexibility assessment was conducted,
consisting of a structured interview about the presence of
musculoskeletal conditions and a test of active flexibility.
Participants then practiced the thinking aloud method during
the application of 26 retroreflective markers on bony landmarks.
Participants were guided onto the treadmill, a safety harness
was fastened by a member of the study team, and a calibration
trial was recorded. Using a harness as safety measures was
implemented due to the elevated position of the treadmill and
is not necessary when the homeSETT system is used on level
ground. Audio and video recordings were then started and
participants evaluated the prototype feedback visualization using
the thinking aloud method while performing 7 different
functional exercises, namely squat, squat-lunge, lunge,
single-limb squat, step-up and step-down, and single-limb stance
pelvic drop. Each exercise was performed with the associated
feedback visualization for up to 5 minutes per exercise. Each
feedback visualization was related to a body region which could
be either right or left knee, hip and pelvis, or trunk. All feedback
visualizations focused on 1 of the 3 deviations—lateral trunk
lean, pelvic drop, and valgus thrust. Therefore, the feedback
visualizations can be categorized as concurrent and kinematic
and the feedback modality can be described as knowledge of
performance [28]. Overall, each participant tested the feedback
visualizations for 11 different exercise-feedback combinations.
Feedback visualizations exercises 1 through 5.2 indicated
whether participants maintained stability in the targeted body
region during exercise or if any of the 3 types of deviations
occurred. Exercises 6.1 and 6.2 were reward-based visualizations
that included a shooting-star animation when the participants
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could execute the exercise within a certain range of motion. An
overview of the exercises performed in combination with the
corresponding prototype feedback visualization is presented in
Table 1.

Participants were guided through the prototype testing by a
physiotherapist to ensure participant safety and correct exercise
execution. The physiotherapist was allowed to ask open-ended
questions if the thinking aloud process was not initiated by the
participants or to keep the thinking aloud process going by
encouraging the participants to keep talking while testing. The
prototype testing was accompanied by a second researcher
taking the scribing logs and a third researcher operating the

GRAIL system. After all exercises and feedback visualizations
had been tested, the participants stepped off the treadmill, the
markers and harness were removed, and the participants were
enquired about their wellbeing. The data recording phase was
followed by a face-to-face semistructured interview. The
duration of all study-related procedures was a maximum of 2
hours per participant. Semistructured interviews lasted from 6
to 19 minutes. Figure 1 shows the system setup for testing the
prototype feedback visualizations on the GRAIL system. Videos
of the system setup and testing of the prototype feedback
visualizations for exercises 1 to 6.2 on the GRAIL system are
available in Multimedia Appendix 3.

Table 1. Overview of the feedback visualizations and corresponding exercises.

Feedback and body chart vi-
sualization

DeviationBody region highlight-
ed in body chart

ExerciseFeedback nameFeedback exercise
number

Valgus thrustLeft kneeSquatVertical tachoExercise 1a

Valgus thrustRight kneeSquat-lungeBallExercise 2.1

Trunk leanTrunkSquat-lungeBody modelExercise 2.2

Pelvic dropHip and pelvisLungeSingle barExercise 3.1

Valgus thrustLeft kneeLungeVertical tachoExercise 3.2

Valgus thrustRight kneeSingle-limb squatBallExercise 4.1

Pelvic dropHip and pelvisSingle-limb squatHorizontal tachoExercise 4.2

Valgus thrustLeft kneeStep upBarExercise 5.1

Trunk leanHip and pelvisStep upHorizontal barExercise 5.2

Pelvic drop and liftHip and pelvisSingle-limb stance
pelvic drop and lift

Reward tachoExercise 6.1

Pelvic drop and liftHip and pelvisSingle-limb stance
pelvic drop and lift

Reward flying barExercise 6.2

aExercise 1: feedback visualization exercise 1.
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Figure 1. Feedback visualization of Exercise 2.1 on the Gait Real-Time Analysis Laboratory System showing the setup and different feedback elements.

Data Processing and Analysis
Data were obtained via scribing logs and recordings of the
thinking aloud process during the prototype testing and also
using audio-recorded semistructured interviews after the
prototype testing. The interview guide was not pilot-tested. The
interview guide and the self-reported technical affinity
questionnaire can be found in Multimedia Appendix 4. Audio
recordings of the semistructured interviews were transcribed in
a 2-step process, first by using the Happy Scribe Academic
Research Transcription Service (Happy Scribe Ltd) and second,
by revising the automatically created transcript executed by 2
members of the research team.

Qualitative content analysis (content structuring approach)
according to Rädiker and Kuckartz [29] was conducted using
MAXQDA Plus 2020 Release 20.1.0 (VERBI Software Consult
Sozialforschung Gmbh). Data were transcribed, collected, coded,
and reviewed using MAXQDA Plus 2020 Release 20.1.0 by 2
members of the research team. Interview and scribing data were
merged and analyzed descriptively, forming the analysis unit.
The coding categories were formed using a deductive-inductive
approach. In the first step, categories were deductively derived
from semistructured interview guide questions. In the second

step, categories were formed inductively by summarization
during the content analysis. Deductive and inductive
subcategories were assigned to the analysis unit and single
sentences, for example, single statements served as coding units.

For the qualitative content analysis, 5 deductive main categories
were used, directly extracted from the interview guide. The
main category “positive aspects” was derived from the interview
question, “What were the positive aspects of the feedback
visualization?” The main category “negative aspects” stemmed
from the question, “What were the negative aspects of the
feedback visualization?” The main category “challenges” was
based on the question, “What was the biggest challenge (while
testing the real-time feedback)?” The main category
“intuition/associations” was derived from the question, “How
did you feel when you tried out the real-time feedback?” The
main category “improvement” originated from the question,
“Where do you see room for improvement in the feedback?”
Five to six subcategories per main category were formed
inductively during the content analysis, resulting in a total of
31 categories, comprising 5 deductive main categories and 26
inductive subcategories. An overview of the categories formed,
presented as a coding tree, is shown in Figure 2.
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Figure 2. Deductive main categories and inductive subcategories used for qualitative content analysis visualized as a coding tree.

To ensure the reliability of the coding process, the execution
and analysis were conducted by 2 researchers with a professional
and educational background in physiotherapy. The results and
interpretations were reflected and discussed within the research
team. Cross-tabulations were used to reassign interview and
scribe log data to the different feedback visualizations.

Researcher Characteristics and Reflexivity
All researchers involved in conducting the research (CK, KW,
LM, and SD) have at least a master’s degree in health sciences,
engineering, or both. All researchers were employees of FHCW.
At the time of study execution, SD was also a part-time staff
member at the participating hospital, OSS. CK identifies herself
as female, and KW, LM, and SD identify themselves as male.
KW was responsible for the study as principal investigator. The
interview guide was developed by CK in collaboration with
KW, both experienced physiotherapists with professional
backgrounds in biomechanics and movement analysis. CK
conducted the semistructured interviews and guided the
participants throughout the prototype testing. KW carried out
the scribing logs during prototype testing. SD was responsible
for overseeing the laboratory equipment during prototype
testing. CK and LM were responsible for transcription. LM and
KW were responsible for data analysis using MAXQDA. This
approach was chosen to enable researcher triangulation. Results
were discussed among all participating researchers to enable
peer debriefing, and therefore, reduce possible bias [30].

Results

Overview
A total of 10 participants were recruited, with 1 (10%)
participant dropping out for personal reasons before prototype
testing. Of the remaining 9 participants, 5 (56%) were
physiotherapists, 2 (22%) were patients, and 2 (22%) were
physicians; 89% (8/9) identified themselves as female and 11%
(1/9) as male. Physiotherapists and physicians were either
FHCW staff (3/9, 34%), OSS staff (2/9, 22%), or working in
an unaffiliated interdisciplinary private practice (2/9, 22%).
Participating patients were FHCW staff (2/9, 22%). None of
the researchers had a private or patient-therapist relationship
with the participants. Prior relationships were solely based on
professional relations due to the same place of employment,
either at FHCW, OSS, or private practice. Both participating
patients were recruited based on personal contact, as the
participants used publicly available contact information to
contact the research team for study participation. Both patients
reported osteoarthritis-associated functional deficits in the lower
extremity due to prior traumatic knee injuries which were either
a meniscal tear, ACL rupture in combination with a meniscal
tear, or patellar tendon rupture. One (50%) patient described
frequent pain episodes, and therefore, frequently used pain
medication and 1 (50%) patient described pain after load, for
example, running and did not report the use of any pain
medication. Both patients were already undergoing regular
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prescribed physiotherapy. The mean age of the participants was
45 (SD 9) years. The mean work experience within relevant
clinical fields among participating physiotherapists and
physicians was 22 (SD 5) years. Concerning technical affinity,
all participants used several technical devices daily, such as
PCs, tablets, or smartphones. Only 3 (34%) of the 9 participants
had no prior contact with technology in the context of
therapeutic processes. These experiences ranged from exercise
therapy videos over special anatomical software applications
to the use of gait laboratory equipment or exoskeletons. Of the

9 participants, 4 (44%) participants stated high interest, 4 (44%)
had medium interest, and 1 (11%) participant had low interest
in technology in the context of therapeutic processes.
Concerning the self-reported ability to learn about new
technologies, 2 (22%) participants stated that they had very
good ability, 6 (67%) stated that they had a good ability, and 1
(11%) stated that they had rather poor ability. The demographic
characteristics of the participants are summarized in Table 2.

The self-reported technical affinity of the participants is
summarized in Table 3.

Table 2. Demographic characteristics of study participants (N=9).

Years of work experienceParticipant groupAgea (y)SexID

20Physiotherapist44FemaleFB01b

—cPatient38FemaleFB02

24Physician51FemaleFB03

—Patient37FemaleFB04

29Physician54FemaleFB05

24Physiotherapist59FemaleFB06

29Physiotherapist52FemaleFB07

6Physiotherapist30MaleFB08

22Physiotherapist43FemaleFB09

aMean age was 45 (SD 9) years.
bFB01: feedback participant 1.
cNot available.

Table 3. Self-reported technical affinity of study participants.

Ability to learn about
new technologies

Interest in modern tech-
nology in the context of
therapy

Experience with technologies
in the context of therapy

Number of apps in-
stalled on smartphone

Daily use of technical
devices

ID

GoodHigh interestInclinometer on smartphone,
camera for therapy-videos

>5Smartphone, tablet, PC,
smartwatch

FB01a

Very goodHigh interestContinuous passive move-
ment brace

>5Smartphone, tablet, PC,
smartwatch

FB02

Very goodMedium interestExoskeleton>5Smartphone, PC, bicycle
computer

FB03

GoodHigh interestNo experience>5Smartphone, tablet, PCFB04

GoodMedium interestGait and movement laborato-
ry

>5Smartphone, tablet,
smartwatch, smart home
applications

FB05

Rather poorLow interestNo experience>5Smartphone, tablet, PC,
game console

FB06

GoodHigh interestNo experience>5Smartphone, tablet, PC,
smartwatch

FB07

GoodMedium interestAnatomy—software>5Smartphone, PCFB08

GoodMedium interestTherapy-exercise videos>5Smartphone, tablet, mu-
sic player

FB09

aFB01: feedback participant 1.
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Main Findings of Qualitative Content Analysis

Positive Aspects
This category summarizes all positive comments from
participants regarding the feedback visualizations. Participants
described the feedback visualizations as clear and
self-explanatory. They mentioned that although a short period
of familiarization was required, the visualizations became
understandable and easy to control thereafter. The body chart
effectively highlighted the body parts on which the feedback
was provided. However, some participants noted that it took
several attempts to accurately link the highlights within the
body chart to the corresponding feedback visualization:

But the feedback was very, very positive. It was also
very, very clear for most things... [Interview transcript
FB08: 124]

As if I look into a mirror and don’t have to rethink,
target is symmetrical distance sun to blue bars.
[Thinking aloud scribing FB05: 22]

Motivational aspects, such as the direct exercise feedback, were
perceived as playful. Participants highlighted that the additional
external focus provided by real-time feedback visualizations
was motivating and encouraged performing exercises with
heightened awareness. In addition, they noted that real-time
feedback visualizations would be applicable in therapy settings,
particularly the visual control of body alignment. Positive
feedback visualizations (exercises 6.1 and 6.2) were identified
as the most motivating:

I think it is also cool for me as a therapist, if the
patient is always evading with the upper body or with
the pelvis, but otherwise it looks good, then I set the
device exactly to the pelvis, so that I know, okay, now
he knows, he must look at the pelvis and I can check.
[Interview transcript FB08: 128]

So, this exercise execution motivation I think it is
great. Because the other feedback always tells me
what I’m doing wrong. [Interview transcript FB01:
102]

The feedback on the range of motion was generally perceived
positively. Participants noted that the required range of deviation
to trigger warning signs for better body axis control was within
realistic boundaries with a participant stating, “In a realistic
range, neatly dodge to reach forbidden zone” [Thinking aloud
scribing FB01: 58].

The simple design of the feedback visualizations were
considered beneficial in a therapy setting as they were pleasantly
visible and appropriately sized. Highlighting 1 part of the body
as a single feedback visualization was seen as a positive aspect
for maintaining focus on exercise execution. In addition, visual
cues, such as using the same color for highlights in the body
chart and the pointer within the feedback visualization, were
noted to enhance comprehensibility:

And at the beginning you also said, that’s a simple
representation, would you also add that as a positive
aspect? [Interviewer]

Actually, yes. [FB05]

And actually, it should be simple. It shouldn’t be that
the patients say, “ah that’s complicated.” [Interview
transcript FB05: 58 to 60]

I thought it was somehow...more pleasant, when the
bar had the same color as this oval circle on the body
chart. [Interview transcript FB08: 60]

Concerning the color used for representing feedback
visualizations, participants mentioned, that they regarded
traffic-light colored feedback visualizations using
green-yellow-red as useful. Some mentioned, that staying within
a green zone during the exercises conveyed a sense of security.
They said, “...again, a new visualization, with a green, yellow,
and red area, I like it” [Thinking aloud scribing FB08: 78]

Negative Aspects
In this category, all comments from participants that could be
interpreted as negative regarding the feedback visualizations
were summarized. Participants particularly viewed the lack of
additional information negatively. For example, the feedback
visualizations did not provide the number of repetitions or
previous information concerning the exercise feedback. Due to
the absence of repetition counters, participants felt they did not
know the final goal of the exercise, which led to demotivation.
One participant stated, “That you don’t know how many times
to do it now [laughs]. What are you looking for?” [Interview
transcript FB09: 96].

In addition, the boundaries for warning signs related to the range
of motion were often considered too wide, necessitating
extensive evasive movements. One participant stated:

It only reaches the red zone when you almost fall
over…My patients don’t sway that much with their
upper body that you could see such deviations.
[Thinking aloud scribing FB07: 30]

Regarding the illustration of feedback visualizations, participants
mentioned that exercise 6.2 was confusing in terms of spatial
perspective, as it was unclear whether the feedback was
displayed in 2D or 3D. In addition, participants were irritated
by pop-up notifications during the exercises, as they were not
immediately understandable. It was also criticized that the body
chart, which served as guidance throughout the exercise
feedback, had no additional purpose other than highlighting the
body region that received feedback:

Circle above irritated as it seems to be three
dimensional, but I know it is displayed two
dimensional. [Thinking aloud scribing FB01: 112]

Hold the pelvis still. Yes. That irritated me. [Interview
transcript FB02: 8]

The color schemes of the feedback visualizations were criticized
for their simplicity, as they might not be motivating or engaging
enough for participants to stay focused during the exercise. In
addition, the color combination of green and pink for the
feedback visualizations and highlights within the body chart
was deemed lacking in variation. Red was often viewed
negatively due to its use as a warning symbol within the
feedback visualizations. The variation of green tones in feedback
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exercises 6.1 and 6.2 was rated as unclear in describing the goal
orientation of the feedback:

In our fast-paced world with many images and color
impressions, I can imagine that it becomes a bit
monotonous with time. That’s not a good thing, but
we are unfortunately... live in a world where so many
images, so many impressions come at us that we are
not used to concentrate on three colors and three
bars, or rather one bar and accept that there is not
much more beyond that. [Interview transcript FB05:
4]

Challenges
In this category, all comments from participants regarding the
feedback visualizations, which could be associated with
challenges while testing the system, were summarized.
Especially during the initial feedback exercises, participants
mentioned confusion about connecting the feedback
visualization to their actual movement. Recognizing the body
chart and its highlighted parts as indicators of which body region
was receiving feedback within the visualization, was challenging
for the participants. This sometimes led to them ignoring the
feedback altogether:

... if I remember correctly, I was a bit irritated by
what I saw and what I thought I wanted to do.
[Interview transcript FB09: 84]

The first time it was still a bit awkward. What does it
pay attention to now? What am I doing? Where am I
looking at? [Interview transcript FB08: 4]

The execution of exercises in conjunction with real-time
feedback visualization presented several challenges for the
participants. Maintaining the leg axis alignment was particularly
difficult, even with the assistance of the feedback. In addition,
several participants reported using compensatory movements
to keep the feedback in alignment. One participant aptly
described this as “trying not to cheat”:

If I cause an evasive hip movement, it still looks like
a good squat, as if my knee would stay straight, more
attention needs to be paid to the pelvis. [Thinking
aloud scribing FB08: 64]

That you try not to cheat. [Interview transcript FB02:
12]

Another challenge during exercise execution was related to the
sensitivity and calibration of the system. Participants noted that
if they changed their starting position during repetitive exercise
execution, the system did not respond immediately.
Consequently, their perception of properly aligned exercise
execution differed from the displayed feedback visualization.
For several exercises, participants observed that the feedback
reaction was too sensitive. One participant even mentioned
feeling distressed due to the fast and sensitive response while
performing a dynamic exercise:

When I think I need to keep the bar in the middle, it
feels like I need to swerve. [Thinking aloud scribing
FB08: 75]

I imagine it to be difficult if I place the foot
somewhere else, because then the clearance changes.
[Thinking aloud scribing FB08: 25]

The exercise with visualization stresses more, I can
make an effort, but it is difficult to execute, but this
is perhaps due to the dynamics of the exercise.
[Thinking aloud scribing FB05: 50]

Interpreting the body chart, which highlighted the body region
that received feedback, was initially challenging for participants.
Several participants found it difficult to understand the meaning
of the digital body chart, leading some to partially or completely
ignore it:

At the beginning, I somehow didn’t consciously notice
it. I just saw that there was a body chart, but I didn’t
notice that the focus was somehow on it. And then I
thought, no, I don’t want to consciously look at it now
and somehow tried to find out where it is on my own.
[Interview transcript FB07: 76]

Another major challenge for participants was understanding the
feedback itself without any additional information. Participants
could not immediately distinguish the movement boundaries
and often had to rely on trial and error. This was particularly
noted for the last 2 feedback exercises (exercise 6.1 or 6.2),
which required a specific range of motion, unlike the previous
exercises (exercises 1-5.2). In addition, it was sometimes unclear
not only how to perform an exercise but also how often it should
be performed:

But it was not quite clear to me, what does the system
want now just with some things? Should I now
deliberately try to stay in this area, or should I
deliberately try to reach larger areas? [Interview
transcript FB08: 12]

Yes, so at the beginning it wasn’t clear to me
sometimes, for example, how long you want me to do
some things. So, is there a certain number of
repetitions where you say this is how often I must do
it. [Interview transcript FB09: 4]

Intuition or Association
In this category, all the participant’s comments related to
feelings, intuitive interpretations, actions taken during testing,
and associations with past therapeutic experiences were
summarized. Some participants noted that their
physiotherapeutic knowledge, whether from professional
training or experience gathered during therapy, influenced their
interpretation of the feedback visualizations. For example, this
led them to avoid trying to reach the boundaries for the range
of motion feedback, instead staying within a movement range
that felt safe. One of them said, “That is, probably that was my
premonition already, that I think to myself, okay, I should stay
within a certain movement limit and just not do a far-reaching
range of motion” [Interview transcript FB09: 56].

Participants expressed that they enjoyed the playful aspects of
the feedback visualizations. Specifically, the final 2 feedback
visualizations (exercise 6.1 or 6.2) were considered motivating
due to their incorporation of a reward system for achieving a
certain range of motion. In addition, other feedback
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visualizations were associated with a serious gaming approach.
One visualization used for 2 exercises was particularly
interpreted as resembling a tennis video game (exercise 2.1 or
4.1). The participant stated, “Reminds me of the first video
game I had, tennis ball with bars back and forth.” [Thinking
aloud scribing FB06: 79].

Participants described the color scheme used in the various
feedback visualizations (green, yellow, and red) as intuitive and
relatable. They associated these colors with a traffic light system,
which they found logical and easy to understand. Consequently,
red was intuitively interpreted as indicating an unwanted range
of motion, yellow as a caution zone, and green as the desired
range of motion:

The others were relatively logical in terms of their
structure. Because you saw right away, okay, this is
turning red, I definitely don’t want to go there.
[Interview transcript FB08: 16]

Green is range, yellow suboptimal, red
attention/negative. [Thinking aloud scribing FB01:
45]

Using different shades of green for positive feedback was not
intuitively clear for all participants. As a result, they did not
immediately recognize the goal of the feedback visualization
in exercises 6.1 and 6.2:

Because for green by itself, I would associate it with
the area of the best rated movement. So that’s the
area where I should be. I didn’t get an assignment
and that’s what I’ve assumed. [Interview transcript
FB05: 64]

As previously mentioned, the interpretation of feedback
visualizations was not initially clear to all participants. Several
participants used a trial-and-error approach to identify which
body region was receiving feedback. Nonetheless, some
participants were able to link the highlights on the body chart
with the intended body region, allowing them to intuitively
understand the feedback visualizations. Participants described
the body chart differently; some interpreted it as a female
character, others as diverse, and some could not distinguish
whether it was depicted from the front or back:

Lady left remains the same with focus on knee.
[Thinking aloud scribing FB05: 24]

Still the figure with the knee, Ping-Pong ball, ah this
is the right front knee. [Thinking aloud scribing FB02:
17]

The figure—pelvis looks as if it were buttocks, looks
as if it had a chest, remains static, wants to point me
only toward the body region knee. [Thinking aloud
scribing FB01: 10]

Improvement
All comments by participants related to ideas for improving the
feedback visualizations or expanding the field of application
were summarized in this category. Concerning the extension
and applicability of the feedback visualizations, participants
presented several ideas. They emphasized the potential use of
feedback systems for young people due to the playful approach

of the feedback visualizations. In addition, participants suggested
incorporating more elements of gamification, such as repetition
counters, positive feedback through auditory signals, and reward
systems. They also emphasized the importance of using
progression models to adjust exercise difficulty. Furthermore,
it was suggested that the feedback visualizations could be used
in sports, as well as for health promotion and prevention:

... wrapping that up in a story or in a game. [Interview
transcript FB05: 20]

I would extend this and not only use it in the field of
rehabilitation, but also in the field of athletics.
[Interview transcript FB03: 56]

It can prevent injuries—if you have good coordination
in the first place and everyone can practice this at
home very simply. So also, in the field of prevention.
Especially for, old people who have poor balance.
You can put together exercises for them to do at home
to maybe prevent falls. [Interview transcript FB03:
60]

The implementation of audio in addition to visualizing feedback
was particularly emphasized by participants. They suggested
using audio for verbal instructions of the exercises and for
amplifying both positive and negative feedback. In addition,
participants mentioned that explanatory videos before
performing the exercises would be helpful for immediately
understanding the purpose and execution of the exercises in
conjunction with the feedback visualizations. A participant
stated, “You could add an acoustic signal to it” [Interview
transcript FB06: 52].

Regarding the color scheme, it was suggested that improvements
could be made by incorporating orange as an additional color
and using a fading, smooth transition between different colors
within the feedback visualizations. Furthermore, the use of
certain colors, such as red for negative feedback, was criticized
by some participants. They suggested focusing on positive
feedback and reward systems to enhance motivation and motor
learning. Some colors, particularly the mixture of violet and red
and the use of garish colors, were unpleasant for some
participants. The participants stated that the use of different
shades of green should be optimized, as the differentiation was
unclear to most participants:

And there was a very wide yellow range, but I would
probably say yellow and orange and red, so that red
doesn’t lose its sharpness. [Interview transcript FB09:
40]

...the combination of this purple and the red outside,
that was somehow...unpleasant. [Interview transcript
FB07: 40]

...what I noticed; it is a bit deficit oriented as I would
interpret it. Maybe it’s because I’m associating
danger or “better off” with red, and the green area,
maybe that staying in the green area should already
be a reward. There might be potential for
improvement. [Interview transcript FB06: 72]

Implementing a counter, either for repetitions or for exercise
duration, was frequently suggested. In addition, participants
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mentioned that statistical analysis in terms of terminal feedback
or knowledge of result [28] after completing the exercise
program could be beneficial:

So, for example, approximately a certain number of
repetitions... [Interview transcript FB09: 100]

I’m sure that if the device gave me a countdown, I
would be highly motivated to finish it completely,
while if I did it without...I just leave out two
movements or something. [Interview transcript FB01:
46]

Finally, participants noted that they needed more instruction
and guidance while testing the feedback visualizations. This
could be provided through visual instructions using videos or
animations, audio elements explaining the exercises and the
purpose of the feedback visualizations, or through descriptive
elements:

You receive relatively little information at the
beginning...With a little more information about what
you should pay attention to, you could put more
emphasis on the correct execution right from the start.
[Interview transcript FB03: 12]

Summary of the Main Analytic Findings
Participants provided diverse feedback on the prototype
feedback visualizations, emphasizing both positive and negative
aspects as well as various challenges encountered during testing.
In summary, while participants appreciated the clarity and
motivational aspects of the feedback visualizations, they also
highlighted areas for improvement, particularly regarding
information clarity, color scheme effectiveness, and system
responsiveness. To provide an overview of the main analytic
findings, Table 4 lists the key findings within the corresponding
main and subcategories.
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Table 4. Main analytic findings per deductive main- and inductive subcategories concerning feedback visualization.

Main analytic findingsDeductive main category and inductive subcategories

Positive aspects

Feedback visualizations were described as clear and self-explanatory once
familiarized.

Comprehensibility

Motivational aspects were highlighted, particularly the real-time feedback
enhancing exercise engagement.

Motivating

The range of motion feedback was generally perceived positively.Scaling or range of motion

Participants appreciated the simplicity and visibility of the feedback visu-
alizations.

Visualization

The color scheme using green-yellow-red was intuitive and perceived as
useful.

Color scheme

Negative aspects

Lack of additional information in the feedback visualizations was a major
concern.

Goal

Simplistic color schemes and lack of variation were criticized for poten-
tially reducing motivation.

Demotivating

Challenges with sensitivity and calibration of the system during exercise
execution were highlighted.

Some participants found the range boundaries too wide, and therefore
misleading.

Scaling or range of motion

Issues with distinguishing 2D vs 3D feedback visualizations were noted.Visualization

Simplistic color schemes and lack of variation were criticized for poten-
tially reducing motivation.

Color scheme

Challenges

Initial confusion and difficulty in connecting feedback visualizations to
actual movements were present.

Focus

Challenges in maintaining alignment and avoiding compensatory move-
ments during exercises were noted.

Exercise execution

The sensitivity and responsiveness of the feedback posed challenges during
dynamic exercises.

Responsiveness and range of motion

Participants struggled with interpreting the body chart and its relevance.Visualization

Interpreting low-contrast color schemes (shades of green) was challenging
and unclear.

Color scheme

Understanding exercise goals was often unclear.Goal or limits

Intuition or association

Professional knowledge and intuitive interpretations influenced partici-
pants’ interactions with the feedback.

Prior knowledge

Enjoyment of the playful aspects of certain feedback visualizations was
expressed.

Learning through play

Participants associated the traffic-light color scheme with intuitive mean-
ings.

Color scheme interpretation

Interpretation of feedback visualization was unclear initially; participants
used trial-and-error to identify body parts receiving feedback.

Visualization interpretation

Participants had varied interpretations of the body chart and some could
not tell if it was shown from the front or back.

Body chart interpretation

Improvement

Participants proposed extending the system’s use beyond rehabilitation to
include other use cases, such as sports.

Scope of application

Recommendations included integrating audio feedback and implementing
gamification elements.

Visualization or audio-visual signals
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Main analytic findingsDeductive main category and inductive subcategories

Suggestions for improving the color scheme (including orange, using
nonprejudgmental colors) and feedback clarity were common.

Color scheme

Including elements like repetition counters and enhancing feedback with
more detailed performance statistics was proposed.

Counter

Enhancing exercise instructions and using instructional videos was sug-
gested.

Instruction

Discussion

Principal Findings
Within our qualitative study examining usability factors of
prototype feedback visualizations for real-time exercise
feedback, participants mostly reported high to medium interest
in technology in the context of therapy. Overall, participants
enjoyed the prototype feedback visualizations, and visualizations
were considered simple, clear, and self-explanatory. The main
criticism was the lack of additional information and missing
additional color schemes to further highlight and distinguish
movement deviations. Advice for improvements, such as
increasing the use of positive feedback and incorporating
additional gamification elements, was given by participants.
No one dropped out during the prototype testing and no adverse
events occurred during the testing.

Comparison With Previous Studies
Participants were positive about the simple, clear, and
self-explanatory visualizations; however, they stated that a short
period of familiarization was needed. In addition, they believed
that the feedback prototype could be well applicable in a therapy
setting. Ling et al [31] report similar results for patients who
tested their system as they emphasize the usefulness of an
exergame for rehabilitation purposes. Another positive remark
of participants was toward the simple design and the large size
of the feedback visualization. In addition, the use of a
traffic-light color scheme for the feedback visualization was
viewed positively. Staying in the green zone during an exercise
gave the participants a feeling of safety and visual cues were
also regarded as helpful. Those improvements were incorporated
based on learnings after the first prototype iterations presented
by Widhalm et al [26]. These feedback visualizations correspond
with findings of Sun et al [32], who stated, that people enjoy
simple and common designs to reduce their mental load.

Nevertheless, negative aspects were reported regarding the
prototype feedback visualizations. A main point of criticism
was the lack of additional information given by the system
during the prototype testing. It was intentional to test whether
the design of the feedback visualizations is self-explanatory or
not. Participants were invited to explore the feedback modalities
and the mechanics of the systems on their own but under
supervision, which led to positive failure and learning. This
approach is also described in the study by Lohse et al [33]. The
participants criticized that no additional information regarding
the number of repetitions and no previous information
concerning the exercise-feedback were given in advance of the
exercises by the system itself. This led to challenges in exercise
execution and partial misinterpretation of prototype feedback

visualizations. Some participants mentioned that this was
especially demotivating. The importance of clear goal setting
and instructions is emphasized by Lohse et al [33], as a lack of
goal-directed tasks can lead to reduced motivation and
acceptance. This is in line with the suggestions for possible
improvements of the system as pointed out by participants, who
mentioned that introductory elements would be a beneficial
optimization. This could either be delivered by visual
instructions with the help of videos or animations, with audio
elements explaining exercises and the purpose of the feedback
visualization, or with descriptive elements. Incorporating a
counter, either for repetitions or for exercise duration, was
frequently mentioned by participants. The importance of
tracking metrics, such as repetition counting is also reported in
Ananthanarayan et al [34] to, for example, give the possibility
to trace improvements over time. In addition, statistical analysis
after performing a set of exercises could be beneficial for
additional motivation and to emphasize the frequent use of the
system to further improve motor learning. Different methods
of incorporating game design elements in an exergame scenario,
such as the presented real-time feedback visualization, are
reported in Martinho et al [35]. It is proposed that with the use
of design elements for tracing improvements, participants may
be motivated to further improve their abilities [35].

Feedback on chosen color schemes highlighted similar
implications for optimization. Participants mentioned that
additional colors could be implemented in the traffic light
system, such as orange, to be able to further distinguish the
movement deviation within the feedback visualizations. Also,
a fading between different colors used within the feedback
visualizations could be helpful. Nonetheless, the simplicity of
the colors used was partly criticized. Participants were unclear
concerning the goal of the overall green feedback visualizations
exercises 6.1 and 6.2. Using red as a warning signal was also
criticized by some participants. This is an important learning
in terms of improving the color schemes and used effects within
the feedback visualizations, as negative feedback can lead to a
negative emotional response by participants, which is also
highlighted in a study by Ravaja et al [36]. They describe in
their study on emotional reactions to video games that negative
emotions especially arose, when participants received a replay
of a failure, and therefore, were not actively involved anymore
in the video game itself [36]. Therefore, hypothetically, a similar
effect could have led to negative associations of the feedback
visualizations in this study, as misinterpretation or unclear goals
of the feedback visualizations could have led to a feeling of
passive involvement and not being in control of the situation
resulting in negative emotions.
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The participants reported several challenges concerning
feedback visualizations. The main challenge for participants
was coupling the feedback visualizations with their actual
movement and building a connection between exercise, body
chart visualization, feedback visualization, and body regions
that received feedback. This challenge resulted in partly ignoring
the feedback visualizations overall and focusing only on
themselves. The lack of interactivity due to not being able to
couple the movements with the feedback visualizations is
another improvable factor, as a well-elaborated interactivity can
help participants to reach a feeling of ownership toward the
digital real-time feedback system, and therefore, increase
motivation [33]. Exercise execution by itself in conjunction
with the feedback visualization was challenging for participants.
Along with those difficulties, some participants described
discomfort with the high sensibility and calibration of the system
when, for example, changing the starting position during an
exercise set. Therefore, the current system could be optimized
in terms of dynamic difficulty adjustment, a theory described
for video games by Hunicke [37], and integrated into serious
game approaches, for example, in a speech therapy game by
Martins and Cavaco [38]. Choosing a comfort policy according
to Hunicke [37], which aims to be challenging but still
manageable in terms of exercise difficulty and sensitivity of the
feedback visualizations could help to prevent discomfort while
using feedback systems during exercising. This could support
participants reaching a flow state, a state of heightened
awareness where the sense of time diminishes during exercising
[39].

Incorporating further gamification elements and reward systems
may be beneficial for additionally increasing motivation. The
goal-oriented, reward-based feedback visualizations within the
study were markedly described as positive in terms of being
motivating as well as being a joyful approach to exercise
therapy. For example, Mubin et al [40] state that it is crucial to
establish a contextual framework of gameplay within serious
games, ensuring that all player actions possess meaningful and
pertinent significance and that the game is target-based to ensure
a successful application.

Limitations
Even though the study highlighted several important aspects in
terms of prototype feedback visualizations, this study has several
limitations.

First, the sample itself was recruited from FHCW networks,
and therefore, may not be representative of a broader population.
Participants were aged <60 years representing young and middle
adulthood. In addition, most participants were already familiar
with the use of technology in the context of rehabilitation. The
sample size of 9 participants was implemented following the
findings of Nielsen [25] for thinking aloud usability testing. It
is also described elsewhere that 4 to 5 participants can identify
up to 80% of usability issues in usability testing [41]. Therefore,
for the subgroup physiotherapists (5/9, 56%), most of the
usability factors may have been highlighted but for both
subgroups patients (2/9, 22%) and physicians (2/9, 22%), a
larger sample may have been beneficial and could have
broadened the findings. Contributing to this, a possible limitation

due to researcher as well as participant bias could have occurred.
Nonprobability, purposive sampling was used and most of the
participants were recruited from FHCW networks. Professional
relationships due to similar work environments were present.
Participant bias is a common problem in qualitative research,
which can lead to the presentation of experiences in a way that
participants believe conforms to the researcher’s expectations
or social norms. Researcher bias unintentionally influences how
data are perceived, and conclusions are drawn. We were aware
of those possible biases in the design of the study. Hence, we
thoroughly informed participants and obtained informed consent,
built a nonjudgmental and open environment while prototype
testing, and used researcher triangulation as well as research
team discussions for peer debriefing during data analysis [30].
Thus, it cannot be guaranteed, that the discussed findings and
the identified usability issues as well as possibilities for
improvement are exhaustive and are generalizable beyond the
study population. In addition, it must be noted, that the findings
may differ in an old adulthood population.

Second, participants only tested the prototype feedback
visualizations developed within the study’s corresponding
research project for the homeSETT system and no other
real-time feedback systems for exercise therapy. Therefore, the
findings concerning the visualizations and feedback modalities
may not be directly applicable for real-time exercise feedback
on other developed projects.

Third, the feedback modality used was knowledge of
performance. Even though knowledge of performance and
knowledge of result as feedback modalities can have the same
implication on performance, the learning strategies between
those modalities differ [28]. Knowledge of performance enables
participants to immediately receive feedback on the quality of
their movement. Adding knowledge of result, for example, with
additionally adding a counter for repetitions during a predefined
time frame or a statistical analysis on how well each repetition
was performed at the end of a set could further increase
motivation and help the participants and therapists monitor
improvements. In addition, only concurrent and no terminal
feedback was used in this study. Incorporating different and
more feedback modalities and giving terminal feedback to
participants may lead to different results.

Future Directions
Despite these limitations, participants testing the prototype
feedback visualizations emphasized that it can positively
influence motivation and also be applicable in other fields, such
as sports or prevention. To the best of our knowledge, only a
few other studies incorporated qualitative usability testing in
the development of feedback systems [31,34,42], despite the
necessity of combining evidence-based feedback interventions
with qualitative user-centered design processes [43]. The further
development of the homeSETT system for exercise therapy
within the SETT research project will incorporate the findings
of this study on usability factors for feedback visualizations and
future research will follow the 2-fold process presented by
Pirovano et al [44] for evaluation of the prototype system. This
study presented a qualitative evaluation regarding the usability
factors of the prototype on-screen feedback visualizations.
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Future research must highlight the applicability and validity of
the therapeutic efficacy of the homeSETT system for exercise
therapy within a clinical trial.

Conclusions
This paper presents findings from a qualitative study on usability
factors using the methods of thinking aloud, scribing logs, and
semistructured interviews to assess user requirements for
prototype on-screen feedback visualizations. The prototype
feedback visualizations were perceived as positive by
participants. Participants noted that the prototype feedback

visualizations could be applied well in therapy settings. Overall,
participants emphasized that the prototype feedback
visualizations were simple, clear, and self-explanatory, but gave
broad-reaching advice for optimizing the presented
visualizations, such as incorporating additional game design
elements for information purposes. Future work will integrate
the gathered knowledge to optimize the prototype feedback
visualizations and incorporate them in a further iteration of the
homeSETT system. Future research must focus on the
applicability and efficacy of the homeSETT system in the
framework of a clinical trial.
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Abstract

Background: Conventional rehabilitation approaches involve therapists simulating various occupational tasks in health care
settings or recreating real-life situations to assess and train patients in instrumental activities of daily living (IADLs). As an
alternative, immersive virtual reality (IVR) has been widely used in stroke rehabilitation for years, but research comparing
occupational performance between virtual and real environments is limited.

Objective: This study aims to introduce a novel IVR shopping system designed for patients with stroke and to investigate the
correlation of occupational performance in virtual and real environments among patients with stroke.

Methods: Ten patients with stroke were recruited from the Department of Rehabilitation Medicine, Shenzhen Hospital, Southern
Medical University, who met the inclusion and exclusion criteria for this observational, randomized crossover study; the patients
were predominantly male (n=7), had experienced ischemic stroke (n=9), were aged 14 to 73 years, and had a time since stroke
of 1 to 42 months. All patients attempted shopping tasks in virtual and real environments. The Mini-Mental State Examination
(MMSE), Timed Up and Go Test (TUGT), modified Barthel index (MBI), and Lawton index (LI) were used to assess cognition,
ambulation, and activities of daily living. Memory capacity and duration in the virtual and real environments were recorded as
the primary parameters of occupational performance. The Wilcoxon test and Spearman correlation coefficients were used to
analyze the differences and correlations between the 2 environments.

Results: The Wilcoxon test showed no significant differences between the virtual and real environments in memory capacity
and duration of task completion (P>.99 and P=.99), and memory capacity in both environments correlated with the LI (ρ=0.81;
P=.005). Memory duration had a relationship with the TUGT in the virtual environment (ρ=0.68; P=.03) and a borderline negative
correlation with MMSE in the real environment (ρ=−0.58; P=.08).

Conclusions: Considering the small sample size used in this study and the study’s limitations, despite the significant correlation
between shopping performance in IVR and the real world, it is still too early to conclude that IVR is a noninferior approach, but
it presents the potential to be an alternative for assessment and training in IADLs when resources are limited. However, further
research is needed to investigate the psychometric properties, clinical effects, and impact of virtual training on real-world
performance. The implications for practice might include the following: (1) occupational performance in virtual shopping might
be the same as real-world shopping, and more virtual IADLs could thus be developed; (2) virtual IADL assessment and training
systems could be used in remote locations or locations with limited resources; and (3) more objective parameters of IADLs could
be extracted from virtual environments.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000041058; https://www.chictr.org.cn/showprojEN.html?proj=65714

(JMIR Serious Games 2024;12:e58388)   doi:10.2196/58388
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Introduction

Based on the latest statistics, China is facing the greatest
challenge worldwide related to stroke [1]. Many patients with
stroke experience long-term disability in the somatosensory
system, cognition, activities of daily living, and their vocation,
which could significantly impact their quality of life [2]. Stroke
rehabilitation involves addressing body function, activities,
participation, and environmental and personal factors based on
the framework of the International Classification of
Functioning, Disability and Health (ICF) [3]. A crucial ICF
domain is instrumental activities of daily living (IADLs), which
occupational therapists assess through observation in real
environments or questionnaires such as the Functional Activities
Questionnaire and Lawton index (LI) [4-6]. However, it is
challenging to achieve consistency between subjective
questionnaires and observations. Additionally, some IADL
training content, such as shopping, public transportation, and
spatial orientation in the community, is difficult to implement
in general hospitals and rehabilitation settings due to limited
human resources and instruments. Occasionally, patients can
access nearby real environments for assessment and training
under the supervision of occupational therapists.

For patients with stroke, occupational performance in IADLs
such as shopping, taking public transportation, and financial
management can be challenging. These occupational activities
require a combination of motor and cognitive skills, which may
be affected by stroke. As a result, stroke rehabilitation is
essential to help patients regain function and independence.
Virtual reality (VR) technology has emerged as a potential tool
for stroke rehabilitation [7]. It can provide a controlled, safe
environment for patients to practice IADLs, with less resource
consumption and fewer of the risks associated with real-world
activities. Previous studies have shown that VR can be effective
in the rehabilitation of the upper extremities [8], lower
extremities and balance [9], and cognition [10], as well as in
psychological rehabilitation [11]. However, most studies used
commercial VR games or intensive, repetitive exercises to train
body functions. Although current evidence suggests that
VR-based rehabilitation is beneficial [12,13], there are still
challenges in assessing and training patients in the activity
domain of the ICF, which includes IADLs. Son and Park [14]
found that cognitive training based on VR could benefit patients
with mild cognitive impairment (MCI) and Alzheimer disease
in IADLs. Other studies have also shown that immersive VR
(IVR) and serious games provide more benefits for patients
with stroke in upper extremity recovery compared with
nonimmersive VR and commercial VR games [8,15]. This is
because these technologies use varied human-computer
interactions, allowing patients to engage more fully with the
virtual environment. As such, IVR and serious games hold
promise for stroke rehabilitation, providing an alternative
approach to traditional methods.

Compared with nonimmersive VR, IVR has more freedom in
system design for human-computer interactions. This allows
for a more natural simulation of movement patterns during
IADL tasks such as turning the head toward lateral or rear targets
or moving within a large space. Conversely, nonimmersive VR
requires the user to continuously watch the front screen during
interactions [15]. Palacios-Navarro and Hogan [16] identified
advantages of IVR for gait, balance, and upper extremity
rehabilitation, but their interventions were not specifically
related to IADLs. Compared with intensive and repetitive
training, distributed and IADL-related training significantly
differ in user experience, and occupational performance in IVR
may differ from previous studies. As such, further research is
needed to explore the potential benefits of IVR for stroke
rehabilitation, particularly in IADL tasks.

Well-designed human-computer interactions can prompt patients
to initiate activities, but feedback in virtual environments is
currently limited, with most systems only simulating auditory,
visual, and vibration senses. Somatosensory simulation remains
a challenge [7]. Therefore, it is meaningful to explore the value
of activities implemented in IVR in comparison to real-world
activities, as this technology could serve as an alternative
approach [17]. Previous research has investigated movement
kinematic and postural control differences between virtual and
real golf putting in undergraduate students. The results showed
that haptic conditions improved swing kinematics compared to
pure VR, and movement patterns in the virtual environment
were closer to those in the real environment [18]. These findings
are partially supported by a study conducted by Ferroni and
colleagues [19], which showed that remapping of peripersonal
space can occur in the real world with somatosensory input but
not in a virtual environment without somatosensory feedback.
However, a review conducted by Tuena and colleagues [20]
concluded that nonimmersive virtual environments are suitable
for spatial memory in people with MCI, and there have been
limited studies exploring occupational performance in IVR.
IADLs require multidimensional functions like cognition, motor
skills, and environmental interaction. Therefore, IADL
performance in IVR may differ from real-world performance.

Currently, there is a lack of studies comparing occupational
performance in IVR and real environments when patients who
have had a stroke engage in IADL tasks [21]. Shopping is the
most complex activity among IADLs and is difficult to carry
out in the real world. Virtual shopping is attracting the interest
of rehabilitation professionals [22,23]. Therefore, this study
aimed to investigate the correlation between the occupational
performance of patients with stroke in virtual and real shopping
tasks and to investigate the possibility of virtual shopping as an
alternative approach for IADL assessment and training. We
hypothesized that patients would perform similarly in the IVR
and real environments.
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Methods

Study Design
This pilot study was designed as an observational, randomized,
crossover study comparing occupational performance in
real-world shopping and IVR shopping among people
undergoing stroke rehabilitation (Figure 1). The real-world and
virtual shopping sequence was randomized by flipping a coin

(heads: real-world shopping first; tails: virtual shopping first).
All patients were recruited at the Department of Rehabilitation
Medicine, Shenzhen Hospital, Southern Medical University.
The rehabilitation physicians screened inpatients with stroke
admitted to rehabilitation wards according to the inclusion and
exclusion criteria. Once the patients agreed to participate in this
study, they were referred to occupational therapists for
assessment and implementation of VR training.

Figure 1. Flowchart of this study.

Ethics Approval
This study was approved by the ethics committee of Shenzhen
Hospital, Southern Medical University (AF/SC-09/01.0). We
adhered to the Declaration of Helsinki of 1975 and 2000

throughout the study, and followed the institutional and national
ethical standards on human experimentation. All the patients
with stroke in the rehabilitation ward who met the requirements
had the right to participate in this study freely, and they could
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leave the study any time they wanted without any repercussions.
This study’s Chinese Clinical Trial Registry registration number
is ChiCTR2000041058.

Inclusion and Exclusion Criteria
All patients were required to meet the following criteria: (1)
they had completed primary education (reading was needed
throughout the tasks in the virtual and real environments); (2)
they had medically stable stroke (defined as having reported no
further decline in body function); (3) they had a Brunnstrom
stage from 3 to 6; (4) they could ambulate independently with
or without assistive devices; (5) they had a Mini-Mental State
Examination (MMSE) score of 24 or higher; and (6) they could
understand and follow study instructions. Patients were excluded
if they met the following criteria: (1) they had any discomfort
or contraindications related to the study; (2) they were unable
to sign the informed consent form; and (3) they were
participating in any other ongoing study.

Outcome Measures
Shopping accuracy, which indicates recall ability, and time,
which reflects executive functioning, are the most important
parameters in occupational performance for this task [24].
Regarding the objectives of this study, we aimed to compare
performance in virtual and real environments but not to examine
the effect of training, and as time performance (ie, executive
functioning) can be influenced by multiple confounders, such
as recall, ambulation, and upper extremity function, and can
lead to observations of less stable performance, we extracted
time (ie, duration) for the most stable, best performance of recall
(ie, memory capacity). In addition to performance in the virtual
and real environments, including memory capacity and duration
of shopping, we also used 4 conventional assessments. (1)
MMSE—this test is widely used to assess cognitive function
in individuals with suspected cognitive impairment. It includes
questions and tasks designed to test orientation, attention,
memory, language, and visual-spatial skills. The maximum
score is 30 points, with higher scores indicating better cognitive
function [25]. (2) Timed Up and Go Test (TUGT)—this test
assesses ambulation. It measures the time an individual takes
to rise from a chair, walk a distance of 3 meters, turn around,
walk back to the chair, and sit down again. The test assesses
static and dynamic balance, lower extremity strength, and
mobility. The best time in 3 attempts is recorded [26]. (3)
Modified Barthel index (MBI)—this was used to investigate
basic activities of daily living (BADLs). The MBI is a validated
scale that measures the ability to perform BADLs such as
feeding, bathing, dressing, and grooming. It ranges from 0 (total
dependence) to 100 (total independence) [27]. (4) the LI—this
index assesses IADLs, including the ability to perform complex
daily tasks such as using the telephone, shopping, cooking, and
handling finances. It ranges from 0 (total dependence) to 18
(total independence) [28].

An experienced occupational therapist was responsible for
conducting all assessments. The patients were assessed after
being referred by rehabilitation physicians in charge of

screening. The IVR system automatically recorded data related
to the virtual environments, while occupational performance in
real environments was recorded manually with a stopwatch and
a notebook. We followed the instructions described in the
following studies: the Chinese version of MMSE, which was
investigated by Katzman and colleagues [25], the TUGT, which
was reported by Mathias and colleagues [26], the Chinese
version of the MBI, which was translated by Leung and
colleagues [27], and the Chinese version of the LI, which was
described by Tong and Man [28].

Implementation of the Shopping Tasks
A research student in occupational therapy was in charge of
implementing this study. On the second day after assessment,
all patients were required to complete shopping tasks in virtual
and real environments in one day, with sufficient time (one day
before shopping) to explore both environments and eliminate
time wasted due to unfamiliar circumstances. To minimize any
potential learning effect on occupational performance, the
research student confirmed the randomization of the sequence
before implementing the study by flipping a coin. The shopping
tasks were repeated until the best result for memory capacity
was obtained.

The shopping tasks in the virtual environments were delivered
using an all-in-one commercially available immersive
head-mounted display (PICO Neo 2 Pro; PICO Immersive Pte).
This device provides 6 degrees of freedom and enables users
to navigate a virtual environment of approximately 9 square
meters. All the shopping tasks were integrated into this area.
Interactions between patients and the virtual environment, such
as picking up goods, pressing buttons, and making payments,
rely on holding joysticks in both hands. Figure 2 shows
photographs of the display being used and screenshots of the
virtual environments. Virtual shopping incorporated several
modules, including a virtual home, elevator, bus, and store.
After patients entered the system and set parameters, tasks were
arranged randomly in the virtual home. Patients had 1 minute
to memorize tasks, including a bus route, locations in the home,
a bus stop, and a store, as well as the goods they needed to
purchase (Figure 2A and B). All patients began by purchasing
4 items, and the number of items (representing memory
capacity) increased or decreased automatically to the maximum
or minimum for which patients could complete tasks without
any mistakes. Virtual shopping could be repeated several times
to accurately determine memory capacity. Patients were required
to proceed to an elevator, press a button, enter the elevator, exit
the elevator, and proceed to a bus stop (Figure 2C-E). The store
could be reached by taking the correct bus route and getting off
at the correct bus stop (Figure 2F and G). Patients could return
home by the reverse route after purchasing their goods and
making a payment (Figure 2H and I). Occupational performance
throughout the shopping experience was displayed after the
patients arrived home (Figure 2J). The research student stood
beside the patients during virtual shopping for safety and fall
prevention.
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Figure 2. The first author (XW) demonstrates the shopping tasks in the IVR shopping training system: (A) selecting an account, (B) reading the shopping
list, (C) entering the elevator, (D) reading the bus stop information board, (E) waiting for the bus, (F) riding the bus, (G) entering the store, (H) settling
the payment, (I) returning home, and (J) viewing the results.

We also conducted a real-environment simulation of shopping
at our hospital. The patients initiated the shopping tasks in our
rehabilitation laboratory on the second floor, which was
equipped with VR technology. They then took the elevator to
the hospital store on the first floor, as they did in the IVR
shopping system. The distance between the laboratory and the
store was approximately 120 meters, and the time it took for a
healthy adult to traverse this distance was similar to the time it
took in the virtual environment. The real store had numerous
shelves of goods, and we used 2 shelves specifically for this
study. The number of items and strategies for increasing and
decreasing the number of items were the same as in the virtual
shopping system, but the types of items differed.

Data Analysis
Nonparametric approaches were used for data analysis because
of the small sample size in this study. Comparisons between
the virtual and real environments were analysed using the
Wilcoxon test, and the correlations between assessments and
shopping performance were evaluated using Spearman
correlation coefficients (ρ). The hypothesis of this study was
that occupational performance in both virtual and real

environments would be similar. We used Cohen d to estimate
the effect size when memory capacity and duration were
compared between the virtual and real environments. The
Spearman correlation coefficient was used for the effect sizes
of correlations between memory capacity, duration, and
assessments. The ρ values were interpreted as follows: 0 to 0.25
indicated a weak correlation; 0.25 to 0.5 indicated a fair
correlation; 0.50 to 0.75 indicated a moderate correlation; and
0.75 or above indicated an excellent correlation [29]. Assuming
a correlation coefficient of 0.8 between the virtual and real
environments for memory capacity, the required sample size
for this study to detect a significant correlation (P<.05) with a
2-tailed test was determined to be 9 according to the sample
size table for correlation analysis recommended by Portney and
Watkins [29]. CIs are reported in the correlation analysis. The
occupational therapist (XW) reviewed any adverse events among
the recruited patients during the study. Once an event caused
by the VR system such as headache, sickness, exhaustion, or
any other discomfort was confirmed, the patient was advised
to stop the study.

JMIR Serious Games 2024 | vol. 12 | e58388 | p.764https://games.jmir.org/2024/1/e58388
(page number not for citation purposes)

Wei et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

Twelve potential patients were recruited from January 3 to June
31 in 2022. Ten of them completed all tasks, while 2 were
excluded due to sickness during virtual shopping (n=1) and
exhaustion during real-world shopping (n=1) (Figure 1).
According to the report from the sick patient, she experienced
sickness even when watching conventional video games on a
television. These 2 patients stopped the study voluntarily. The
recruitment was stopped because the proposed sample size was
met.

The demographic characteristics of the recruited patients are
summarized in Table 1. The majority of patients were male
(n=7, 70%) and had experienced ischemic stroke (n=9, 90%).
Their ages ranged from 14 to 73 years, and the time since stroke
ranged from 1 to 42 months (n=7, 70% were in the chronic
stage).

The Wilcoxon test showed no significant differences in memory
capacity and duration between the virtual and real environments

(P>.99 and P=.99). The median values for memory capacity
(ie, the maximum numbers of objects a patient could recall,
such as fruits, soft drink, and vegetables) were the same in both
environments at 3.50 (IQR 3.00-4.75), with a difference of 0.
The median values for duration in the virtual and real
environments were 604.50 (IQR 549.00-636.75) seconds and
582.50 (IQR 515.50-611.50) seconds, respectively, with a
median difference of 21.00 (IQR −98.50 to 72.50). Cohen d
showed the effect sizes of memory capacity and duration were
0 and 0.02, respectively (Table 2).

The Spearman correlation coefficient showed a significant
relationship between memory capacity and the LI in the virtual
and real environments (ρ=0.81, 95% CI 0.42‐0.96; P=.005).
Duration had a moderate relationship with the TUGT in the
virtual environment (ρ=0.68, 95% CI 0.13‐0.94; P=.03) and
a borderline negative correlation with the MMSE in the real
environment (ρ=−0.58, 95% CI −0.92 to 0.03; P=.08) (Table
3).

Table . Demographic characteristics of the recruited patients (n=10).

LId valueMBIc valueTUGTb

score

(seconds)

MMSEa

score

Time since
stroke
(months)

Type of
stroke

EducationOccupationAge (years)GenderPatient

1510038297IschemicHigh
school

Retired
business-
man

59Male1

151008279IschemicMiddle
school

Business-
man

50Male2

1593573042Hemorrhag-
ic

UniversityRetired en-
gineer

66Male3

128631288IschemicHigh
school

Clerk37Female4

1510021293IschemicPrimary
school

Business-
man

38Male5

16100113010IschemicMiddle
school

Student14Male6

1710019294IschemicMiddle
school

Manager44Male7

1510014301IschemicPrimary
school

Farmer73Female8

10100312511IschemicMiddle
school

Unem-
ployed

30Female9

18100232911IschemicUniversityClerk53Male10

aMMSE: Mini-Mental State Examination; scored out of 30.
bTUGT: Timed Up and Go Test.
cMBI: modified Barthel index; scored out of 100.
dLI: Lawton index; scored out of 18.
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Table . Occupational performance comparison between the virtual and real environments (n=10).

Difference between
virtual and real, mean
(IQR)

Cohen dP value (Wilcoxon
test)

Real, mean (IQR)Virtual, mean (IQR)Occupational perfor-
mance

0 (0 to 0)0>.993.50 (3.00-4.75)3.50 (3.00-4.75)Memory capacity

21.00 (−98.50 to 72.50)0.02.99582.50 (515.50-611.50)604.50 (549.00-636.75)Duration (seconds)

Table . Correlations between occupational performance and demographic characteristics (2-tailed Spearman correlation coefficients with 95% CI;
n=10).

P valueLIc, ρ (95% CI)P valueTUGTb, ρ (95%
CI)

P valueMMSEa, ρ (95%
CI)

Occupational performance

Virtual environment

.0050.81 (0.42 to
0.96)

.69−0.15 (−0.86 to
0.62)

.110.53 (−0.33 to
0.98)

Memory capaci-
ty

.12−0.52 (−0.96 to
0.25)

.030.68 (0.13 to
0.94)

.24−0.41 (−0.95 to
0.39)

Duration (sec-
onds)

Real environment

.0050.81 (0.42 to
0.96)

.69−0.15 (−0.86 to
0.62)

.110.53 (−0.33 to
0.98)

Memory capaci-
ty

.31−0.36 (−0.95 to
0.48)

.400.30 (−0.45 to
0.77)

.08−0.58 (−0.92 to
0.03)

Duration (sec-
onds)

aMMSE: Mini-Mental State Examination.
bTUGT: Timed Up and Go Test.
cLI: Lawton index.

Discussion

Principal Findings
The goal of this research was to investigate the correlation
between occupational performance among patients with stroke
in shopping tasks in 2 different environments: IVR and the real
world. The primary parameters we concentrated on were
memory capacity and the time taken (ie, duration) for shopping
tasks. Our initial findings preliminarily support our hypothesis
that occupational performance in these 2 situations is similar
in terms of memory capacity. The findings indicate that IVR
shopping could be an alternative assessment and training
approach for IADLs.

Exploring the consistency of performance in IVR and real
environments is crucial for developing this new technology for
rehabilitation. Our preliminary data show no significant
difference between IVR and real environments regarding
cognition (memory capacity) and movement (duration).
Currently, there is limited evidence comparing IVR and real
environments, but a systematic review conducted by Tuena and
colleagues [20] showed that spatial memory performance was
similar in nonimmersive virtual and real environments. A recent
review by Palombi and colleagues [30] on IVR and a real radial
arm maze found that IVR was suitable for navigation training
and promoting spatial memory performance. These findings
suggest that cognitive performance in IVR may be comparable
to real environments. However, we need to know the difference
between IVR and previous technologies. IVR delivers a more
immersive environment than nonimmersive technologies and

presents virtual tasks that are closer to activities of daily living
than a radial arm maze.

Further research is needed to compare movement performance
between IVR and real environments. One study on obstacle
avoidance distance conducted by Khenak and colleagues [31]
showed that movement in a real environment was significantly
different from IVR, with a larger avoidance distance observed
in a real environment. This finding is partially supported by a
study done by Brock and colleagues [18], which found that
motor control (movement kinematic and postural control) in
golf putting could be influenced by somatosensory input, and
better occupational performance could be observed in real
environments. However, these studies’ findings should be
compared cautiously with ours for several reasons. First, the
patients recruited were different in these past studies and our
study. We recruited patients who had experienced stroke,
whereas the 2 previous studies recruited healthy adults and
undergraduate students. Impaired ambulation could be a critical
factor that influences movement performance and masks the
contribution of differences between environments. Second,
different systems were used and different parameters were
extracted. We simulated a full route of community shopping
based on usual activities of daily living–related training in
conventional rehabilitation and extracted duration as the
movement performance. Still, the 2 previous studies used indoor
navigation and golf putting, and the movement patterns of these
activities were simpler and shorter aspects of activities of daily
living. Finally, the sample size could be an important element
in reducing the power of this study. These findings might
suggest that the consistency of movement performance in virtual
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environments compared to real environments presents variable
outcomes that further influence occupational performance.

IADLs refer to the integration and performance of body
functions, that is, cognition and movement [3]. Our study found
a positive correlation between cognition (memory capacity) and
IADLs (the LI), with a strong correlation coefficient of 0.81.
This correlation was consistent across both IVR and real
environments. This result is partially supported by a study
conducted by Ghaffari and colleagues [32], which found that
memory, as assessed with the Wechsler memory scale,
correlated moderately with the LI. However, our study did not
find a significant correlation between movement (duration) and
the LI. A previous study reported a moderate correlation
between movement performance as assessed by the Motricity
index for the upper and lower extremities and the LI [32]. The
varying movement performance observed may have led to this
conflict. Multiple tasks could have influenced the duration of
virtual ambulation throughout such activities of daily living as
shopping in this study. At the same time, fewer confounders
affected muscle strength, and the previous study used fewer
activities of daily living. Currently, the relationship between
movement and IADLs in virtual environments has not been
extensively studied. Our findings suggest that cognitive
performance is comparable in virtual and real environments,
but the consistency of movement performance could be variable
due to differences in confounders.

Interestingly, our results indicated a moderate and significant
correlation between duration and the TUGT in the IVR
environment (ρ=0.68; P=.03), but this correlation was not
significant in the real-world environment. However, a borderline
moderate negative correlation was observed between the
duration and MMSE scores in the real environment (ρ=−0.58;
P=.08), with no significance seen in IVR. The TUGT and
MMSE are valid and reliable assessments for ambulation and
cognition screening, respectively [25,26]. These results suggest
that movement performance (duration) in a virtual environment
may predict the ability to ambulate (but not in the real
environment). Conversely, cognition (MMSE) is a critical factor
influencing movement performance in real environments (but
not virtual ones). These conflicts might be attributed to the
varying experiences encountered in virtual and real
environments, such as the reduced somatosensory input in a
virtual environment [18,19].

Limitations
The limitations of this study include the following: (1) The
small sample size met the requirement of memory capacity but
not other parameters and assessments, which could have
influenced the power of this preliminary study. We suggest
increasing the sample size according to the research topic. (2)
A public bus route was not used in the real environment, which

was a prominent difference between IVR and the real
environment. This difference might have influenced shopping
performance in the virtual and real environments. Replacing
bus-taking with walking in the virtual environment or adding
a simulation of bus-taking to the real environment are possible
solutions for this. (3) We recruited patients who had experienced
stroke who had good functioning and literacy to guarantee
compliance and executive function. Patients with low
functioning or who were illiterate might have presented different
results, so the representativeness of this study could have been
influenced. Slightly increasing the variety of recruited patients
could enhance the generalizability of the findings. (4) Memory
capacity and duration are only partial parameters; they cannot
show the full picture of occupational performance. Exploring
more sensitive parameters and assessments according to the
research focus could be helpful. Readers should be cautious
when interpreting the findings of this study.

Future Directions
Future research could proceed in the following directions: (1)
increasing the sample size, which could lead to more findings;
(2) using different types of human-computer interaction and
data extraction, which could influence, respectively,
occupational performance and observations of different
dimensions of occupational performance; (3) extending the use
of IVR to patients with stroke who have worse functioning; (4)
exploring the effect of training and the transfer of gains in IVR
to the real environment; and (5) assessing the benefits of IVR
in different circumstances, such as home-based and
community-based rehabilitation and telerehabilitation.

Conclusions
In conclusion, considering the small sample size used in this
study and the study’s limitations, despite the significant
correlation between shopping performance in IVR and the real
world, it is still too early to conclude that IVR is a noninferior
approach, although it has the potential to be an alternative
approach for assessment and training for IADLs when resources
are limited. However, further research is needed to investigate
the psychometric properties of this novel assessment, the
effectiveness of training in IVR, and whether the effect can be
translated to the real-world environment. The implications for
practice might include the following: (1) occupational
performance in virtual shopping might be the same as real-world
shopping, and more virtual IADLs could be developed,
especially for activities that are challenging in real
environments; (2) virtual IADL assessment and training systems
could be used in remote locations or limited-resource settings,
such as community-based rehabilitation and telerehabilitation;
(3) more objective parameters of IADLs could be extracted
from virtual environments, such as balance, ambulation, and
cognition.
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Abstract

Background: Since the early 2000s, there has been a growing interest in using exercise video games (exergames) and virtual
reality (VR)–based interventions as innovative methods to enhance physical rehabilitation for individuals with multiple disabilities.
Over the past decade, researchers and exercise professionals have focused on developing specialized immersive exercise video
games for various populations, including those who have experienced a stroke, revealing tangible benefits for upper limb
rehabilitation. However, it is necessary to develop highly engaging, personalized games that can facilitate the creation of experiences
aligned with the preferences, motivations, and challenges communicated by people who have had an episode of stroke.

Objective: This study seeks to explore the customization potential of an exergame for individuals who have undergone a stroke,
concurrently evaluating its usability as a technological tool in the realm of physical therapy and rehabilitation.

Methods: We introduce a playtest methodology to enhance the design of a VR exergame developed using a user-centered
approach for upper limb rehabilitation in stroke survivors. Over 4 playtesting sessions, stroke survivors interacted with initial
game versions using VR headsets, providing essential feedback for refining game content and mechanics. Additionally, a pilot
study involving 10 stroke survivors collected data through VR-related questionnaires to assess game design aspects such as
mechanics, assistance, experience, motion sickness, and immersion.

Results: The playtest methodology was beneficial for improving the exergame to align with user needs, consistently incorporating
their perspectives and achieving noteworthy results. The pilot study revealed that users had a positive response. In the first
scenario, a carpenter presents a game based on the flexion-extension movement of the elbow; the second scenario includes a tejo
game (a traditional Colombian throwing game) designed around game mechanics related to the flexion-extension movement of
the shoulder; and in the third scenario, a farmer challenges the player to perform a movement combining elbow flexion and
extension with internal and external rotation of the shoulder. These findings suggest the potential of the studied exergame as a
tool for the upper limb rehabilitation of individuals who have experienced a stroke.

Conclusions: The inclusion of exergames in rehabilitation for stroke-induced hemiparesis has significantly benefited the recovery
process by focusing on essential shoulder and elbow movements. These interactive games play a crucial role in helping users
regain mobility and restore practical use of affected limbs. They also serve as valuable data sources for researchers, improving
the system’s responsiveness. This iterative approach enhances game design and markedly boosts user satisfaction, suggesting
exergames have promising potential as adjunctive elements in traditional therapeutic approaches.
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Introduction

Background
In recent years, technological advances have influenced motor
rehabilitation interventions for survivors of stroke, with the
introduction of exergames, known as “serious games for health,”
which help motivate individuals in their rehabilitation [1-4].
However, the development of such exergames needs to consider
users’ needs and rehabilitation goals [5].

Virtual reality (VR) immersive [6] systems have become
increasingly popular in rehabilitation, as they offer immersive
and engaging activities, improving motivation and skill
acquisition [7]. Nevertheless, systematic reviews have noted
that most VR apps primarily focus on balance and gait, with
limited attention to upper extremity rehabilitation [8,9].

Efforts have been made to design exergames tailored for
survivors of stroke, but challenges remain, including limited
user involvement and lack of immersive VR integration [10,11].

This study aims to address these challenges by designing a
VR-based upper limb rehabilitation exergame using a
user-centered approach, involving survivors of stroke in the
design process and conducting playtests with an immersive VR
setup [12]. The methodology aims to improve interdisciplinary
collaboration and facilitate the involvement of clinicians in the
design process [13,14]. The primary objectives are to provide
personalized upper arm physiotherapy for survivors of stroke
through an improved VR exergame and to assess its usability
through user feedback [15]. This work encourages collaboration
among clinicians, researchers, and designers to create an
engaging rehabilitation exercise that complements the recovery
process for survivors of stroke, ultimately enhancing their
quality of life.

Related Work

VR-Based Physical Rehabilitation for Stroke
Experts in rehabilitation, kinesiology, and neuroscience are
integrating VR systems with exergames to enhance the appeal
and effectiveness of rehabilitation processes [16]. Early studies,
such as those by Henrique et al [17] and Burke et al [18],
demonstrated the positive impact of exergames on balance, gait,
and upper limb motor function in patients with stroke,
highlighting improved therapy adherence [14,16-20]. However,
systematic reviews have indicated that most VR apps for
after-stroke therapy primarily focus on balance and gait, with
limited attention to upper extremity rehabilitation [3,21,22]. To
address this gap, we aim to evaluate the potential of an exergame
for upper limb rehabilitation using immersive VR systems [22].

In addition, prior research has shown that complementing or
replacing standard rehabilitation with VR-based rehabilitation
can result in significant improvements in gait speed, balance,
and mobility in patients with stroke [3,17,21-23]. Our work

aims to contribute to the development of guidelines for using
VR-based rehabilitation in conjunction with conventional
therapy, with a focus on upper limb rehabilitation.

Although some researchers, such as Reis et al [10], Leung et al
[11], and Horsham et al [24], have proposed methodologies for
developing specific exergames for stroke rehabilitation, there
is still limited knowledge regarding immersive VR-based
designs targeting upper limb rehabilitation [10,11,24]. Therefore,
we intend to involve survivors of stroke in an iterative
playtesting process to develop an upper limb VR-based
rehabilitation system and bridge this gap.

Playtesting as an Iterative Design for Stroke
This section covers research related to the use of playtesting as
an iterative user-centered design (UCD) methodology. UCD
has played a significant role in the development of games for
rehabilitation and overall health [25,26], as it is a methodology
that allows active participation of the target population in the
system’s prototyping process. UCD, applied in game design,
often advocates for an interactive and participative methodology
that includes multiple playtests with end players. Playtesting is
an activity carried out with potential users or players who
interact with game prototypes developed in the early stages,
making it easier to gather individual opinions and ideas that
contribute to improving the gameplay aspects of exergames
during their development [27,28]. Playtesting is a key and
standardized methodology used in game studios to iterate and
systematically improve games before they are released to the
public [29].

A relevant example is the work of Duval et al [30], who
conducted a collaborative study with 14 clinicians, focusing on
therapeutically validating the game based on their opinions
rather than those of users. Duval et al [30] obtained significant
findings by addressing the adoption of therapy and personalizing
it according to the characteristics valued by medical
professionals. In contrast, other UCD works, such as the study
by Aguilar et al [31], have not used playtesting but have used
usability tests involving scales and flow state questionnaires.
Findings from 3 years of experience with exergames developed
for older adults using UCD methods concluded that devoting
the key to engaging with end users and considering feedback
and opinions can be considered the best practice guide for the
development of therapeutic games [32]. We believe that
playtesting can be beneficial for the design process of games
for health, as it is strongly recommended to involve the target
audience during the game design and development processes.
By doing so, developers increase the likelihood of creating
games that consider the specific preferences, motives, and
characteristics of survivors of stroke in need of physical therapy
[21]. By including survivors of stroke in interactive playtesting
and, consequently, in enhancing a VR exergame, we begin to
understand how this design methodology affects the subsequent
use of the exergame as a therapeutic tool.
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Methods

In this section, we introduce the interdisciplinary team that
worked on the improvement of the VR exergame we used in
the playtesting session and the pilot study, as well as the
description of the VR exergame. Furthermore, we present the
playtesting methodology and the pilot study methodology.

Interdisciplinary Team
The structured design team was composed of an expert clinical
physiatrist who advised the movements that users with stroke
are likely to perform from a clinical viewpoint; a physiotherapist
who provided permanent follow-up in all sessions with the
users; a designer of exergames who helped implement the UCD
methodology to have clear game mechanics; an expert in
biomechanics who analyzed ranges of movement, postures, and
gestures; a user experience researcher who organized all sessions
with the users; 2 professional game programmers who created
the game prototypes; and 2 users who experienced stroke
episodes and interacted with the system and based on the
answers they gave us an improved exergame. For 2 months,
this group convened weekly to discuss the exergames’
requirements, technologies, and overall scope of the project.
The discussions were centered on defining the activities in the
internet-based environment and strategies for the recruitment
of potential users. At the end of the design process, the group
of game developers with programming experience used the
Unity game engine (Unity Technologies) to materialize the
ideas.

The main topics addressed by the interdisciplinary team were
(1) the definition of the main objectives and roles of the project;
for example, project management was assumed by the
exergames designer, and the user experience researcher assumed
the role of project manager and conducted most of the fieldwork;
(2) socialization of playtesting activities, including user
recruitment and experimental protocol; and (3) reconsideration
and further adjustment of game design elements, such as game
mechanics and their mapping with therapeutic objectives.

Design of the VR Exergame

Prior Design of the VR Exergame
We performed a rapid contextual design based on a previous
study, where user profiles were defined using user personas

[33]. In this study, we characterized 4 persona roles that
distinguish them as gamers: apathetic, empathetic, beginner,
and experienced. Specifically, we used the results of the user
modeling process to define certain game elements. For example,
we found that users showed interest in sports games. Hence,
body interaction familiar with certain sports games was an
important requirement to be integrated into the exergames. In
addition, users were comfortable with game content related to
their daily lives. Therefore, incorporating cultural activities into
the exergames could be a promising approach. In addition, in
this prior study, we considered the following clinical
requirements when developing the VR exergame [34,35].

Population specificity: according to previous studies [36], most
users who have experienced a stroke are older than 40 years,
and few are younger than 30. These studies also showed that
the older population has little experience with VR. In contrast,
therapist experience suggested that ranges of motion vary across
users who have experienced a stroke. Therefore, designers
should be careful when adapting internet-based therapy to a
wide range of capabilities [37].

Motor learning: different principles of motor recovery should
be considered in the creation of the activities to be performed
within the exergames, such as a meaningful task, intensive and
repetitive practice, movements close to the normal range, muscle
activation that drives the practice of movement, and variability
and progression of training [10,38,39].

Rehabilitation movements: the movements suggested by
clinicians to perform upper limb physical therapy in paretic
users are listed in Table 1. These are shoulder flexion and
extension, elbow flexion and extension, and Kabat diagonals.
Kabat diagonals are internal and external rotation movements
of the shoulder. According to Della Tommasina et al [40], a
repetitive process of these movements is necessary to perform
physiotherapy, from which a more effective range of motion
recovery will be obtained [41]. The elbow and shoulder are the
upper limbs’main joints, articulating the arm’s largest segments.
These joints require a greater range of motion in flexion and
extension and often affect and limit arm motion when a stroke
episode occurs. Hence, we decided that users in a seated position
should perform different arm movements while playing the
VR-based rehabilitation exergame, targeting multiple possible
physical rehabilitation needs in the upper limbs of people with
stroke.

Table 1. Rehabilitation movements proposed for the exergame.

Action in the exergameApplicationMovement

Destroying blocks with a hammerImprovement in the width of movement in daily life activitiesFlexion and extensionElbow

Throwing tejosImprovement in the width of movement in daily life activitiesFlexion and extensionShoulder

Cutting grass with a macheteImproved range of motion in the daily life activitiesInterior and exterior extensionElbow

Complementary therapy: we propose a therapy that uses the
VR-based rehabilitation exergame to complement the
rehabilitation process instead of replacing the traditional one,
such as the one proposed by Goncalves et al [42]. We are
confident that users who have experienced a stroke will play an
exergame with engaging activities because they are developed

based on their needs and motivations. Therefore, the exergames
will allow a disruptive experience different from conventional
therapies, generating interest, excitement, and willingness to
carry out their rehabilitation process without neglecting the
conventional therapy recommended by clinical specialists [38].
Considering the rapid contextual design and the clinical
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requirements named in this study, in a prior study, we developed
a VR exergame following the well-known game design
methodologies by Schell [29], as we contextualize in the
following subsection.

Motion Health VR: VR Exergame for Stroke
Rehabilitation
In a prior study, we established a game design concept and game
mechanics using the methodology proposed by Schell [29] and
a complete contextual design conducted with users with stroke.
This study covers a more systematic and complete description
of the playtesting sessions conducted with players with stroke
to iterate and improve the game based on the initial concept.
Knowing the preferences, ages, and profiles of potential users,
we decided to explore a design concept for the cultural regions
of Colombia (the Caribbean, Pacific, Andean, Orinoco, and
Amazon). We discovered that older adults are inclined to engage
in activities in the countryside and typical and authentic
Colombian games. We discussed this exergame concept with
the clinicians of our design team, gathering feedback regarding
the potential movements to be performed, particularly in the
context of mapping them for stroke rehabilitation therapies.
Considering the scope of the project and previous research
conducted with local users, development capabilities, and
timelines, we decided to start by developing a game design
concept related to the activities of the Colombian Andean region.
The Andean region is the central region of Colombia and has
crosscutting activities that are representative of the entire
country and run throughout the central Andes. The population
of this region practices sports, such as sapo and tejo (throwing
games), rowing, and other more well-known sports, such as
basketball and boxing. They also engage in other daily activities,
such as fruit picking, horseback riding, and bush cutting [43].
Aligned with these cultural activities, we designed game
scenarios that focused on a local setting using Colombian games.
The design team analyzed existing VR games to establish game
mechanics that could involve desired rehabilitation movements,
always considering the player’s motivators and needs. This
analysis facilitated communication between the team of

clinicians and specialists and the design and development team
while also helping to specify the activities that would be familiar
and engaging to the users. Therefore, we called the VR
exergame “Motion Health VR.” The exergame comprises 3
main scenes in which players must develop 3 different activities:
hammering, throwing a metal disk (a traditional Colombian
game called tejo), and cutting bushes while riding a horse.

The exergame presents 3 meticulously crafted scenarios, each
aligned with its unique reference to Figure 1. In the “carpenter”
scenario (Figure 1A), players engage in a dynamic elbow flexion
and extension challenge, wielding a hammer to systematically
crush boxes that vary in color and size, demanding specific
ranges of motion. Players must skillfully adjust their proximity
to the boxes to adapt to this diverse challenge, seamlessly
weaving in back-and-forth and crossbody-reaching motions.
Between the box-smashing activity, a captivating puzzle
gradually unveils itself, featuring distinct Andean wildlife. Upon
completing the activity, players earn the gratifying experience
of visualizing the completed animal puzzle. As players enhance
their hammering skills, the game dynamically escalates in
difficulty either by increasing hammering frequency or by
reducing box sizes. In the second scenario, inspired by
Colombia’s traditional tejo game (Figure 1B), players embark
on a shoulder-focused flexion and extension adventure,
mirroring the popular sport played nationwide. Throwing a
metal disk toward an explosive target known as a mecha on a
clay court, players must adjust their shoulder movements
according to the target’s distance, finetuning their range of
motion for precise throws and aiming to maximize target hits
with minimal repetitions. In the third scenario, the “farmer”
(Figure 1C), players are challenged with a multifaceted
movement that combines elbow flexion, extension, and internal
and external rotation of the shoulder, akin to Kabat diagonals.
In this rural setting, players ride an internet-based horse while
wielding a machete, a staple tool in the Colombian countryside,
tasked with clearing the obstructive bushes that appear on both
sides of the road. With one arm gripping the machete and the
other resting on the horse’s rein, players face escalating
challenges as the game progresses.

Figure 1. The presented scenarios of the Motion Health VR exergame with (A) a carpenter, (B) a throwing activity, and (C) a farmer, based on the
movement of the Kabat diagonals.

Playtesting Sessions
Iterative game design involves playtesting sessions with end
users, who will shape the game features before its final
deployment. The main objective of playtesting sessions is to
iterate different playable prototypes to improve the overall

playability of the game, thus increasing the likelihood of
adoption. In addition, playtesting allows the researcher to assess
the ability of potential players to perform the proposed activities
and understand game feedback. We developed playtesting
sessions using the VR exergame designed in a prior work.
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The playtest sessions were guided by a researcher accompanied
by a clinical specialist who helped contact different users who
had experienced a stroke. Owing to the COVID-19 pandemic,
visits to each user were scheduled in such a way that biosafety
protocols were maintained (eg, distancing, constant use of
masks, and hand and footwear disinfection). Upon arrival at the
agreed location, stakeholders performed the recommended
distancing protocols. Then, the researcher prepared the

experimental protocol, which consisted of setting up a table, a
chair without a hand rest, and verifying the internet connection.
Prototypes of the exergames were developed before the
playtesting sessions and ported to the VR headsets (Oculus Rift
in the first 4 iterations and Oculus Quest in the final version).
Disposable headset protectors and cleaners were used to
maintain biosafety measures. Table 2 presents the structure of
the playtest sessions.

Table 2. Protocol for conducting playtests.

Time (min)ConsiderationsActions

10—aBrief introduction of the dynamics of the session and interaction between the researcher
and the user with stroke to obtain informed consent

5Preparation and arrangementA quick explanation of how the VRb system works and what to expect from the activity

——System implementation (HMDc, headphones, and controls)

5Manifestation of difficulties, in real time
if necessary

Free play or natural interaction with the system

10Formulate the questions established for
the session

Receive feedback or explore ideas while users play

10QuestionsConclude the session with questions about the experience

aNot available.
bVR: virtual reality.
cHMD: head-mounted display.

A total of 4 playtesting sessions involving 9 end users who had
experienced a stroke were conducted. Each session was
performed with a minimum of 2 users chosen considering their
availability (Multimedia Appendix 1 lists the users who
participated in each session and their demographic information).
After playtesting, we recorded a video summarizing the session
and documented a brief analysis that was subsequently discussed
with the research and design teams. After each playtest, the
team held a general meeting where all the discussions were
presented. The subsequent playtest was scheduled after the
implementation of the suggested game changes.

Pilot Study: Evaluation of the Game Experience and
Usability of the Exergames
After conducting game playtests and completing a playable
prototype of the VR exergame (4 iterations), we decided to carry
out a pilot study to evaluate the usability of the game with a
group of users who had experienced a stroke, in which 2 users
who participated in one of the 4 iterations were part of the pilot
study group.

We conducted a 20-minute session that was part of the
rehabilitation therapy in which users who had experienced a
stroke played the iterated version of the Motion Health VR
exergame. We ported the final version of the game to the
standalone VR headset, Oculus Quest 2, as it has several
advantages, such as being wireless, comfortable, and having a
high image resolution.

Users
This usability study was developed with 10 users who had
experienced a stroke contacted through the clinician and
therapist of the design team. We chose this sample size

conveniently, considering the availability of users, which was
very limited. In contrast, the small sample size allowed us to
follow the biosafety protocols required for the COVID-19
pandemic, which was still ongoing in Colombia at the time of
the study. The inclusion criteria for the study were being aged
>50 years, having experienced a stroke and having hemiparesis
or monoparesis, being able to read and write, not having serious
vision problems (eg, strabismus), and not having diagnosed
cognitive disabilities (eg, dementia).

Ethical Considerations
The bioethics committee of the local university approved this
study, which was also approved by the bioethics committee of
a local rehabilitation center (52–050623). Users volunteered for
this study and agreed to participate by signing an informed
consent form.

Usability Study
Two questionnaires (instruments) were used to assess the game
user experience immediately after interacting with the immersive
game.

Virtual Reality Neuroscience Questionnaire
The Virtual Reality Neuroscientific Questionnaire (VRNQ)
measures the quality of user experience, game mechanics, and
in-game assistance. It comprises 20 questions, each scored on
a Likert-type scale ranging from 0 to 5 [44]. The advantage of
using this questionnaire is that it provides the limits to assess
the suitability of the software in VR [44]. VRNQ produces a
total score that reflects the overall quality of the VR software
and 4 categories as follows: (1) game experience, where the
level of immersion and pleasure of the experience are evaluated;
(2) game mechanics, where user interaction in the internet-based
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environment is evaluated; (3) game assistance, where the
exergame instructions, indications, arrows, and labels are
evaluated; and (4) motion sickness, which evaluates whether
you experience nausea, disorientation, fatigue, and instability.

Immersive Tendencies Questionnaire
The Immersive Tendencies Questionnaire (ITQ) determines the
differences in an individual’s tendencies to experience
immersion and presence after interacting with a VR scenario.
ITQ comprises 18 questions rated on a Likert scale from 1 to
7, resulting in a possible score ranging from 18 to 126. In the
original study, the mean score of the samples was 76.66 [45].
This questionnaire is considered a standard in VR research and
has been widely used in different applications [22]. A user with
a positive immersive tendency based on the ITQ score is likely
to experience higher levels of VR presence, which has been
associated with better task performance [22,41,46]. This
questionnaire is useful because it allows the evaluation of
immersion in a way that does not depend on the specific
internet-based environment, making it possible to determine
independently if an internet-based environment performs poorly
or if the statistical sample has low immersion trends. Some ITQ
questions are as follows:

• Does it often happen that while daydreaming, you forget
what is happening around you?

• Does it happen to you that you are so engrossed in a movie
that you forget what is happening around you?

• Do you identify with television characters?
• When you use an exergame, does it occur to you that you

feel like you are inside the game instead of sitting down
using the controller?

• Do you stay scared for a while after watching a scary
movie?

Experimental Setup
The researcher and the physical therapist held the interaction
session at each participant’s home, where they chose a
comfortable space to set up the VR system. The setup consisted
of a chair in which the user with stroke was seated with the
Oculus Quest 2 wearable headset and its respective wireless
controllers. The researchers were able to see what the players
were doing via the official Meta Quest app using an electronic
tablet in real time.

Protocol
The users began the pilot study session seated, using the headset
and holding the controllers. We conducted the session in the
following order. The user who had experienced a stroke
performed an upper body warm up for 5 minutes, guided by the
physical therapist. The researcher and physical therapist
prepared the user for the game by helping them put on the VR
system. The researcher started the exergame, which was
presented throughout the session, accompanied by a
physiotherapist. After the interaction, the user who had
experienced a stroke completed the 2 proposed questionnaires.
Given the biosafety regulations established by the Colombian
government because of the COVID-19 pandemic, all those
involved in the sessions always wore masks. In addition, the

researcher cleaned all VR and mounting elements each time
they were used.

Data Analysis
The questionnaires were scored following the instructions of
previous works. Descriptive statistics, such as mean and SD,
were calculated and reported [47,48].

Results

Overview
The results are presented in 2 subsections. The first subsection
details the transformation process of the game after conducting
3 playtesting sessions and iterations involving the end users and
the interdisciplinary design team. The second subsection
presents the preliminary results of a pilot study evaluating the
user experience of the final game with a group of 10 players
with stroke.

Playtesting
The following subsections detail the results of the iterative
design process of the Motion Health VR exergame, reporting
the details of the playtesting sessions and the modifications
made to each iteration. The overall objectives of the playtest
were to validate the acceptance and playability of users with
stroke and to explore whether they were able to perform the
activities proposed in the VR scenarios and game mechanics.
In addition, analysis of errors and optimization of game
mechanics were crucial to improve playability. A total of 9 users
with stroke were involved throughout the 4 playtesting sessions
conducted (Multimedia Appendix 2), focusing on certain game
elements (eg, mechanics and esthetics) via playable prototypes
and reporting back to the design team.

Analysis of Playtest 1
This version of the exergame was created to test the first 2
scenarios. Players 1 and 2 (U1 and U2) participated in this
session following the protocol in Table 2. We used a VR-ready
laptop and an Oculus Rift headset with controllers. The
playtesting goals were to evaluate the appropriateness of the
proposed range of movement for hammering and throwing the
disk and to explore button combinations for performing the
activity using the controllers. We found that (1) the game should
consider different scales of spasticity to provide a more adaptive
experience [49]; (2) the buttons should be suspended from their
functions to avoid triggering involuntary functions; and (3) a
rest period should be granted to the user because, as
recommended by the physiotherapist, long periods of exercise
generate symptoms of fatigue.

Analysis of Playtest 2
The objective of these playtests was to test the modifications
introduced in the first 2 scenarios based on the considerations
in the Analysis of Playtest 1 subsection. Players U3, U4, and
U5 participated in this playtest following the protocol in Table
2. A VR-ready laptop and an Oculus Rift headset with
controllers were used. Figure 2 shows the evolution of the 2
scenarios after the first playtest, showing the improvement in
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content according to the real scenarios where these activities were performed.

Figure 2. The final version of each scenario of the Motion Health VR exergame: (A), the carpenter scenario, (B) the tejo scenario, and (C) the farmer
scenario.

Users with stroke reported an improvement in the simplicity of
the interaction, as they found it much easier to perform the
movement owing to an initial calibration of the position added
to the 2 scenarios, which adjusts the player’s position concerning
the internet-based surroundings, ensuring objects are at a
reachable distance. In addition, we found that (1) the objects in
each scenario should be in a static position; thus, people can
avoid unnecessary displacements within the internet-based space
that can generate dizziness; (2) we need to improve the auditory
feedback of scenarios to create an immersive experience; and
(3) we need to improve the calibration scene to allow players
with low mobility to perform the tasks.

Analysis of Playtest 3
The third scenario was prototyped, and the game mechanics
were ready for playtesting. The objective of this playtest was
to test whether players could easily understand and interact in
the farmer scenario by performing the proposed movements,
that is, riding the horse while holding the rein with the
unaffected arm and cutting bunches with the machete using the
affected arm. Players U6 and U7 (Multimedia Appendix 3)
participated in this test following the protocol in Table 2. We
used a VR-ready laptop and an Oculus Rift headset with
controllers. We found that (1) it would be useful to place the
avatar on the horse from the beginning and (2) the game should
allow cutting bushes to be performed using both arms and
provide adequate time to switch the game controller between
hands because the players become tired after certain repetitions.

Analysis of Playtest 4
After iterating each scenario and exploring potential pitfalls and
interaction errors, a final playtesting session was scheduled to
test the overall functioning of the integrated system. This
prototype of the exergame presented an embellishment of the
contents (Figure 2), which was an improvement in the overall
esthetics of the game. In addition, a structured exercise session
was recommended by the clinical rehabilitation experts,
following a 15-minute session (similar to other studies of the
same nature [50]). Therefore, the 3 scenarios were presented in
sequence and switched after 5 minutes (approximately). Players
U3, U4, and U5 participated in this test following the protocol
in Table 2. We used a VR-ready laptop and an Oculus Rift
headset with controllers.

We found that (1) scene transitions should be smoothed and (2)
the game should implement rest periods between each scenario,
as users still manifested mild fatigue from performing so many
repetitions while preparing for the next mechanic.

Finally, we integrated the above recommendations into the
scenarios and developed the final prototype of the Motion Health
VR exergame.

Evaluation of Game User Experience
This section presents the results of evaluating the game user
experience of the co-designed Motion Health VR exergame
involving 10 users with stroke (Multimedia Appendix 4). For
this part, the game was modified to a more portable, standalone,
and easy-to-use headset, the Oculus Quest 2. Only the final
deployment platform was changed (from wired to wireless VR),
and no other changes were made. The questionnaires were
administered at the end of the session, asking users to rate their
experience in a wide range of aspects following the ITQ and
VRNQ.

Virtual Reality Neuroscientific Questionnaire
The results of administering VRNQ are reported as average
values with SD (Table 3). Each category had a maximum of 35
points. Gaming experience was rated at a mean of 24.8 (SD
4.5), game mechanics mean 23.8 (SD 5.5), game assistance
mean 23.9 (SD 5.5), and motion sickness (inversely
proportional), mean 31.1 (SD 5.6). Consequently, the maximum
possible general score for this test was 140, in which the
exergame Motion Health VR obtained a mean of 103.6 (SD
19.4). This level of quality is considered more than adequate
as it exceeded 100 points. From this, it can be concluded that
the users experienced a high level of immersion during their
video game experience, and the quality of the Motion Health
VR exergame obtained a general average of mean 103.6 (SD
19.4), which is considered an adequate quality because it
exceeded 100 points [47]. On the basis of this result, we
observed that users had a high immersion index; the experience
with the exergames was very pleasant; and the quality of the
graphics, sound, and technology, in general, was perceived as
very positive. Finally, the system showed the best results in the
motion sickness index, which shows that exergames did not
cause major side effects associated with cybersickness or nausea
[47,51].
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Table 3. Virtual Reality Neuroscientific Questionnaire (VRNQ) categories.

Score, mean (SD)VRNQ categories

24.8 (4.5)Game experience

23.8 (5.5)Game mechanics

23.9 (5.5)Game attendance

31.1 (5.6)Motion sickness

Immersive Tendencies Questionnaire
ITQ was used to evaluate users’ immersion experience and
presence following their engagement with the exercise. The
overall ITQ score averaged 60.8 (SD 11.6), signifying that
participants with a history of stroke perceived relatively low to
moderate levels of immersion and enjoyment (Table 4). In terms
of concentration (mean 22.3, SD 2.9, with a maximum score of

35), users consistently achieved high scores, indicating that the
game effectively captured their attention.

Regarding immersion (mean 17.9, SD 4.7, with a maximum
score of 35), users reported a sense of engagement with the
game. In terms of emotions (mean 14.6, SD 5.1, with a
maximum score of 28), the findings suggest that users developed
a strong emotional connection with the game [33,51,52].

Table 4. Immersive Tendencies Questionnaire (ITQ) categories.

Score, mean (SD)ITQ categories

22.3 (2.9)Concentration

17.9 (4.7)Immersion

14.6 (5.1)Emotion

6.1 (2.2)Enjoyment

Discussion

Principal Findings
This study summarizes our efforts to report methodological
approaches extensively used in game design that have a
significant value when used to design VR exergames for stroke.
We also showed the results of a preliminary usability test
conducted involving 10 users with stroke who played the Motion
Health VR exergame after completing 4 iterations using
playtesting sessions. Overall, the VR exergame exhibited
medium-to-high levels of game user experience and low levels
of perceived symptoms associated with VR, such as nausea and
dizziness. Moreover, regarding enjoyment, users expressed a
high willingness to participate in therapies and continue with
the sessions. The user experience questionnaires showed that
users experienced increased immersion, emotional connection,
and enjoyment with the VR exergame, although the
concentration remained consistent. These results are consistent
with previous research using immersive VR in older adults [53]
and people with stroke [54,55]. Furthermore, we have carefully
reported the methodological aspects related to playtesting
sessions with users with stroke and specific procedures to
conduct such sessions. From the playtesting sessions, we can
extract the value of evaluating prototypes in the early stages of
the game design process because this prevents researchers from
struggling with complex interactivity and usability issues later
during the trials. As reported in the study by Toro et al [56],
early involvement of end users in VR systems for exercise
promotion is a desired practice, and it is not commonly used
among those creating custom-made exergames for older adults
[57-59].

Playtesting as a Tool for Iterative Design
Playtesting is a part of the iterative design methodology used
in different UCD approaches [51,60]. In our case, we performed
playtest with several users who had experienced a stroke, which
allowed us to improve the content, playability index, and game
mechanics from an ergonomic approach to provide greater user
comfort. Although prior designs of physical rehabilitation games
for stroke have involved UCD [61], involving users with stroke
in playtesting and follow-up sessions is not common [50]. We
suggest that designers consider including playtesting with users
with stroke because, in terms of rehabilitation therapy
performance, playtesting revealed important details, such as the
importance of performing a calibration stage or removing the
buttons and other interactions with the VR equipment. We found
that this stage provides exergames with the characteristics to
adapt to the physical needs of each user, such as the range of
motion and spasticity scale of each user [62]. In the context of
serious games, the importance of adaptive games has increased,
as every user has different requirements [62].

Furthermore, the playtesting methodology allowed us to
strengthen relationships with all stakeholders, from developers
to clinicians. This aligns with the findings of previous studies
that have emphasized how involving multiple stakeholders in
the design process leads to a more suitable and user-centered
prototype [63]. The importance of maintaining close
relationships with stakeholders has also been underscored, and
this study reaffirms the relevance of this challenge in the
successful implementation of playtesting. Effective collaboration
between developers and clinicians, driven by the willingness
and availability of both parties, has been a recurring theme in
the literature [62]. Previous studies have pointed out the pivotal
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role of this relationship in the success of VR rehabilitation
programs following stroke.

In particular, we noticed that playtesting allowed a stronger
relationship with patients with stroke, increasing their
willingness to participate in future studies. Although other
researchers have reported difficulty finding specific populations
to be involved in studies [64,65], considering our final results,
we highly recommend that research teams plan to conduct
multiple playtests before conducting studies.

Finally, we consider that after performing 4 playtests, based on
the observations of the users who had experienced a stroke and
the recommendations of the clinicians, an optimal version of
the exergame was obtained, which could also be used by
designers to facilitate piloting and prevent errors during data
collection. As mentioned in this study, the inclusion of playtests
and the collaboration of specialized professionals in
programming and design align with the best practices
recommended by previous research [66].

Usability of UCD VR Games in Patients With Stroke
We observed that ITQ and VRNQ scores were below the
expected mean, as reported in the Results section. Similar results
have been reported previously because there were some concerns
about the usability of VR in older adults, including those who
have had strokes. A systematic review of clinical and research
applications of VR in older people identified usability issues,
such as discomfort, cybersickness, and difficulty with the
equipment [67]. Therefore, based on the current results, the
design team must improve the gameplay mechanics and usability
of the VR exergame to achieve better results in gameplay
experience metrics before the subsequent trial. Nevertheless,
the system scored high in usability, as its overall score was
higher than expected (100 points). Furthermore, as our results
showed that the VRNQ category with the highest score was
motion sickness, meaning that users who experienced a stroke
felt little nausea, our work aligns with studies using similar VR
apps [8,20,47]. These usability results can guide other exergame
designers to adjust their apps to suit older adults.

Use of Interactive Technology for Telehealth Care
The use of portable and autonomous technologies, such as the
Oculus Quest 2 headset, during the pandemic has been an
innovative response supported by this research [68]. This
reinforces the notion that virtualization of health care, driven
by technology, is becoming increasingly important. A recent
review describing the promising landscape of telerehabilitation
tools aided by serious games for upper limb stroke rehabilitation
highlights the evidence of efficacy, the need for further research
in this area, and the promise of digitally connected games to
complement conventional rehabilitation [69]. Nevertheless,
although VR has never been more accessible before, the reality
is that the cost-effectiveness of its use in telehealth programs
in both rural and urban areas in Latin America is still very
limited [70]. In summary, our study contributes to emerging
efforts in which interdisciplinary collaboration and the use of
innovative technology during times of crisis, such as the
pandemic, continue to draw a research pathway in this
continually evolving field [63,71,72].

Limitations
We developed this study between August 2020 and June 2021,
when most rehabilitation centers were closed owing to
COVID-19 pandemic restrictions. Therefore, accessing users
with stroke was a difficult task that we overcame with the help
of the therapists. They provided us with the contact list of their
former users, and we contacted them personally. Notably,
although we took all safety precautions, people with stroke
feared contagion and only a couple of them participated in the
playtesting sessions. We acknowledge the lack of homogeneity
in the sample of users who participated in the playtesting
because stroke is a condition caused by several factors and
affects both sexes, and users who have experienced a stroke
tend to have a wide range of ages and ethnicities. The small
sample size may limit the generalizability of our findings.
Moreover, this limitation was difficult to address because of
the COVID-19 pandemic restrictions that were under regulation
when we developed this study. That is why, for the pilot study,
we limited the users’ age to >50 years. VR is a technology that
is constantly changing and improving, in the sense that we
started playtesting with the Oculus Rift headset and then moved
on to using the Oculus Quest 2 for the pilot study because of
its portability advantages. We overcame these technological
changes because of the cross-platform features offered by the
game engine used (Unity).

However, VR content development is a challenge when
designing deployable solutions. Nonetheless, despite the
pandemic situations in which this study was developed, the
iterative design and preliminary study were carried out owing
to the implementation of portable and autonomous tools, such
as the Oculus Quest 2 VR headset, which are becoming
increasingly important in the virtualization of health care
delivery.

The duration of the usability study was very short, and users
only interacted with the final game in a single session lasting
approximately 15 minutes. A short-term study may not
adequately capture the long-term benefits or challenges of using
VR exergames for stroke rehabilitation. We plan to extend this
initial pilot study and conduct a single-arm longitudinal study
involving a similar group of users for 12 sessions for 3 months.
Furthermore, this study did not include a control group for
comparison. Without a control group undergoing traditional
rehabilitation methods, it is challenging to conclusively attribute
improvements to the VR exergame alone. Finally, although the
study emphasizes the iterative design process and user feedback,
it is difficult to know how these design changes directly affect
the rehabilitation outcomes. Future studies with this game should
include rehabilitation outcomes such as upper limb range of
motion and spasticity levels.

Conclusions
Our research has conclusively demonstrated that creating VR
exergames for stroke rehabilitation by involving end users early
in the design stages brings advantages such as reducing
interaction errors and unnecessary game design elements that
do not contribute to the therapy. UCD is highly recommended
as a design methodology for creating games specifically tailored
to the rehabilitation of users who have experienced strokes. The
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results of this study support the effectiveness of multiple
playtesting in producing therapeutic games that align with the
needs and abilities of users with stroke, such as creating familiar
internet-based environments and activities and removing
unnecessary motion that could lead to motion sickness. This
conclusion underscores the importance of adopting a
patient-centered approach in the development of medical apps
and technologies for rehabilitation. Our findings have yielded
promising results regarding the use of immersive VR in the
context of upper limb stroke rehabilitation. Users who immersed
themselves in internet-based environments using custom-built
exergames showed good levels of immersion and enjoyment

and reduced levels of perceived nausea or dizziness. These
results suggest that VR technology holds potential as a
therapeutic tool for the treatment of users with stroke-related
impairments, especially for at-home therapies. However, further
research and long-term follow-up are required to fully
understand the scope and limitations of this technology in the
rehabilitation of this user group. The use of playtesting as an
iterative tool for enhancing video game design enables
comprehensive interaction with the user. This interaction allows
for genuine customization of the therapy, leading to the
development of a video game tailored specifically for users who
have experienced stroke.
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Abstract

Background: A frequent rehabilitation goal for children with gait disorders is to practice daily-life walking activities.
Unfortunately, these are often difficult to practice in a conventional therapeutic setting. Virtual reality (VR) with head-mounted
displays (HMDs) could be a promising approach in neurorehabilitation to train such activities in a safe environment. First, however,
we must know whether obstacles in VR are indeed mastered as obstacles.

Objective: This study aimed to provide information on whether VR is feasible and motivating to induce and practice movements
needed to master real obstacles in children and adolescents with gait disorders. Furthermore, this project aims to evaluate which
kinds of everyday walking activities are appropriate to be practiced in VR.

Methods: In this cross-sectional study, participants stepped over a bar, crossed a gap, balanced over a beam, and circumvented
stationary obstructions arranged in a course under real physical and virtual conditions wearing a VR HMD. We recorded the
respective primary outcomes (step height, step length, step width, and minimal shoulder-obstacle distance) with motion capture.
We then calculated the mean differences and 95% CI of the spatiotemporal parameters between the VR and physical setup and
later compared them using noninferiority analysis with margins defined a priori by a clinical expert panel. Additionally, the
participants responded to a standardized questionnaire while the therapists observed and evaluated their movement performance.

Results: We recruited 20 participants (mean age 12.0, range 6.6-17.8 years) with various diagnoses affecting their walking
ability. At 3.77 (95% CI 1.28 to 6.26) cm, the mean difference in step height of the leading foot in the overstepping task did not
exceed the predefined margin of –2 cm, thus signifying noninferiority of the VR condition compared to mastering the physical
obstacles. The same was true for step length (–1.75, 95% CI –4.91 to 1.41 cm; margin –10 cm), step width (1.05, 95% CI 0.20
to –1.90 cm; margin 3 cm), and the minimal shoulder-obstacle distance (0.25, 95% CI –0.85 to 0.35 cm; margin –2 cm) in the
other tasks. Only the trailing foot in the overstepping task yielded inconclusive results.

Conclusions: Children with gait disorders perform everyday walking tasks like overstepping, crossing, balancing, or circumventing
similarly in physical and VR environments, suggesting that VR could be a feasible therapeutic tool to practice everyday walking
tasks.

(JMIR Serious Games 2024;12:e49550)   doi:10.2196/49550

KEYWORDS

adolescent; child; gait; head-mounted display; motion capture; neurological rehabilitation; noninferiority trial; physical therapy;
virtual reality; walking
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Introduction

In pediatric neurorehabilitation, children and adolescents with
congenital or acquired lesions of the sensorimotor system often
experience impairments in gait [1,2]. Consequently, recovery
of walking ability is a frequent rehabilitation goal in pediatric
neurorehabilitation [3]. Thereby, the focus is on promoting
everyday life activities and ensuring meaningful participation
for the child and their family [4]. Therapies targeting gait
encompass a wide variety of therapeutic approaches. In our
clinic, Swiss Children’s Rehab, these therapies include, for
example, conventional physical therapy, including task- and
everyday life–oriented training, rehabilitation robots, and sports
therapy. Normally, these therapies occur in a conventional
therapeutic setting. However, within this setting, many everyday
walking tasks, such as, for example, crossing a wide gap to
board public transportation or avoiding contact with people or
obstacles while navigating through crowded places, cannot be
reasonably practiced.

In recent years, immersive virtual reality (VR) has become
increasingly popular. Since companies have made the
technology more accessible to the community through more
affordable and easy-to-use devices, the use of VR has increased,
as have the areas of its use [5]. Accordingly, this upswing in
VR could be promising for its implementation in
neurorehabilitation. Immersive VR puts users directly into
virtual scenarios and gives the illusion of a full physical
presence, providing rich sensory fidelity (high degree of
reliability) [6,7]. To experience immersive VR, head-mounted
displays (HMDs) are most suitable and can convey many of the
abovementioned impressions [8]. A potential goal of using VR
in pediatric neurorehabilitation could be to enhance children’s
abilities in their daily lives by practicing task-specific activities
relevant to their everyday lives while still being in a safe
therapeutic environment. Furthermore, its game-like attributes
and animations can increase children’s motivation and enhance
their active participation by minimizing their focus on task
repetitions [9,10]. Additionally, as VR is an accessible and
affordable technology, it could enable home training. Moreover,
a significant advantage of using VR in children aged between
6 and 18 years could be that they experience higher levels of
presence and “realness” within a virtual environment compared
to adults [11].

Recent studies have already investigated the effectiveness of
acquiring different cognitive and motor tasks with VR. In the
pediatric field, VR has been mainly used for pain management
[6] or educational purposes [12,13], as well as to create relaxing
and learning opportunities for children diagnosed with autism
spectrum disorder [14,15] or attention deficit hyperactivity
disorder [16]. However, the long-term effects of VR on
developing children are unknown, and cybersickness or fatigue
of the eyes and brain are potential disadvantages [6,17,18].
According to the authors’ best knowledge, no evidence exists
of using immersive VR as a gait therapy intervention in children
with gait disorders. When including results from augmented
reality studies, a systematic review showed moderate evidence
for improved gait-related outcomes when gait training was
enhanced with commercially available videogame systems, such

as the Nintendo Wii or Microsoft Xbox Kinect, in children with
cerebral palsy (CP) [19]. Furthermore, a systematic review and
meta-analysis from Chen et al [20] showed a large effect size
of d=0.861 for improved motor function in children with CP
when comparing commercially available game systems with
conventional therapy or controls (eg, no intervention). However,
such systems lack essential aspects of VR since they are usually
presented on a 2D screen or as floor projections [8] and,
therefore, do not transmit the entire concept of VR, including
full physical presence and immersion.

Immersive VR offers many advantages regarding task-specific
training, motivation, “realness,” and costs [5-7]. Still, it remains
uncertain whether the use of VR in children with gait disorders
is a feasible approach to inducing and practicing the movements
required to perform everyday gait activities. Reasons to assume
that VR in children with gait disorders might not be feasible
are the lack of visual information of the lower extremities and
the difference in the perception of virtual obstacles by the
children [6,11,21]. Therefore, a prerequisite for the meaningful
use of VR in training everyday gait activities would be that the
children master obstacles presented in VR like they master
physical obstacles. Thus, this project aims to provide
information on whether a VR setup is feasible and motivating
to induce and practice movements that are needed to master real
obstacles in children and adolescents with gait disorders.
Furthermore, this project aims to evaluate which kinds of
everyday walking activities are appropriate to be practiced in
such a VR setup. To evaluate this, we compare the
spatiotemporal parameters of performing certain everyday
walking tasks in a virtual and a physical environment using a
noninferiority analysis. The noninferiority analysis should
indicate that the virtual setup is not unacceptably worse than
the physical setup.

Methods

Ethical Considerations
This cross-sectional study took place at the gait laboratory of
Swiss Children’s Rehab, University Children’s Hospital Zurich,
during a single 60-minute session. The ethics committee of the
Canton of Zurich confirmed through a clarification of
responsibility that no approval was needed for this study
(Req-2021-00364).

Participants
We included children and adolescents aged between 6 and 18
years with gait disorders undergoing inpatient or outpatient
rehabilitation at Swiss Children’s Rehab. In line with
recommendations for comparative studies, which propose 8 to
25 participants [22], we aimed to include 20 participants. All
children who were receiving physiotherapy at the time of
recruitment were screened according to the inclusion and
exclusion criteria and recruited consecutively within 3 months.
To be eligible to participate, they had to be able to walk short
indoor distances without assistive devices or with crutches.
Additionally, they had to be able to follow simple verbal
instructions. Exclusion criteria were a history of seizures,
epilepsy, blindness, or inability to use the HMD (eg,
cybersickness, open wounds on the head).
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Participants’ characteristics were collected from the patient
records. The physiotherapist rated the functional mobility level
using 2 performance measures: the Functional Mobility Scale
(FMS) and the Gillette Functional Assessment Questionnaire
(FAQ) walking scale [23]. The FMS describes the participant’s
level of functional mobility by assessing the assistive device
used in everyday life over 5 m, 50 m, and 500 m on a scale from
1 (uses a wheelchair) to 6 (independent on any terrain). The
FAQ assesses functional walking abilities on a scale from 1
(can not make any steps at all) to 10 (walks, runs, and climbs
on even and uneven terrain). Finally, the lower extremity
proprioceptive impairments of the participants were rated with
the percentage score of the proprioception subsection of the
Fugl-Meyer (FM) assessment for the lower extremities [24].
We assessed proprioception at the hip, knee, ankle, and toe
joints while the participant was supine and barefoot.

According to good clinical practice standards, we obtained
written informed consent from the participants and their legal
representatives before participation.

Experimental Setup
The participants had to perform everyday walking tasks in 2
different conditions: physical setup and VR setup. In the
physical setup, the participants had to master real (physical)
obstacles (Figure 1A). The 4 obstacles, including overstepping,
crossing, balancing, and circumventing, were arranged in a
course. In the VR setup, the participants had to master the same
4 obstacles virtually. The obstacles were incorporated into an
everyday environment (Figure 1B). The VR setup matched the
locations and dimensions, but not the appearance of the physical
obstacles. This discrepancy was chosen intentionally since we
wanted to incorporate the obstacles into an everyday
environment as they would appear in future applications. During
the development process, it was ensured that the environment
was designed as stimulatingly as possible, since interaction and
sensorimotor contingencies are crucial contributors to a full VR
experience [8]. Nevertheless, to compare the 2 conditions, we
also had to keep the VR environment simple to avoid the
participants being distracted from their tasks.

Figure 1. (A) Scheme of physical setup, and (B) the appearance of the VR setup when wearing the HMD.

For this setup, the commercially available VR HMD Meta Quest
2 (Meta Platforms) was used. We aligned the coordinate systems
of the physical and the virtual world, using the hand-tracking
function of the Meta Quest, and scaled and rotated the virtual
world based on 2 points. To test the alignment between the 2
conditions, we checked that the scaling coefficient was near
1.0.

To minimize the influence of fatigue, we randomized the
sequence of the conditions and the starting position within the

obstacle course. We used a minimization method (randomization
factor 1), including the factors of gender, age, and functional
walking ability defined by the FAQ. During the session, the
physiotherapist accompanied the participants to ensure their
safety and provide assistance if necessary.

Task Description
For the overstepping task, the participants had to step over a
15-cm-high obstacle, which consisted of a plastic bar mounted
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on 2 cones (physical setup) or the lower part of a fence (VR
setup; Figure 2). In the physical setup, participants had to cross
two 3-cm-wide lines projected on the ground with a beamer,
whereas they had to cross a small stream in the VR setup. In
both setups, the gap was 50 cm, thus exceeding the average step
length of children with CP aged between 7 and 14 years (Gross
Motor Function Classification System [GMFCS] levels I and
II) or traumatic brain injury (TBI) [25-27]. For the balancing
task, we instructed the participants to walk between two
2-cm-wide lines projected 20 cm apart on the floor in the
physical setup and a 20-cm-wide wooden panel over a pond in

the VR setup. Circumventing was performed by walking around
4 plastic poles (physical setup) or fence posts (VR setup). The
distance of the poles was 56 cm, corresponding to approximately
1.7 times the average shoulder width of children aged between
6 and 18 years [28,29]. With an estimated protective zone of
30 cm around the obstacle [30], even smaller participants would
sidestep, while taller participants could still pass through the
obstacles, even when relying on crutches. In addition to the 4
tasks, the participants walked 6.5 m in a straight line without
any obstacles, both with the HMD (walking on green grass) and
without the HMD.

Figure 2. Execution of the overstepping tasks in the physical and virtual reality setups.

Measurement Procedure
Task execution was recorded with a total of 12 Vicon Vero 2.2
high-speed cameras (Vicon Motion Systems). We placed 9
infrared reflective markers of 16 mm diameter on specific
anatomical landmarks at both feet (3 markers each) and
shoulders (3 markers). The markers were attached to the shoes
as the participants performed the tasks with shoes and orthotics
(if needed) as in everyday life.

After measuring the participants’height and shoulder width and
attaching the 9 reflective markers to the defined positions, the
measurements started with either the physical or the VR
condition. The participants first walked 4 times along the
6.5-meter walkway at self-selected walking speeds. Afterward,
they performed 2 accommodation rounds of the obstacle course
to familiarize themselves with the condition and the tasks. The
physiotherapist could provide physical support if the participants
had difficulties with any obstacle. Finally, we instructed the
participants to always step over the obstacle and cross the gap
with the leg they had spontaneously used in the first round.

According to Redekop et al [31], reliability with an interclass
correlation coefficient of 0.90 is given for an average of 6 strides
when examining discrete gait parameters in children with CP.

Therefore, 8 trials per condition were recorded to have 2 spare
measurements if any unexpected errors arose while reviewing
the recordings. Once the 8 valid attempts per task were recorded,
the participants had a short break, during which they answered
the first part of the questionnaire. Subsequently, the same
procedure was repeated with the second condition, followed by
the second part of the participants’ questionnaire and the
proprioception subsection of the FM assessment performed by
the investigator. Meanwhile, the physiotherapist completed the
therapist’s questionnaire and rated the participant’s FMS and
FAQ.

Data Processing
Vicon data were processed using Nexus Motion Capture
Software (version 7.2; Vicon Inc). Processing of the raw data
included visual determination and defining gait events like foot
strike, foot off, etc. We analyzed the data from the first 6 valid
trials for each condition and task. Then, the data were exported
to MATLAB R2021a (version 9.10; MathWorks) to calculate
the spatiotemporal parameters. For the spatiotemporal
parameters, we calculated the mean of the 6 valid trials per task
for each participant and condition individually. A negative mean
difference between the VR and physical setup indicated a
smaller value in the VR setup.
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Outcome Measures
For the 4 tasks, we selected spatiotemporal parameters (Figure
3) in line with the literature [27,32-35]. We calculated the
walking speed, step length and width, and double-stance phase

during normal walking with and without the VR HMD.
Additionally, we recorded the time to master each task and the
number of failures, indicating unsuccessful obstacle
negotiations.

Figure 3. Investigated spatiotemporal parameters for each task. (A) represents the respective primary outcomes. L: leading foot; T: trailing foot.

The participants answered standardized questions covering their
movement ability, spatial presence, and enjoyment during task
execution on a visual analog scale (VAS). In addition, the
physiotherapists rated the participants’ movement execution,
level of engagement, and meaningful use on a 5-point Likert
scale.

Statistical Analysis
Participants’clinical and functional characteristics are presented
using descriptive statistics. A normal distribution could be
assumed for the differences between the primary outcomes
(Shapiro-Wilk test; P>.05). Therefore, the mean differences
and their SDs were subsequently calculated. Additionally, the
primary spatiotemporal parameters were analyzed using
noninferiority testing with 95% CIs and a priori defined margins
of noninferiority [36]. The noninferiority margins, which served
as boundaries for the 95% CI of the mean differences, were
defined for each task by a panel of 15 expert physiotherapists
(n=14 women; n=1 men). These margins represent the maximum
difference between the VR and the physical setup defined as
acceptable while still considering the conditions to be equal
[37]. To determine the maximum tolerated deviation, the
physiotherapists compared the tasks with everyday life tasks
and considered what deviation they would accept in
conventional therapy for the respective task. A normal
distribution could not be assumed with 15 responses; therefore,
we described the margins using nonparametric parameters such

as the median and IQR. Descriptive statistics are used to present
the participants’ and therapists’ questionnaire responses.
Additionally, to analyze the difference in fun between the 2
conditions, we used the Wilcoxon signed rank test with
continuity correction.

Results

Participants
All patients that were examined for eligibility within the
recruitment agreed to participate. In total, 7 girls and 13 boys
with different gait disorders participated in this study. Their
mean age was 12.0 (SD 3.5) years, and their mean height was
1.46 (SD 0.21) meters. All participants were able to follow the
instructions and remained compliant during the measurements.
None of the participants reported cybersickness. The spectrum
of functional mobility was broad, including FMS levels 3-6 for
5 m and 50 m and 1-6 for 500 m, as well as levels 6-10 of the
FAQ. However, most participants could walk independently on
all surfaces without any walking device, for at least short to
medium distances (FMS 5 m and FMS 50 m ≥5 each).
Participants’ lower extremity proprioception (FM score) ranged
from normal to mildly impaired. A total of 9 of the 20
participants had already used a VR HMD at least once before
this study. Participants’ clinical and functional characteristics
are presented in Table 1.
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Table 1. Clinical and functional characteristics of the participants.

Mobility aideFMdFAQcFMSbDiagnosisa
Height
(cm)

Age
(years)SexID

None93%f96/5/5Unilateral spastic cerebral palsy (I)15513.4Male1

None100%f96/6/6Unilateral spastic cerebral palsy (I)15713.4Male2

Forearm crutches93%f95/3/3Vasomotor dysregulation with neuro-
logical involvement

16517.0Female3

Noneg94%96/6/6Brain tumor1359.3Male4

None94%96/6/5Polytrauma16614.2Male5

Noneg94%86/5/5Spinal tumor with neurological in-
volvement

17617.8Male6

None100%106/6/6Stroke1418.0Male7

None94%96/6/5Myasthenia gravis16316.8Female8

None94%96/6/5Rhabdomyolysis1218.0Female9

None88%96/6/6Brain tumor1106.6Male10

Forearm crutches100% f75/3/1Myelomeningocele14813.6Male11

None100%96/6/6Stroke14710.9Female12

Forearm crutches100%63/3/1Myelomeningocele16015.1Male13

None100%96/6/6Stroke16514.5Male14

None100%96/6/5Ataxia17113.4Female15

None100%96/6/5Bilateral spastic cerebral palsy (I)14511.6Male16

Noneg94%75/5/2Arthrogryposis Multiplex Congenita1127.0Male17

None88%95/5/1Myelomeningocele1189.7Male18

None100%106/6/6Unilateral spastic cerebral palsy (I)1218.3Female19

Noneg94%86/5/5Brain tumor14210.9Female20

aIn children and adolescents diagnosed with cerebral palsy, the Gross Motor Function Classification System Level is given in parentheses.
bFMS: Functional Mobility Scale 5/50/500 m.
cFAQ: Gillette Functional Assessment Questionnaire-walking scale.
dFM: Fugel-Meyer assessment.
eMobility aid used in both conditions.
fDue to restricted movements in certain joints or due to pain, not all movements of the FM could be performed by these participants. Therefore, for
these participants, the relative value is not calculated from the maximum score (16 points), but from the individual maximum score (8-14 points).
gDid not need a mobility aid, but needed close supervision of their physiotherapist.

The participants had to walk the obstacle course from 8 to 16
times to obtain 6 valid trials per task. This resulted in 25-39
recordings per participant for the entire measurement. The most
frequent reason why a trial was considered invalid was crossing
the obstacle with the wrong leading foot. Furthermore, some
attempts were declared invalid when the instructions were not
followed or the recording of the markers failed. There were no

missing data, except for participant 9 (only 5 valid crossing task
trials in the physical setup) and participant 10 (only 5 valid
overstepping task trials in the physical setup).

Spatiotemporal Parameters
The differences between the VR and the physical condition
varied widely between the participants and tasks (Figure 4).
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Figure 4. Differences per participant and task for the primary outcomes. The blue bars represent the mean differences and SD over all participants.

During normal walking, step length and gait speed decreased,
and step width slightly increased in the VR condition compared
to the physical setup (Table 2). In task 1, participants lifted the
leading foot 3.77 cm higher and the trailing foot 1.75 cm lower
in the VR setup when overstepping the obstacle. In task 2, they

decreased the step length by 1.75 cm in the VR setup. As in
normal walking, step width and the double stance phase
increased, while step length decreased in the VR setup of the
balancing task. For task 4, the distance from the shoulder to the
obstacle did not differ between the 2 conditions.
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Table 2. Spatiotemporal parameters for the conditions and tasks.

DifferenceaVirtual reality setupPhysical setupTask and parameter

Task 0: normal walking, mean (SD)

–5.53 (7.14)54.91 (7.11)60.44 (10.22)Step length (cm)

0.19 (2.07)9.48 (3.07)9.29 (3.92)Step width (cm)

–0.15 (0.24)0.95 (0.20)1.10 (0.23)Gait speed (m/second)

2.72 (4.21)27.48 (3.82)24.75 (4.41)Double stance phase (%)

Task 1: overstepping

3.77 (5.69)31.31 (7.21)27.53 (4.74)Max step height (Lb; cm)c, mean (SD)

–1.75 (7.07)26.55 (8.47)28.30 (6.27)Max step height (Td; cm)c, mean (SD)

0.53 (5.64)25.30 (8.29)24.77 (5.18)Step height over obstacle (L; cm), mean (SD)

–6.52 (8.28)18.80 (9.06)25.32 (5.61)Step height over obstacle (T; cm), mean (SD)

–6.28 (5.60)10.17 (9.01)16.45 (7.66)Preobstacle distance (T; cm), mean (SD)

4.85 (5.58)24.45 (6.97)19.60 (5.67)Postobstacle distance (L; cm), mean (SD)

0.05 (0.10)0.75 (0.16)0.70 (0.17)Single stance preobstacle (T; seconds), mean (SD)

–0.01 (0.12)0.60 (0.10)0.62 (0.14)Single stance postobstacle (L; seconds), mean (SD)

0.39 (0.84)4.03 (1.16)3.64 (1.49)Total time (seconds), mean (SD)

3 (1)e4 (2)e1 (1)eTotal failures max step height <16 cm (L), n (number of children)

14 (2)e15 (3)e1 (1)eTotal failures max step height <16 cm (T), n (number of children)

Task 2: crossing

–1.75 (7.22)82.06 (9.32)83.81 (7.11)Step length (cm)c, mean (SD)

–12.27 (8.87)–5.91 (8.27)6.36 (4.55)Preobstacle distance (T; cm), mean (SD)

10.53 (6.96)13.82 (7.50)3.29 (5.99)Postobstacle distance (L; cm), mean (SD)

0.08 (0.15)0.69 (0.17)0.61 (0.14)Single stance preobstacle (T; seconds), mean (SD)

0.00 (0.07)0.54 (0.09)0.54 (0.08)Single stance postobstacle (L; seconds), mean (SD)

0.64 (0.79)4.69 (1.11)4.05 (1.26)Total time (seconds), mean (SD)

17 (3)e31 (10)e14 (7)eTotal failures step length <51 cm, n (number of children)

Task 3: balancing

1.05 (1.93)6.41 (2.69)5.36 (2.92)Step width (cm)c, mean (SD)

–5.41 (8.45)47.31 (11.56)52.73 (8.51)Step length (cm), mean (SD)

3.97 (6.39)32.55 (6.05)28.58 (5.35)Double stance phase (%), mean (SD)

0.87 (1.88)5.31 (1.72)4.44 (1.43)Total time (seconds), mean (SD)

–1 (0)e5 (3)e6 (3)eTotal failures step width >19 cm, n (number of children)

Task 4: circumventing

0.25 (4.44)10.41 (3.77)10.66 (3.36)Minimal shoulder-obstacle distance (cm)c, mean (SD)

0.50 (1.51)5.76 (1.98)5.25 (2.48)Total time (seconds), mean (SD)

10 (4)e13 (7)e3 (3)eTotal failures minimal distance <2 cm, n (number of children)

aThe differences were calculated by subtracting the value of the physical setup from the value of the virtual reality setup. Consequently, negative
differences indicate a lower value for the virtual reality setup.
bL: leading foot.
cPrimary outcomes (also used to define the number of fails).
dT: trailing foot.
eThe number of children that made these fails.
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Noninferiority Analysis
We applied noninferiority analyses [37] to compare the
differences in the primary outcomes between the VR and
physical setups for each task according to the a priori defined
noninferiority margins. As depicted in Figure 5, the

noninferiority analysis revealed noninferiority for the leading
foot and was inconclusive for the trailing foot when overstepping
the obstacle. For crossing, balancing, and circumventing, the
results of the statistical analysis showed noninferiority in all
cases.

Figure 5. Noninferiority analysis for the primary outcomes. A negative mean difference indicates a smaller value in the virtual reality (VR) setup than
in the physical setup. The noninferiority margins in blue represent the maximum difference between the two conditions while still considering the
conditions to be equal. As long as the 95% CI of the mean difference does not exceed this margin, the VR setup is noninferior to the physical setup.
Inferiority of the VR setup is assumed when the 95% CI touches the red inferiority area and, at the same time, does not cross the line of no difference
between the two conditions.

Questionnaires
When asked how well the participants could move around using
the HMD, 75% (15/20) of the participants scored ≥8 and did
not feel restricted in their ability to move around. Not being
able to see their body or feet was no problem (score ≥7) for

most (14/20, 70%; Figure 6) participants. Most participants
(14/20, 70%) felt physically present in the virtual scenario (score
≥7), even if the environment and the objects did not seem
entirely realistic to them. The participants had fun in both
conditions; however, the VR setup was rated significantly better
(P<.001).

Figure 6. The participants’ and therapists’ views on the use of the virtual reality (VR) head mounted display (HMD) in physiotherapy.

According to the therapists, movement execution during the
VR setup was not impaired in 65% (13/20) of the participants
when walking normally or dealing with obstacles. The most
common reason why therapists considered mild impairment in
movement execution while wearing the HMD was a more
cautious and slower gait pattern. The therapists perceived the
level of engagement in the VR setup to be lower in 4
participants, similar in 7 participants, and higher in 9

participants. Therapists had ambivalent views regarding the
meaningfulness of using VR to train for mastering obstacles.
Reasons for considering the application meaningful included
increased enthusiasm for movement, the challenge of altered
visual control, and, therefore, the increased awareness of the
children’s bodies. Reduced speed, reduced focus on the given
instructions, lack of feeling the edges of the obstacles, and
consequences, such as stumbling when not lifting the foot high
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enough, were reasons against VR being a meaningful application
for some participants. The balancing task was the task most
often considered meaningful by the therapists.

Discussion

Principal Findings
This study aimed to provide information on whether a VR setup
is feasible and motivating to induce and practice movements
that are needed to master real obstacles in children and
adolescents with gait disorders. Furthermore, this study aimed
to evaluate which kinds of everyday walking activities are
appropriate to be practiced in such a VR setup. To achieve these
goals, a virtual and a physical condition, the latter resembling
therapeutic setup, were compared with each other. We chose a
noninferiority analysis to quantify the differences between
spatiotemporal parameters defined a priori. This noninferiority
analysis revealed that for 3 of the 4 walking tasks encountered
in everyday life, mastering the virtual obstacles provided by an
HMD was noninferior to mastering the physical obstacles. Thus,
the results suggest that children and adolescents with gait
disorders can practice crossing a wide gap, balancing on a
narrow area, and circumventing stationary obstacles
appropriately in a virtual setup. Furthermore, overstepping a
virtual obstacle with the leading foot was also noninferior; only
the results for the trailing foot were inconclusive.

Comparison to Previous Work

Normal Walking
The participants walked slower in the VR compared to the
physical setup, which corresponds to the findings of Almajid
et al [38] and Horsak et al [39]. Almajid et al [38] found that
younger and older adults needed significantly more time to
perform the timed up-and-go test when wearing an HMD, even
without the projection of a virtual scene. In the study of Horsak
et al [39], healthy individuals also demonstrated a slower
walking pattern when walking in an overground VR
environment compared to a real environment. This effect should
be considered when wearing an HMD in rehabilitation. Still,
the mean gait speed during normal walking in the VR setup was
within the range of self-selected walking speed in children aged
between 7 and 14 years with CP (GMFCS levels I and II) and
TBI [25-27]. Although the participants’ FMS and FAQ values
were in the upper range of the scales, their gait speed in the
physical setup was still below the average of typically
developing youths [40]. The reduced gait speed in the VR setup
was accompanied by a decreased step length and a slightly
prolonged double stance phase.

The mean step length in both conditions was above the average
step length of 50 cm reported for children aged between 7 and
14 years with CP (GMFCS stages I and II) and TBI, but below
the average step length of 68 cm reported for typically
developing children of the same age [25-27]. The double-stance
phase of our participants during normal walking was in both
conditions remarkably longer than in typically developing youths
aged between 5 and 21 years [40]. Several therapists observed
that the movements of their patients were constrained at the
beginning of wearing the HMD, especially during normal

walking. This could be because more than half of the participants
had never worn a VR HMD before participating in this study.
However, the difference in double stance time between the VR
and physical setup was considerably smaller compared to the
difference in double stance time between typically developing
individuals and individuals with blindness [41].

Overstepping
First, the noninferiority analysis demonstrated that the maximal
step height of the leading foot when stepping over the virtual
obstacle was noninferior compared to the physical obstacle.
This indicated that participants raised their leading foot to the
same height when overstepping the virtual obstacle. However,
they lifted their trailing foot considerably less high in the VR
condition. This finding is supported by a study by Hagio and
Kouzaki [42], in which healthy adults overstepped a virtual and
physical obstacle. While the vertical height of the leading foot
correlated highly (r=0.77) between the VR and physical
condition, the correlation was lower for the trailing foot
(r=0.47). As Kim et al [43] describe, an explanation for the
difference between the leading and trailing foot in the VR setup
could be the missing visual information regarding the height of
the foot and, therefore, not being able to correct its height.
Further results from Hagio and Kouzaki [42] suggest that
visuomotor transformation in the leading leg contributes to a
motor plan for trailing limb toe trajectories while stepping over
an obstacle.

Crossing
Second, although the primary outcome parameters were mostly
comparable between the virtual and physical setups, the
movement was slightly displaced when overstepping or crossing
the obstacles in the VR setup. Participants stepped too close to
the obstacle or even over the edge of the obstacle. In general,
however, the steps were almost the same length and height in
the VR and physical setups, just at different locations. As the
HMD blocks out the physical world, a lack of spatial information
about the environment and the body’s state relative to the
environment could be a reason for the slightly displaced
movement execution in the VR condition. However, most
participants indicated on the VAS that not seeing their feet or
body was not a problem for them. Furthermore, almost half of
the participants scored 100% on the FM assessment, which tests
the proprioception of the lower extremities. Nevertheless, using
a fully immersive VR, Kim et al [43] investigated how visual
information about the lower extremities is integrated with
information about the environment to facilitate successful
obstacle avoidance in healthy young adults. Their study revealed
that visual information about the lower extremities promoted
more consistent behavior while stepping over an obstacle.

Balancing
Third, in both conditions of the balancing task, the step length
was slightly decreased, and the double stance phase increased
compared to the corresponding normal walking condition. As
reduced step length and prolonged double stance phase are
considered indicators of reduced balance [41], we can assume
that the participants made a real effort to balance over the
physical and virtual obstacles. Although the participants rated
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this task as rather difficult, they produced only a small number
of failures. The step width, which we considered crucial for
successfully completing the balance task, was, on average, 1
cm larger in the VR than in the physical setup. However, the
noninferiority analysis illustrated that the step width in the VR
setup was noninferior to that of the physical condition.
Therefore, we assume that the participants successfully balanced
over the obstacle in VR and in reality.

Circumventing
Fourth, when moving in public areas, it becomes essential to
circumvent stable objects or moving people, have a stable base
of support, and balance in a narrow space. Several studies have
investigated the critical point (the ratio between aperture width
and shoulder width at which a shoulder rotation occurs at the
time of crossing) and safety margin (the space that is maintained
between the shoulders and the obstacles at the time of crossing)
for aperture crossing [30,44]. Whenever the participants had to
rotate their shoulders, they maintained a larger safety margin
when crossing [44]. For example, the critical point for
circumventing poles, calculated from the mean shoulder width
of the participants and the distance between the poles, was a
ratio of 1.3 [44]. The present study’s ratio between the aperture
width and the mean shoulder width equaled 1.6. Assuming that
participants did not rotate their shoulders at such a ratio, the
safety margin was slightly less than the 30 cm observed in the
study of Hackney et al [30]. However, the safety margins of 10
cm of the VR and physical setup equal those of young, healthy
adults who had to avoid poles with an aperture/shoulder width
ratio of 1.3 [44]. The results of the noninferiority analysis
suggest that participants successfully circumvented the obstacles
in the VR setup. In addition, Hackney et al [45] recently showed
that individuals who had to avoid obstacles in a virtual scenario
wearing an HMD behave similarly with virtual poles and
avatars, indicating generalization to a wide range of applications
in VR.

Questionnaires
In summary, the participants were very positive toward training
walking tasks in a VR setting. Due to its game-like features,
the participants experienced significantly more fun in the VR
than in the physical setup. How VR-assisted physical therapy
might affect a participant's enjoyment and motivation over time
needs to be investigated in the future. The physiotherapists did
not observe a difference in the participants’ engagement level
between the VR and physical setup, indicating that the
participants made similar efforts in both conditions. Thus, a
comparison between the 2 conditions was feasible.

Limitations
This study has several limitations. First, the group size of 20
participants was rather small. However, it is in line with
recommendations [22], as the purpose of this study was to
provide information on whether a VR setup is feasible and
motivating to induce movements that are needed to master real
obstacles and which kinds of everyday walking activities are
appropriate to be practiced in such a VR setup. To examine the
appropriateness and effectiveness of VR training, more

participants would have to be included in the next study. Despite
the considerable heterogeneity of this study, noninferiority could
still be shown in 3 tasks.

Second, even though the dimensions and locations of the
obstacles did match in both conditions, the different
visualizations of the physical setup and the VR setup could have
impacted the participants’ gait. However, this limitation was
chosen intentionally, as we wanted the obstacles to look like
they would appear in future applications.

Third, a panel of experts decided on specific margins to define
noninferiority, as no reliable reference values for the
noninferiority analyses existed in the literature. In order to
minimize this limitation for a further project, additional external
experts could be asked and added to the panel.

Fourth, the gait laboratory is frequently used for clinical gait
analysis. Therefore, the Vicon cameras pointed to the middle
of the room. Since the recording area for this study was slightly
broader, some markers disappeared at times from the
measurement volume, which is one reason why some
participants had to complete more than 8 rounds to record
sufficient valid trials. Consequently, the high number of
repetitions might have bored and fatigued some participants,
which might have decreased their concentration toward the end.
With verbal input for the participants and breaks between the
trials if needed, we tried to keep the number of trials and the
fatigue of the participants as low as possible.

Fifth, a slight misalignment between the real and virtual setups
might have introduced an unknown error in calculating the
parameters. We calibrated the alignment immediately before
putting the HMD on the participant’s head to minimize this
error.

Sixth, the feet were not visible to the participants in the VR
condition. We assume that a lack of spatial information rather
than impairments in proprioception might have caused failures
such as stepping over the edge, as the FM assessment did not
indicate major lower limb proprioception impairments in the
participants. A further study investigating the influence of foot
projection in VR could provide further information regarding
the influence of the visability of the feet.

Conclusions
This is the first study showing that children and adolescents
with gait disorders master various obstacle tasks, such as
overstepping a bar, crossing a wide gap, balancing on a narrow
area, and circumventing stationary obstacles, similarly in VR
and physical conditions. Only the results for the trailing foot in
the overstepping task were inconclusive. Therefore, we conclude
that using a VR setup to practice mastering obstacles with
children and adolescents with gait disorders is feasible and
motivates them to practice everyday walking tasks. In the long
run, the feasibility of using HMDs in a clinical therapy setting,
patient motivation over a longer period of time, the
appropriateness and effectiveness of such VR interventions,
and identifying potential responders to such interventions require
further investigations.
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Abstract

Background: Digital health technologies have the potential to improve health outcomes for older adults, especially for those
recovering from stroke. However, there are challenges to developing these technologies, such as data absenteeism (where older
adults’ views are often underrepresented in research and development) and technology chauvinism (the belief that sophisticated
technology alone is the panacea to addressing health problems), which hinder their effectiveness.

Objective: In this study, we aimed to address these challenges by developing a wearable glove integrated with culturally relevant
exergames to motivate older adults to exercise and, for those recovering from stroke, to adhere to rehabilitation.

Methods: We conducted a moderated usability study with 19 older adults, of which 11 (58%) had a history of stroke. Our
participants engaged in a 30-minute gameplay session with the wearable glove integrated with exergames, followed by a quantitative
survey and an in-depth interview. We used descriptive analysis to compare responses to the System Usability Scale between those
who had a history of stroke and those who did not. In addition, we analyzed the qualitative interviews using a bottom-up thematic
analysis to identify key themes related to the motivations and barriers regarding the use of wearable gloves for rehabilitation and
exercise.

Results: Our study generated several key insights. First, making the exergames exciting and challenging could improve exercise
and rehabilitation motivation, but it could also have a boomerang effect, where participants may become demotivated if the games
were very challenging. Second, the comfort and ease of use of the wearable gloves were important for older adults, regardless of
their stroke history. Third, for older adults with a history of stroke, the functionality and purpose of the wearable glove were
important in helping them with specific exercise movements.

Conclusions: Our findings highlight the importance of providing contextual support for the effective use of digital technologies,
particularly for older adults recovering from stroke. In addition to technology and usability factors, other contextual factors such
as gamification and social support (from occupational therapists or caregivers) should be considered to provide a comprehensive
approach to addressing health problems. To overcome data absenteeism and technology chauvinism, it is important to develop
digital health technologies that are tailored to the needs of underserved communities. Our study provides valuable insights for
the development of digital health technologies that can motivate older adults recovering from stroke to exercise and adhere to
rehabilitation.
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Introduction

Background
There has been an increasing trend in the development and
implementation of digital health technologies for older adults,
known as gerontechnologies. However, there are challenges to
developing these technologies, such as data absenteeism (where
older adults’ views are often underrepresented in research and
development) and technology chauvinism (the belief that
sophisticated technology alone is the panacea to addressing
health problems) [1]. Gerontechnologies aim to assist older
adults in healthy aging through the promotion of physical
exercise and empowering them to maintain a certain level of
functional independence throughout their later years and delay
the onset of frailty [2,3]. For instance, examples of such
technologies are the use of exergames to motivate physical
activity or virtual reality technology for the purposes of pain
management and therapy [4,5]. Other types of health
technologies, such as wearables, are also becoming common
among older adults. Existing commercial products such as FitBit
(Google, Inc) and Apple Watch make it easy for older adults to
track and monitor their health [6]. To date, such digital health
technologies targeted at older adults have received substantial
attention and investments, ranging from US $1.1 billion to US
$3.1 billion between 2019 and 2020, and it is expected to grow
in the next few years [7,8].

While there are several studies documenting the positive impact
of digital health technologies on older adults’ physical and
mental health, there are 2 key gaps in existing public health
literature [9,10]. First, very few studies have explicitly addressed
the problems of data absenteeism and technology chauvinism.
Second, as many of the existing health technologies are
developed in a clinical setting for data collection, few
researchers have examined how to develop technology that is
fun, relatable, and equitable for the older adults [11]. The overall
objective of the study was to address the problem of data
absenteeism and technology chauvinism in the development of
digital health technologies—a stretchable wearable glove
integrated with exergames—by examining the motivations and
barriers of older adults without a history of stroke and those
recovering from stroke in the use of such technologies through
the lens of equity.

Theoretical Framework: Data Absenteeism and
Technology Chauvinism
While the momentum to build and develop different digital
health technologies by academia or industry is noteworthy, it
is important to adopt the lens of equity in building such
technologies for older adults. Older adults are often
disadvantaged as compared to the general and younger
population in terms of their access, use, attention, and processing
of health information from digital health technologies [12]. Not
giving attention to the context in which such digital health

technologies are developed and introduced may result in the
unintentional consequence of exacerbating the health disparities
between those who are well resourced and those with less
resources [13]. In advocating for technology and big data use
through an equitable lens, Lee and Viswanath [1] argued for
the need for health communication and informatics scholars
and technology developers to pay attention to the 2 perennial
problems: data absenteeism and technology chauvinism.

Data absenteeism refers to a situation where data from
underserved populations are not represented. For example, recent
studies of large-scale national programs that use wearables to
boost physical activity, such as Singapore’s National Steps
Challenge, which offers free wearables and gamified mobile
apps to encourage participants to walk 10,000 steps, show that
older adults are often underrepresented in the data. This gap
aligns with previous findings indicating that users of such
technology tend to be younger and more educated and possess
a higher degree of eHealth literacy [14,15].

In contrast, technology chauvinism, refers to the blind faith in
big data systems or technology platforms in addressing health
disparities. One of the most infamous cases was the use of
Google Flu Trends to predict the outbreak of influenza, where
search trends overestimated the prevalence of influenza as
compared to official sources [16,17]. To address the problems
of data absenteeism and technology chauvinism in the use of
digital health technologies to improve physical activity among
healthy older adults and those recovering from stroke, it is vital
to involve them from the start of the research process and engage
them to codevelop wearable gloves and exergames. This is
consistent with studies of the principles of user-centered design,
where it is crucial to be intentionally inclusive in the process
by incorporating the target group as full partners in the decision
and design groups as part of the research process. This ensures
that their participation and input are not merely symbolic or
exploitative, but rather meaningful and beneficial for them as
a whole [18].

Context of the Study: Motivating Rehabilitation and
Exercise Using Wearable Gloves and Exergames
In recent years, there has been a surge in the exploration and
creation of wearable glove technologies aimed at enhancing
exercise motivation and aiding stroke recovery. The smart glove
industry is projected to reach a value of US $3.9 billion by 2028,
with an annual growth rate of 10% [19]. These innovative gloves
are developed in 2 main styles: rigid hand exoskeletons and soft
assistive gloves. The latest soft rehabilitation gloves are being
designed to support bending, straightening, and spreading or
closing of each finger to address the difficulties some patients
face in performing hand grabbing motion [20].

There are several existing studies that have documented the
efficacy of the use of wearable gloves for patients with stroke
in improving upper limb movement across several metrics. For
instance, Yurkewich et al [21] tested the Hand Extension Robot
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Orthosis (HERO) Grip Glove among 11 participants with
difficulty in finger extension in their poststroke journey and
found that the glove significantly improved their water bottle
grasp and index finger movement and extension and enabled
individuals who are lacking grip strength to handle blocks, use
a fork, and write with a pen. Wang et al [22] conducted a study
where 69 patients with severe upper limb impairment following
a stroke were divided into three treatment groups: (1) repetitive
transcranial magnetic stimulation, (2) soft robotic glove use,
and (3) standard treatment, and the results showed that the group
assigned to use the robotic gloves achieved better upper
extremity scores compared to those in the standard treatment
group.

Given that the use of wearable gloves is comparable to
neurostimulation or neuromodulation techniques in improving
movements for patients with stroke, other research teams have
incorporated the use of other forms of stimulation (ie, tactile
sensations) in wearable gloves to improve its efficacy. Seim et
al [23] conducted a pilot study involving 16 patients with
chronic stroke, where participants were randomly placed into
2 groups for an 8-week period: one group received a vibrotactile
stimulation glove, and the other group received a similar glove
without vibration (acting as the control condition). The outcomes
demonstrated that those using the vibrotactile stimulation glove
experienced notable enhancements in finger mobility and
improvements in the range of motion of their elbows and
shoulders compared to the control group.

While these studies have found improvements in upper limb
movements through the use of wearable gloves in their
respective sample, it was unclear why or how they were
effective. In a systematic review of wearable technology for
improving activity in adult patients with stroke, Parker et al
[24] found that, overall, very few studies have found evidence
for the use of wearable gloves to improve rehabilitation. Thus,
a significant oversight in many recent advancements in these
state-of-the-art wearable gloves is the lack of consideration for
how their target user group might engage with these technologies
and the probability of their adoption as consumer products.
Examples of these gaps in knowledge would be ideas about
what could motivate a potential consumer to purchase the
wearable glove product and incorporate it into their daily
rehabilitation routine, and ultimately, what could be the barriers
that prevent them from making the gloves a staple part of their
rehabilitation journey. Examining how specific design features
affect the perceived usefulness and perceived ease of use of the
product could also affect their decision to adopt these fancy
wearable gloves into their routines [25].

Addressing the Gaps in Wearable Gloves Research:
Integrating Wearable Gloves With Exergames
One of the ways to improve rehabilitation through wearable
gloves among older adults is through the gamification of the
rehabilitation process. This is done through the use of
specialized video games that simulate exercise, known
colloquially as exergames. It is an area of health technology
that has gained interest in recent years, especially among older
adults. According to Harrington et al [26], the use of exergames
may address barriers to older adults being physically active and

exercising. These video games demand that the player physically
moves their body to advance within the game or program [27].
Therefore, the implications surrounding the movement-centric
nature of the gaming technology means that it has the potential
to be used in rehabilitative health care practices also.

Existing systems such as the Nintendo Wii Fit, a low-cost
commercial gaming system, have been found to be effective in
improving clinical measures of balance in older adult patients
[28,29]. Thus, exergames are able to transform exercise, through
the process of gamification, by introducing alternative
motivators such as entertainment and encouragement into
activities that would otherwise be considered as physically
strenuous [30]. A study by Yu et al [31] found that exergames
as an intervention using the Xbox Kinect significantly improved
the physical activity level, leg strength, and cardiopulmonary
endurance of healthy older adults. Although exergames make
physical exercise and rehabilitation more accessible, there are
still obstacles to the uptake of these innovations in health
technology among older adults.

One key aspect in which exergames have been shown to aid the
rehabilitation process is adherence to exercise. Research by
Oesch et al [32] on the difference between conventional
self-regulated exercise and exergames revealed that exergames
showed heightened levels of adherence to rehabilitation exercise
routines within the first 2 weeks of introduction. However, the
same study also showed that the motivation levels reversed after
the first 2 weeks.

Understanding the Motivations and Barriers
One of the main goals of using a gamified wearable glove is to
further motivate patients and older adults who are undergoing
hand rehabilitation by increasing the movement of their hands
through gameplay using wearable gloves and, subsequently,
reduce the barriers to use of technology through seamless
incorporation of the gaming medium. In addition, the hand
movement data that the gloves are capable of collecting can
further assist health care professionals in providing focused
rehabilitation activities to their individual patients.

As such products are aimed to be used by patients and older
adults, one must also consider motivations and barriers to
adoption. This is because new technologies (ie, the wearable
gloves) may present potential problems from the perspective
of the consumers (older adults and health care professionals),
such as being incompatible with existing products or
technologies and individuals’ needs [33]. In this regard, health
care technology has never really seen the introduction of gloves
with the technological capability of collecting vast amounts of
data from each exergaming session. Traditionally known as
“haptic gloves,” these wearable devices offer force feedback
and originated in the virtual reality gaming industry. They have
the potential for gathering data for video game technology
developers, although their application in rehabilitation and health
care is quite rare [34]. Thus, to understand older adults’ needs,
it is paramount to investigate their motivations and barriers
regarding the use of wearable gloves and exergames and whether
their past experiences with rehabilitation have any effect on
their perception of these products.
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Study Objectives
This study aims to answer the following research questions
(RQs) regarding the general usability of these wearable gloves
in the context of the rehabilitation process:

• RQ1: What are the motivations and barriers toward the use
of an integrated wearable glove system with exergames?

• RQ2: What are the differences between older adults without
a history of stroke and older adults with a history of stroke
regarding their perceptions about an integrated wearable
glove system with exergames?

Methods

Wearable Glove and Exergame Development
Before the study, the research team worked with a start-up
company that specializes in the development of rehabilitation
gloves to develop a wearable data glove that could be integrated
with exergames. Figure 1 shows the glove prototype that was
developed for both survivors of stroke and older adults,
specifically to capture hand motion for gesture recognition and
for data visualization with the help of the multiple sensors
integrated within the gloves. The bendable and flexible sensors
embedded in the glove cover the joints on each individual finger
and capture bending data signals from finger movement. This
technology supports the training of specific wrist, hand, or finger

movement and finger joints mobilization activities that is
commonly found in the rehabilitation process, as seen in Figure
2.

The gloves were designed to be integrated with existing in-house
exergames developed by the research team at the university.
The exergame system consists of exercises and games that could
be personalized for each individual user to suit different
durations and number of repetitions for a particular exercise
[35,36]. These exergames were specifically created to suit older
adults to promote successful aging by motivating exercise,
where they aim to improve physical and cognitive functional
capacity through easy-to-follow actions and interface and
culturally relevant game themes [37].

While there were a series of 9 exergames developed to date, the
research team integrated the wearable glove with 1 exergame
called “Chinatown Race” (Figure 3), where players are required
to dodge barriers while aiming to collect coins to score points
while running down a road in an online Chinatown setting. The
avatar is controlled through rotation of hand and finger
movements that would be detected by the wearable glove. As
shown in Figure 2, participants had to perform movement 5 and
movement 8 to slide the avatar toward left and right,
respectively. To catch the lantern power-ups in the game,
participants had to flex their pointer finger, as seen in movement
2.

Figure 1. Prototype of the wearable glove.
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Figure 2. Specific hand motions for rehabilitation: (A) idle, (B) finger trigger, (C) up, (D) down, (E) right side, (F) right, (G) left, and (H) left side.

Figure 3. Screenshot of the Chinatown Race gameplay.

Participants and Recruitment
After the development of the wearable glove and integration
with the exergame, we conducted a moderated usability study
with 19 participants aged ≥50 years, recruited from an older
adult activity center with a convenient sample of individuals
with and without a history of stroke (n=11, 58% had a history
of stroke and n=8, 42% did not). The average age of the
participants was 66.8 (SD 4.5) years, and 53% (10/19) were

women and 47% (9/19) were men. Of the 19 participants, 13
(68%) belonged to the Chinese ethnic group, while 4 (21%)
belonged to the Malay ethnic group. There was also 5% (1/19)
Burmese and 5% (1/19) Singh individuals who participated in
the study. Overall, 74% (14/19) of the participants were
considered to have lower levels of education below an
“A-Level” certification. The inclusion criteria for the study were
that participants had to be (1) aged at least 50 years and (2)
willing and able to use the wearable glove to play the designated
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exergames and participate in a qualitative interview and survey.
The moderated usability sessions were conducted in either
English or Chinese depending on the language preference of
the participants.

Ethical Considerations
Before the study, we obtained approval from the institutional
review board of from the institutional review board of Nanyang
Technological University, Singapore (IRB-2022-405). Written
informed consent was also obtained from the participants. They
were briefed about the procedures involved in the use of the
wearable glove and exergames; they were also informed that
the risks were minimal in the gameplay and that they could exit
the study without any penalty. Upon successful completion of
all the tasks in the moderated usability study, the participants
were given a voucher worth SGD 50 (US $37) as incentive. To
safeguard participants' privacy, the data were de-identified
before analysis.

Study Design and Procedure
The moderated usability study session was designed to be a
1-hour long session, which consisted of a series of tasks
involving participants’use of the wearable glove and exergame,
led by 1 moderator and 1 technical specialist. The moderator
guided the participants through the required activities and
conducted the interview and survey upon the completion of the
tasks. The technical specialist ensured that the devices were
working as intended and handled all the technical difficulties
that arose during the session.

In the session, participants were required to complete the
following tasks:

1. Navigation of wearable glove and exergames: Participants
were taught the basics about how to use the wearable gloves
and control functions on the exergame dashboard.

2. Chinatown Race gameplay: Participants had to use the
wearable glove to engage in Chinatown Race gameplay,
where they had to move their avatars to avoid barriers and
collect lanterns to score points by using hand and finger
rotation.

3. Qualitative interview: This is a qualitative interview through
which the moderator obtained feedback about participants’
attitude and perceptions regarding the wearable glove and
exergame.

4. System Usability Scale (SUS) survey: The moderator
administered a short SUS scale, which is a 10-item measure
of the usability of systems.

Measures of SUS
The SUS scale (Cronbach α=.95) was adapted from Chu et al
[37], and participants provided their responses to the following
items measured using a 5-point scale (1=strongly disagree and
5=strongly agree): (1) I think that I would like to use the glove
frequently, (2) I found the glove unnecessarily complex, (3) I
thought the glove was easy to use, (4) I think that I would need
the support of a technical person to be able to use the glove, (5)
I found the various functions of the glove to be well integrated
with the game, (6) I thought there was too much inconsistency
with the glove, (7) I would imagine that most people would

learn to use the glove very quickly, (8) I found the glove very
cumbersome to use, (9) I felt very confident using the glove,
and (10) I needed to learn a lot of things before I could get going
with the glove.

The qualitative interviews were analyzed using a bottom-up
thematic analysis to identify key themes regarding the
motivations and barriers toward the use of wearable gloves for
rehabilitation and exercise among older adults who had a history
of stroke and those who did not. The thematic analysis was
performed in accordance with the steps described by Proulx et
al [38] regarding usability testing of wearable gloves: (1) the
recordings were transcribed, (2) the transcript was first read by
a member of the research team to develop the coding frame,
and (3) the coding frame was refined to identify different types
of motivators and barriers regarding the use of wearable gloves
and exergames. Next, descriptive analysis was conducted to
compare the differences in responses to SUS items between
older adults who had a history of stroke and those who did not.
This is consistent with the studies by Tong et al [39] and
Casterlé et al [40].

Results

Competition as a Motivation
RQ1 involves the motivations and barriers toward the use of a
wearable glove integrated with exergames. Multimedia
Appendix 1 shows the summary of the mean scores of
participants’ responses to SUS items. From the qualitative
interview, one of the key motivations identified was that a
certain degree of competition was required to ensure that the
older adults are engaged and motivated. For instance, the
inclusion of features such as collectible coins, lanterns, and a
scoring system presented a form of incentive for the participants
to continue persevering to complete the game. These features
made the game fun, as there was a tangible goal associated with
each movement that they made within the game. Some even
noted that it spurred them to strive to get better at the game, as
a participant mentioned the following:

To score the highest score, that is very exciting.
[Participant 10; with a history of stroke]

As such, the competitive element of the gameplay objectives
plays a key role in motivating older adults to continue playing
and, in essence, adhere better to their rehabilitation practices.
However, they need to be familiar enough with the game
systems and movements for them to attribute poor performance
with their own lack of skill rather than an external device, which
would otherwise deter them from continuing to play the game.

Helplessness as a Barrier
Regarding RQ1, we found that a significant barrier to using the
integrated wearable glove is the feeling of helplessness,
particularly if it is in the context of technical difficulties. While
the participants mostly agreed that the exergame navigation was
easy to understand because of the simple nature of the menu
layout and user-friendly, large, and visible buttons, the older
adults were not familiar with the movement system of the
wearable gloves. Therefore, while they had very clear intentions
regarding navigating the menu, the disconnect between intention
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and execution made the process a lot more difficult than
intended for the participants. This became even more apparent
when participants were asked to describe if anything was
confusing about the gameplay movements of Chinatown Race,
to which many expressed the following general sentiment:

Not confusing, only unfamiliar with the controls [in
reference to glove]. [Participant 2; without a history
of stroke]

Therefore, it was evident to a certain degree that the overall
experience of playing the game was hindered because the
gameplay affordances provided by the glove apparatus were
not intuitive to the participants. This, in turn, had a demotivating
effect on the participants as their ultimately poor gameplay
would then be attributed to an external factor such as the glove
and the game system, making them feel somewhat helpless as
they struggled to competently dodge all the obstacles and collect
the harder-to-collect lantern items that required them to
hyperextend their thumb. This is exemplified when looking at
“necessity of support” (ie, question 4 of the SUS scale), where
the participants were asked to rate how much technical support
they would require to use the gloves. The patients with a history
of stroke were more likely to want to get more help (mean 2.45,
SD 1.51) as compared to those who had no history of stroke
(mean 3.45, SD 1.37). This could be attributed to how older
adults with a history of stroke may have experienced feelings
of helplessness using novel rehabilitation technologies in the
past and therefore might show an aversion to new technologies.

RQ2 deals with the differences between older adults without a
history of stroke and those with a history of stroke regarding
their perceptions about the glove integrated with exergame. Our
findings indicated that the rehabilitation history influenced the
level of critique from user groups when engaging with the
integrated glove. The comfort level of the glove was a major
theme; in the SUS questions, participants who did not have a
history of stroke indicated that comfort level was very important
(mean 3.78, SD 0.97) as compared to those with a history of
stroke (mean 4.18, SD 0.60).

When asked about what could be improved to make the overall
experience of playing Chinatown Race using the wearable
gloves better, there was a noticeable difference regarding the
category of improvement suggested by both groups. The
comments by participants with a history of stroke tended to
pertain toward making the controls more intuitive:

Improve the controls, like grabbing action for the
lantern instead of thumb extension. [Participant 4;
with a history of stroke]

In contrast, comments by participants who did not have a history
of stroke were more likely related to areas such as game design
and esthetics (collectible items or general color contrast):

Barrier needs to be bigger in size and have more
contrasting colours so that it can be seen from the
distance. [Participant 19; without a history of stroke]

This difference could suggest that older adults with a history
of stroke were more focused on the movements associated with
the gloves and what their actual bodies were doing in relation
to the game than whether the game was appealing enough to be

played effectively. A possible attribution for this difference
could be how the older adults with stroke have an acute
awareness that the exergame is a tool to be used in a long and
tedious process that they have experienced previously, and
therefore, they have deeper awareness of what is essentially
important in the actual process of rehabilitation. In contrast, the
older adults without a history of stroke could be looking at the
exergame and the wearable gloves as just another gaming
device, and therefore, their criticism would be directed toward
the exergames as a game than as a rehabilitation tool.

Finally, for RQ2, our results showed that the valence of
anticipation regarding using a new device varies based on their
history with stroke. This is seen when looking at “intention to
frequently use,” which refers to question 1 of the SUS scale
used in the survey. It must be noted that the group without a
history of stroke indicated more eagerness to use the glove with
exergame (mean 4.38, SD 0.71) as compared to those with a
history of stroke (mean 3.18, SD 1.47). It could be because
participants who have had stroke before maintained a level of
cynicism toward such novel methods for stroke rehabilitation
as they have been through the rehabilitation process previously.
Furthermore, it might be due to barriers related to perceptions
of the ease of use. Participants without a history of stroke
indicated that the glove was easy to use (mean 4, SD 1.50), and
the score was slightly higher than those with a history of stroke
(mean 3.64, SD 1.50). It might also be due to the visual esthetics,
as there is a “box” attached to the glove that contains the wiring.
A participant noted the following:

The box is big and is not needed...The extra electronic
devices seem delicate and can break. [Participant 9;
with a history of stroke]

While the box itself is safely secured and presents no actual
hindrance to the gameplay experience, the apparently excessive
amount of gadgetry can scare older adults who are not familiar
with the durability that most present-day technology have and,
at worst, can incite a certain fear response within them to abstain
from handling something they think can break any minute.

Discussion

Principal Findings
Several key findings were generated from this study. First, this
study addresses the problem of data absenteeism and technology
chauvinism by engaging older adults— those with and those
without a history of stroke—to provide insights into the potential
motivations and barriers regarding the use of integrated wearable
glove with exergame solution for rehabilitation and exercise at
the early stages of the development process. Most notably, while
technologies such as wearable gloves and exergames play a
pivotal role in the rehabilitation process, it is reductionistic to
assume that the technology itself would be the panacea to
addressing health issues. For instance, although older adults
with and those without a history of stroke indicated that the
glove and exergames were well integrated, we found that
individuals who have a history of stroke were more likely to
indicate that they would still require help in operating the
wearable glove compared to those who have not experienced
stroke, which was perceived to be complicated. This finding is
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supported by the “blind faith” aspect of technology chauvinism
research: if technology is offered as a solution in isolation
without paying attention to the larger social context of the
participants, it would not be effective [13]. This is supported
by our findings where older adults with a history of stroke
indicated that they would need the support of a technical person
to be able to use it effectively and that it could be unnecessarily
complex. Thus, solutions that embrace the development and
implementation of wearable gloves with exergames need to
consider designing the technology such that it can be used in a
community setting by tapping into the social and support
networks of older adults as co-users to improve adherence and
uptake. This is consistent with the study by Proulx et al [38],
where they examined occupational therapists’ perceived
usability and utility of a similar wearable glove for
rehabilitation. In their study, while the researchers found that
the occupational therapists rated the usability of such gloves
ranging from “moderate to good” on the SUS, they shared that
the gloves would be challenging for patients if they did not have
the assistance of a therapist, owing to the physical and cognitive
deficits of patients with stroke. The therapists also suggested
that the development of wearable gloves would need to account
for different contexts, such as using the gloves with therapists
or with the assistance of a caregiver.

Second, it was noted that although older adults indicated that
the gloves were relatively easy to use and that they intend to
use them frequently, the comfort level while using the glove is
an important factor for older adults with a history of stroke.
This is corroborated by existing studies of technology
acceptance and usability, which suggests that the practicality
of use is a fundamental cornerstone in the acceptance and
integration of technology into a daily routine. Our finding is
consistent with that of the study conducted by Yurkewich et al
[21], where they designed the HERO Grip Glove to help patients
with stroke to perform activities of daily living and finger
movement. While participants reported that they were relatively
satisfied with the glove in terms of safety, security, and general
ease of use, they had the lowest satisfaction regarding the ease
of wearing the glove.

Third, we found that it is crucial to consider how gameplay
could motivate or demotivate older adults from using wearable
gloves. Existing studies of commercial device-based hand
rehabilitation for patients with stroke have shown that
game-based training using wearable gloves was generally
positive in improving hand function and that they would be
received favorably as they would be perceived as entertaining
[41]. However, our study showed that the design of gameplay
would need to aim for a fine balance in managing the difficulty
level for a diverse group of patients and players, such that
players would find the game challenging enough to sustain their
interest, but it would not be very complex to demotivate them.
This is important because our results showed that some older
adults could be easily demotivated by some of the gameplay
scenarios, especially when they feel that they cannot achieve
the objectives (ie, collecting lanterns and points and avoiding
barriers) or when their perceived expectations of their personal
performance do not match with their scores. This results in some
of them being demotivated, not enjoying the gameplay, and

feeling helpless as they felt that there was nothing they could
do to improve their scores.

Finally, it could be observed that individuals with a history of
stroke show a stronger aversion to using rehabilitative
technology and would thus require more assistance and technical
support. This is an interesting as it suggests that those with
previous experience with such novel rehabilitative technology
may have a predisposed resignation that they would not be able
to fully use these new technological methods in their recovery
and would thus rather heavily rely on some form of instruction
or expertise in conducting the rehabilitation exercises. Patients
with a history of stroke have experienced rehabilitation in the
past and thus could experience resistance to new rehabilitation
technology due to a bias or preference to use what they are
already familiar with [42].

In the case of patients with a history of stroke, they might prefer
to use something that worked for them in the past because there
is precedence of that working. Thus, getting used to a completely
new device in stroke rehabilitation presents a level of
psychological uncertainty or risk perception associated with the
new method and would thus cause them to feel like they may
not be able to adapt or manage it efficiently without proper
assistance [43].

Implications
The theoretical implication of the findings from this study has
shown that the motivation levels toward new technology among
a homogenous group of people can differ depending on their
personal experiences related to the purpose of the proposed
technology. For instance, in this study, it was demonstrated that
even among older adult patients, the mere experience of a stroke
altered their perception toward the wearable gloves by a
significant degree compared to those who did not have a history
of stroke. Therefore, it is crucial that future studies consider
medical conditions or individuals’ experiences when designing
health technologies.

The practical implication of the findings of this study illustrates
how future exergames can be properly and suitably designed
for an aging audience, for example, ensuring that visual elements
can be differentiated from one another in a very clear manner
and that the video game’s difficulty level is attuned not to be
extremely difficult but moderately challenging to both prevent
the demotivation of the players and encourage continued
gameplay, which basically means that the patients continue the
rehabilitation process through the exergame medium. In
addition, digital health technologies must be designed to have
clear affordances without visibly looking like it would be very
difficult or complicated to use, as this has an effect on the users’
perception about the apparatus, which would inadvertently affect
their motivation to buy and use the product.

Limitations
Similar to all studies, there are several limitations in our
research. The first limitation of this study would be the lack of
a substantial sample size. The sample size of 19 is very small
to draw concrete quantitative conclusions and comparison
between the focus groups, and therefore, any findings and results
that were gleaned from the study are educated guesses and
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conjecture. However, it should be noted that the opinions shared
by the older adults during the study are ideas that people in the
target group actually have, but they need to be carefully
examined in future studies. Second, our participants only used
the wearable gloves and games in 1 session with 2 games. We
are cognizant that our participants who willingly participated
in our research may be qualitatively different from those who
did not join. Third, we are mindful that older adults who did
not have a history of stroke might have other health conditions
that the research team is not aware of that might influence their
perceptions about the wearable glove and gameplay.

Conclusions
In summary, there is tremendous potential in the use of digital
health technologies such as wearable gloves and exergames to
motivate older adults to exercise and, for patients recovering
from stroke, to adhere to rehabilitation exercises. While we
recognize the benefits of such digital health technologies,
without representation from older adults in such studies, any
technology development and implementation may face the
problem of data absenteeism and technology chauvinism. Thus,
to achieve a more equitable and inclusive use of digital health
technologies, researchers need to consider both the individuals
and the contexts in which the technologies are used.
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Abstract

Background: Finding enjoyable and effective long-term approaches to rehabilitation for improving the upper limb (UL) function
of people with multiple sclerosis (MS) is challenging. Using virtual reality (VR) could be a solution to this challenge; however,
there is a lack of reporting on the views of people with MS and clinicians on VR-based approaches and recommendations for
games for rehabilitation.

Objective: This study aims to identify common UL problems and their related current therapeutic approaches for people with
MS, and to explore the opinions of people with MS and specialist clinicians on VR and obtain suggestions for the development
and design of VR games.

Methods: Separate focus groups were conducted with people with MS, recruited through the MS Society UK’s research network,
and clinicians, recruited through the MS Trust Therapists in MS network. A total of 10 people with MS (2 focus groups) and 8
clinicians (5 physiotherapists, 2 occupational therapists, and 1 MS nurse in 2 focus groups) were involved. The focus groups were
recorded and transcriptions were analyzed using theme-based content analysis.

Results: People with MS commonly reported that their UL problems interfered with activities of daily living and resulted in
the loss of meaningful hobbies such as writing. Many people with MS neglected UL exercise and found strategies for adapting
to the UL impairments. Similarly, clinicians stated UL rehabilitation was neglected within their service and that it was challenging
to find interesting treatment strategies. VR was suggested by both participant groups as a solution, as it was convenient for people
with MS to access and it could provide a more engaging and disguised approach to exercise. There were shared concerns with
cybersickness and disengagement with using VR approaches. Both groups agreed games should be meaningful and adaptable for
users but suggested different VR activities, with clinicians suggesting games directly reflecting activities of daily living and
people with MS suggesting more abstract activities.

Conclusions: VR was well received by both people with MS and clinicians for UL rehabilitation. Recommendations were made
for the development of VR rehabilitation games which are personalized and customizable for the varying abilities of people with
MS.

(JMIR Serious Games 2024;12:e51508)   doi:10.2196/51508

KEYWORDS

virtual reality; multiple sclerosis; upper limb rehabilitation; coproduction; activities of daily living; exercise games; upper limb
impairment
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Introduction

Background
Multiple sclerosis (MS) is an inflammatory demyelination
disorder of the central nervous system that is estimated to affect
2.8 million people worldwide [1]. Over a third of the people
with MS have upper limb (UL) dysfunction, including weakness,
tremors, and spasms in one or both ULs [2]. This can result in
difficulties with activities of daily living (ADL), negatively
impacting quality of life and the likelihood of remaining in
employment [3,4]. Problems specifically with dexterity are
related to higher health care costs [5] and a higher association
with depression-like psychological measures compared to
problems with lower limb function [6]. Rehabilitation and
physical exercise improve motor function for people with MS
[7,8]. The evidence regarding UL rehabilitation is lacking in
comparison with the lower limb, despite the high frequency of
UL impairments and their impact on ADL [9]. In addition, there
are particular challenges in finding effective yet motivating
rehabilitation strategies in MS due to the long-term, progressive
nature of the disease and diversity of symptoms [10].

Virtual reality (VR) is increasing in popularity in rehabilitation
research and is proposed as a possible approach to encourage
long-term rehabilitation [11]. VR includes digital environments
that often simulate real-world experiences with reported benefits
of high motivation and engagement, with real-time feedback
[12]. VR has shown promising results within MS populations,
but this evidence is limited in comparison with stroke, especially
regarding UL function [13]. Our systematic review, investigating
the effect of VR in improving UL function in MS, found early,
but limited, evidence suggesting VR has the potential to improve
function in people with MS [14]. There was also a low number
of dropouts in most studies within the review, supporting that
VR could improve adherence compared with conventional
rehabilitation; therefore, VR could be useful in conditions such
as MS, where prolonged rehabilitation is required.

VR is often investigated alongside video games played within
a VR setting, which can be commercially available or
specifically tailored games designed with a target population
in mind. Commercially available exercise games, targeted at a
healthy population, can be unsuitable for disabled individuals
and lead to discouragement and anxiety [15]. It is beneficial to
involve a sample of target users in the creation and development
of effective VR-based gamified approaches [16]. This process
is known as coproduction [17]. To date, no study has
systematically coproduced VR games specifically for UL
rehabilitation in people with MS.

Objectives
The aims of this study were to determine the views of people
with MS and specialist clinicians on UL dysfunction or function
in MS, challenges faced by clinicians when delivering UL
therapy, barriers and motivators for exercise in MS, opinions
on VR, and suggestions for development and design of VR
games. These findings will guide the future development of VR
applications and interventions for UL rehabilitation for people
with MS.

Methods

Ethical Considerations
Ethics approval for this study was provided by the School of
Health and Life Sciences Ethics Committee at Glasgow
Caledonian University (HLS/PSWAHS/20/002). Informed
consent was obtained from the participants and clinicians.

Recruitment
The study aimed to recruit up to 12 people with MS and 12
specialist MS clinicians to take part in online focus groups. The
sample size was determined in line with the design of other
similar studies and general recommendations for qualitative
analysis [18,19]. To be included in the study, people with MS
were required to be aged ≥18 years and have a diagnosis of MS
(self-reported) with self-reported UL impairment. Clinicians
were required to have experience (any duration) in delivering
MS rehabilitation within the National Health Service (NHS) or
the third sector. In addition, all participants were required to
have access to and the ability to operate videoconference
software. There were no specified exclusion criteria. Participants
with MS were identified through the MS Society UK’s research
network, which advertised the study to its members. Those who
were interested in participating contacted the research team
directly and were emailed a participant information sheet. In
terms of recruitment of clinicians, the MS Trust Therapists in
MS network advertised the study to its members. Interested
clinicians contacted the research team and were emailed a
participant information sheet.

Coproduction Focus Groups
The focus groups for people with MS and clinicians were
conducted separately with a maximum of 5 people per focus
group. To comply with COVID-19 pandemic regulations at the
time, focus groups were held online using Zoom (Zoom Video
Communications) or Teams (Microsoft Corp) videoconference
software; this also provided an opportunity for recruitment of
participants from across the United Kingdom and Ireland. The
focus groups were conducted in a semistructured style using a
focus group schedule split broadly into three sections important
for the development of VR interventions for UL problems in
people with MS: (1) UL dysfunction and exercise or therapy;
(2) opinions on VR; and (3) suggestions for development and
design of any developed VR games (Multimedia Appendix 1).
In addition, clinicians were asked what information and feedback
they would want from a patient’s VR therapy session. The
questions included prompts that allowed more targeted responses
from participants regarding their experiences and views [20].
Within the focus groups, participants were shown three videos
demonstrating different commercially available head-mounted
devices (HMDs) and hand-tracking devices: (1) a nonimmersive
VR set up using a Leap Motion controller and computer monitor,
which is a hand motion capture device that allows users to
visualize their hand movements and interact with virtual
environments; (2) immersive VR using the Oculus Rift HMD
with a mounted Leap Motion device for hand tracking; and (3)
immersive VR using the Oculus Quest, with in-built hand
tracking (Figure 1 [21,22]; Multimedia Appendix 2). Videos
were shown as participants were unable to try these devices
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since the focus groups were online due to the COVID-19
pandemic. These videos attempted to contextualize and
demonstrate the different VR and motion capture devices in
terms of users interacting with environments, possible hand
movements, and previous games developed from prior research.
After watching the videos, participants were encouraged to share

their initial thoughts on each of the technologies. The focus
groups involving people with MS and clinicians lasted
approximately 90 minutes and 60 minutes, respectively. The
focus groups were facilitated by a female researcher (AW) who
had been involved in the recruitment of participants and an
additional senior, female researcher (LP) attended.

Figure 1. Stills from videos shared with participants during focus groups, demonstrating different virtual reality technology. (A) Video 1 shows Leap
Motion only; (B) video 2 shows Leap Motion and Oculus Rift; and (C) video 3 shows Oculus Quest.

Data Analysis
All focus groups were audio recorded and transcribed verbatim.
Qualitative analysis of the data was performed based on
theme-based content analysis (TBCA) as described in the study
by Neale and Nichols [23]. This qualitative method groups
responses into content-related themes to enable researchers to
view the user preferences more easily and has been used to
influence the development or evaluation of a VR environment
[23-25]. TBCA is a flexible qualitative data analysis method
that involves five key steps: (1) data collection, (2) data
collation, (3) raw theme definition and classification, (4) higher
order theme selection, and (5) presentation of classification
matrix [23]. Owing to the large number of higher order themes,
we added an additional step by grouping the higher order themes
into main themes. The raw themes were assigned independently
by 2 researchers in the transcripts of people with MS (AW and
LF) and clinicians (AW and LP). After agreement on the raw
themes, the responses were then independently grouped by 2
researchers (AW and LP) into higher order themes. Any
discrepancies in assigning the themes were resolved through
consultation with a third reviewer, if necessary. Once the higher
order themes were determined, the main themes were determined
by 2 researchers (AW and LP). The main themes with their

associated raw and higher order themes are presented in tables.
The raw and higher order themes were quantified manually
within the matrix based on the number of responses necessary
to display popularity or consensus [23], and example quotes for
each higher order theme were included. Focus groups of people
with MS and clinicians were analyzed separately to allow
comparison of the findings between the 2 groups.

Results

Participant Demographics
A total of 10 people with MS were recruited to the study and
took part in 1 of 2 focus groups, each of which had 5
participants. Most participants with MS were female (7/10,
70%), with a mean age of 56.4 (SD 16.5) years and a mean time
since diagnosis of 14.4 (SD 12.3) years. Participants had varying
MS types (Table 1).

A total of 8 clinicians were recruited (5 physiotherapists, 2
occupational therapists, and 1 MS specialist nurse). Among
them, 6 participants worked in the NHS and 2 worked in other
settings. There were 2 focus groups for clinicians with 4
participants in each group. All clinicians were female, with a
mean age of 46.2 (SD 9.6) years, and the mean length of
experience was 17.9 (SD 10. 2) years.
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Table 1. Demographic details of people with multiple sclerosis.

Time since diagnosis (years; mean 14.4, SD 12.3)Multiple sclerosis typeSexAge (years; mean 56.4, SD 16.5)Participant ID

30SPMSaFemale60P1

4RRMSbFemale38P2

35SPMSMale68P3

1SPMSFemale58P4

11SPMSFemale42P5

3RRMSFemale28P6

5PPMScFemale56P7

16PPMSMale70P8

12SPMSMale60P9

27SPMSFemale84P10

aSPMS: secondary progressive multiple sclerosis.
bRRMS: relapsing-remitting multiple sclerosis.
cPPMS: primary progressive multiple sclerosis.

People With MS: TBCA

Overview
Following TBCA of the focus groups of people with MS, 20
higher order themes were determined based on the grouping of
the assigned raw themes. These 20 higher order themes were

grouped into four main themes: (1) Impact of MS on the UL;
(2) Exercising with MS; (3) Views of people with MS on VR;
and (4) Recommendations for development and user
requirements (Table 2). A full version of this table, including
more example quotes from participants, is available in
Multimedia Appendix 3.
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Table 2. Main, higher order, and raw themes from theme-based content analysis of people with multiple sclerosis focus groups.

Raw themes (number of responses)Main theme and higher order themes
(number of responses)

Impact of MSa on the ULb

Dressing (8); eating (6); dropping items (5); writing (5); grooming (3); dependence on others for activities
of daily living (3); carrying items (3); and traveling (2)

Interference with functional activi-
ties (35)

Fatigue (10); numbness (6); sensory overload (4); weakness (3); tremors (2); proprioception (2); and coor-
dination (1)

Symptoms and signs that impact
activities (25)

Strategies for functional activities (8); adapting (7); making a difference (5); technology assistance (2); and
mobility-assistance equipment (2)

Strategies people with MS adopt to

assist with ADLc (24)

Loss of skills (6); impact of losing ability to write (4); and keeping meaningful activities (4)Struggle with loss of meaningful
activities and skills (14)

Dexterity (6); range of motion (4); and grip (3)UL actions people with MS find
difficult (13)

Sharing strategies (4); sharing advice on exercise (4); taking advice (3); and sympathizing (2)Sharing and sympathy (13)

Variation in MS (6); unpredictable (2); and progression (2)Difficulty with progression and un-
predictable nature of MS (10)

Exercising with MS

Maintenance (10); negative perceptions of exercise (8); keeping muscle strength (8); determined to exercise
(7); benefits of exercise (6); multitask approach (4); legs focus (3); and in control (3)

Views and attitudes on exercise (49)

Outcomes from UL exercise or rehabilitation (12); neglecting UL exercise or rehabilitation (10); UL
equipment (6); UL physiotherapy (4); driven for UL exercise (3); UL exercise resources (3); and adherence
(2)

Previous experience of UL rehabili-
tation or exercise (40)

Personal barriers (8); environmental barriers (8); COVID-19 barriers (7); and verbal disengagement (5)Barriers to exercise (28)

Verbal encouragement (10); health care professionals (8); MS center (4); gym facilitators (3); and pushing
self for results (3)

Facilitators to exercise (28)

Induce symptoms (4); tiring (3); recovery time after exercise (2); affecting socializing (1); and overdoing
exercise (1)

Adverse effects of exercise (11)

Routine (7); exercise bikes (6); exercise aims (5); low impact or stretching exercise (4); and physiotherapy
approaches (4)

Approaches to exercise used by
people with MS (26)

Competition in exercise (10); motivation of group exercise (5); downsides of group exercise (5); importance
of socializing in exercise (2); camaraderie (2); enjoyment (1); and interest in group exercise (1)

Views on group vs individual exer-
cise (26)

Views of people with MS on VRd

Home use (9); outcome benefits (6); personal opinions on VR (5); fun (5); adaptable (5); positives of
technology (5); wireless convenience (5); accessibility convenience (4); incentives (3); meaningful (3);
online socializing (2); and immersion (1)

Positive views on VR (55)

Cybersickness (17); HMDe discomfort (6); technology discomfort (5); HMD dislike (3); disengagement
(3); accessibility concerns (3); and unsuitability (3)

Negative views on VR (40)

Openness to VR (12); challenging (4); safety considerations (3); need results (2); technology considerations
(2); and unsuitable for them (2)

Views on trying or participating in
VR rehabilitation (25)

Recommendations of people with MS for development and user requirements

Mindful of target audience (9); tracking progress (8); discouragement of feedback (8); knowing UL outcomes
(7); end result (6); score targets (6); challenging self (6); competition in games (5); education (5); time

Considerations for development of
VR games (84)

feedback (4); supervision (4); community involvement (3); multipurpose (3); continuous development (3);
be fun (3); hardware (2); and learning patterns concern (2)

Suggested UL actions (9); game ideas (7); real-life vs abstract tasks (4); haptic activities (4); strength in
games (4); writing and drawing (3); demonstrated games (3); additional objectives (2); and atmosphere (1)

Suggestions for VR activities (36)

Offer different movements (8); having a variety of games (6); personal preferences (6); and variety of dif-
ferent levels (3)

Importance of choice (23)

aMS: multiple sclerosis.
bUL: upper limb.
cADL: activities of daily living.
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dVR: virtual reality.
eHMD: head-mounted device.

Impact of MS on the UL
The most common higher order theme was “Interference with
functional activities” with 35 responses (Table 2). Participants
reported a wide range of activities they found difficult to
perform due to their MS, the most frequent being ADL,
including personal care, eating, and carrying heavy items.
“Symptoms and signs that impact activities” had the second
highest number of responses (n=25), where participants
particularly noted the impact of fatigue on activity (n=10);
however, sensory problems such as numbness and pins and
needles were also highlighted. Other MS symptoms impacting
UL function were, for example, weakness, tremors, and
coordination problems. In “Strategies people with MS adopt to
assist with ADL” (n=24), because of losing function, participants
discussed the use of assistive equipment, for example, button
fasteners, specialized cups, and voice control. Other strategies
included using their less affected hand or pacing to manage
fatigue. The remaining 4 higher order themes had fewer
responses. In brief, dexterity, range of joint movement, and grip
were the main “UL actions people with MS find difficult”
(n=13). These were often compounded by the unpredictability
and progressive nature of MS (“Difficulty with progression and
unpredictable nature of MS,” n=10). Participants reported the
emotional impact of losing the ability to carry out personal and
meaningful activities specifically because of loss of UL function
(“Struggle with loss of meaningful activities and skills,” n=14),
with one participant stating the following:

I used to be a writer and it was very, very hard
because I couldn’t write anymore...I was really
motivated [to relearn writing], felt really cut off from
the world. [P8; age 70 years; male participant with
primary progressive multiple sclerosis]

The final higher order theme was “Sharing and sympathy” (n=13
responses), where participants empathized and shared
experiences and suggestions of assistive equipment.

Exercising With MS
Most responses under this main theme related to “Views and
attitudes on exercise” (n=49; Table 2). Participants were
motivated to exercise with a "use it or lose it” attitude and a
desire to, if not improve then at least maintain, their function
and prevent further deterioration. Participants also described
negative perceptions of exercise, such as finding it “very boring”
and guilt from not participating in exercise. In “Previous
experience with UL rehabilitation or exercise” (n=40), many
participants (5/10, 50%) discussed not undertaking any UL
exercise or rehabilitation, currently or previously. Many UL
programs previously undertaken by some participants aimed to
build strength, reduce pain, and improve hand function with
varying outcomes. There were similar numbers of responses in
terms of “Barriers to exercise” (n=28) and “Facilitators to
exercise” (n=28). Personal barriers to exercise included
comorbidities, MS symptoms (fatigue, pain, and bladder and
bowel dysfunction), difficulty using exercise equipment, and
expense. The COVID-19 pandemic had negatively impacted

the participants’ exercise due to services closing down.
Environmental barriers to exercise included lack of local
facilities and not having space to exercise at home. Verbal
encouragement was described as both a barrier (could be off
putting) and a facilitator (motivating) to exercise. Other
facilitators were seeing improvements, feeling motivated, and
the attitudes of health care professionals, personal trainers, and
carers. Conversely, health care professionals with a lack of
experience in MS overwork people with MS, leading to
exhaustion (“Adverse effects of exercise,” n=11). Participants
undertook many different forms of exercise (“Approaches to
exercise used by people with MS,” n=26), including exercise
bikes, Pilates and yoga, dog walking, and gym exercises. There
were varying “Views on group versus individual exercise”
(n=26). Some found competition within a group to be motivating
while others did not, with one participant suggesting social
support and camaraderie was more important than competition:

I’m not too fussed about being in competition with
others, but if it was a more social thing that would
maybe encourage me to perhaps join in a group that’s
doing something together. [P4; age 58 years; female
participant with secondary progressive multiple
sclerosis (SPMS)]

Negative aspects of group exercise included the fear of letting
others down.

Views on VR
The initial reaction to VR was positive (“Positive views on VR,”
n=55; Table 2). Participants stated it looked fun or enjoyable
with the potential to improve or maintain muscle strength,
dexterity, and spatial awareness, especially with repeating the
actions and concurrently perhaps learning a new skill (for
example, playing the piano):

I think [VR’s] still very good because...
it’s...maintaining those motor skills that is so easily
slip away when you’re not using them. [P9; age 60
years; male participant with SPMS]

There were positive comments in relation to the convenience
and accessibility of VR facilitating exercise at home at a suitable
time and eliminating travel to physiotherapy services and gyms.
Participants highlighted that the wireless HMD was more
convenient as it was portable and did not need a computer. The
advantage of linking up with others online was raised. However,
“Negative views on VR” (n=40) were related to concerns
regarding cybersickness, linked to dizziness and balance
problems:

With MS a lot of people suffer from nausea or motion
sickness. That can be a concern for the headsets. [P6;
age 28 years; female participant with relapse and
remitting multiple sclerosis]

Other negative responses related to the HMD discomfort
regarded weight, usability concerns, wearing it with glasses,
and being disconnected from the real world. Two participants
indicated that interest in VR may reduce over time. Participants
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were also concerned about fatigue and the usefulness of VR for
UL sensory dysfunction. Most participants (6/10, 60%)
expressed they were open to trying VR (“Views on trying or
participating in VR rehabilitation,” n=25), but would like to
understand the benefits, long-term outcomes, and any safety
issues.

Recommendations for Development and User
Requirements
With regard to “Considerations for development of VR games”
(n=84), a variety of UL movements was desirable with clarity
in terms of the aim and outcome in relation to the UL being
important (Table 2). Competition within the VR games,
interacting with others or challenging themselves, were
frequently discussed as being motivating. Tracking
improvements during VR gameplay was vital to some
participants, including monitoring improvements in score,
exercise time (rather than countdown which could be stressful),
and progressive challenges. The games should offer the ability
to challenge users, with one participant saying the following:

That challenge to try and be better the next time,
whereas if you’ve got no idea...you’ve got nothing to
fight against or to work against. [P10; age 84 years;
female participant with SPMS]

Conversely, other participants emphasized the potential
demotivating effect of feedback given the progressive nature
of MS, by warning that score feedback should not be
“disheartening,” and should therefore be made optional to the
user. There was a strong feeling that the VR games should be
“fun” with abstract gameplay potentially being more fun.
Participants felt that demonstrations and supervision to assess
progress were important. They also stated that the VR games
had to account for the differences in the ability of people with

MS and that older people may need more basic VR games. The
idea of the VR games having an educational outcome or in
learning a new skill was suggested to help with engagement.
Participants suggested that reaching, punching, and other aerobic
activities could be incorporated (“Suggestions for VR activities,”
n=36). Having haptic approaches was frequently proposed with
gripping, squishing games, such as kneading bread. Participants
proposed activities with a cognitive element, such as a puzzle
or maze, and whole limb movements, such as Whack-a-Mole
(Mattel), writing or drawing. Participants liked the VR piano
which had been demonstrated. There was a variety of opinions
in terms of abstract or real-life activity with most preferring
abstract games but some ADL-type activity was also suggested.
“Importance of choice” (n=23) related to having variety in
games, UL movements, and levels of difficulty with abstract
games or real-life gamified tasks, with 1 participant declaring
the following:

I’d like to make sure I’m not doing a whole lot of
exercises that are all doing the same things...Got to
be mixing them up: one for coordination, one for
dexterity. [P1; age 60 years; female participant with
SPMS]

Clinicians: TBCA

Overview
From the clinician focus groups, there were 15 higher order
themes grouped into four main themes: (1) Current methods
and challenges for delivering UL rehabilitation; (2) Clinicians’
views on VR; (3) Recommendations for development and user
requirements; and (4) Implementation of VR into practice (Table
3). A full version of this table, including more example quotes
from participants, is available in Multimedia Appendix 4.
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Table 3. Main, higher order, and raw themes from theme-based content analysis of clinician focus groups.

Raw themes (number of responses)Main themes and higher order themes (number of responses)

Current methods and challenges for delivering ULa rehabilitation

MS-specific challenges (13); patient adherence (11); service challenges (9); UL-related
challenges (7); patient differences (6); challenges with current methods of delivery
(4); COVID-19 impacts (2)

Challenges clinicians face when delivering exercise for

people with MSb (52)

Actions (10); systematic approach (7); functional tasks (6); strength and range of
movement (5); relapse care (1)

Recommended UL exercises for people with MS (29)

Deterioration (11); acceptance in patients (8); difficulty with patient improvements
(5)

Experience with long-term, progressive condition (24)

Meaningful and patient-focused (9); patient assessments (6); symptoms (4); repetition
(3)

Factors clinicians consider when prescribing exercise for
the UL (22)

Technological approaches (4); programs (4); accessible equipment (3); clinician routines
(2); patient lead (2)

Current methods of UL exercise delivery for people with
MS (15)

social motivation (6); support (5); recommending social exercise (3)Socializing in exercise (14)

Clinicians’ views on VRc

Solutions to current challenges (10); personal opinions on VR (7); facilitating move-
ments or tasks (6); VR-specific qualities (6); meaningful (5); engagement (5); visual-
ization (4); novel (3); cognitive appeal (2); adaptability (2)

Positive views on VR (50)

Disengagement (10); cybersickness and safety (8); HMDd discomfort (7); accessibility
concerns (5); feedback concerns (5); validity concerns (3)

Negative views on VR (38)

Questioning purpose of VR (4); questioning benefits of VR (4); neural mechanisms
(3); research (2); different VR systems (1)

Questioning benefits and the unknowns of VR (14)

Clinicians’ recommendations for development and user requirements

Communication between clinician and patient (12); purposeful (7); social components
(7); selecting tasks (4); slower tasks (3); competition (3); feedback for clinician (3);
positive feedback (2); end point (2)

Considerations for developing VR games for people with
MS (41)

Activities of daily living (6); hobbies (6); objectives (6)Suggestions for VR activities (18)

Preferences (6); having variety (5); setup (4)Importance of choice (15)

Implementation of VR into practice

Home use (7); VR in clinics (7); long-term treatment (4);Suggestions for incorporation of VR into practice (18)

Funding (7); demanding on services (6); availability of equipment (5); risk (3); adjust-
ment (2); uncertainty of practice (2)

Challenges with implementation of VR into practice (24)

Who would use VR (3); niche group (3); age (2)Finding the target audience for VR (8)

aUL: upper limb.
bMS: multiple sclerosis.
cVR: virtual reality.
dHMD: head-mounted device.

Current Methods and Challenges for Delivering UL
Rehabilitation
“Recommended UL exercises for people with MS” (n=29)
included strength training and active movements related to
functional activity, such as hand-to-mouth movements (Table
3). Treatment for the UL often involved equipment such as
Therabands and Theraputty but also technology such as the
Gloreha robotic system and functional electrical stimulators
with different models of care for UL exercises described as part
of community-based classes, within third sector organizations
and online programs (“Current methods of UL exercise delivery
for people with MS,” n=15). Within “Factors clinicians consider
when prescribing exercise for the UL” (n=22), most responses

were regarding meaningful and goal-focused exercises.
Clinicians also considered the patient’s symptoms, for example,
spasticity, pain, and the ability of patients. The importance of
repetition of movement was reinforced. Most responses (n=52)
were in relation to “Challenges clinicians face when delivering
exercise for people with MS.” Clinicians expressed that
UL-focused exercise was neglected compared to the lower limb
and the challenge of making UL exercise interesting:

A bit more difficult for upper limb things...it’s much
easier to maybe...go for a walk with somebody or you
know, or cycle or whatever. Upper limb is maybe a
wee bit more difficult. [C6; physiotherapist]
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Clinicians also mentioned the use of Theraputty described as
“juvenile” and lists of exercises “boring.”

Service-related challenges included limited time and capacity
to see patients and large geographic areas to cover. Other
challenges were keeping patients engaged with exercise in the
long term, especially at home, and finding an activity that would
be attractive to patients. Under “Experience with long-term,
progressive condition” (n=24), clinicians raised being realistic
about improvements with a progressive condition while also
keeping patients motivated, minimizing deterioration or
maintenance, rather than improving:

Trying to motivate people with progressive MS, you’re
trying to get them to continue to maintain where they
are rather than improve. [C5; occupational therapist]

Clinicians expressed the positive benefits of “Socializing in
exercise” (n=14) for support and motivation.

Clinicians’ Opinions on VR
Clinicians were very positive about VR (n=50), describing it
as being interactive, fun, meaningful, and a novel potential
approach to rehabilitation, which could help engagement (Table
3). They were positive about the escapism aspect and the
potential to improve mental health:

What appeals about VR stuff is that it is focused and
takes you into a different place...You’re doing tai chi
on a beautiful, Japanese garden rather than actually
in your grumpy living room...I think even that in terms
of the escapism aspect, maybe from a mental
wellbeing. [C1; physiotherapist]

Clinicians liked the visual feedback to help with, for example,
coordination, but which could also reinforce movements and
introduce a cognitive component. Clinicians commented that
VR provided the opportunity to undertake activities not possible
within the clinic and to exercise without the activity seeming
like an exercise. Most of the “Negative views of VR” (n=38)
were regarding patient safety using VR headsets, especially
cybersickness, including dizziness and disorientation,
specifically in patients with vestibular issues. Other general
concerns with HMDs were usability with glasses, the weight
of the HMD, and feeling claustrophobic. Clinicians suggested
that VR activities should not be too simplistic to avoid
patronizing patients and at an appropriate skill level. The
longevity of engagement of patients after the initial novelty was
questioned. Clinicians also questioned the use of VR for
activities that can be done in the real world and similarly how
VR activities might translate to real function. The importance
of feedback on the quality of movement as well as the quantity
was highlighted. Finally, accessibility and digital poverty were
also raised. The final higher order theme was “Questioning
benefits and the unknowns of VR” (n=14), where some
clinicians felt there was insufficient evidence on the purpose
and benefits of VR and its effect on neural mechanisms:

I think it’s important to think about how is [VR]
different to just doing [activities] in real life as
well...What can you augment in your rehab through
this virtual reality that you can’t just do in real life
anyway? [C7; physiotherapist]

Recommendations for Development and User
Requirements
Under “Considerations for developing VR games for people
with MS” (n=41), clinicians discussed the importance of the
VR games having purposeful activity, translation of tasks into
real life, and having an end point (Table 3). The games should
consider movements of individual joints of the UL with
extension movements at the wrist and fingers being important
as where people with MS lose the most function. Games should
incorporate strength, coordination, proprioception, and range
of motion exercise as well as exercises for the core. Feedback
was important, with clinicians able to monitor the program.
Clinicians were not interested in scores for the games but wished
feedback on the quality of the movements and patient
engagement. Clinicians stated that undertaking VR activities
with others or in group settings with elements of competition
was desirable. Clinicians provided “Suggestions for VR
activities” (n=18), including ADL such as putting on makeup;
writing or chopping vegetables; and hobbies including pottery,
sewing, or piano playing. Clinicians raised the “Importance of
choice” (n=15) in the VR setup, choice of games, and choice
within games, for example, levels of difficulty, to appeal to as
many people as possible:

I think, it is about having a variety of things that push
as many buttons with patients that you can manage
and cover as many options as you can. [C2;
physiotherapist]

Implementation of VR Into Practice
Under “Suggestions for incorporation of VR into practice”
(n=18), clinicians felt long-term, regular use of VR was needed
for positive outcomes (Table 3). Home use was felt to encourage
frequent use, with clinicians monitoring progress remotely, thus
saving in person contact time. There were a number of
“Challenges with implementation of VR into practice” (n=24)
with cost and funding (service and individual) being the most
commonly reported, which included potential increased demand
on services:

I know if I brought it to my bosses they would want
a breakdown of cost of monthly rate, how are we
going to utilise it, how often are we going to utilise
it. What figures could we get from this particular item
and what outcomes could we achieve. [C4; MS
specialist nurse]

Equipment-related challenges were ownership, availability,
supply of equipment, and infection control. A full risk
assessment would be required before implementation and
guidance would be needed on intervention duration and
frequency. Clinicians discussed for whom VR would be
appropriate, in terms of age or other factors, and identified this
as an area for future research (“Finding the target audience for
VR,” n=8).
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Discussion

Principal Findings
This study aimed to explore the views of people with MS and
clinicians on UL impairment associated with MS and the
potential role of VR as a rehabilitation approach to address this
impairment. The discussion focuses on the combined findings
from the 2 groups of participants: people with MS and clinicians
(Figure 2). Figure 2 is a visual representation of the principal
findings based on the higher number of responses assigned,
which should inform the development of VR applications and
interventions aiming to improve the UL function for people
with MS and how VR could tackle challenges of existing UL
exercise raised by clinicians and people with MS in this study.

The findings agree with those of previous studies that people
with MS commonly have UL impairments that impact function,
including problems with dexterity and ADL, which leads to loss
of meaningful activities [26-28]. Despite UL difficulties, UL
exercise was neglected due to MS symptoms, such as fatigue,
lack of motivation, and dislike of exercise, as well as the
challenges clinicians faced regarding time constraints and
finding appropriate therapies that were not childlike or boring.
Lack of focus on UL rehabilitation has been reported previously
in MS [9] and in other long-term neurological conditions such
as stroke [29]. The progressive and unpredictable nature of MS
was raised by both groups, and consequently, clinicians raised
the importance of setting realistic expectations with therapy,
sometimes focusing on maintenance of function rather than
improvement.

Figure 2. Flow diagram of the results from theme-based content analysis of people with multiple sclerosis (MS) and clinicians’ coproduction focus
groups and how this will guide the requirements for developing virtual reality–based games or interventions, which will aim to tackle certain achievable
upper limb exercise challenges within MS.

Both groups (people with MS and clinicians) were optimistic
about the use of VR and believed VR could be a solution to
their exercise challenges. Positive comments, including avoiding
traveling, being accessible, and being engaging or fun addressed
the identified barriers for UL rehabilitation. This concurs with
previous VR studies [30,31] and specifically in UL rehabilitation
in MS, with a recent home-based, feasibility study using the
Oculus Quest 2 VR headset in which participants described VR

as fun, interesting, and innovative [32]. Participants in the study
by Kamm et al [32] suggested adding difficulty levels and
scoring to their exercises, competitive elements previously
described to be motivating by people with MS using
nonimmersive exercise games delivered through the Nintendo
Wii [33]. In this study, both groups were especially positive
regarding the immersive approach of the Oculus Quest.
Participants thought the escapism properties and visualization
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of movements could potentially “disguise exercise,” which may
occur with the “fun” element of VR reducing the perception of
exertion during exercise [34], therefore encouraging more UL
therapy.

Negative views about VR were also expressed, mainly the
potential for cybersickness. Cybersickness is thought to be
caused by conflict of stimuli, leading to nausea, disorientation,
and pain in the eyes and head [35]. Women are more susceptible
to cybersickness [36], which is relevant in MS, with a higher
number of women affected. Although cybersickness with VR
has been reported previously in people with MS [37], there are
development strategies for reducing cybersickness, such as
designing VR activity with less overall movement within the
virtual environment. Cybersickness is, however, thought to
reduce over time with exposure to VR [38]. There were
unnecessary concerns raised for those wearing glasses as the
HMD can accommodate glasses, but there were valid concerns
about the weight of the HMD for some users. Disengagement
was another concern both groups expressed, with limited data
on long-term adherence to VR in MS rehabilitation. Exercise
is a behavioral intervention, and long-term adherence to exercise
can be supported by evidence-based behavior change techniques
[39]. These behavior change techniques, such as goal setting,
rewards, and feedback, can be incorporated into VR games or
activity to support long-term engagement in UL exercise. While
VR can be more engaging than other methods of exercise [40],
frequent performance, feedback on progress, and adjusting levels
of difficulty can maximize VR engagement for those with
long-term neurological conditions [41]. Finally, clinicians had
specific concerns regarding digital poverty, the technical ability
of people with MS, and insufficient technical services to support
VR.

Considerations for VR game development align with
user-centered design principles for VR in motor rehabilitation
in survivors of stroke, such as being fun, tracking progress,
having an element of competition, challenging oneself, and
providing feedback [42], and are not specific to any clinical
population. Participants raised that VR development should be
mindful of the different end users (people with MS) who may
differ in ability and preferences. Clinicians suggested VR would
appeal to younger individuals with MS, whereas people with
MS felt older people with MS might need more basic gameplay.
While there is some, albeit limited, evidence for lower usability
scores for older VR users compared with younger users, there
can be higher user enjoyment [43], and there is moderate
evidence for good usability of VR in older populations [44];
therefore, this concern may be overly cautious.

Consideration of the end user links to the importance of choice
when designing VR interventions, with a variety of games to
appeal to as many as possible. Participants felt the games should
include different movements, levels of immersion, level of
difficulty, or feedback on performance. Accommodating
individual preferences is a key element for the design of VR
games for rehabilitation, as it increases user engagement [45].
However, our previous systematic review found that a choice
of games was rarely included in VR interventions in MS [14].

There were differing views in terms of the type of feedback
people wished from VR. Some people with MS wanted to track
scores and visualize results, which is supported by reward
theories for users during both entertainment and serious games
[46]. Conversely, concerns were raised about feedback
potentially being discouraging or demotivating, especially given
the variable nature of MS. As an example, countdown timers
provide slight pressure to motivate players to increase
engagement [47]; however, in this study, people with MS felt
they could be stressful. Feedback on the duration of exercise
completed was appealing to people with MS, as reported
previously [19]. As well as the quantity of VR exercise,
clinicians also wished feedback on the quality of movement
when performing the games. Rehabilitation often involves highly
repetitive movements to stimulate neuroplasticity; however,
stroke specialist therapists have also previously reported
concerns that quality of movement in VR rehabilitation for UL
maybe sacrificed for a good gaming outcome [18], although
this has not been explored in people with MS. Both groups were
interested in the reported outcomes of using VR approaches
which, if positive, would increase engagement.

Clinicians and people with MS felt VR activity had to be related
to the patient’s personalized and meaningful goals, which is
known to increase motivation in physiotherapy settings [48];
however, this is often neglected in VR regimes [14]. Goals need
to be adjusted over time in a progressive condition, such as MS,
and to avoid disengagement as raised earlier. Participants with
MS frequently stated that their goals were related to not only
improvement but also the maintenance of ability and the
prevention of further deterioration. In terms of suggestions for
VR activities, the groups differed with clinicians suggesting
ADL or hobby simulations and people with MS being more
ambivalent, stressing activity to be fun with a variety of real-life
and abstract VR games. Previous studies of VR have often
involved ADL activities such as cooking or other kitchen activity
[49,50]. Although VR can provide a safe environment to practice
ADL for people with mobility issues [51] people with MS in
this study were less interested in ADL, especially kitchen
simulations. Both groups suggested an “end result,” such as
creating a drawing, or learning a new skill would be positive
and facilitate a feeling of accomplishment. There were also
suggestions from people with MS to incorporate haptic activities,
such as grabbing and gripping. However, the user is not able to
receive tactile feedback when interacting with a virtual
environment, and handheld controllers may need to be
considered for some VR activities [52]. Another solution could
be to incorporate pseudo haptics, the use of different stimuli
such as visual or auditory stimuli, to mimic a variety of haptic
properties in a virtual environment [53]. This is an emerging
field that could be explored in VR for people with MS.
Similarly, as many of the participants suggested finger-related
exercises, it is important that VR systems use good
hand-tracking motion capture devices to allow visualization of
the movement of fingers and wrists within a VR setting.

Many people with MS were supportive of VR for home use, as
being more convenient and accessible. However, there was
recognition that users needed demonstration of the technology
and a level of clinician supervision. Assessing quality of
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movements and monitoring of patient progress are reported
challenges for VR home use [54]. A recent study with a small
number of participants found VR to be feasible for home-based
UL rehabilitation in people with MS, after 3 supervised sessions
[32], but larger studies of home-based VR for UL rehabilitation
are required. There was agreement in both groups that an
element of social interaction could be considered in the
development of VR games. Generally, there is a lack of evidence
on the effect of socialization within UL therapy, but it may
improve adherence and motivation [55] and provide better
outcomes [56]. Specifically in relation to VR, there is some
evidence that social aspects increase motivation through
competition [57], but participants in our study were more
interested in self-competition rather than competing against
others. This is similar to a study of a walking app for MS where
users were less interested in sharing their goals or achievements
with others [58].

Strengths and Limitations
Recruiting participants through online sources may result in a
biased sample, as those comfortable with technology and access
to online services are more likely to take part. Being online
allowed the involvement of people with MS with varying
abilities and clinicians who worked in the NHS and the third
sector across the United Kingdom. However, the online nature
meant it was not possible for participants to physically test the
VR equipment and explore their reactions. While it can also be
challenging to engage all participants in online focus groups,
this was resolved by asking questions using participants’names
or by getting participants to use the raise hand function within
the videoconference software and encourage discussion between
participants.

The TBCA methodology groups responses into themes to
quantify them but does not allow consideration of the interaction
between participants. Participants had a number of specific

questions, such as the long-term outcomes of using immersive
VR, the optimal target users for VR (level of disability), and
the extent of translation of VR activity into “real-life” function.
However, there is currently a lack of literature to provide
responses to these questions, which highlights areas for future
research.

Conclusions
This is the first study exploring the views of people with MS
and clinicians in terms of VR for UL rehabilitation for people
with MS and has highlighted the current challenges in UL
rehabilitation even though UL impairment is common and
impacts meaningful activity. Overall, people with MS often
found dexterity-related activities difficult, which impacted
multiple ADL and challenges faced in therapy related to
motivation, lack of resources, and difficulty finding interesting
UL exercises. There was positive support for VR for UL
exercise. Overall, to improve engagement and satisfaction for
the user, this study suggests any VR games developed for people
with MS should (1) be fun and engaging; (2) have clear aims
related to the individual user’s goals; (3) offer personalization,
such as a variety of games (abstract and ADL based), different
movements, levels of difficulty, and methods of feedback; (4)
monitor quality as well as quantity of movement during
gameplay; (5) incorporate design features to reduce the potential
for cybersickness; (6) consider if the games can incorporate
education or skill development; (7) incorporate aspects of social
interaction; and (8) consider including haptic properties. The
findings support the need for the creation of bespoke serious
games rather than using commercially available exercise games,
which can discourage users with motor dysfunction [15,59].
Overall, future development of VR games for UL rehabilitation
should focus on a personalized and customizable approach to
encourage long-term engagement to improve meaningful
outcomes for people with MS.
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Abstract

Background: Restoring hand and finger function after a traumatic hand injury necessitates a regimen of consistent and
conscientious exercise. However, motivation frequently wanes due to unchallenging repetitive tasks or discomfort, causing
exercises to be performed carelessly or avoided completely. Introducing gamification to these repetitive tasks can make them
more appealing to patients, ultimately increasing their motivation to exercise consistently.

Objective: This study aims to iteratively develop a serious virtual reality game for hand and finger rehabilitation within an
appealing and engaging digital environment, encouraging patient motivation for at least 2 weeks of continuous therapy.

Methods: The development process comprised 3 distinct stages, each of which was subject to evaluation. Initially, a prototype
was created to encompass the game’s core functionalities, which was assessed by 18 healthy participants and 7 patients with
impaired hand function. Subsequently, version 1 of the game was developed and evaluated with 20 patients who were divided
into an investigation group and a control group. On the basis of these findings, version 2 was developed and evaluated with 20
patients who were divided into an investigation group and a control group. Motivation was assessed using the Intrinsic Motivation
Inventory (IMI), while the application’s quality was rated using the Mobile Application Rating Scale and the System Usability
Scale. User feedback was gathered using semistructured interviews.

Results: The prototype evaluation confirmed the acceptance and feasibility of the game design. Version 1 significantly increased
motivation in 2 IMI subscales, effort (P<.001) and usefulness (P=.02). In version 2, a significant increase in daily performed
exercises was achieved (P=.008) compared to version 1, with significantly higher motivation in the IMI subscale effort (P=.02).
High Mobile Application Rating Scale scores were obtained for both versions 1 and 2, with version 2 scoring 86.9 on the System
Usability Scale, indicating excellent acceptability. User feedback provided by the semistructured interviews was instrumental in
the iterative development regarding improvements and the expansion of the playable content.

Conclusions: This study presented a virtual reality serious game designed for hand and finger rehabilitation. The game was
well received and provided an environment that effectively motivated the users. The iterative development process incorporated
user feedback, confirming the game’s ease of use and feasibility even for patients with severely limited hand function.

(JMIR Serious Games 2024;12:e54193)   doi:10.2196/54193
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Introduction

Background
Our hands are essential tools for managing daily life and are
thus at high risk of injury. Therefore, comprehensive and
successful rehabilitation to quickly restore hand function is
essential for patients’ quality of life and ability to work. A key
factor in successful rehabilitation is to maintain patients’
motivation to conscientiously participate in the process [1].
However, this is complicated by the fact that as part of their
therapy, patients may experience pain reactions during or after
exercise and must endure them. In addition, long-term repetitive
activities are often monotonous and tend to be performed more
and more carelessly without the supervision of an occupational
therapist or physiotherapist [2]. However, to achieve the best
possible outcome of the therapeutic process, it is necessary for
patients to perform their exercises regularly, usually even daily
[3,4].

In the last decade, serious games for health have become more
popular and have shown a positive effect on the rehabilitation
process [5,6]. The application of serious games for health covers
a wide range of domains, such as training for behavioral change
[7], cognitive exercises [8], the treatment of perceptual disorders
[9], or physiotherapeutic exercising (eg, for pain [10] or multiple
sclerosis [11,12]). The concept of gamification is an attempt to
enrich a context, for example therapeutic exercising, with
elements and principles used in game design [5,13]. The main
target here is to positively influence the player’s attitude,
enjoyment, and perceived usefulness toward the game [14].
Gamification can also contribute to improving personal health
behavior [15].

The use of video games allows for the creation of exciting
adventures for patients who are experiencing certain limitations
due to age, illness, or disabilities and can significantly improve
their mood [16]. The highly immersive experience that can be
generated by the application of virtual reality (VR) technology
promises to increase the positive effects on the rehabilitation
process even further. The term virtual reality in the context of
rehabilitation is often used to describe any type of
computer-based system, regardless of the level of immersion.
Strictly speaking, however, VR refers to a system in which the
viewer is surrounded by a computer-generated 3D environment
and can move around in this artificial world in real time, view
it from different angles, and interact with it [17]. The cost of
such immersive systems dropped dramatically after 2013, for
example, a 90° field-of-view head-mounted display (HMD) was
US $35,000 in 2013 and US $600 in 2016, thus enabling
affordable VR hand therapy [18].

Serious Games for Health Regarding Hand
Rehabilitation
Input systems for the real-time capture of the patient’s hand and
finger movements presented in the literature range from haptic
devices, such as joysticks [19], robots that allow the fingers to
be moved in a targeted manner [20], and data gloves [21,22],
to wearable inertial tracking devices [23] and optical tracking
systems with either externally placed cameras, such as the

Nintendo Wii [24], or low-cost, camera-based tracking systems
(eg, the Leap Motion controller that can be used stationary in
front of a screen [25,26] or mounted onto a VR HMD). An
alternative built-in-one setup is provided by the Meta (formerly
Oculus) Quest 2 HMD [12,27]. Such markerless optical tracking
generally enables a very simple setup and is also especially
beneficial for patients with severely injured skin, burns, or
allodynia [18,28].

Many VR and non-VR applications designed for arm and hand
rehabilitation can be found in the literature, for example, for
the purpose of grasping exercises after-stroke rehabilitation [21]
or dexterity training for multiple sclerosis [12]. For practicing
the hand and fingers in particular, several examples are given
for rehabilitative tasks and activities to be performed in VR,
such as playing a virtual piano, catching butterflies, picking
flower petals, or solving puzzles [29,30]. Furthermore,
assessment-like tasks can be found in VR, such as stacking
cylinders into a pegboard or stacking cubes [31,32]. Most of
these examples lack a concept that motivates the patient to stick
with the game for a longer period but rather rely on the effects
of technological novelty and already existing intrinsic
motivation. Some tasks provide concepts, such as point systems,
eventually combined with playtime and connected to a
leaderboard. These rather competitive game elements influence
mainly extrinsic motivation and have little effect on intrinsic
motivation [33].

Creating Motivational Serious Games for Health
Various types of players exist, and they differ in the degree to
which they can be motivated by intrinsic or extrinsic motivation
[34]. Although both are vital for engagement, games often focus
on extrinsic motivators, such as rewards, achievements, or
points, which can be harmful to intrinsic motivation [35].
Intrinsic motivation, by contrast, can be supported by
self-initiation and choice [36]. Concepts from self-determination
theory, such as competence, relatedness, and autonomy, can
help create designs that provide sustaining engagement [37].
Game-based approaches related to self-determination theory
can also be drawn from behavior change technology [38,39].
Other key factors in intrinsic motivation are informational
feedback and clear game goals, which serve as proof of
effectiveness for the patient and can also contribute to extending
health beneficial behavior beyond the context of the game
[40,41]. Work on gamification discusses the roles of intrinsic
and extrinsic motivation, as both are important and not
sufficiently studied empirically [33,42].

Objectives
The primary objective of this study was to iteratively design
and evaluate a serious game for the rehabilitation of hand and
finger function in a patient-centered approach. In contrast to
hand rehabilitation games presented in the literature,
StableHandVR (BG Klinik Tübingen) had a stronger focus on
different motivational factors to promote sustained user
engagement for a variety of player types. Similarly, the game
was designed to be feasible even for patients with severely
limited hand function. The secondary objective was to compare
the motivational effects of the rehabilitation game across the
design iterations and a control group.
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Methods

Ethical Considerations
Participant recruitment for the study was conducted in
compliance with the Declaration of Helsinki and followed the
ethical guidelines by the University of Tübingen, Germany.
This study was also approved by the ethics committee of the
University Clinic of Tübingen (470/2019B02). Before the
initiation of the study, informed consent was obtained from all
participants. All data used for this study was anonymized. No
compensation was provided to the participants.

Study Design
This study presents the iterative design and development process
of the serious game StableHandVR in 3 steps. First, a prototype

was created, which provided the core game mechanics and was
tested for usability and feasibility. In total, 4 game elements to
maintain motivation were designed and evaluated; additional
user feedback was collected. On the basis of this preliminary
investigation, version 1 of the game was developed expanding
the playable content to 3 weeks of training. An intervention
group played the game, while a control group watched 360°
videos in VR for 12 days during inpatient rehabilitation to
evaluate motivational effects. Subsequently, based on the
repeatedly gathered feedback and user observation, version 2
was developed and evaluated with the control group’s activity
being expanded to the use of a training ball to exercise the
injured hand while watching the VR videos. Figure 1 presents
an overview of the 3 development stages and their evaluation.

Figure 1. StableHandVR underwent 3 successive iterations of development and evaluation. VR: virtual reality.

Apparatus and Setup
All versions of the game were developed in Unity (version 2021,
Unity Technologies) for the Meta Quest 2 HMD, running as
stand-alone application. The game relied primarily on the use
of the inbuilt optical finger and hand tracking feature of the
Meta Quest 2; no controllers were required. A physiotherapist
could optionally supervise by streaming the visual contents of
the HMD onto an Android tablet. The study was conducted in
treatment rooms at the hospital with an exercise area of
approximately 2×3 meters.

Basic Game Design
StableHandVR aimed to transfer traditional physiotherapy hand
and finger exercises into an immersive and motivating virtual
world. The inspiration for placing StableHandVR in a natural
environment was derived from a study conducted in the 1980s
on patients undergoing postoperative recovery [43]. An early

feasibility study coined the setting of the game to be a farm
environment that provided several training stations to perform
exercises [27]. Each station of StableHandVR included a specific
task (eg, feeding and milking the cows, preparing a meal, or
repairing a tractor), and its completion was divided into 6
exercises, each to be repeated 10 times. Therefore, 60 exercise
repetitions had to be performed at each station, and the station’s
environment would adapt with each repetition, according to the
task at hand.

Therapeutic Exercises
The exercises integrated into the serious game were selected by
a peer group of physiotherapists and are based on conventional
hand mobility therapy [4]. They involved hand and finger
movements, wrist movements, and forearm rotations. The
prototype included a set of 6 basic exercises, such as closing
the hand into a fist or gripping for holding a book (Figure 2).
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Figure 2. (A) Overview of the 6 exercises that were used in the prototype. (B) Preview hands as seen in version 2 demonstrated each exercise to the
user.

In version 1, the number of exercises was expanded to a total
of 17 different movements (a complete list is presented in
Multimedia Appendix 1). Throughout the game, the difficulty
of the exercises progressively increased. This was achieved by
incorporating compound movements, such as simultaneously
closing the hand into a fist while pronating the wrist. Moreover,
each movement provided the option to be performed with both
hands moving in synchrony or in opposite directions, thus
adding a further level of complexity and skill requirement to
the gameplay.

Performing the exercises neither involved direct interaction
with the environment, such as plucking flower petals with the
fingertips [44], nor a direct transfer of the patient’s hand
movements to control the environment [45]. Instead, the
environment would adapt automatically at each successful
repetition of the exercise, according to the respective task of
the station. This design decision was made to ensure good
optical tracking of the hands by always being positioned to be
clearly visible to the cameras. Furthermore, the original exercise
should not be falsified or complicated by being combined with
a virtual interaction. Moreover, this design allowed a dynamic
composition of exercises for each station on each training day,
adjustable for every patient.

In the prototype, preview hands were introduced that would
appear in front of the player to demonstrate and clarify the
requested hand movements at the beginning of each exercise.
The preview hands disappeared after 2 complete repetitions. In
version 2, the 3D hand model was expanded by a forearm to
provide a more comprehensive visualization of the exercises
containing a rotation of the wrist. In addition, instead of dark
gray hands, the color was changed to a lighter gray, and the
outlines of the hands were highlighted to enhance visibility
(Figure 2).

Exercise Tracking and Dynamic Range Adjustment
For the prototype, a dedicated component was developed to
define and track exercise movements. This component used the
hand position model supplied by the Meta Quest software
development toolkit. In detail, it made use of the flexion angles

of the finger joints within the provided hierarchical bone model
to store and reproduce hand positions. By using the HMD, it
was then possible to record various hand positions, such as an
open hand or a closed fist, and subsequently use these stored
positions to define exercise movements by specifying a
respective start and end position as well as optional middle
positions.

Due to the absence of a forearm in the tracking model of the
Quest software development toolkit, the direct extraction of
wrist rotation angles was not available. To compensate for this
limitation, a reference coordinate system was used in
replacement of a forearm bone to determine the rotation of the
wrist. This coordinate system had its origin at the player’s wrist
and was spanned by the vertical axis of the VR environment
and a forward axis based on the player’s view direction and the
forward direction of the hands, leveled within the VR
environment by setting its vertical component to 0 (Figure 3).
To accurately measure wrist rotation, it was necessary for the
player to keep their arms bent forward during the exercise.

In addition to the interface for defining hand and finger
exercises, the component was also able to track their execution.
Therefore, the players’ hand positions were compared to the
specified exercise and expressed as a floating-point number
within the interval (ie, 0,1). In this representation, 0 denoted
the start position, and 1 indicated the end position. If the hand
position deviated from the movement, the position was
represented as –1.

For each exercise that was newly introduced, the game initially
measured the range of motion (ROM) achieved by the player
as represented within (0-1). This range was subsequently used
to set a minimum target for the player to be exceeded when
exercising. In version 2, an adaptive approach was implemented,
where the target ROM was recalculated daily, based on the
average ROM achieved in the preceding days. The tracking
accuracy was also enhanced in version 2 by adding an additional
middle position (Figure 3) to all exercise definitions, thus
providing a more precise mapping of the player’s ROM and
adjustment to their skill.
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Figure 3. (A) For each exercise movement, a start and end position were defined to determine the position of the hands within the interval (0,1) during
exercising. In the second version, additionally a middle position was defined for more accurate measurement. (B) As Meta Quest 2 does not provide
wrist tracking, its rotation had to be determined using a reference coordinate system. This coordinate system had its origin at the player’s wrist and was
spanned by the vertical axis (blue) and the leveled view direction (green). The third axis (red) was defined as perpendicular to the plane spanned by the
first 2. This required the forearms to be held approximately along the view direction while exercising.

Interaction Design
Outside of the exercises, the player also used their hands to
interact with the game (Figure 4). In the prototype, a
teleportation system was created that enabled the player to
switch between stations through predefined teleport points by
pointing at them. In version 1, a waypoint network was
established to allow the player to explore the farm environment
also beyond the stations. Starting from version 1, the player was
accompanied by a dog character that would provide guidance
when touched. The dog’s advice was displayed as text within

a speech bubble. Nonplayable characters (NPCs) would respond
to the player in a similar manner. In version 2, several
improvements were implemented regarding the interaction. The
teleport system was enhanced by introducing a navigation arrow
with the purpose of guiding the player toward the next task. The
touch interactions with the dog as well as with NPCs were
improved by providing audiovisual feedback. All stations were
fully supplemented with audio feedback during exercising;
furthermore, an exercise counter was added that would display
the number of remaining repetitions during an exercise.

Figure 4. Examples of in-game interaction: (A) petting the dog, (B) teleporting, (C) interaction with a nonplayable character, and (D) performing
exercises at the Fireplace station.
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Motivational Game Elements

Overview
In total, 4 game elements were developed to sustain patient
motivation over the course of a 3-week treatment. These
different elements were designed to cater to both intrinsic and
extrinsic motivation, ensuring a wide range of motivational
factors. The design prioritized preventing patient frustration
resulting from limited hand movement and potential
therapy-related discomfort, such as pain. At the same time, the
game aimed to provide a challenge to less restricted or more
competitive players, ensuring they remain engaged without
getting bored. Furthermore, there should be no incentive to

perform the exercises sloppily, for example, a time challenge.
These motivational elements underwent first evaluation in the
prototype and were further refined in versions 1 and 2.

Storytelling
The farm was populated with NPCs, which would provide the
player with daily tasks, for example, to gather carrots from the
vegetable field (Figure 5). In the prototype, initially only 1 NPC
was implemented. However, starting from version 1, the farm
was populated with 7 NPCs who assigned the player 2 daily
tasks, each involving exercises at specific stations. Once the
player completed these daily tasks, they gained access to
exercise at all the other unlocked stations.

Figure 5. (A) A nonplayable character providing a daily task for the player. (B) The assessment station as seen in version 2 gave an overview of the
player’s progress. (C) Traffic Light Hands indicate that the movements were performed well. Yellow or green color indicated that the player had reached
or exceeded their personal limit. As in version 2, this limit was adjusted daily according to their previous performance. (D) From version 1, the farm
contained 12 stations that were unlocked over the course of the game.

Unlocking Rewards
Over the course of the game, the player was rewarded with
additional exercise stations. In the prototype, the player unlocked
a third station over the first 3 days to become playable on the
fourth day. Starting from version 1, the player was rewarded
with stations on each day after fulfilling their daily tasks, thus
subsequently revealing all 12 stations over the course of the
game (Figure 5).

Traffic Light Hands
Different hand colors were used to provide immediate feedback
on the execution of movements. This was intended to guide the
player toward performing terminal and correct movements while
encouraging them to push their personal limit. A red hand color
indicated that the patient reached their initially measured ROM,
and the game recognized this as a successful repetition. As the

patient continued to exceed this ROM, the hand color
transitioned from red to orange and finally to green. In version
2, this system was adjusted daily based on the patient’s ROM
(Figure 5).

Scoring
In the prototype, the player received score points while
exercising, based on the aforementioned achieved ROM. A
highscore board placed in the middle of the farm presented the
scores for each exercise. In version 1, the scoring system was
omitted, and in version 2, an assessment station was introduced.
This station provided players with visual feedback on their ROM
progress throughout the training period for each exercise (Figure
5).

JMIR Serious Games 2024 | vol. 12 | e54193 | p.831https://games.jmir.org/2024/1/e54193
(page number not for citation purposes)

Bressler et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Evaluation

Overview
For all evaluations of StableHandVR, in-house patients from
the hospital were recruited. These patients were undergoing
inpatient rehabilitation because of limited hand function to such
an extent that it restricted their professional and everyday
activities. An overview of the type of injuries is given in Table

1. The patients took part in the VR sessions as part of their daily
therapy schedule. Prerequisites for participation were basic
mobility of the hand (no paralysis or total stiffness); limited
hand function; no severe pain at rest (≥9 on a scale of 0-10);
and the hand had to be free of stabilizing structures, such as
splints, casts, or Kirschner wires. Inclusion criterion for all
participants was a minimum age of 18 years.

Table 1. An overview of the injuries of the inpatients that were recruited for the evaluation of the prototype (n=7), version 1 (n=20), and version 2
(n=20).

Version 2, n (%)Version 1, n (%)Prototype, n (%)Type of injury

6 (30)11 (55)3 (43)Fractures in the wrist and hand area

3 (15)2 (10)1 (14)Crush injuries or soft tissue injuries in the hand area

1 (5)2 (10)0 (0)Tendon injuries in the area of the hand

1 (5)1 (5)1 (14)Dislocations or ligament injuries in the area of the hand

9 (45)4 (20)2 (28)Combination of the above points

Evaluation of the Prototype
The evaluation of the prototype involved 1 group of 25
participants consisting of 18 (72%) able-bodied individuals and
7 (28%) inpatients from the hospital (women: n=14, 56%; men:
n=11, 25%. The age of the participants ranged from 18 to 56
years, with a mean age of 30.68 (SD 13.3) years. Among the
25 participants, 9 (36%) had prior experience with VR.

Each participant underwent 4 VR sessions conducted over 4
consecutive weekdays, with each session limited to 15 minutes.
During each session, participants completed 1 exercise station
and had the option to voluntarily complete a second one. In
addition, only 1 of the 4 possible motivational game elements
(Storytelling, Unlocking Rewards, Traffic Light Hands, and
Scoring) was active during each of the sessions. In total, 3
motivational elements were evaluated in a randomized order
over the first 3 sessions. In the fourth session, the player was
consistently rewarded with access to a third exercise station,
thus representing the fourth element, Unlocking Rewards.

After each session, participants rated their experience using 3
scales from the Intrinsic Motivation Inventory (IMI)
questionnaire [46], specifically interest and enjoyment,effort
and pressure on a 7-point Likert scale. In addition, participants
were interviewed to gather their feedback on the game,
suggestions for improvements, and ideas for additional content.
The open-ended answers were evaluated based on the grounded
theory [47] and thematic analysis [48].

Evaluation of Version 1
In total, 20 inpatients (women: n=6, 30%; men: n=14, 70%)
from the hospital were equally assigned to either intervention
or control group. The age ranged from 24 to 70 years, with a
mean age of 48.8 (SD 12.3) years. Of the 20 inpatients, 8 (40%)
had prior experience with VR.

During their 3-week inpatient rehabilitation program, both
groups completed 12 VR sessions on consecutive weekdays in
addition to their regular rehabilitation therapy. Each VR session
was limited to 30 minutes and was supervised by a

physiotherapist. In the intervention group, patients played the
VR game and completed 2 mandatory tasks in each session.
Additional training stations that were already unlocked could
be voluntarily explored. New exercises were introduced every
fourth day. In the control group, patients used the VR headset
to watch a 360° video during each session, with durations
ranging from 10 to 15 minutes. Following the final session, both
groups were surveyed using the interest and enjoyment, effort,
usefulness, and pressure subscales of the IMI questionnaire.
The intervention group also evaluated the VR game using the
Mobile Application Rating Scale (MARS) questionnaire [49],
with the scales engagement, functionality, aesthetics and impact
on knowledge and attitudes rated on a 5-point Likert scale, and
was interviewed to gather feedback on the game. For further
analysis of the user behavior, the game automatically recorded
all user interactions in a time log.

Evaluation of Version 2
In total, 20 inpatients from the hospital were equally assigned
to either the intervention or control group. One patient dropped
out after the second session in the intervention group and another
after the third session in the control group. The intervention
group dropout was due to a dislike for the game, while the
control group dropout was due to a transfer to another hospital.
Both dropouts were replaced by 2 additional patients. All
following analyses refer to the 18 remaining original patients
and the 2 replacements.

The age of the final 20 patients (women: n=10, 50%; men: n=10,
50%) ranged from 22 to 61 years, with a mean age of 38.1 (SD
12.9) years; Of the 20 inpatients, 5 (25%) had prior experience
with VR. The evaluation of version 2 followed a similar
approach as version 1, with 2 modifications to the test protocol.
First, the activity of the control group was extended by
incorporating a crumple ball exercise for patients to engage
their injured hand while watching the VR content. This addition
aimed to provide an unspecific exercise for the injured hand.
Second, patients in the intervention group had to rate the game
using the System Usability Scale (SUS) [50] on a 5-point Likert
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scale after the last session. This measure was introduced to
gather validated feedback on the usability of the game.

Data Analysis
All statistical analyses were performed with MATLAB for
Windows (version R2021a; MathWorks) with a significance
level of α=.05. To assess demographic effects, patients from
the evaluations of versions 1 and 2 were consolidated and
categorized into 5 age groups (<30, 30-39, 40-49, 50-59, and
>60 years), into a group of women or men, and a
VR-experienced versus no VR-experience group. All data
gathered from the automatic tracking were tested for normal
distribution using the Kolmogorov-Smirnov test. Due to the
small sample sizes, nonparametric tests were used for all
analyses. For multiple pair-wise comparisons, the
Kruskal-Wallis test was used with the P level adjusted by
Bonferroni correction. For single pair-wise comparisons, the
Wilcoxon rank sum test was used. Demographic data, temporal
data, and variables gathered from questionnaires were
represented as mean (SD); the number of stations per day and
the duration of exercise repetitions, gathered from the
automatically tracked in-game data were represented as mean
(SE).

Results

Prototype Results
All 25 participants completed the 4 VR sessions, and none of
them reported vertigo or discomfort at any point. Over the course
of the 4 sessions, all participants learned to operate the game
without assistance. The mean VR playtime for each session
decreased from 14.5 (SD 0.65) minutes for the first session to
10.6 (SD 0.82) minutes for the last session. All participants
were able to perform the 6 exercises in a way that the game
could recognize them. The mean duration needed to perform 1
repetition of an exercise decreased from the first to the fourth
session from 7.1 (SD 0.35) to 6 (SD 0.38) seconds for the
patients and from 5.6 (SD 0.26) to 4.7 (SD 0.24) seconds for
the able-bodied participants.

The evaluation of the game elements with the IMI questionnaire
resulted in high scores for all 4 elements on the 2 subscales
interest and enjoyment and effort and low scores on the pressure
subscale (Multimedia Appendix 2). There were neither
substantial differences between the elements nor over the course
of the 4 days. When asked about their most favored motivational
element in the interviews, the Traffic Light Hands and
Unlocking Rewards both were mentioned most frequently (8
mentions), followed by Storytelling (6 mentions) and Scoring
(3 mentions), which lacked significance for many participants,
as they always achieved the full ROM and therefore the
maximum number of points.

The overall feedback gathered from the interviews was highly
positive; the farm setting displayed in the game was widely
regarded as pleasant and appealing (10 mentions). The direct
feedback of the Traffic Light Hands (6 mentions), the interactive
aspects of the station environments that would adapt during the

execution of the exercises (5 mentions), the animals on the farm
including the dog companion (4 mentions), and the general idea
of gamifying a rather boring rehabilitation activity (4 mentions)
were also positively mentioned. The least favored experiences
were the recognition of the exercises (4 mentions), and the low
number of exercise stations (4 mentions). The most mentioned
suggestions for improvements were more variety in general (6
mentions), more exercise stations (4 mentions), enhanced
storytelling (2 mentions), more variety in exercise movements
(2 mentions), and a larger farm area to explore (2 mentions).
When asked about suggestions for additional content, many
suggestions were made for additional training stations related
to farm work, mostly regarding animals (7 mentions) but also
regarding the farm infrastructure (4 mentions), such as the
farmhouse or the tractor, and activities regarding the lake (3
mentions).

Version 1 Results
All 20 patients in both groups completed the 12 VR sessions;
no patient reported any experience of discomfort or motion
sickness. The mean VR playtime of the intervention group was
25.3 (SD 5.9) minutes on the first day and 26.4 (SD 10.6)
minutes on the last day, with a mean playtime of 22.8 (SD 7.1)
minutes over all days. The mean number of stations played per
day was higher than the mandatory amount specified by the
daily tasks on all days except for the 1st and the 10th day (Figure
6). Due to their limited hand function, some patients had
problems performing the exercises such that they were
recognized by the game, especially on the 10th day when the
last set of exercises was introduced. The mean duration of the
execution of 1 exercise repetition increased strongly on the days
when new exercises were introduced (Figure 6) but decreased
over the course of the 12 days from 6.9 (SE 0.62) seconds to
5.3 (SE 0.45) seconds.

The MARS rating resulted in high scores for all subscales:
engagement (mean 4.18, SD 0.42), functionality (mean 4.17,
SD 0.47), aesthetics (mean 4.2, SD 0.48), and impact on
knowledge and attitudes (mean 4.7, SD 0.35; Multimedia
Appendix 3). All IMI subscale scores were slightly higher in
the intervention group than in the control group (Multimedia
Appendix 4); significant differences were found for the
subscales effort (P<.001) and usefulness (P=.02).

The user observation indicated that most patients could navigate
the game independently without assistance after the initial 2
days, except when new exercises were introduced. The visual
and textual instructions provided by the preview hands and the
dog companion were occasionally unclear, requiring clarification
from the assisting physical therapist. Some patients had
difficulties with orienting themselves on the farm, especially
on the first days. At the training stations, it was not always clear
for some patients where the action was taking place to signify
task completion. Patients mentioned difficulties regarding
exercise counting, and they expressed the need for a visible
counter and more auditory feedback at the stations to signal
when a repetition was completed.
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Figure 6. (A) The mean number and SE of completed stations in version 1 and version 2 as well as the minimum amount demanded by the daily tasks
and the maximum possible number of stations for each day. (B) The mean duration and SE that were required to execute 1 repetition of 1 exercise in
version 1 and version 2. New exercises were introduced on days 1, 4, 7, and 10.

Both groups reported perceiving the VR sessions as a vacation
from their inpatient stay. They were able to momentarily forget
about their injuries, felt being transported to another place, and
experienced a sense of tranquility. The feedback from the
intervention group regarding their game experience again was
highly positive. The Traffic Light Hands were frequently
mentioned for motivating patients to extend their limits toward
terminal movements (6 mentions) and providing feedback on
correct exercises (4 mentions); the immersive scenario, which
made patients lose track of time during practice (6 mentions),
and the virtual representation of their hand, which made them
forget their injury (4 mentions), were also mentioned frequently.
Some participants expressed their wish for an option to observe
their progress, for example, as a score system that was not
present in version 1.

Version 2 Results
A total of 20 patients completed the 12 VR sessions, of whom
19 (95%) did not report any discomfort or motion sickness and
1 (5%) answered with “don’t know.” The mean VR playtime
of the intervention group was 20.3 (SD 5.9) minutes on the first
day and 16.7 (SD 8.5) minutes on the last day, with an overall
mean of 20.9 (SD 8.9) minutes on all days. The mean number
of stations played was higher than in version 1 after the second
day (Figure 6), and the overall mean of stations played was
significantly higher (P=.008). All patients were able to perform
the exercises in a way that was recognized by the game. The
mean duration for performing 1 exercise repetition decreased
from 4.6 (SE 0.24) seconds on the first day to 2.6 (SE 0.23)
seconds on the last day. On the days with new movements being
introduced, the increases were not as pronounced as in version
1 (Figure 6). The overall mean duration for performing 1
exercise repetition was significantly lower than that in version
1 (P<.001).

Compared to version 1, the MARS rating resulted in slightly
higher scores for the subscales engagement (mean 4.24, SD
0.71) and functionality (mean 4.28, SD 0.42) and in slightly
lower scores for the subscales aesthetics (mean 4.0, SD 0.63)
and impact on knowledge and attitudes (mean 4.14, SD 0.73;

Multimedia Appendix 3). The SUS rating resulted in a mean
score of 86.9 (SD 3.3), which ranges in the fourth quartile and
represents excellent acceptability. The scores of the IMI
subscales were higher for the intervention group (Multimedia
Appendix 4) than for the control group, with significant
differences for the subscale effort (P=.02).

Similar to version 1, the user observation indicated that patients
were able to operate the game without assistance after the first
2 days but required some assistance in learning new exercise
movements. Orientation on the farm and at the stations was
comprehensible for all patients, and performing the exercises
caused the patients less difficulty than in version 1. Both groups
reported the relaxing effect of the VR experience, and the most
mentioned categories regarding the overall feedback from the
interviews were similar to version 1: the Traffic Light Hands
(5 mentions), the immersive game experience (5 mentions), and
the virtual representation of the hands (3 mentions).
Furthermore, the execution of the exercises was mostly
described as working well (5 mentions). The newly designed
Scoring element, providing a progress overview of the ROM
at the assessment station, experienced the same issues as in the
prototype, namely, always showing the possible maximum of
points for the most exercises. Therefore, it was described as not
very meaningful and was predominantly not used. Suggestions
were made to provide other scenarios, such as a dungeon- or
sci-fi–themed environment. Patients also raised the wish for a
more personalized experience, and suggestions were made, for
example, custom paint for the farmhouse or customizable virtual
hands. Finally, recommendations for activities regarding the
lake were mentioned again, such as fishing or riding a boat.

Demographic Effects
Regarding age, the 40- to 49-year age group showed the lowest
number of completed stations among all age groups as well as
the lowest IMI scores for interest and enjoyment, effort, and
usefulness, while high scores for pressure were reported. The
30- to 39-year age group completed the most stations, and the
<30-year age group reported the highest IMI scores for interest
and enjoyment, effort, and usefulness and the lowest pressure

JMIR Serious Games 2024 | vol. 12 | e54193 | p.834https://games.jmir.org/2024/1/e54193
(page number not for citation purposes)

Bressler et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


score. Men played more stations than women patients and
accordingly had higher IMI scores for interest and enjoyment,
effort, and usefulness, with a lower pressure score. Patients with
no prior VR experience completed more stations per day than

patients with prior VR experience. However, the latter rated
higher IMI scores for interest, effort, and usefulness but also a
higher score for the pressure scale. The complete list of values
is presented in Table 2.

Table 2. Number of stations completed per day and Intrinsic Motivation Inventory scores (1-7 scale)a.

Usefulness, mean (SD)Pressure, mean (SD)Effort, mean
(SD)

Interest and Enjoyment,
mean (SD)

Stations per day,
mean (SE)

Demographic group

Gender

6.5 (0.6)2.0 (0.6)6.1 (1.0)6.4 (0.6)3.89 (0.6)Men (n=11)

6.3 (1.2)1.9 (0.7)6.0 (1.0)6.3 (1.1)3.34 (0.5)Women (n=9)

VRb Experience

6.5 (0.5)2.2 (0.7)6.1 (0.6)6.4 (0.9)3.04 (0.5)Prior VR experience
(n=4)

6.4 (0.9)1.9 (0.7)6.0 (1.0)6.3 (0.8)3.79 (0.6)No prior VR experience
(n=16)

Age group (y)

6.9 (0.2)1.5 (0.7)7.0 (0)6.6 (0.6)3.58 (0.3)<30 (n=2)

6.3 (0.6)1.7 (0.4)5.8 (0.7)6.0 (0.6)4.98 (1.5)30-39 (n=4)

5.5 (2.1)2.1 (0.7)5.7 (1.5)5.9 (2.0)2.97 (0.9)40-49 (n=3)

6.8 (0.2)2.1 (0.8)6.0 (1.0)6.6 (0.5)3.08 (0.3)50-59 (n=8)

6.1 (0.4)2.0 (0.3)6.3 (0.7)6.3 (0.3)4.05 (1.1)>60 (n=3)

aThe data were consolidated from version 1 (n=10) and version 2 (n=10) and categorized by demographic groups.
bVR: virtual reality.

Discussion

Principal Findings
In this study, we iteratively developed a serious health game
for hand and finger rehabilitation with the deliberate goal of
contributing to the long-term engagement of patients. The game
was developed for the Meta Quest 2 because this HMD with
built-in finger tracking allowed for a very simple and fast setup.
A second reason for this decision was the finger tracking of the
device, which produced better results than the Leap Motion or
UltraLeap controllers when performing certain finger positions
that were considered important, for example, the thumb touching
≥1 long fingers.

The iterative development and evaluation steps ensured a
patient-centered design process by user observation and
feedback through semistructured interviews. In general,
participants reported a high level of immersion that allowed
them to temporarily escape from their inpatient setting into
another world. This was reported by both the intervention group
and control groups and impressively confirms the potential of
VR as described in the literature [18,51]. The setting of the farm
environment and the display of nature were overall received
very positively, a design decision that was also inspired by
literature [43]. However, in the original intervention group of
version 2, one patient quit after the second session because they
did not like the game in general. In terms of engagement, we
observed the entire spectrum from patients who tended to be
underchallenged to patients well within their physical and

cognitive limitations. We attribute these differences not only
to varying levels of hand function but also to contrasting user
preferences (eg, purpose vs mastery) [34], possibly coined by
the practice of playing video games.

We expected a decrease in motivation related to the higher age
of the participants and thus less familiarity with video games
[52]. The familiarity was reflected by the IMI subscale pressure,
which was clearly lowered for the <30- and 30- to 39-year age
groups. However, while the 40- to 49-year and 50- to 59-year
age groups completed the fewest stations per day, the >60-year
age group reached the second highest value, only surpassed by
the 30- to 39-year age group and before the <30-year age group.
Differences in the number of stations completed between
genders are smaller than between VR and no VR experience.
The other IMI scales interest, effort, and usability show only
minor deviations for all demographic groups. From these
findings, it could be concluded that while age, gender, or the
effect of technological novelty due to using VR for the first
time might affect the overall motivation, these demographic
effects did not harm the intrinsic motivation of the patients.

Compared to their control groups, higher IMI scores were
measured for both intervention groups, and significant
differences were found for the subscales effort in version 1 and
version 2 and usefulness in version 1. It should be mentioned
that, surprisingly the control groups were also very motivated
to watch the videos, which again demonstrates the potential of
using VR in the context of rehabilitation. However, we assume
that in an unsupervised setting, the motivation in the control
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groups would have decreased more compared to the intervention
groups [2] because the game, as used in our study, still
represented a form of supervision. The assurance of performing
the therapeutic exercises correctly may have been a key factor
for the significantly higher IMI subscale usefulness of the
intervention group, as scored in version 1 [41]. According to
the MARS questionnaire, awareness for conscious health
behavior could be raised for the intervention groups, which is
linked to perceived attitude, enjoyment, and especially
usefulness [14,15].

To engage a wide range of player types, 4 motivational game
elements offering different motivational factors were developed.
The element Storytelling should provide tasks and a context,
Unlocking Rewards should offer new incentives for discovery,
the Traffic Light Hands would provide direct feedback, and the
Score would provide long-term feedback [34]. Among these 4,
the first 3 elements can be considered rather successful, as they
scored high on the IMI questionnaire and the subscales effort
and partially also usability were significantly higher than in the
control groups. In particular, the Traffic Light Hands received
positive feedback in the interviews. This direct biofeedback,
which is a critical factor for intrinsic motivation [41,53], not
only encouraged patients to perform terminal movements but
also gave them confidence to exercise correctly.

In contrast, the Scoring element already proved to be
unsuccessful in the prototype stage because it lacked
meaningfulness in terms of showing the patient’s ROM
improvement. This was mainly caused by the fact that many
players were able to perform most exercises with full range
from the beginning. Due to the ambiguity, the element was
discontinued in version 1 to avoid negative feedback and
discouragement. Due to the frequent demand to visually
represent the progression of ROM, the element was reintroduced
in version 2 with a different design, which did not work properly
for the same reasons. Therefore, the resulting lack of competitive
motivational elements might be the main reason why the game
was not challenging enough for some patients [34]. Furthermore,
the lack of visualization of the therapy progress deprived patients
of evidence of efficacy, which is also a key motivating factor
for health games [41].

The comparison of versions 1 and version 2 shows a
significantly higher number of stations played per day, from
which it can be concluded that the overall motivation in version
2 was higher. Besides the improved interaction feedback, also
reflected by a high SUS score, the most obvious improvement
was the tracking accuracy of the therapeutic exercises, which
can clearly be seen by the mean time that was required for a
single exercise repetition being reduced by almost half. This
circumstance may be mainly responsible for the fact that more
stations were played. However, this interpretation must also
consider that the mean age of the patients in version 2 was 10
years lower than in version 1. In both versions, a similar amount
of time was spent in the game, on average approximately 22
minutes. As there were no significant differences in the IMI
scores between version 1 and version 2, we conclude that the
improvements did not affect the intrinsic motivation, which was
already high in version 1.

Limitations
Patients attended the VR sessions after their daily rehabilitation
routine and may have been exhausted, which could potentially
affect their motivation negatively. By contrast, we can assume
that by being part of their daily routine, the supervised
participation in VR sessions, although voluntary, was
accompanied by stronger motivation than if it had been
unsupervised [2]. The large variation in the degree of injury and
impairment between individual patients may have influenced
the outcome of measured and observed motivation. A larger
sample size would better compensate for this effect.

Due to the short evaluation time of only 12 days, it was only
partially possible to measure the long-term course of motivation.

Outlook and Future Challenges
While we acknowledge the challenges in making the game
equally appealing and challenging for all patients, our approach
of incorporating a mix of extrinsic and intrinsic motivational
elements was generally successful. By individually adjusting
the composition of the movements, the challenge level of the
game could be easily increased for underachieving players. It
has also become apparent that there is a great need for a working
score system or at least a therapy progress indicator. To build
up compliance and adherence among patients, this proof of
effectiveness is a key factor and needs to be improved. Due to
the missing forearm tracking and inaccuracies in detecting
individual phalanges [54], especially within an unusual finger
or hand position, the correct execution of the patient’s
movements and the assessment of their ROM was limited. We
expect this feature to improve over the next few years, enabling
us to overcome these limitations. In the meantime, a point
system could be implemented that is simply based on the number
of exercises already completed.

In the context of the general shortage of therapists, it would be
beneficial to use StableHandVR in an unsupervised setting, for
example, at home for several weeks, following the inpatient
stay. The evaluation of StableHandVR in an unsupervised setting
for an extended period would also be an exciting next step from
the perspective of this study. In such a setting, we see the biggest
challenge for our game, both in terms of user engagement and
in substituting the physical therapist, whose assistance is
currently still required for correctly learning new exercises.

Finally, StableHandVR could easily be transferred into other
domains where hand and finger exercises are required, such as
in stroke rehabilitation [21] or multiple sclerosis [12]. As
StableHandVR allows for the simple creation of additional
therapeutic exercise movements, it could be extended within a
short time for other motor exercises. Furthermore, we think that
the promising use of different motivational elements as in
StableHandVR would also be beneficial for a variety of other
applications that use gamification in a therapeutic context to
achieve user engagement.

Conclusions
This study showcased a VR game designed for hand and finger
rehabilitation exercises. The iterative development process
allowed user feedback to be incorporated into further
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development. The game was well received, offering an engaging
environment and various elements that effectively motivated
the users. Despite impaired hand function, the tracking of
therapeutic movements proved to be reliable in operating the
game. The high SUS score confirms the ease of use of the game,
even for patients with physical limitations. With ongoing

technical advancements in optical finger tracking, we anticipate
even greater accuracy in the future, paving the way for
automated medical assessments and telerehabilitation scenarios.
This creates the potential for StableHandVR to become an
unsupervised yet engaging VR health game for postrehabilitation
home use.
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Multimedia Appendix 2
Intrinsic Motivation Inventory (IMI) scores per game element in the prototype. During the prototype evaluation, participants
rated their experience for each game element using the IMI questionnaire. Error bars indicate the SD of the mean.
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Multimedia Appendix 3
The mean scores and SD for version 1 and 2 rated by the intervention groups using the Mobile Application Rating Scale
questionnaire.
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Multimedia Appendix 4
Mean scores and SD of the evaluated Intrinsic Motivation Inventory scales of the intervention group compared to the control
group for version 1 (A) and version 2 (B). Statistically significant at P<.05.
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Abstract

Background: Cochlear implants are implanted hearing devices; instead of amplifying sounds like common hearing aids, this
technology delivers preprocessed sound information directly to the hearing (ie, auditory) nerves. After surgery and the first
cochlear implant activation, patients must practice interpreting the new auditory sensations, especially for language comprehension.
This rehabilitation process is accompanied by hearing therapy through face-to-face training with a therapist, self-directed training,
and computer-based auditory training.

Objective: In general, self-directed, computer-based auditory training tasks have already shown advantages. However, compliance
of cochlear implant recipients is still a major factor, especially for self-directed training at home. Hence, we aimed to explore the
combination of 2 techniques to enhance learner motivation in this context: adaptive learning (in the form of an intelligent tutoring
system) and game-based learning (in the form of a serious game).

Methods: Following the suggestions of the evidence-centered design framework, a domain analysis of hearing therapy was
conducted, allowing us to partially describe human hearing skill as a probabilistic competence model (Bayesian network). We
developed an algorithm that uses such a model to estimate the current competence level of a patient and create training
recommendations. For training, our developed task system was based on 7 language comprehension task types that act as a
blueprint for generating tasks of diverse difficulty automatically. To achieve this, 1053 audio assets with meta-information labels
were created. We embedded the adaptive task system into a graphic novel–like mobile serious game. German-speaking cochlear
implant recipients used the system during a feasibility study for 4 weeks.

Results: The 23 adult participants (20 women; 3 men) fulfilled 2259 tasks. In total, 2004 (90.5%) tasks were solved correctly,
and 255 (9.5%) tasks were solved incorrectly. A generalized additive model analysis of these tasks indicated that the system
adapted to the estimated competency levels of the cochlear implant recipients more quickly in the beginning than at the end.
Compared with a uniform distribution of all task types, the recommended task types differed (χ²6=86.713; P<.001), indicating
that the system selected specific task types for each patient. This is underlined by the identified categories for the error proportions
of the task types.
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Conclusions: This contribution demonstrates the feasibility of combining an intelligent tutoring system with a serious game in
cochlear implant rehabilitation therapies. The findings presented here could lead to further advances in cochlear implant care and
aural rehabilitation in general.

Trial Registration: German Clinical Trials Register (DRKS) DRKS00022860; https://drks.de/search/en/trial/DRKS00022860

(JMIR Serious Games 2024;12:e55231)   doi:10.2196/55231

KEYWORDS

cochlear implant; eHealth; evidence-centered design; hearing rehabilitation; adaptive learning; intelligent tutoring system;
game-based learning

Introduction

Background
Globally, an estimated 1.5 billion people develop mild (<20-34
dB; approximately 1.1 billion people) to complete (>95 dB;
approximately 12.6 million people) hearing loss [1,2]. Older
adults (aged ≥50 years) are much more affected [1]. If traditional
external sound-amplifying hearing aids cannot treat severe or
profound (≥70 dB [3]) hearing loss anymore, a cochlear implant
is a viable solution for specific individuals [4]. Implantation
depends on the individual clinical picture—for example, for
one (ie, single sided) or both (ie, bilateral) ears or together with
an additional hearing aid (ie, bimodal) [5]—and other
prerequisites, such as access to and financial support for aural
rehabilitation [1,6,7]. The underlying idea of cochlear implants
is to stimulate the auditory nerve from within the cochlea with
electrical signals generated by an externally carried processor
[1,4]. Hence, the damaged areas of the auditory system in the
inner ear are bypassed through a cochlear implant, resulting in
a coarser signal resolution than a normal hearing sensation [1,8].
Therefore, patients must learn and practice interpreting this new
stimulus of the auditory nerve, especially for language
comprehension [7]. Supporting this learning process, postsurgery
auditory training is crucial for cochlear implant recipients
[6,9,10].

Auditory training can be divided into 2 main categories:
face-to-face auditory training guided by a therapist and
self-directed, home-based auditory training by the cochlear
implant recipients themselves [10]. For most cochlear implant
recipients in many countries, ongoing face-to-face auditory
training is unattainable owing to financial limitations and the
unavailability of therapists [11]. Hence, cochlear implant
recipients are usually supported with self-directed, home-based
auditory training materials like reading aloud tasks; having
someone else read specific content to the cochlear implant
recipient; listening to audiobooks, the radio, or television; or
computer-based auditory training [10].

Unlike other auditory training materials, computer-based
auditory training provides benefits such as automated testing
and scoring, progress monitoring, real-time corrective feedback,
or customized training [6,10]. Therefore, computer-based
auditory training (with a particular focus on cochlear implant
recipients [6,10-14]) gained much attention as an inexpensive,
low-threshold, and successful rehabilitation form [6,9,10].
However, Völter et al [14] noted that a crucial determinant for
the success of self-directed auditory training lies in the intrinsic

motivation of the patient to adhere to a given training. However,
as the authors noted further, patients with chronic illnesses are
often driven by external motivation [14]. The patients are aware
that the learning and training will be exhausting or painful but
observe it as a necessary step to reach a desirable and enjoyable
outcome [15].

Drummond et al [15] argue that in the context of eHealth,
serious games can specifically address extrinsically motivated
learners if the serious game lets the learners experience the
enjoyment of the future outcome while presenting the learning
activities. While the game design aspects of serious games, such
as motivational, ludic activity, or narrative elements, are relevant
to create this joyful experience [16-19], it has been shown that
the educational content of serious games, such as exercises,
meta-cognitive, or meta-reflection support, must be adapted to
the actual skill level of the learner to avoid a motivational
decrease (eg, through frustration or boredom) [19-21]. To
achieve these dynamic adaptations, intelligent tutoring systems
have emerged to mimic distinct human tutoring interventions
[22,23]. Therefore, such systems must provide two
domain-specific functionalities: (1) a detailed learner analysis
and, based on this analysis, (2) a recommender service for
content and instructional adaptations [24] (see research question
[RQ] 1 and RQ2).

A recent literature review revealed that intelligent tutoring
systems combined with gamified or playful content (eg, serious
games) are common in the fields of science, technology,
engineering, mathematics, and language learning [22,25]. Hence,
with this feasibility study, we presented a novel approach that
combined an intelligent tutoring system with a serious game in
the context of aural rehabilitation for adult German-speaking
cochlear implant recipients (see RQ3). We wanted to encourage
future researchers and developers to build more advanced
computer-based auditory training by answering the following
RQs:

• RQ1: How can an intelligent tutoring system estimate a
cochlear implant recipient’s current level of language
comprehension?

• RQ2: How can an intelligent tutoring system generate tasks
for cochlear implant recipients that match their current level
of language comprehension?

• RQ3: How can an intelligent tutoring system be embedded
into a serious game to create adaptive and game-based
auditory rehabilitation training?
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Adaptive Adjustments of Educational Systems
A digital, adaptive educational system tries to improve learning
outcomes and raise engagement by altering the training
application to a student’s or learner’s specific needs [21,26].
While the characteristics of these kinds of systems vary,
researchers generally refer to them as computer-aided
instruction, adaptive learning systems, or intelligent tutoring
systems [22]. Usually, an intelligent tutoring system contains
4 conceptual models: the domain model (or content model), the
learner model (or student model), the tutor model (or
instructional model), and the interface model (or presentation
model) [22,23,27]. The domain model contains all
domain-related information pieces and their implicit and explicit
structure and interdependencies [22,23,28]. The learner model
captures what a person knows and does, for example,
knowledge, preferred learning style, goals, or demographics
[22,23,27]. The tutor model encompasses the didactic
components and instructional strategy [22,23,27]. The interface
model facilitates the interaction between learners and an
intelligent tutoring system [22,23]. In a nutshell, the tutor model
uses the learner model as the source for adaptation and the
domain model and the interface model as targets for adaptation
[22,23,27]. Therefore, examples of adaptation targets are specific
content (eg, present feedback for specific errors), navigation
(eg, the sequence of learning objects), presentation forms (eg,
text vs video), and assessments (eg, difficulty level) [29].

Due to the variety of artificial intelligence systems used in
educational systems in the past years [30,31], a definition of
requirements for our use case is needed. First, due to the lack
of available datasets about German-speaking cochlear implant
recipients, a system design was needed to overcome a so-called
“cold start problem” [31]. Second, due to ethical concerns, we
were looking for an algorithm in the context of explainable
artificial intelligence [25,30]. Regarding these preconditions,
the evidence-centered design (ECD) framework seems to be a
fitting methodology supporting the design and development
process of the presented conceptual models.

Almond et al [32] summarized the ECD as “an approach for
constructing educational assessments in terms of evidentiary
arguments.” They argue that when learners fulfill tasks, they
create some kind of result (work products) that incorporates (to
some degree) the learner’s performance (compare with the study
by Gnadlinger et al [33]). Thus, work products contain evidence
about a learner’s latent competencies. Extracting evidence for
competencies from performance aligns well with Forth’s [34]
definition of competency as a “...set of skills and behaviors
required in the performance of a task or activity within a specific
context.” Hence, if a computer-based system collects this
evidence, it can also model the learner’s competencies to some
degree. While the ECD does not strictly depend on a specific
statistical method to describe the learner model, Bayesian
networks have often been used and suggested in the past [19,32].
Bayesian networks are probabilistic graphical models that hold
a set of variables and their conditional dependencies as a
directed acyclic graph [35]. The core idea of Bayesian networks
is to use measurable variables (eg, exercise results) to infer
directly immeasurable or latent variables (eg, the level of a
complex competency) [35]. Hence, Bayesian networks can be

used to model the learner’s competencies and continuously
describe the current beliefs about these competencies by
updating the measurable variables based on evidence from
multiple tasks [32]. In the Conceptual Assessment Framework
and Assessment Implementation section, we present how this
can be achieved according to the use case of a learner model
for language comprehension of cochlear implant recipients.
Furthermore, we show how the other conceptual models that
address these 2 prerequisites were designed and built.

Aural Rehabilitation and Existing Auditory Training
Aural rehabilitation can be seen as a synonym for audiologic
rehabilitation, auditory rehabilitation, hearing rehabilitation,
and rehabilitative audiology and describes any intervention that
addresses the communicative and psychosocial consequences
of hearing loss [36,37]. Auditory training interventions vary in
many aspects, such as training stimuli (eg, pure tones, phonemes,
and complete sentences); frequency; duration of the training;
and complexity [38]. It was shown that active, lexically oriented
auditory training supported the learning process of adults far
better than passive exercises [8]. In addition, a recent
comparison of 16 studies of active auditory training provides
evidence that intensive auditory and auditory-cognitive training
supports the improvement of aural communication skills [38].
In a similar way this is also addressed by Deutsche Gesellschaft
für Hals-Nasen-Ohren-Heilkunde, Kopf- und Hals-Chirurgie
(German Society of Oto-Rhino-Laryngology, Head and Neck
Surgery) [39].

Some very popular auditory training tools for English-speaking
cochlear implant recipients are Angel Sound [40], the Listening
Room [41], and MED-EL Academy [42]. A recent literature
review of German and English computer-based auditory training
shows that some auditory training systems support adaptivity
and real-time feedback [9]. One prototype for a
German-speaking hearing training platform was Train2hear
[13,14]. It supports adaptive exercises to a certain extent and
embeds different learning modules (filled with exercises) into
a story about a journey through Europe. These systems generally
analyze the quantity and kind of errors, the exercise duration,
and the number of assistance requests to adapt exercises or
training plans [13,14,40,41]. The supported adaptation of
exercises can be categorized into (1) audio content—for
example, differentiated by type (ie, syllables, words, sentences,
and texts), similarity or complexity, and length (eg, word
length); (2) hearing taxonomy—for example, differentiated into
understanding, identification, discrimination, and detection; (3)
exercise conditions—for example, difficulty adjustment via
background noise, open or closed exercise sets, and the
possibility for users to obtain assistance (eg, repetition) [13,14].
While some available platforms are well advanced according
to the number of exercises and available content, none embed
these exercises into a game-based learning environment. On the
other hand, Garadat [43] successfully demonstrated the impact
of a serious game to enhance the perceptual learning of speech
by English-speaking cochlear recipients.

Hence, with this contribution, we presented a novel approach
that combines an intelligent tutoring system that encountered
the 2 major requirements (“cold start”—capable and
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explainable), with a serious game in the context of aural
rehabilitation for German-speaking adult cochlear implant
recipients.

Methods

Design and Development Process
The system design started from the perspective of assessments
owing to the behavior of hearing therapists, who included

exercises and tasks to assess hearing competencies and adapt
the rehabilitation program. The ECD was followed because this
methodology supported the design of assessments in educational
systems and the inference of relevant competencies (Textbox
1).

Textbox 1. Main phases of the evidence-centered design framework from the study by Mislevy et al [44].

Domain Analysis

“Domain analysis marshals beliefs, representations, and modes of discourse for the target domain.”

Domain Modeling

“Assessment developers organize insights about the domain from domain analysis... and [articulate] dependencies in knowledge, skills, and attributes
in the domain, and the relationships of these capabilities to situations and activities.”

The Conceptual Assessment Framework

“The designers combine domain information with information about goals, constraints, and logistics to create a blueprint for an assessment.”

Assessment Implementation

“Assessment practitioners create functioning realizations of the models articulated in the Conceptual Assessment Framework.”

Assessment Delivery

“In this layer, students interact with tasks, their performances are evaluated, and feedback and reports are produced.”

Domain Analysis and Domain Modeling Phase
In the beginning, an interdisciplinary team was gathered,
including 2 language and speech therapists, a linguist, an
audiologist, a cochlear implant surgeon, a game designer, 2
research associates with human-computer interaction
backgrounds, and 2 software engineers. At the beginning of the
design phase, the clinical staff gave insights into the aural
rehabilitation process to the research associates. The research
associates were also invited to participate in 2 face-to-face
therapy sessions. Afterward, the team collaboratively designed
a graphical model to describe the ability to hear and its
subcompetencies in 4 distinct steps. First, the ability to hear
was divided into general areas from “nonlexical language
understanding” to “spoken language understanding” and
additional sublayers from “nonlexical,” “lexical,” and
“morphosyntactic.” Second, the experts agreed on major
subcompetencies within the resulting areas, which the training
environment should cover (visualized in blue in Figure 1). Third,
the experts added the relationships between those
subcompetencies. Finally, 7 different observable variables were
defined: “sentence identification,” “word differentiation,” “word
identification,” “consonant differentiation,” “vowel
differentiation,” “sound categorization,” and “sound perception”
(visualized as observable variables in Figure 1). The Conceptual
Assessment Framework and Assessment Implementation section
illustrates how these observable variables are used. The main
result of this phase is a conceptional competency model pictured
in Figure 1.

Conceptual Assessment Framework and Assessment
Implementation
In the 2 ECD phases explained subsequently, the conceptional
definition and implementation of the 4 main models of the
intelligent tutoring system and serious game were performed.

Learner Model
Initially, the conceptual competency model was transformed
into a Bayesian network to create a machine-interpretable but
human-explainable learner model. This alteration enables an
ongoing use of this model for estimating the cochlear implant
recipient’s current competency level in the form of competency
beliefs (compare this process with Almond et al [32,45]). To
do so, all nodes of this Bayesian network—the overall
competence “hearing,” the subcompetencies, and observable
variables visualized in Figure 1—are represented as a probability
distribution of 3 states: “low,” “medium,” and “high” (compare
with the node “sound perception” in Figure 1).

These random variables describe the system’s beliefs about a
cochlear implant recipient’s competence—whether it is more
likely to be “low,” “medium,” or “high.” In addition, all
conditional probability tables within this Bayesian network were
evenly distributed, which means that “phoneme understanding”
depends in the same way on “vowel differentiation” as on
“consonant differentiation” (Figure 1). We used these states as
demonstrated in examples provided by Shute et al [19] and
Almond et al [32], as they are straightforward to understand but
also effectively capable of illustrating the benefit of using
Bayesian networks [32].
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Figure 1. Simplified and reduced learner model for language comprehension subcompetencies.

By slightly changing the distribution of the states (“low,”
“medium,” or “high”) from the observable variables according
to each task result, the probability distribution will converge to
a particular state over time. For example, if the cochlear implant
recipient shows a feeble performance in the task type “sound
perception,” the probability state “low” of the observable
variable “sound perception” will increase, while the probability
of “medium” and “high” will decrease (Figure 1). In addition
to this described update of a specific observable variable, an
inference process of the Bayesian network allows the system
to update the related competencies [33]. Therefore, for example,
if the cochlear implant recipient shows an excellent performance
in the task type “sound perception,” the probability state “high”
of the variable “sound categorization” will increase, while the
probability of states “low” and “medium” will decrease. This
process follows the arcs of the nodes in the hierarchy of the

Bayesian network (Figure 1). By repeating this update process
on individual Bayesian networks for each cochlear implant
recipient according to their task results, the competence
distributions of each node in this network converge to a
particular state (“low,” “medium,” or “high”). In this way, an
explainable learner model that can describe the beliefs of the
system about the competencies of each individual cochlear
implant recipient was created.

Domain Model and Interface Model
The content model comprises 7 task types, each designed as
single-choice tasks addressing a specific observable variable
within the learner model (Figure 1). All tasks were designed
and developed similarly (Figure 2C). The target group is
predominantly German-speaking; therefore, only German
elements are available as screenshots.
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Figure 2. Interface of the serious game. (A) Story decision element; (B) simple dialogue element; (C) task element; and (D) feedback element at the
top (notification says “Correct!”). For better readability, we translated the text into English. Note that the game is only localized in German.

A sound is played when the task is presented and can be repeated
whenever the user clicks the Play button. A question based on
the task type and 2 or 4 answer options appear (Table 1). The
cochlear implant recipients must select an answer to continue.
After selecting an option, a notification appeared (compare with
Figure 2D) indicating if the given answer was correct or
incorrect. Each task type dynamically selects training items
from a preconfigured pool of sound and speech assets to meet
the estimated competence level of the cochlear implant recipient.

The preconfigured pool holds additional (manually added and
semiautomatically generated) meta-information for each sound
and speech asset, which is used by the tutor model to meet the
estimated competence level. To enable the tutor model to
generate diverse task difficulties, 1053 audio assets with
meta-information were created. Multimedia Appendix 1 provides
a detailed description of the selection parameters used to
determine the difficulty of a sound asset. A single default
background noise was created to raise the difficulty of tasks.

Table 1. Single-choice quiz task types (compare with Figure 1).

Options (response)Question (stem)Task type

A: “Yes”; B: “No”“Did you hear anything?”SPa

A: “Yes”; B: “No”“Does the sound fit to this category: [category]?”SCb

A: “Yes”; B: “No”“Are the two sounds the same?”CDc

A: “Yes”; B: “No”“Are the two sounds the same?”VDd

A: “Yes”; B: “No”“Are the two words the same?”WDe

A: “[word1]”; B: “[word2]”; C: “[word3]”; D: “[word4]”“Which word did you hear?”WIf

A: “[sent.1]”; B: “[sent. 2]”; C: “[sent. 3]”; D: “[sent. 4]”“Which sentence did you hear?”SIg

aSP: sound perception.
bSC: sound categorization.
cCD: consonant differentiation.
dVD: vowel differentiation.
eWD: word differentiation.
fWI: word identification.
gSI: sentence identification.

Tutor Model
Whenever a task (Figure 2C) is presented to the learner, the
tutor model dynamically creates it in 3 steps. The initial step
involves determining the appropriate task type to choose. Our
goal for this decision is to focus to some degree on the weakest

competencies for rehabilitation reasons but avoid, for
motivational reasons, a pure concentration on them. The decision
algorithm is based on the utility theory [46]. Hence, it can be
classified as a utility-based algorithm [47]. In a nutshell, such
decision algorithms score all possible options and select the
highest-rated one [47]. In this scenario, the system must decide
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between 7 different task types. The utility of each task type is
calculated based on 3 criteria (Textbox 2). The criteria were
weighted differently to select the task types in a nonuniform
way and yet provoke a minor focus on the weaker competencies.

The second step is to generate a target task difficulty based on
the estimated subcompetency level of the cochlear implant
recipient, which is addressed by the selected task type (compared
with Figure 1). This is achieved by converting the current
probability distribution of the related observable variable from
the target task type into a normalized scalar value and using
this value further as a target task difficulty (eg, the target task
type is “sound perception,” so the target task difficulty is
calculated based on the probability distribution of the observable
variable “sound perception”). The third step is to generate a
task according to the task type definitions and the generated
target task difficulty. For example, suppose we would like to
generate a task of the task type “sound perception” with a
specific target task difficulty. In that case, the algorithm must

find a sound asset of type “sound” whose loudness, recurrence,
and concreteness values fit the target difficulty level (compare
with Table 1). Therefore, each key and distractor sound asset
combination in a preconfigured task pool is a possible task. This
selection algorithm for key and distractor sound assets is also
based on the utility theory. Hence, the selection algorithms score
all possible tasks based on the given sound asset parameters in
the preconfigured task pool. The task with the closest score to
the target difficulty is the best selection for the cochlear implant
recipient.

As mentioned earlier, after a cochlear implant recipient
completes a task, its individual Bayesian network gets updated
according to the task result. In this manner, the cochlear implant
recipients practice within a training loop, wherein with each
new task outcome, the estimated levels of competence should
progressively align more closely with the actual competence
level of the recipients.

Textbox 2. Decision algorithm scores.

Task-type-repetition-score

Higher score for task types with a low number of tasks within the last 30 tasks.

Competence-weakness-score

Higher score for task types that target weaker observable variables.

Right-wrong-ratio-score

Higher scores for task types with the lower correct or incorrect results in a row.

System Architecture and Serious Game Design
To practice tasks, a serious game in the form of a progressive
web application was developed using an HTML5 framework
to support current iOS and Android devices and their major
browsers: Safari and Google Chrome. The user progress within
the serious game was forwarded to a Java-based
pseudonymization service (see the Data Collection section),
which forwarded only the required parameters to a
Node.js-based recommendation service, which implemented
the described tutor model. The progressive web application
contains 2 game modes: a story-driven approach (story mode)
and a simple training mode (quick training mode). The story
mode embeds the tasks into a graphic novel where the story is
driven through dialogues and decisions (compare with Figures
2A and 2B). The story is about a group of amateur theater
actresses who perform at several locations. Unfortunately, many
things go wrong, so conflicts and absurd social situations
happen. The player slips into the role of one of the actresses
and tries to handle these conflicts between the protagonists by
choosing dialogue answers wisely. There is no penalty for wrong
answers. In the end, all story branches merge to a happy ending.
We selected this meta-story because it allowed us to include
different hearing sensation scenarios (crowded places,
countryside, dialogue situations, restaurants, etc) into 1 story.
The story mode contains an introductory chapter (“initial
analysis”) and 9 story chapters with 15 protagonists, 12

locations, and a playtime of approximately 1 hour. Each chapter
contains 10 tasks. To avoid distractions from the game flow,
the preconfigured asset pools of these tasks were filled with
items related to the story and dialogues at this moment. The
quick training mode repurposes the existing task types and
initiates a session consisting of 10 consecutive tasks, without
any story content in between. Hence, only elements in type C
and D in Figures 2C and 2D, respectively, were used. The main
goal of this mode was to achieve as many correct answers as
possible. The preconfigured pools of the quick training mode
are filled with all available sound and speech assets from the
story mode. After a chapter in the story mode or a quick training
session is finished, the cochlear implant recipient returns to the
main menu and can decide to play another chapter in the story
mode or quick training session. Both modes provide feedback
to the users through the responses of the protagonists, the story
flow, and via an in-application notification system (compare
with Figure 2D at the top of the screen). The progressive web
application and all tasks support the German language
exclusively.

Assessment Delivery and Evaluation
The study design and evaluation approach addressed 3 main
aspects: structure, process, and outcome [48]. In addition, system
functionality, user perspective, and organizational context were
considered [48]. Figure 3 illustrates the study timeline.
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Figure 3. Study design inclusive timeline. UX: user experience.

Ethical Considerations
Following institutional and regulatory guidelines of the
University Hospital Düsseldorf, all research involving human
subjects must undergo an ethics review to protect participants’
rights and welfare. This review process assessed the ethical
aspects of the research, including informed consent, risk
minimization, and confidentiality. Ethics approval for this
project was obtained from the ethics committee at the University
Hospital Düsseldorf (study number 2020-880 [49]). Before the
study, all patients received detailed information regarding its
objectives, methods, and possible risks. All participants provided
informed consent, as required, for the primary data collection
and any subsequent secondary analyses. The monitoring of the
use of the progressive web app and the evaluation process were
ensured to comply strictly with the European Union (EU)
General Data Protection Regulation (GDPR). To ensure this,
each data point was pseudonymized immediately after an
automated observation was tracked. This process is described
in the Data Collection section.

Participants
The evaluation of the intelligent tutoring system started with
the recruitment of study probands. All probands are in a lifelong
rehabilitation program at the Department of
Otorhinolaryngology at the University Hospital Düsseldorf,
covered by the German statutory health insurance. After
preselection by the therapists (according to inclusion and
exclusion criteria defined in the research protocol [49]), the
probands were asked if they would like to participate in this
study voluntarily and without valuable consideration. The team
reached out to 34 persons. Due to diverse reasons (eg, lack of
time, interest, and technical problems), the data of 23 cochlear
implant recipients (20 women and 3 men) were collected during
a training period of 4 weeks. The age of the recipients ranged
from 20 to 39 years in 3 individuals; 40 to 59 years in 10
individuals; and ≥60 years in 10 individuals (mean 54, SD 14.68
y). All participants spoke German fluently (22 had German as
their mother tongue). The group consisted of 35% (8/23) persons
with a single-sided cochlear implant and 65% (15/23) with
bilateral cochlear implant care. 39% (9/23) persons in the cohort
activated their cochlear implant <4 years ago. 65% (15/23)
participants said that they usually wear their cochlear implant
for more than 12 hours per day, 21% (5/23) stated 9 to 12 hours
per day, and 13% (3/23) between 5 and 8 hours per day. None
of the participants received any other treatment during the 4
weeks. The system or the researchers did not interfere with

notifications, reminders, or encouragements to motivate the
participants to use the system in these 4 weeks. We conducted
audiometric measurements on 22 (95%) patients at the start of
the testing phase. For side-specific pure-tone audiometry, the
mean value on the cochlear implant-fitted side was 32 (SD 7)
dB hearing level. In the Freiburg Monosyllabic Speech Test
(subset monosyllabic words), at 65 dB sound pressure level,
patients correctly repeated with a mean of 53% (SD 28%) of
words. At the 80 dB sound pressure level, the average was 69%
(SD 24%). More details will be provided in an upcoming paper
examining a clinical trial in detail.

Procedure
Before the 4-week training started, each cochlear implant
recipient had a 60-minute appointment. At the beginning of this
meeting, they installed the progressive web application on their
mobile device (“bring your own device” concept), if necessary,
with the help of their therapist. After a brief introduction by
their therapist on how to start and interact with the progressive
web application, the participants played the initial chapter,
referred to as the “initial analysis.” This introductory chapter
served 2 main purposes. First, the cochlear implant recipient
became familiar with the application’s user interface. Second,
the results of the tasks within this chapter were used to select
one out of 7 preconfigured competence profiles (also known as
stereotype modeling [27]). The competence profiles were
defined by the clinical staff members based on their experience
in hearing therapy. We assumed that a well-selected
preconfigured competence profile would reduce the number of
tasks a cochlear implant recipient has to solve until the system
reaches a point where it properly approximates the recipient’s
real competence level. As such, this addresses the so-called cold
start problem [31]. This procedure also mimics an existing
routine in face-to-face settings, where the therapist gets a first
impression of a new patient by asking multiple basic questions.
Once the first chapter was finished, the cochlear implant
recipient could play each game mode (story or quick training)
as much as they wanted within the following 4 weeks. After the
training period, the cochlear implant recipient returned to the
rehabilitation station and answered a specifically created
questionnaire about the usability and user experience of the
aural rehabilitation application. As a final step, their account to
access the progressive web application was disabled.

The following evaluation focuses on the 4-week periods in
which the participants interacted with the training system and
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examines the behavior of the participants and response to the
training system to answer the introduced RQs.

Data Collection
During the 4 weeks, the task result and some meta-information
(eg, timestamp and cochlear implant recipient identifier) were
sent to a pseudonymization service whenever the cochlear
implant recipient finished a task within the progressive web
app. This service replaced the cochlear implant recipient
identifier with a pseudonym and forwarded the information to
the game service (an adaptation of the ADLETE Framework
[33]), which was performing the update of the competency
model as described in the Conceptual Assessment Framework
and Assessment Implementation section. In response to the sent
task result, the game service recommends the next task type
and difficulty level based on the updated competency model.
In the context of this study, the pseudonymization service acted
as a clinical data protection layer following the EU GDPR [50].

Statistical Methods
Our statistical approach comprises 3 parts. The first part is a
descriptive statistical analysis. It presents an overview of task
results using valid percentages, mean, SD, IQR, and median.
The second part is an inferential statistical analysis, which
illustrates the proportions of recommended task types and error
proportions among cochlear implant recipients. This includes
a chi-square goodness of fit test to check for nonuniform
distribution, a Q-Q plot, and a Shapiro-Wilk test for normality
distribution, followed by a Kruskal-Wallis test and a Dunn post
hoc test with an adjustment method, according to Holm [51],
to compare distributions) to compare distributions. The last part
is a generalized additive model (GAM) analysis [52]. This

analysis examines the behavior of the Bayesian network for
each cochlear implant recipient over time to answer RQ1 and
RQ2.

Statistical significance was set at P<.05. We use RStudio
2023.06.1+524 “Mountain Hydrangea” developed by Posit
Software, PBC for computations and visualizations and
Microsoft Excel (version 2019) for some of the descriptive
visualizations. Only the first 250 completed tasks were
considered for comparison because only 2 participants
completed more tasks (participant 1: 508; participant 2: 1024).

Results

This section presents the results using the 3 main sections
described in the Statistical Methods section: descriptive
statistics, inferential statistics, and the GAM analysis. In the
Discussion section, the connection between the results and RQs
will be drawn.

Descriptive Statistics
The 23 participants completed 2259 tasks (minimum: 3, RQ1:
32, median 70, mean 98.2, RQ3: 157.50, SD 79). In total, the
23 participants solved 2004 tasks correctly and 255 tasks
incorrectly (median correct/median incorrect: 65/8, arithmetic
mean correct/arithmetic mean incorrect: 87.1/11.1, min
correct/min incorrect: 3/0, max correct/max incorrect: 229/40).
The overall arithmetic mean of the incorrect answer proportion
was 9.5%. Figure 4 presents the task type distributions of each
participant and allows a comparison between them. All
participants received a pseudonym from A to W. The total
number of fulfilled tasks is stated in round brackets below this
identifier.

Figure 4. The figure shows the total number of tasks per task type and the distribution of task types as percentages for each participant. The task types
are visualized in different colors. The participants are anonymized using the letters A to W.

The system also tracked the total playtime within the 4 weeks.
This can be summarized as follows: average: 159, SD 106;
range 7-376 minutes.

Inferential Statistics

The result of the Chi-Square Goodness of Fit test (χ2
6=86.7;

P<.001) allowed us to reject the null hypothesis that all task
types were uniformly distributed. This confirmed a first
assumption that each participant’s recommended task type
proportion distribution was nonuniform, as described in the
Tutor Model section. To further investigate the differences

between the recommended task-type proportions, we performed
a Kruskal-Wallis test because we met the assumption for it by
checking a Q-Q plot and performing the Shapiro-Wilk test
(P<.001), both indicating a nonnormal distribution. The null
hypothesis of the Kruskal-Wallis test could be rejected (P<.001),
meaning that the medians of the recommended task-type
proportions were different. The result of the post hoc Dunn test
identified 3 groups, A, B, and C, which shared a median from
a similar distribution. A compact letter display format (Figure
5) was used to visualize this. The analysis shows that the training
system recommended specific task types for the participating
cochlear implant recipients more likely in the following grouped
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order—group A: “consonant differentiation,” “vowel
differentiation,” and “word identification”; followed by group
C: “sound categorization” and “sound perception” and group
B: “sentence identification” and “word differentiation.” The
resulting analysis also indicates that the system did not

recommend the task types “sentence identification” and “word
differentiation” for all cochlear implant recipients in the same
way, compared with “sound categorization” or “vowel
differentiation,” where the variance is higher.

Figure 5. Difference between task-type recommendation proportions, including identified groups (groups A-C).

Figure 6 gives an overview of the correct and incorrect answers
from the recommended tasks. To further investigate the error
proportions of each cochlear implant recipient based on the
recommended task types, we performed a Kruskal-Wallis test
because we met the assumption by checking a Q-Q plot and
performing a Shapiro-Wilk test (P<.001) indicated a nonnormal
distribution. With the result of the Kruskal-Wallis test (P<.001),
we could reject the null hypothesis, which indicated that the
medians of the error proportions from the task types were not
equal. The result of the post hoc Dunn test identified 3 groups,

A, B, and C, which shared a median from a similar distribution.
To visualize this, a compact letter display format was used.
Group C (“sound categorization”) showed the highest error
proportion with a high variance between the cochlear implant
recipients. Group A (“consonant differentiation,” “sound
perception,” and “vowel differentiation”) showed a lower error
proportion compared with group C but also showed a higher
variance among the cochlear implant recipients, especially
“vowel differentiation.”

Figure 6. (A) Total number of tasks answered correctly or incorrectly per task type. (B) Difference between error proportion medians, including the
identified groups.

GAM Analysis
Figure 7 shows the estimated competence level over time (ie,
tasks) for each cochlear implant recipient for the overall
competence hearing and all observable variables (compare with
Figure 2). The starting position for each competence depends
on the selected initial competence profile for the cochlear
implant recipient. In Figure 7, this is visible because the starting

points of each plot are grouped around initial starting values.
A GAM analysis [52] for each competency was performed, and
the resulting model (blue dotted line) and the CI (gray area)
were plotted. These plots showed that the individually updated
Bayesian networks converge over time by incorporating the
produced task results (evidentiary arguments) from the 7
different task types for each cochlear implant recipient. The
GAM analysis indicated that the system updates the
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competencies quicker in the beginning (strong gradient)
compared with the end (flatted curve). You can reflect on this
behavior by comparing competency based on the error
proportions Figure 6 with the additive model analysis Figure 7.
Suppose you compare, for example, the estimated competence
“sentence identification,” which has a low error rate Figure 6,

with the additive model analysis of the competency “sentence
identification” Figure 7. The additive model analysis of
“sentence identification” showed a strong gradient in the
beginning and flattened over time. Doing so for the competence
“sound categorization” revealed the opposite behavior.

Figure 7. Comparing the estimated competence level of each cochlear implant recipient over time of completed tasks.

Discussion

Overview
The results were generated by 23 adult cochlear implant
recipients participating in this study. The average age of the
cohort was 54 years; approximately 60% of them activated their
cochlear implant ≥4 years ago. Therefore, the cohort comprised
experienced cochlear implant recipients. The GAM analysis of
2259 task results (including a maximum of the first 250 tasks
from each participant) indicated that the system adapted to the
estimated competency levels of the cochlear implant recipients
more quickly in the beginning than at the end. Compared with
a uniform distribution of all task types, the recommended task
types differed, indicating that the system selected specific task
types for each patient. This was underlined by the identified
categories for the error proportion of the task types. The
following discussion connects the design and development
process of the game-based, adaptive auditory training with the

results presented by the feasibility study to answer the 3 main
RQs.

RQ1: How Can an Intelligent Tutoring System
Estimate a Cochlear Implant Recipient’s Current Level
of Language Comprehension?
Following the suggestions of the ECD framework, a conceptual
model that describes the language comprehension competencies
and their interdependencies was designed. Our developed model
aligns with previous findings like Erber’s hierarchy of listening
[53] or the developed model used within the auditory training
Train2hear [54].

We transformed our model into a machine- and
human-interpretable probabilistic learner model (Bayesian
network) to estimate the subcompetency levels of the
competence language comprehension for each cochlear implant
recipient. Seven single-choice task types (“sentence
identification,” “word differentiation,” “word identification,”
“consonant differentiation,” “vowel differentiation,” “sound
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categorization,” and “sound perception”) were developed that
elicit a task result that incorporates evidence about the levels
of the different language comprehension competencies. This
evidence was used to update the learner model. This approach
aligns with the suggestion from the ECD framework [32] and
shows that this framework is applicable in the context of hearing
rehabilitation. The developed task types empathize with already
developed exercises from other similar computer-based auditory
training software [14,40,54-56].

In Figure 7, we demonstrated how these Bayesian networks
from the cochlear implant recipients converge over time by
incorporating the produced evidence from different task types.
A GAM analysis was used to visualize and reflect on the training
system’s behavior. The calculated model (blue dotted line in
Figure 7) indicates that the system updates the competencies
quicker in the beginning (strong gradient) compared with the
end (flatted curve) overall cochlear implant recipients in general.
This matches with the error proportions in Figure 6 for the
various task types, which also show low error proportions in
general. On the one hand, this might indicate that their initial
estimated competence level based on the “initial analysis” (see
the Assessment Delivery section) did not fit their actual
competence level. On the other hand, the generated tasks may
not have met the correct difficulty level (compare further with
RQ2). However, the visualization is evidence that the system
adapted itself according to the behavior of the cochlear implant
recipients and their competence level over time. Hence,
compared with other adaptive computer-based auditory training
systems [40,41,43,54,56], the illustrated use of a Bayesian
network allowed us to estimate a cochlear implant recipient’s
current level of language comprehension based on the required
subcompetencies and their interdependencies.

RQ2: How Can an Intelligent Tutoring System
Generate Tasks for Cochlear Implant Recipients That
Match Their Current Level of Language
Comprehension?
The definition of task types serves as a blueprint to generate
tasks. The task types were designed to use the individual
estimated competence level to select the appropriate target key
and distractor options from sound asset pools with a utility-based
algorithm. To examine the system behavior, we analyzed each
cochlear implant recipient’s first 250 fulfilled tasks and saw a
strong variation between the fulfilled tasks (SD 79). However,
the median of 70 indicates that 50% of all participants finished
≥70 tasks. These results and the total playtime (mean 159 min)
already gave some evidence that cochlear implant recipients
were willing to interact for a longer period with such an
application. This finding is congruent with the results in the
study by Völter et al [54], which indicated a high adherence
rate for adaptive computer-based auditory training systems. We
would like to examine this and the reason for their behavior in
detail in an upcoming publication.

Our analysis of the recommendation system showed that the
chosen task types were not uniformly distributed. Our deeper
investigation revealed that “consonant differentiation,” “vowel
differentiation,” and “word identification” were more likely
chosen for the cochlear implant recipients (Figure 5).

Furthermore, the examined error proportions associated with
the 7 task types could be categorized into 3 groups (Figure 6).
These identified categories do not align with the discovered
categories from the recommended task-type proportions (Figure
5), which emphasizes the selection algorithm to consider
different parameters rather than solely relying on correct or
incorrect input. Figure 6 also indicates that the exercises were
too easy even when they became more difficult because the
error proportions were very low. Furthermore, there is a
difference in the error proportion of the task types, which
indicates that certain types (mainly “sound categorization”)
seem more difficult to answer correctly. There might be various
reasons for this result. For example, the task type “sound
categorization” might have been misinterpreted by the target
group, or the used sound assets did not meet the actual
competence level. Therefore, further investigation of the task
types and their difficulties would be a valid next research step.

RQ3: How Can an Intelligent Tutoring System Be
Embedded Into a Serious Game to Create an Adaptive
and Game-Based Auditory Rehabilitation Training?
We provided a detailed explanation of the conceptual and
technological approach for building an intelligent tutoring
system for aural rehabilitation, adhering to the recommendations
for defining the 4 main models of an intelligent tutoring system:
the domain model, learner model, tutor model, and interface
model [22]. The intelligent tutoring system was designed to
overcome two major requirements: (1) the so-called “cold start
problem” due to the lack of available data in advance [31] and
(2) the “explainable intelligence” due to ethical concerns in the
context of eHealth [25]. The cold start problem was addressed
using a Bayesian network as a learner model, designed based
on expert knowledge, so initial learner data were unnecessary.
In addition, the system can be explained by visualizing a
Bayesian network and its local conditional probability
distributions over time (Figure 7). This allows us to model each
individual cochlear implant recipient based on their input, which
stands in contrast to current common machine learning
approaches that try to find one categorization model based on
available data of a whole cohort (compare, eg, with the studies
by Leduc-McNiven et al [57] and Goumopoulos et al [58]).

Furthermore, this description thoroughly shows how to embed
this intelligent tutoring system via a task system into a serious
game. The developed serious game in the form of a progressive
web application supports 2 different game modes. The story
mode embeds the tasks into a graphic novel–like game
environment, while the quick training mode allows cochlear
implant participants to practice 10 tasks in a row in a
training-like environment. Hence, from a software architectural
point of view, an autonomously functioning task system enables
the generation of diverse scenarios by reusing identical task
types. With the dialogue-driven story mode, we followed the
initially stated argument that a serious game should allow
learners to experience the enjoyment of the future outcome of
their learning process [15]. Here, we allow the cochlear implant
recipient to experience participation in conversations even in
difficult situations (eg, at a restaurant, compare with parts A,
B, C, and D in Figure 2). Arguably, the story mode might miss
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key elements that would classify it as a serious game. However,
we emphasize the suggestion of the G, P, and S serious game
classification to distinguish between serious games with a
game-based gameplay component (strong goal oriented and rule
based) and a play-based one (indirectly measurable goals) [59]
and consider our serious game as a play-based one. It would be
interesting to examine the motivation and flow experience of
the cochlear implant recipients of serious games following a
more play-based gameplay approach in further studies.

Unlike existing training platforms, which primarily analyze the
quantity and type of errors [13,14,40,41,54] (as detailed in the
Aural Rehabilitation and Existing Auditory Training section),
our approach allows us to use the learning trajectory of each
hearing competency and their interdependencies to recommend
the next suitable training task for a cochlear implant recipient.
By presenting a way to integrate such a training system into a
serious game, we address the call from a recent literature review
on the personalization of serious games to explore methods of
incorporating learning progress into intelligent tutoring systems
rather than relying solely on task results [60].

Limitations
First, compared with studies in educational science where the
ECD framework originated, the total number of participants in
this study was relatively low because of the available funding
for the conducted feasibility study. Hence, cautious
generalization of the results is required. Nevertheless, the results
presented in this publication are a valuable base for a formal
sample size calculation (eg, Cochran’s sample size formula) for
future studies. Second, only cochlear implant recipients from
the Department of Otorhinolaryngology at the University
Hospital Düsseldorf volunteered in this study, raising the
possibility of an existing self-selection bias. This bias might
also include side effects from different types of cochlear implant
sound processors used by the cochlear implant recipients.
Finally, we did not evaluate the competencies of the
participating cochlear implant recipients with another
measurement instrument due to the lack of standardized tests
for the specific subcompetencies. The study was conducted to
answer specific RQs and comply strictly with the EU GDPR.
Hence, further post hoc analysis can only be applied to the
specific tracked variables defined at the beginning of the project.
Therefore, for example, questions regarding the preferred game
mode of the cochlear implant recipients must be answered in
future studies.

Future Work
While the presented results allow a system-wise interpretation
of the cochlear implant recipient’s input, future studies should
focus on observing the cochlear implant recipient’s use behavior.
This also includes the responses of cochlear implant recipients

to specific game mechanics (eg, the preferred game mode) or
interaction time. In addition, since the results indicated that the
given tasks seemed to be easily solvable by the participating
cochlear implant recipients, further evaluation is required to
find out if the selected evidentiary arguments of the developed
task types hold in general for cochlear implant recipients. In
addition, examining the long-term effects of adaptive and
game-based auditory training in the rehabilitation process of
cochlear implant recipients versus traditional rehabilitation
techniques would be very valuable.

For further research from a technological perspective, it might
be interesting to investigate ways to use the potential of
Bayesian networks to create synthetic data, as [25] suggested
via agent-based simulations [58,60] for early development
stages. Because the defined Bayesian network describes a
competency ontology, future developments might consider
coupling them with game mechanic ontologies illustrated, for
example, in the study by Goumopoulos and Igoumenakis [61].
Such a coupling might be possible using generative artificial
intelligence (eg, [62]) for immediate on-demand generation of
training tasks that meet task difficulty and game mechanic
requirements. Hence, a personalized recommendation approach
similar to the one presented in this paper might lead to prompt
generators that will reduce the cost of training content creation
significantly.

Besides these technological perspectives, we already see a
shortage of specialized therapists and trainers supporting adult
cochlear implant recipients in Germany (compare with the study
by Völter et al [54]). With the foreseeable increase in the number
of adult individuals with cochlear implants, new ways of hearing
rehabilitation are needed to address this growing gap between
both groups.

Conclusions
This is the first attempt to map cochlear implant recipients’
language comprehension competencies using a Bayesian learner
model for an intelligent tutoring system in cochlear implant
rehabilitation. We integrated this system into an adaptive,
game-based auditory rehabilitation training, addressing the need
for an explainable design and solving the cold start problem
owing to the lack of initial user data. A feasibility study with
23 cochlear implant recipients showed that the system adapts
to the estimated users’ competency levels. The task system
tailored tasks to each patient, as indicated by comparing error
proportions and GAM analysis. With this work, we contribute
and support the future game-based designs of computer-based,
intelligent cochlear implant rehabilitation therapies; general
hearing therapies; and similar fields in the eHealth context,
where the personalized adaptation of a training environment is
required to meet the needs of individuals.
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Abstract

Background: Adequate pain relief, early restoration of breathing, and rapid mobilization pose a clinical challenge in patients
with blunt chest trauma. Virtual reality (VR) has the potential to achieve these 3 interrelated treatment objectives with enhanced
self-efficacy and autonomy of patients and limited support by clinicians.

Objective: This study aimed to assess the effectivity of breathing and physical exercises using VR on the pulmonary recovery
of patients with blunt chest trauma at the ward.

Methods: A pilot randomized controlled trial was performed. The control group received usual physiotherapy consisting of
protocolized breathing exercises (8 times daily for 10 minutes) and physical exercises (2 times daily for 10 minutes). The VR
group was instructed to perform these exercises using VR. The primary outcome was vital lung capacity at day 5 or earlier at
discharge. Secondary outcomes were patient mobility (time standing, lying, and sitting), clinical outcomes (length of hospital
stay, pulmonary complications, transfer to intensive care unit, and readmission within 30 days), pain, activities of daily living,
patient-reported outcome measures (satisfaction and quality of recovery). Patient experiences and barriers and facilitators toward
implementation were assessed through interviews.

Results: The study was prematurely ended due to enrollment failure combined with poor protocol adherence to exercises in
both groups. A total of 27 patients were included, of which 19 patients completed 3 or more days. Vital lung capacity at 5 days
(or last measurement) was equal between groups with 1830 (SD 591) mL and 1857 (SD 435) mL in the control and VR groups,
respectively. No marked differences were observed in secondary outcomes. Patient interviews showed positive attitudes toward
the use of VR, describing that visualization of the exercises helped patients to perform the exercises correctly and to continue the
exercises for a longer duration. Also, patients experienced the immersiveness of VR as an analgesic. However, patients did not
experience added value over usual care and reported that better integration in treatment and the hectic hospital environment could
improve the use of the VR exercises.

Conclusions: The suitability of patients to use virtual reality therapy (VRx) in a hospital (trauma) ward setting is lower than
generally expected. Effective application of VRx requires professional guidance and needs thorough alignment with clinical
practice. For future research, we recommend to chart adherence to study protocol before designing a VR clinical trial.
Patient-reported experiences need to be prioritized in evaluating VR acceptance, usability, and effectiveness. In line, we recommend
performing a systematic analysis (eg, using the technology acceptance model) on the acceptance before pilot or main effectiveness
studies. Finally, the eligibility of patients and exclusion of patients due to the inability to use VRx should be routinely reported.

Trial Registration: ClinicalTrials.gov NCT05194176; https://tinyurl.com/2bzh4tzx

(JMIR Serious Games 2024;12:e54389)   doi:10.2196/54389
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Introduction

Blunt chest trauma comprises over 10% of all trauma patients
presenting to emergency departments worldwide and is the most
frequent injury (44.5%) in patients with multiple traumas [1-3].
The most frequent injuries are rib fractures, pneumothorax, and
pulmonary contusion [2,4]. Chest trauma is associated with high
risk (>10%) of pulmonary complications such as pneumonia,
acute respiratory distress syndrome, and need for ventilatory
support [5-7]. Mortality after blunt chest trauma is 4%-20%,
with pneumonia being the most important risk factor [1,6,8].

Management is mainly focused on the prevention of these
pulmonary complications. The most important pillars herein
are adequate pain relief, breathing exercises, and rapid
mobilization [6]. These treatment objectives are interrelated
and commonly addressed in care bundles. Care bundles
evidently improve clinical outcomes and decrease intensive care
unit (ICU) and hospital length of stay [9,10]. Inadequate pain
control can result in restricted ventilatory function and reduced
mobility, both adding to a higher risk of complications.
Currently, multimodal analgesics (different combinations of
epidural analgesics, opioids, nonsteroidal anti-inflammatory
drugs, and so on) are recommended for pain relief [11]. Epidural
and systemic opioids are the most frequently used modalities
[10]. However, especially opioids can have deleterious side
effects such as sedation and hypoventilation, which directly
negatively affect pulmonary function recovery. In addition, side
effects, such as nausea and dizziness, can refrain patients from
physical activity [12]. As a result, effective pain control without
disrupting pulmonary recovery remains a challenge in daily
clinical practice. Furthermore, physiotherapists play an
important role in the prevention of complications, supporting
patients with breathing and physical exercises. Breathing
exercises are delivered by physiotherapists and address the
active cycle of breathing technique and deep breathing [9,13].
Physical exercises mainly focus on maintaining and restoring
the active range of motion of the trunk and limbs and restoring
independence in functional activities [13]. Higher levels of
physical exercise are associated with better functional outcomes
and reduced length of hospital stay, whereas inactivity can result
in general deconditioning and subsequent complications [14].
Previous reports show that hospitalized trauma patients spend
between 53%-57% of the time lying in bed, despite interventions
to improve physical activity [15,16]. Besides promoting general
activity, physical exercises specifically aim at maintaining and
restoring the active range of motion of the trunk and limbs and
independence in functional activities [13].

Therapeutic virtual reality (VR) has the potential to address the
3 treatment objectives (pain relief, adequate breathing, and rapid
mobilization) in blunt chest trauma [17-19]. The ability of VR
to immerse a person in another world presents various
opportunities, including the reduction of acute pain and
procedural pain, helping patients to relax and breathe normally,
and motivating them to engage in more physical exercise

[17,20,21]. VR has proven effective for reducing procedural
pain by distracting patients from the painful experience through
an immersive and playful environment [20]. Exergaming,
gaming that requires physical exercise, has shown to improve
patient adherence and physical fitness [18]. Furthermore, virtual
reality therapy (VRx) in a hospital setting has shown to reduce
pain, anxiety, and possibly length of stay [22]. Another
advantage of VRx is the few side effects, which are usually mild
and transient [23].

In this study, the primary aim was to assess the effectivity of
breathing and physical exercises using VR on the pulmonary
recovery of patients with blunt chest trauma at the ward. Our
hypothesis was that patients would experience faster pulmonary
recovery due to a better execution of the exercises with use of
VR. Secondary aims were to assess patient mobility, clinical
outcomes, pain, and patient-reported outcomes and experiences.
Assessment of patient experiences, attitudes, and expectations
is relevant because VR treatment for this indication is new and
not routine at hospital wards.

Methods

Design
This was an open-label randomized controlled trial conducted
between March 2022 and January 2023 at Radboud University
Medical Center, Nijmegen, the Netherlands. The trial is reported
according to the CONSORT (Consolidated Standards of
Reporting Trials) guidelines for randomized trials (Multimedia
Appendix 1) [24].

Ethical Considerations
Ethical approval was obtained by the Research Ethics
Committee of the Radboud University Medical Centre, the
Netherlands (Commissie Mensgebonden Onderzoek
Arnhem-Nijmegen, NL80011.091.21). Eligible patients were
approached by their treating physician or nurse and received
verbal and written information about the study. A member of
the research team answered any additional questions and
obtained informed consent. All participants received a unique
research ID linked to their personal details. The participants’
data were securely stored on the institution’s server, and access
to the specific folders was restricted to the researchers involved
in the study. The study data were stored using only the research
ID, with no personal identifiers, in Castor Electronic Data
Capture (Amsterdam, the Netherlands). Participants received
no reimbursement. This trial was conducted according to the
principles of the Helsinki Declaration and in accordance with
Dutch guidelines, regulations, and Acts (Medical Research
involving Human Subjects Act, WMO).

Participants
The study population comprised of patients aged 16 years and
older, with no upper age limit, who had a blunt chest trauma
and were directly admitted to the trauma and orthopedic ward
from the emergency department. The study included all genders
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to account for potential variations in pulmonary mechanics.
Exclusion criteria were (1) neurotrauma with Glasgow Coma
Scale of 13 and lower; (2) history of dementia, seizures, and
epilepsy; (3) significant hearing or visual impairment which is
not corrected; (4) headwounds or damaged skin with which
comfortable and hygienic wear of head-mounted display (HMD)
is not possible; (5) stay at ICU during current hospital admission
for reasons other than observation or a duration of 48 hours or
longer; and (6) erect position in bed is not possible or allowed.
Patients were recruited on the first day of their admission.
Patients were subsequently randomized (1:1) to the VR group
or control group using computer-generated block randomization.

Intervention
All patients from both groups received care according to the
existing guideline [25]. Similarly, pain management was
according to the World Health Organization guidelines for acute
pain in adults [26]. Once daily, the control group received usual
physiotherapy consisting of breathing and physical exercises.
Breathing exercises include deep breathing, huffing, and
coughing following the active cycle of breathing technique.
Patients were instructed by the physiotherapist and received a
leaflet with written instructions. Physical exercises include
practice of functional movement (eg, activities of daily living)
and exercises for range of motion of the trunk and limbs.
Patients were instructed to perform breathing exercises 8 times
daily for 10 minutes and to extend these exercises 2 times daily
with (sitting) physical exercises for an additional 10 minutes.

The VR group was instructed to perform the breathing exercises
using the VR intervention 8 times daily for 10 minutes and to
extend these exercises 2 times daily with (sitting) physical
exercises using VR for an additional 10 minutes. For all VR
exercises an HMD, the PICO Neo 3 (Pico) was used. The
commercially available apps SyncVR Fit and SyncVR Relax
& Distract (SyncVR Medical) were used. This selection of apps
was made in consultation with physiotherapists and nurses to
ensure that the games were suitable and beneficial for the
patients. This collaborative approach aimed to choose games
that would effectively address the therapeutic objectives of pain
relief, adequate breathing, and rapid mobilization. SyncVR Fit
contains breathing exercises that are comparable to the exercises
in usual physiotherapy care but can be performed in a virtual
environment. The physical VR exercises consist of several
games through which patients are challenged to reach out to
objects while involving their arms, head, and trunk. Once daily,
the exercises were performed under the supervision of a
physiotherapist, the other sessions were unsupervised. SyncVR
Relax & Distract contains several mindfulness and relaxing
exercises to support in coping with pain and anxiety. Patients
were allowed to use these at their own discretion in addition to
the prescribed exercises with a maximum of 30 minutes per VR
session to prevent side effects.

In both groups, a research team member visited the patients
twice daily to perform measurements. At these moments,
patients were encouraged to perform the exercises in attendance
of the research team member. In the VR group, this was
primarily to detect any technological difficulties and lower the

bar for patients to use the VR headset. The control group was
visited accordingly to prevent bias.

Outcome Measures
Primary outcome was the vital lung capacity (in mL), measured
using an incentive spirometer (IS; Voldyne [Teleflex Medical]),
on day 5 of the study or the last measurement between 3 and 5
days. Incentive spirometry was chosen over usual spirometry
despite lower reliability because transferring patients to a
spirometer at least once daily would have required significant
logistical support and funding. In addition, it would have
imposed an additional burden on both patients, who were
sometimes quite ill, and the already busy personnel. To ensure
consistency in the measurements, a standardized protocol was
followed, which included recording the best score out of 3
attempts. Secondary outcomes were patient mobility, analgesics
use, clinical outcomes, pain, activities of daily living,
patient-reported outcome measures, safety outcomes, and
barriers and facilitators toward implementation. Patient mobility
was defined as the percentage of time spent lying, sitting, and
moving measured using a wearable activity monitor (activPAL3
[Pal Technologies Ltd]). The type and dosage of analgesics used
were extracted from patient files for the first 5 days of the study.
Opioid use was calculated and reported as oral morphine
equivalent. Clinical outcomes included the length of hospital
stay (in days), pulmonary complications during admission,
transfer to ICU, and readmission within 30 days. Pain was
assessed during breathing exercises using a visual analog scale
(VAS) with 0 being no pain and 10 being extreme pain.
Activities of daily living were measured using the powerlessness
in daily living (PDL) questionnaire, with lower scores
representing more independence in activities of daily living
[27]. Patient-reported outcomes and experiences comprised the
Quality of Recovery-15 (QoR-15) questionnaire [28], modified
treatment satisfaction questionnaire (MTSQ) [29], and
semistructured interviews regarding patients’ satisfaction and
experiences with VR. Reasons for withdrawal and side effects
during VRx were registered as safety outcomes. Barriers and
facilitators were derived from the semistructured interviews and
patient diaries in which patients reported on treatment adherence,
technical problems, and feedback on the VR exercises.

Study Procedures
The duration of the study for patients was 5 days from the
moment of inclusion on the first day of their admission or less
when the patient was discharged earlier. After randomization,
participants in the intervention group received instructions from
a research team member on how to use the VR intervention,
and a supervised training session was performed. If needed,
additional technical support was provided by the research team.
Patient characteristics were extracted from electronic patient
files and additional characteristics were asked upon inclusion.
A wearable activity monitor was installed on the first day. At
baseline IS, VAS pain score, and PDL score were measured.
During days 2-5, daily IS, VAS pain score during breathing
exercises, PDL score, and patient mobility were registered for
both groups. IS was measured twice daily following a
standardized procedure. Patients were instructed to register the
frequency of pulmonary and physical exercises in a daily diary
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as well as to fill out the quality of recovery questionnaire and
any experienced side effects (open-ended question). On day 5,
participants received the treatment satisfaction questionnaire.
Patients in the intervention groups that used the VR intervention
at least once were asked on day 5 to participate in a short
semistructured interview with the predetermined topics, such
as experiences with VR regarding efficacy and barriers and
facilitators using VR from patients’ perspectives. After 5 days,
participants in the VR group were allowed to choose to continue
the VR intervention or to return to usual care. Patients were
followed up for 30 days after discharge to register clinical
outcomes such as late complications. In Multimedia Appendix
2, all study procedures are schematically presented.

Sample Size
The calculated needed sample size was 63 patients per group.
This calculation was based on the primary outcomes measure
vital lung capacity. The mean outcome of the control group was
set on 1250 cc and SD was set on 500 cc based on the literature
[30]. The mean outcome of the VR group was based on an
expected 20% (clinically relevant) improvement, resulting in
1500 cc. An α of .05 and β of .20 were applied.

Statistical Analyses
Quantitative analyses were done using IBM SPSS Statistics
(version 25). Qualitative analyses were done using Atlas.ti
(version 23.0.7; Lumivero). Descriptive statistics were used to
present quantitative data. For effectivity outcomes, only patients
who completed at least 3 study days were eligible for evaluation.
No significance was calculated due to the low number of
participants. For safety outcomes (eg, side effects), all patients
were evaluated. Mobility data derived from the activPAL
devices are automatically checked for validity by built-in
algorithms following the validation criteria of PAL technologies
[31]. This validity is indicated per measurement day, meaning
that all measurements for a given day are regarded as either

valid or invalid. This applies uniformly to all mobility measures,
including standing, lying or sitting, and walking. Only valid
wear days were evaluated.

The content of the interviews was transcribed ad verbatim and
analyzed in Atlas.ti (version 23) using inductive thematic
analysis. To minimize bias, 2 independent researchers with a
background in medicine performed thematic analysis.
Transcripts were coded according to the predefined main topics.
Identified codes were categorized into themes and discussed
until a consensus was reached.

Results

Overview
Between March 2022 and February 2023, a total of 129 patients
were screened for eligibility and 27 patients were recruited
(Figure 1). Reasons for exclusion are described in Table 1. In
the VR group, 2 patients did not receive the intervention; 1
patient withdrew before the intervention was started, and 1
patient was excluded on day 2 due to previously unrecognized
cognitive impairments. In the VR group, 5 patients did not
complete 3 days; 1 patient stopped early because he found the
exercises too time demanding, 1 patient stopped because she
was unable to follow study protocol, and 3 patients in the VR
group were nonevaluable due to discharge before completing
3 study days. In total, 19 patients were evaluable (completed 3
or more days) of which 7 in the intervention and 12 in the
control group. In total, 4 patients in the intervention group and
8 patients in the control group completed the full 5 days of the
study protocol. Majority of evaluable patients were male (15/19,
79%). The participants’ mean age was 60 years. Mean Injury
Severity Score was 15 (SD 7; Table 2). Adherence to exercises
was poor in both groups, with an average of performing
breathing exercises 2 times per day in the VR group and 3 times
per day in the control group (Table 3).

Figure 1. Study flowchart.
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Table 1. Reasons for exclusion of patients assessed for eligibility.

Patients excluded, nReason

78Based on exclusion criteria

33Stay at intensive care unit during current hospital admission, for reasons other than observation or a duration of
>48 hours

18Expected discharge within 24 hours (not able to comply with study protocol)

11Headwounds or damaged skin with which comfortable and hygienic use is not possible.

9Not able to comply with study protocol (eg, language)

4History of dementia, delirium, seizures, and epilepsy

3Glasgow Coma Scale ≤13

16Declined to participate

4Patient feels too sick

5Patient finds participation too burdensome

1Patient has too much pain

1Patient feels like having too less experience with technical devices

5Disinterest

8Other or unknown
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Table 2. Patient and disease characteristics.

Control groupVR groupCharacteristic

Evaluable (n=12)All (n=13)Evaluable (n=7)All (n=14)

56 (17)55 (16)62 (10)63 (10)Age (years), mean (SD)

9 (75)10 (77)6 (86)11 (79)Male participants, n (%)

Education, n (%)

4 (33)4 (31)3 (43)6 (43)ISCEDa 2b

5 (42)5 (39)2 (29)4 (29)ISCED 3-4c

0 (0)0 (0)1 (14)1 (7)ISCED 5-6d

3 (25)4 (31)1 (14)2 (14)ISCED 7e

0 (0)0 (0)0 (0)1 (7)Missing

Occupation, n (%)

2 (17)2 (15)0 (0)0 (0)Health care

5 (42)6 (46)3 (43)5 (36)Trade and services

0 (0)0 (0)0 (0)1 (7)Agriculture and nature

1 (8)1 (8)0 (0)0 (0)Media and communication

0 (0)0 (0)1 (14)2 (14)Education and culture

2 (17)2 (15)2 (29)4 (29)Engineering and construction

2 (17)2 (15)1(14)1 (7)Other

0 (0)0 (0)0 (0)1 (7)Missing

Smoking, n (%)

9 (75)10 (77)3 (43)5 (36)No

1 (8)1 (8)3 (43)4 (29)Yes

2 (17)2 (15)1 (14)4 (29)Stopped

1 (8)1 (8)0 (0)2 (14)History of pulmonary disease (yes), n (%)

4 (33)4 (31)1 (14)5 (36)Chronic pain (yes), n (%)

Trauma mechanism, n (%)

0 (0)0 (0)1 (14)2 (14)Motor vehicle accident

2 (17)2 (15)3 (42)3 (21)Fall from height

0 (0)0 (0)0 (0)2 (14)Motorcycle >20 km/h

6 (50)6 (46)1 (14)3 (21)Bike accident >20 km/h

2 (17)2 (23)1 (14)2 (14)Bike accident <20 km/h

1 (8)1 (8)1 (14)2 (14)Domestic fall

1 (8)1 (8)0 (0)0 (0)Other

Type of chest trauma, n (%)

12 (100)13 (100)7 (100)14 (100)Rib fracture

3 (25)4 (31)4 (57)8 (57)Pneumothorax

2 (17)2 (15)2 (29)2 (14)Hemothorax

2 (17)2 (15)0 (0)1 (7)Sternum fracture

1 (8)1 (8)3 (43)6 (43)Lung contusion

8 (67)—7 (100)—fConcurrent trauma, n (%)

1 (8)1 (8)4 (57)4 (29)Neurotrauma
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Control groupVR groupCharacteristic

Evaluable (n=12)All (n=13)Evaluable (n=7)All (n=14)

5 (42)5 (39)4 (57)7 (50)Upper extremity

2 (17)2 (15)0 (0)2 (14)Lower extremity

3 (25)3 (23)2 (29)5 (36)Internal organ damage

1 (8)1 (8)0 (0)3 (21)Pelvic damage

4 (33)4 (31)2 (29)3 (21)Spine

14 (6)13 (6)17 (8)19 (7)Injury Severity Score, mean (SD)

1 (8)1 (8)1 (14)1 (7)Operative management of chest trauma, n
(%)

Use ≥3 digital technologies, n (%)

10 (83)10 (77)4 (57)7 (50)Daily

12 (100)13 (100)6 (86)10 (71)Weekly

4 (33)5 (39)1 (14)1 (8)Experience with virtual reality (yes)

aISCED: International Standard Classification of Education.
bISCED 2: lower secondary.
cISCED 3-4: upper-secondary to postsecondary nontertiary education.
dISCED 5-6: short-cycle tertiary education, Bachelor’s, or equivalent level.
eISCED 7: master’s degree.
fNot applicable.

Table 3. Average number of breathing and physical exercises performed by patients who completed 3 or more study days.

Day 5, mean (SD)Day 4, mean (SD)Day 3, mean (SD)Day 2, mean (SD)Intervention group

VRa groupb

2 (2.8)2 (2.9)1.6 (2.1)2.6 (1.6)Breathing

0.8 (0.8)0.6 (1.2)1.1 (1.0)1.3 (0.7)Physical

Control groupc

2.1 (2.6)3.5 (3.2)3.8 (3.1)4.0 (2.5)Breathing

1.8 (2.1)1.3 (2.5)1.9 (2.3)1.4 (1.7)Physical

aVR: virtual reality.
bFor days 2-4, n=7; for day 5, n=5.
cFor days 2 and 3, n=12; day 3, n=10; and day 5, n=8.

Primary Outcome
Vital lung capacity at 5 days (or last measurement between day
3 and 5) was similar between groups with 1830 (SD 591) mL
in the control group and 1857 (SD 435) mL in the VR group.
The vital lung capacity over the days improved with an average
of 421 (SD 345) mL between day 1 and 3 in the VR group
followed by a decrease of 208 (SD 315) mL between day 3 and
5, which is likely due to early discharge of rapidly recovered
patients (Multimedia Appendix 3). In the control group, an
average improvement of 389 (SD 370) mL was observed
between day 1 and 3 with a further increase of 246 (SD 292)
mL between days 3 and 5.

Secondary Outcomes
Regarding the mobility data measured using activPal, 58%
(24/37; SD 36) of measurement days was valid in the control

group and 61% (13/21; SD 34) was valid in the VR group.
Mobility was similar between groups (Multimedia Appendix
3) with majority of time spent sitting (in bed) or lying. Patients
were standing or walking for only 3%-5% of the time in both
groups on all days. Analgesics use was similar between groups
(Multimedia Appendix 4). In both groups, there was a slight
improvement in the VAS pain score during breathing exercises
over the course of 3 to 5 days (Multimedia Appendix 3). For
the PDL questionnaire, a similar pattern was found as for vital
lung capacity with initial improved median scores in the VR
group from 9 (IQR 8-12) points to 5.0 (IQR 4-5) points between
day 1 and 3 and from 11 (IQR 4-15) to 4 (IQR 0-13) in the
control group within both groups worsening between day 3 and
5 (Multimedia Appendix 3). Regarding the quality of recovery,
the control group scored median daily scores between 83.0 (IQR
76-97) and 99 (IQR 89-111) compared with 81 (IQR 57-111)
and 108 (IQR 67-110) in the VR group (Multimedia Appendix
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3). Mean global satisfaction was 72.9 (SD 12.5) points on a
scale from 0 to 100 in the VR group versus 65.6 (SD 15.7) in
the control group. Median length of hospital stay was 5 days in
the VR group and 6 days in the control group. No pulmonary
complications, ICU admissions, or readmission within 30 days
were observed in both groups.

Interviews
A total of 6 patients of the VR group were interviewed—4 males
and 2 females. Mean age was 57 years. Interviews were
conducted face-to-face or by telephone. The interviews had a
median duration of 11.5 (range 5.5-14.5) minutes. In the
interviews, 5 themes were identified within the 2 main topics
(Table 4).

Table 4. Topics, themes, and quote examples from 6 patient interviews.

QuotationsTopic and themes

Experienced effects of VRxa

Visualization helps to perform
exercises

• If you perform the exercises yourself, without virtual reality, you don’t know, for example, how long to inhale
and exhale. So you perform the exercises, but I think you never really perform it as you should. You proceed
much faster to the next step, so you will exhale much faster, and in the virtual reality exercises you see vi-
sually how fast you should inhale, how fast you should exhale, how long you need to keep going. You last
less without the VR glasses, not because you can’t but because you think it’s enough like this. [Woman,
56 years]

• Also if you have pain, you don’t really think about it, you just do what you’re asked to because you want
to score points. So you are completely into the game. You just do it and you have no sense of pain.
[Woman, 56 years]

• … also movements you don’t think of yourself. I have a broken clavicle and ribs and then you are mostly
focussing on that instead on moving, although there many more movements to make. [Man, 49 years]

VRx immerses patients in a
different world

• I really liked that. Sometimes it was very hectic in our room. At those times it was very nice to be able to
cut yourself off. [Woman, 64 years]

• I really felt locked up in there. Yes, when I look around me, I had the feeling like I was somewhere under-
water, I couldn’t really handle it. [Man, 55 years]

Barriers and facilitators toward the use of VRx

Easy to use VRb technology is
important

• I immediately understood, this way you turn it on. You put it on, you use it, you take it off and you turn it
off. You ask someone to charge it. Well yes, that is very user friendly. [Woman, 56 years]

• In other words, I have to get it, I have to turn it on. Those are way more actions than when I quickly get
that thing (points at incentive spirometer) […] And with those glasses.. I am not so technical, then you
have to look it all up, you have to connect it, see which program, for me it was way more effort. [Man, 55
years]

• Well, at least that you have some kind of score, in which you can improve yourself. [Man, 49 years]

Patients’ independence and
hospital environment influence
VR use

• When you have that thing (the VR headset) lying next to your bed, then it’s nothing much. But if you have
to call someone every time to hand you that thing.. And when you have that thing lying in your bed, it is
quite the box with equipment. [Man, 62 years]

• But well, those first two days there was so much going on, and the physiotherapist and the doctors and si-
multaneously the collapsed long and you know, it was just… I didn’t use it so much, let me put it this way,
I would have liked to use it more. [Woman, 64 years]

• Let’s say we provide patients with a VR headset to take home […] at home you have more quiet. Like I
said, in the hospital your life is organized by others. [Man, 62 years]

Better integration in usual care
might enhance efficacy

• …and yes, when the physiotherapist visited and I had to perform breathing exercises there, then I didn’t
use the glassed right after. So I waited a while then. [Woman, 64 years]

aVRx: virtual reality therapy.
bVR: virtual reality.

Topic: Experienced Effects of VRx

Visualization Helps to Perform Exercises

Patients described that visualization of the exercises helped
them to perform the exercises correctly and motivated to
continue the exercises for a longer duration. The scoring system
and gaming elements in the physical exercises motivated patients
to move.

VRx Immerses Patients in a Different World

Patients experienced the immersiveness of VR as an analgesic,
especially in the physical exercises. All patients experienced
that VRx took them away from the hospital environment and
immersed them in a different world. For most patients, this was
a positive experience, and one felt locked up in the virtual world.
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Topic: Barriers and Facilitators Toward the Use of VRx

Easy-to-Use VR Technology Is Important

The ease of use of the VR headset was the most important item
for patients and was experienced differently. Several patients
found the headset easy to use. However, some patients felt that
using the headset took more effort compared with conventional
exercises. For them, the experienced added value of the VR
exercises did not outweigh the experienced additional effort.
Integrated biofeedback in the VR exercises was mentioned to
increase added value.

Patients’Independence and Hospital Environment Influence
VR Use

Patients who could use the VRx independently mentioned this
as a facilitator to perform the exercises and appreciated to
perform the VR exercises at their preferred time. Patients who
could not use the headset independently, for example, because
the nurse needed to handover the headset, experienced this as
a barrier. The busy hospital ward was mentioned as a barrier.
Conversely, some patients used the VRx to escape from this
environment. Some patients would have liked to continue the
VR exercises at home as additional support to the standard
exercises at home.

Better Integration in Usual Care Might Enhance Efficacy

The software applications of the physical exercises could be
improved by adapting to the hospital environment. Some
exercises could not be adequately performed from a hospital
bed, which caused frustration. Some patients felt that the
exercises could be better integrated with physiotherapy care
and mentioned that some caregivers seemed not familiar with
the VRx.

Premature Ending of Study
This study was ended prematurely due to an insufficient rate of
accrual and operational futilities. At start of the study, the tail
of the COVID-19 pandemic caused a delay in inclusion rate
due to reduced bed capacity. After the first 3 months, the number
of screened patients caught up with the planned screening
numbers; however, the rate of accrual remained insufficient.
Based on the actual recruitment rate, 5 additional years of
recruitment would have been required to attain the necessary
number of participants (n=126). This urged a critical appraisal
of the inclusion procedure and consideration to expand the target
patient population to other wards. Simultaneously, it was noticed
during study conduct that adherence to the prescribed frequency
of breathing and physical exercises was low in both the VR and
control groups. This would result in a smaller effect of VRx
than expected and a smaller difference with the control group.
Consequently, the study would require a larger sample size to
obtain a significant difference, while it would be questionable
whether this difference would be clinically relevant. The low
adherence in the control group prompted us to audit the protocol
adherence at several wards with a comparable breathing exercise
protocol. Altogether, we drew the conclusion that it would
require an additional intervention to optimize protocol
adherence, which was considered unrealistic and inappropriate
in the current study.

Discussion

Principal Findings
The primary aim of this study was to assess the effectivity of
VR breathing and physical exercises on the pulmonary recovery
of patients with blunt chest trauma at the trauma ward. In this
small sample, we observed no differences in final vital lung
capacity between the VR group and control group. The pattern
of vital lung capacity increase seemed to differ between groups,
with the VR group reaching a higher capacity on day 3 than the
control group. A similar pattern was observed for the
independence in activities of daily living. Patients reported
outcomes on quality of recovery and satisfaction did not differ
between groups. Interviews demonstrated appreciation and
potential of VR exercises, although several barriers were
mentioned regarding feasibility and usefulness.

Despite a preceding audit of this patient group regarding
eligibility and sufficient numbers, the trial was prematurely
terminated due to enrollment failure. Enrollment failure is the
main reason for termination in 60% of prematurely terminated
trials [32,33]. A secondary reason for termination was poor
adherence to the clinical guideline in both the control group and
VR group with infrequent to no performance of breathing and
physical exercises in both groups. We considered this a major
drawback for continuation with this study protocol considering
mostly unsupervised and self-administered exercises in both
groups.

No conclusions can be drawn about the effectivity of VR
exercises on pulmonary recovery of patients with blunt chest
trauma due to the small obtained sample size. However, the
results can be interpreted as those of a pilot randomized
controlled trial, and several important lessons can be learned
for future VR studies in similar and different contexts. First,
the suitability of patients to use VR in a hospital (trauma) ward
setting might be lower than generally expected. Before initiation
of this trial, calculations were performed based on the hospital
registry of the year 2020 of patients who were admitted to the
hospital with blunt chest trauma for more than 24 hours and no
ICU admission. We estimated that 60% (146/243) of these
patients could be included based on a previous clinical study in
our hospital [34]. However, only 21% (27/129) of these patients
could be included in this trial. Main exclusion reasons were a
headwound, inability to comprehend the study protocol (eg,
language barrier), cognitive impairment, and delirium, together
accounting for 44% (45/102) of patients excluded. Another 24%
(24/102) declined to participate for various reasons such as
feeling too sick, disinterested, and finding participation too
burdensome. Especially, the proportion of patients excluded
due reasons related to inability to use a VR headset was
underestimated in designing this study. We did not investigate
impact of age as barrier or facilitator for using VRx. However,
contrary to what has been reported in literature, we did not
observe any noticeable resistance or lack of motivation among
older patients during the inclusion procedure or the intervention
[35]. In literature, it is rarely described how many patients are
eligible for VR use and the reasons for exclusion, such as
inability to use a VR headset due to concomitant illness. For
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example, 10,776 patients were assessed for eligibility in a study
of Wiechman et al [36] evaluating the effectiveness of VR for
pain and anxiety management in trauma patients and only 184
(2%) were included. Spiegel et al [17] showed an inclusion rate
of 23% in a general hospital population. In both studies, specific
reasons for exclusion are not mentioned and are generically
described as “not meeting inclusion criteria” and “declined to
participate.” Future research should specifically report on the
eligibility of patients and exclusion because of the inability to
use VR.

Second, the setting in which VRx is applied should be
thoroughly charted before conducting research or implementing
VR. Although a physiotherapist and nurse were involved in the
design of this study to ensure alignment with daily practice,
adherence to protocolled exercises was unexpectedly low. A
study of Martin et al [37] in postoperative patients showed that
26% of patients failed to use IS correctly and 38% denied ever
using IS. This is consistent with our study in which on different
days 33% (4/12) to 63% (5/8) of the patients in the control group
used IS 2 times or less, which were likely the supervised
exercises for measuring vital lung capacity. Martin et al [37]
reported that following a brief educational intervention by a
physician, 74% of patients were more confident to use IS during
the remainder of their care. In our study, patients were
encouraged and educated once daily by a physiotherapist to
perform the breathing exercises, however adherence was still
low. Literature shows that self-management and patient
participation in the hospital can improve treatment adherence
[38]. The intervention in this study was meant to engage patients
in their treatment, however this did not result in improved
treatment adherence. Generally, VR is considered appropriate
as self-management tool for patients [39]. In this study, patients
acknowledged this potential, but the intervention did not result
in improved treatment adherence. It has been argued that VRx
still requires professional guidance [40,41]. This professional
guidance might even be of greater importance in a hospital
environment, since patients have trouble using VRx
independently due to illness and comorbidity. Nurses may play
an important role in giving education, counseling, facilitating,
and enhancing taking responsibility [42]. However, a high
workload and contradicting patient expectations are factors that
complicate patient engagement [43,44]. The low adherence in
our study might imply that the hospital environment, including
patients and caregivers, needs reorganization to allow the
transferring of care possibilities to patients and supporting
patients in acquiring the self-management skills needed for VRx
[45]. Better education and training of both caregivers and
patients could enhance successful implementation of
interventions such as VR [40,45,46]. We cannot rule out that
results are different for a setting with close monitoring by
caregivers, for example, high care unit or highly disciplined
patient groups such as injured military personnel.

Third, several identified barriers should be overcome to ensure
successful deployment of VR on the hospital ward. The barriers
were identified by interviewing patients focused on their user
experiences. Over the last decade, collecting patient experiences
has been emphasized as a starting point for improving patient
care in general [47]. This study illustrates how experiences can

reshape new innovations like VRx for blunt chest trauma.
Patients mentioned the perceived usefulness relative to the
system usability as important reason for low adherence and as
a main barrier to self-managing the HMD and the different apps.
As described in the Technology Acceptance Model designed
by Sagnier et al [48], the intention to use a given technology is
predicted by the perceived usefulness and the perceived ease
of use. It was clear from reported experiences that the perceived
usefulness did not outweigh the perceived ease of use in the
interview group. Although many feasibility studies report on
the acceptability of VRx, a systematic analysis of the acceptance
of VR is rarely performed [48]. Furthermore, in feasibility
studies, acceptability is defined by a variety of different outcome
variables such as a sense of involvement, comfort, wish to use
VR again in the future, withdrawal from study, and satisfaction
[49-52]. A systematic analysis, for example, using the
Technology Acceptance Model, may add to the knowledge
derived from pilot and feasibility studies in medical VR. Another
barrier was the busy hospital ward, albeit that some purposively
took on the VR device to escape from the busy environment
and pursue quietness and privacy. A similar finding was reported
for VR postoperative pain management [53]. The results
underline the different values of patients regarding the use of a
digital technology and prompt the alignment of outcome
measures regarded as relevant in the design and evaluation of
a VR intervention [54,55].

The relevance of this study lies in underlying causes for early
termination, the critical appraisal of the study setting and
standard treatment in the control group, and the yield of the
patient reported experiences from the interviews. Main lesson
was the misassumption that patients adhere to the instructions
in the hospital protocol for breathing and physical exercises and
that physiotherapists, nurses, and physicians check protocol
compliance. A preceding pilot study might have exposed
inadequate compliance as well as the overestimation of eligible
patients. However, we doubt such a pilot study would have
revealed the barriers regarding integration of VR in the clinical
workflow and the controversies in perceived usefulness between
patients.

Recommendations
Several recommendations can be made for research and
implementation of clinical VR from the appraisal of our
findings. First, adherence to study protocols should be charted
before designing a VR clinical trial. This may be accomplished
by “shadowing” clinician-patient interaction and patient’s
functioning and well-being [56]. Simultaneously, data can be
obtained for integration of VR treatment in the daily workflow
and additional training of staff [40,46]. Second, individual
patient reported experiences and values need to be prioritized
in evaluating VR acceptance, usability, and effectiveness [53].
In line, we recommend to perform a systematic analysis on the
acceptance before pilot or main effectiveness studies [48]. Third,
eligibility of patients and exclusion of patients due to the
inability to use VRx should be routinely reported.

Conclusion
This clinical trial of self-administered VR treatment for blunt
chest trauma had to be terminated prematurely due to enrollment
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failure and limited protocol compliance to breathing and
physical exercises in both groups. Suitability of trauma patients
to use VRx at a hospital ward was overestimated despite

previous audit of potentially eligible study participants. Hospital
setting, standard care, and patients’perceptions of VR treatment
seem important determinants for success in clinical VR research.
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Abstract

Background: Few gamified cognitive tasks are subjected to rigorous examination of psychometric properties, despite their use
in experimental and clinical settings. Even small manipulations to cognitive tasks require extensive research to understand their
effects.

Objective: This study aims to investigate how game elements can affect the reliability of scores on a Stroop task. We specifically
investigated performance consistency within and across sessions.

Methods: We created 2 versions of the Stroop task, with and without game elements, and then tested each task with participants
at 2 time points. The gamified task used points and feedback as game elements. In this paper, we report on the reliability of the
gamified Stroop task in terms of internal consistency and test-retest reliability, compared with the control task. We used a
permutation approach to evaluate internal consistency. For test-retest reliability, we calculated the Pearson correlation and intraclass
correlation coefficients between each time point. We also descriptively compared the reliability of scores on a trial-by-trial basis,
considering the different trial types.

Results: At the first time point, the Stroop effect was reduced in the game condition, indicating an increase in performance.
Participants in the game condition had faster reaction times (P=.005) and lower error rates (P=.04) than those in the basic task
condition. Furthermore, the game condition led to higher measures of internal consistency at both time points for reaction times
and error rates, which indicates a more consistent response pattern. For reaction time in the basic task condition, at time 1,
rSpearman-Brown=0.78, 95% CI 0.64-0.89. At time 2, rSpearman-Brown=0.64, 95% CI 0.40-0.81. For reaction time, in the game condition,
at time 1, rSpearman-Brown=0.83, 95% CI 0.71-0.91. At time 2, rSpearman-Brown=0.76, 95% CI 0.60-0.88. Similarly, for error rates in
the basic task condition, at time 1, rSpearman-Brown=0.76, 95% CI 0.62-0.87. At time 2, rSpearman-Brown=0.74, 95% CI 0.58-0.86. For
error rates in the game condition, at time 1, rSpearman-Brown=0.76, 95% CI 0.62-0.87. At time 2, rSpearman-Brown=0.74, 95% CI
0.58-0.86. Test-retest reliability analysis revealed a distinctive performance pattern depending on the trial type, which may be
reflective of motivational differences between task versions. In short, especially in the incongruent trials where cognitive conflict
occurs, performance in the game condition reaches peak consistency after 100 trials, whereas performance consistency drops
after 50 trials for the basic version and only catches up to the game after 250 trials.

Conclusions: Even subtle gamification can impact task performance albeit not only in terms of a direct difference in performance
between conditions. People playing the game reach peak performance sooner, and their performance is more consistent within
and across sessions. We advocate for a closer examination of the impact of game elements on performance.
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Introduction

Background
In 1886, James Cattell observed that it takes people longer to
name the colors and pictures of objects than it does for them to
read the corresponding word [1]. This experiment, along with
others, paved the way for the development of what Cattell would
call mental tests and what we now call cognitive tasks. On the
basis of these and other results, JR Stroop developed a test of
cognitive ability in which study participants read the color but
not the meaning of a color word aloud [2]. The results revealed
an interference effect if the word color and word meaning did
not match. Typical cognitive tasks require people to respond to
such visual or auditory cues, and data about their responses,
often reaction time and accuracy, are collected. These data can
then be used to study human cognition, create population norms,
and inform medical decisions, such as dementia diagnoses [3].

Cognitive tasks are most useful when collecting high-quality,
high-quantity data. However, this is a challenging process.
Traditionally, capturing large data sets has been time consuming
and expensive, requiring highly trained professionals to
administer and score tasks with individual participants. With
technological advancements, tasks can now be administered via
computers, deployed remotely, and automatically scored [4,5].
This automation makes it easier to collect large quantities of
data but raises new concerns about data quality. Many factors
influence cognitive test performance beyond cognitive capacity,
such as motivation, stereotype threat, and fatigue [6,7].
Cognitive tasks are often repetitive and boring, leading to high
attrition rates [8] and suboptimal effort from participants [9,10].

In attempts to improve the quality of data collected by such
tasks, researchers have increasingly turned to gamification, with
the hope that tasks can be made more engaging through the
addition of game elements, such as points and graphics.

Cognitive Task Gamification

Overview
Deterding et al [11] defined gamification as “the use of game
design elements in nongame contexts.” In the context of
cognitive tasks, this process typically involves layering game
elements over an already existing task. For example, the Go
No-Go task has commonly been gamified by adding points [12],
narrative elements [13], and fun graphics [14] to the basic task.

Enjoyment and Motivation
Typically, tasks are gamified with the intent of increasing
participant enjoyment and motivation. Nicholson [15] noted
that gamification can target both extrinsic and intrinsic
motivations depending on the game elements used.
Reward-based elements, such as points, achievements, and
badges, target extrinsic motivation, whereas elements such as
play, exposition, and choice target intrinsic motivation. By

targeting motivation, researchers aim to combat attrition and
encourage repeated, prolonged play [16-18].

However, there is little examination of whether participants
experience increased enjoyment when tasks are gamified. In a
systematic review of gamified attention tasks, only 25 of the
74 studies reported results from an evaluation of gameplay [16].
When enjoyment is measured, the research shows mixed results.
Some studies have found that gamification increases motivation;
for example, participants in a stop signal task study experienced
higher enjoyment and more flow-like experiences in the
gamified condition (as opposed to the basic task) [19].

Other studies have found that certain game elements, especially
thematic or narrative elements, can have a negative effect on
self-reported enjoyment of cognitive tasks [8,20,21], possibly
due to the “chocolate-covered broccoli” effect [22]. Tasks can
only be gamified and retain the important elements of a task.
When participants expect a fun game and must still complete a
repetitive cognitive task, they may experience even lower
enjoyment than if they expected a boring task [20]. Game
elements can also be used to introduce other emotions. For
example, Levy et al [23] found that some older Jewish
participants were uncomfortable with their cooking-themed
game as they required making recipes containing pork products.

Do these mixed findings imply that researchers should move
away from gamifying tasks? Not necessarily, participants might
not enjoy assessment games more than a control task, but the
data they produced may still be of higher quality.

Performance
Groening and Binnewies [24] note that enjoyment is only one
way to operationalize motivation, one closely linked to intrinsic
motivation. They found that adding achievement-based game
elements to a series of simple tasks did not improve self-reported
motivation but did improve persistence—when participants
could earn achievements, they engaged with a Stroop task for
longer before voluntarily switching tasks, compared with when
no achievements were available. Similarly, Mekler et al [25]
found that when they gamified an image annotation task,
participants generated significantly more annotations, despite
no reported differences in intrinsic motivation or competence
need satisfaction when compared with the basic task.

Adding game elements to a task may improve performance
(without affecting enjoyment) in various ways. For example,
Jung et al [26] compared the performance of participants who
were given a numeric goal (ie, generating 22 ideas) with those
who were asked to “do their best.” Participants who were given
a specific goal generated higher quantity and higher quality
responses. When completing cognitive tasks, participants are
often instructed to respond “as quickly and accurately as
possible.” This nebulous goal can be clarified and reinforced
through game elements that provide immediate feedback such
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as scoring points for fast reactions or losing points for incorrect
responses.

When designing gamified tasks for research and assessment
purposes, it may be beneficial to focus on influencing
performance rather than on enjoyment. Levy et al [23] noted
that changes in emotions can influence cognitive abilities, which
may interfere with the collection of valid and reliable data when
using games as scientific tools. When Vanden Abeele et al [27]
compared 2 games designed to measure psychoacoustic
thresholds in preschoolers, they found that the more fully
developed and motivating game was able to detect lower
thresholds. As another example, Delisle and Braun [28] found
that changing a task to resemble a fast-paced videogame
normalized the performance of participants with
attention-deficit/hyperactivity disorder (ADHD), meaning that
participants with and without ADHD performed similarly on a
gamified task (but differently on a standard task). In some cases,
such an effect may be desired, but it depends on why the task
is used and gamified.

Psychometric Properties of Gamified Tasks
Tasks may also be gamified with the goal of improving the
psychometric properties of a task, such as validity (how well a
task measures what it claims to measure) and reliability (how
consistent the measurement obtained by the task is) [29]. There
are also different types of evidence for reliability that must be
considered when gamifying cognitive tasks. Internal consistency
refers to the stability of the task data within an assessment; for
example, the similarity of a participant’s reaction time at the
beginning of a task to their reaction time at the end of the task.
Test-retest reliability refers to the stability of the task data over
time; for example, how similar a participant’s score on a task
is at one time point compared with their score on the task a
month later.

Typical cognitive tasks are boring, repetitive, and long partly
because of the issue of reliability. From one trial to the next,
people will perform quite differently, so multiple trials are
needed to decrease measurement noise [30]. Adding game
elements to a task may change the reliability of its measurement.
Participants may be sufficiently engaged that their performance
is more stable over time; for example, perhaps only 20 trials
are needed for a reliable measure, instead of 200. Friehs et al
[19] found that response variability in a gamified stop signal
task was lower than that in the nongame version. Shorter tasks
would require fewer resources to administer and would reduce
the burden on participants, which would be particularly
beneficial for clinical and pediatric populations.

Game elements also offer the ability to guide participants’
performance. Most cognitive tasks use measures of reaction
time and accuracy, which leads to classic speed-accuracy
trade-offs—the faster a participant responds, the less accurate
they will be, and vice versa. Individual participants also favor
speed or accuracy differently than one another [30]. These
behaviors can be manipulated through instructions (eg, asking
participants to respond as quickly as possible). Game elements
can also indirectly encourage participants to emphasize speed
or accuracy, for example, by awarding points or feedback for

faster or more accurate responses, generating more consistency
across participants [30,31].

This Study

Overview
Few gamified cognitive tasks are subjected to rigorous
examination of psychometric properties [16], despite their use
in experimental and clinical settings. Parsons et al [32] noted
that psychology lacks a standard practice of reporting the
reliability of cognitive task measurements. This problem is
exacerbated when tasks are adapted, such as gamification. Even
small manipulations of cognitive tasks require extensive research
to understand their effects [33].

In this study, we sought to research how game elements can
affect the reliability of scores on a cognitive task, specifically
the Stroop task. As a typical cognitive task that demonstrates
robust experimental effects in the general population [34], the
Stroop task is well suited for this research.

The Stroop Task
Building on the 1886 work by Cattell [1] with cognitive tasks,
in 1935, Stroop [2] conducted an experiment in which he asked
participants to either name the colors of colored rectangles or
name the colors of mismatched words (eg, the word “blue”
printed in red ink). Participants responded much more slowly
when naming incongruent colored words, a paradigm we now
call the Stroop effect [2].

Since Stroop’s first experiment and subsequent development
of the experimental protocol [35-37], the Stroop task has become
one of the most widely used tasks in both cognitive and clinical
psychology [34,38]. Recently, the Stroop task has been gamified
for experimental and clinical applications. For example,
Groening and Binnewies [39] used the Stroop task to investigate
the effects of game elements on participants’ motivation and
performance. They found that when points and story elements
were added to the task, participants were more persistent (they
engaged with the task for longer before switching to a new task)
and reported higher motivation. Gomez-Tello et al [40] used
gamified tasks as part of a battery of tests for neuropsychological
screening of children and found evidence of the Stroop effect
in a gamified version of the task. However, previous studies
have not considered the reliability of the Stroop effect in a
gamified task, either in terms of internal consistency or
test-retest reliability. Thus, we have little guidance when
gamified tasks can or should not be used in assessments.

We created 2 versions of the Stroop task, with and without game
elements, and tested each task with participants at 2 time points.
In this paper, we report on the reliability of the gamified Stroop
task in terms of internal consistency and test-retest reliability,
compared with the control task. We also compared the reliability
of these scores on a trial-by-trial basis. Our objective was to
demonstrate how game elements can affect the reliability of
scores on a Stroop task.
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Methods

Ethical Considerations
This research project was approved on ethical grounds by the
University of Saskatchewan Research Ethics Board (BEH
17-418). The participants were given GBP £6 (USD $8.3 at
time of study) compensation at each time point.

Tasks
The control task was designed using the basic computerized
Stroop task described by Macleod [34] and Hedge et al [41] as
models. Participants were shown words in the middle of their
screen in various colors (red, blue, green, or yellow). The word
could be the same as the font color (congruent condition), a
noncolor word (lot, ship, cross, or advice; neutral condition),
or a nonmatching color word (eg, the word “blue” shown in
green; incongruent condition). After each word, participants
were asked to press a key corresponding to the font color (z-key
for red, x-key for blue, n-key for green, and m-key for yellow).
The participants first completed a training exercise to learn each
keymap. The task consisted of 240 trials in each condition
(congruent, neutral, and incongruent) for a total of 720 trials.

The gamified version was designed to increase reliability by
manipulating the speed-accuracy trade-off [30] and improving
engagement through game elements. On the basis of prior
research, which demonstrated increased enjoyment from points
and decreased enjoyment from themes added to a gamified task
[20], we focused on adding points-based game elements to the
Stroop task. Points-based elements also target extrinsic
motivation (rather than intrinsic motivation), which may be
more effective in influencing participant performance [24]. We
followed the feedback category of the Gameful Design
Heuristics from Tondello et al [42], which states that the system
should offer users clear and immediate feedback, actionable
feedback, and graspable progress.

Using feedback also allowed us to manipulate the
speed-accuracy trade-off by preferentially awarding points for
faster (but still correct) answers. In the game version of our
task, participants saw their response time for each trial and
whether they answered correctly. A record of the fastest
response time was also displayed at the corner of the screen.
They lost 5 points for any incorrect answer, gained 5 points for
any correct answer, and were rewarded with a bonus of 25 points
for responses that broke their previous “fastest time” record. A
progress bar at the bottom of the screen tracked the points
(Figure 1).

Figure 1. Game version of the task after a correct response was entered.

Participants
Participants were recruited through Prolific, a web-based
platform for recruiting research participants. Web-based
platforms are commonly used in human-computer interaction
research to conduct studies [43] and have been shown to yield
reliable data when precautionary methods for data gathering
and analysis are used [44,45]. Each participant completed either
the control task or the gamified task at 2 time points, 3 weeks
apart (time 1 and time 2). The participants signed a consent
form, were given instructions and training for the task, and then
completed the task. After completion, they answered
questionnaires collecting demographic information, including

information about their experience with the task (Intrinsic
Motivation Inventory [46]), their general gaming behavior, and
self-reported attentional control (Attentional Control Scale [47]).

The study design was between-subjects, with half the
participants completing the control version of the task and the
other half completing the points version. The participants were
randomly assigned to a condition. The study took approximately
40 minutes to complete.

Our analyses were based on the methods of Parsons et al [32]
and Hedge et al [41]. Both studies used the same data sets, which
had data from 47 (study 1) and 56 (study 2) participants for the
Stroop task. In these studies, this sample size was sufficient to
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observe effects with medium effect sizes. Thus, based on these
prior studies, we aimed to obtain approximately 50 participants
for each condition [48].

We only analyzed data from participants who had completed
both sessions. We also set quality thresholds and removed
participants who did not meet them at either time point. Finally,
we also removed outlying data points, such as individual trials
that were much slower than the average for each participant, to
reduce noise in the data, as the study was web-based, and we
could not otherwise account for participant distraction from the
tasks.

Statistical Analysis

Reaction Time and Error Rate Data
We conducted 2-way ANOVAs with task type (basic or game)
and trial condition (congruent, neutral, or incongruent) for
reaction time and error rate data. We used 1-way ANOVAs to
compare the effect of task type on the skewness and kurtosis of
the distribution of reaction time data for each participant. In
addition, we conducted 3-way repeated measures ANOVAs
(task type × trial type × time) for reaction time cost and error
rate cost data. We also created groups representing low and high
attentional control based on the median of 51.0 of our
participants and then conducted 3-way repeated measures
ANOVAs (task type × attention × time) for reaction time cost
and error rate cost data.

Internal Consistency and Test-Retest Reliability
For measuring and reporting reliability, our analysis followed
the recommendations from Parsons et al [32]. To evaluate
internal consistency, we used a permutation approach, which
involves repeatedly randomly splitting the data, calculating the
reliability estimate, and then averaging all estimates. This
approach provides a more stable estimate, independent of how
trial stimuli and conditions are presented [32]. To evaluate
test-retest reliability, we calculated the Pearson correlation
between each time point. We also used intraclass correlation
coefficients (ICCs) to indicate the degree of consistency and
agreement between each time point. On the basis of Parson
recommendations, we used ICCs labelled ICC(3,1) and
ICC(2,1), as described by Shrout and Fleiss [49]. Finally, we
plotted the test-retest reliability as the number of trials increased.
To achieve this, we followed the method used by Hedge et al
[41].

Results

Participants
For the first round of data collection (time 1), we received 135
responses, followed by 78 responses for time 2.

All participants met the criteria for questionnaire speed of
completion (participants needed to spend an average of 1.5
seconds per item) and variance (participants needed to show
some variance across items). In total, 13 participants were
excluded because they too frequently provided an incorrect
response on the Stroop task (total incorrect responses>1 SD
above the mean number of incorrect responses) and because
they responded to trials too slowly (mean reaction time>3 SD

above the group mean reaction time). Before calculating the
group mean reaction time, we also removed any individual trials
that were slower than the average for each participant (reaction
time>3 SD above the individual mean reaction time), as well
as any remaining outlier trials that were slower than 2000
milliseconds. At time 1, we removed 1667 trials (out of 50,400).
At time 2, we removed 1976 trials (out of 49,680). Notably,
both at time 1 and time 2, significantly fewer trials needed to
be removed from the game condition compared with the basic
version; 38.6% of the removed trials were in the game condition
at time 1, and 32.9% were in the game condition at time 2.

After exclusions, 65 participants remained (50 female, 13 male,
1 nonbinary, and 1 prefer not to disclose; mean age 23.91, SD
4.64 years), with 31 participants in the basic task condition and
34 participants in the game condition. Our sample had a high
proportion of women because of the web-based platform we
used [50]. The participants had a mean score of 51.8 (SD 7.54)
on the Attentional Control Scale.

Intrinsic Motivation Inventory
At both time points, the basic task and game conditions showed
no significant differences for any of the Intrinsic Motivation
Inventory subscales (interest, competence, effort, and pressure).

Reaction Time and Error Rate Data
We averaged the reaction times and error rates across
participants and then analyzed each measure by task type and
trial condition at each time point. We also calculated reaction
time and error rate costs (mean incongruent trials and mean
congruent trials). Table 1 presents the descriptive statistics for
each measure.

Histograms of reaction time for all participants are presented
in Figure 2 by task type and time point. One-way ANOVAs
revealed no significant effects of task type on the skewness and
kurtosis of the distribution of reaction time data for each
participant (Table 2).

The 2-way ANOVAs for reaction time and error rate
demonstrated evidence of the Stroop effect at both time points
(significant differences between incongruent trials and both
congruent and neutral trials). Furthermore, congruence sequence
effect analysis revealed the expected adaptive control effect but
no effect of task condition, time, or an interaction between the
2 emerged. There were also significant differences between task
conditions at time 1: participants in the game condition had
faster reaction times and lower error rates than those in the basic
task condition. There were no significant differences at time 2
(Tables 3 and 4).

Two-way repeated measures ANOVAs (task type × time) for
reaction time cost and error rate cost data showed no significant
interaction effects (Table 5). The 3-way repeated measures
ANOVAs (task type × trial condition × time) for reaction time
and error rate data showed no significant interaction effects
(Table 5). On the basis of grouping our participants into low
and high attentional control categories, we found a significant
3-way interaction between time, task type, and attention category
for the error rate (Table 5). Participants who scored low in
attentional control and were in the basic task condition had a
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lower error rate cost at time 1 than at time 2. In the game
condition, participants who scored low on attentional control
had a higher error rate cost at time 1 than at time 2. The error
rate cost for participants who scored high on attentional control

showed an opposite pattern. There were no significant simple
2-way interactions between task type and attention category at
either time point.

Table 1. Descriptive statistics for reaction time and error rates, at times 1 and 2 for each task type.

Time 2, mean (SD)Time 1, mean (SD)

Basic task

659 (104)678 (103)Congruent reaction time (milliseconds)

656 (94.7)671 (94.0)Neutral reaction time (milliseconds)

758 (118)796 (124)Incongruent reaction time (milliseconds)

98.8 (39.8)118 (50.9)Reaction time cost (milliseconds)

96.1 (2.52)96.0 (2.86)Congruent correct (%)

96.8 (2.43)96.7 (2.33)Neutral correct (%)

93.6 (4.36)93.1 (5.46)Incongruent correct (%)

2.55 (3.23)2.86 (4.53)Error rate cost (%)

Game task

645 (95.3)638 (94.5)Congruent reaction time (milliseconds)

631 (79.1)628 (84.1)Neutral reaction time (milliseconds)

730 (103)753 (112)Incongruent reaction time (milliseconds)

85.3 (42.3)115 (48.8)Reaction time cost (milliseconds)

95.5 (2.50)94.6 (3.70)Congruent correct (%)

96.0 (2.79)96.0 (2.53)Neutral correct (%)

93.0 (4.80)92.1 (3.90)Incongruent correct (%)

2.53 (4.18)2.52 (4.71)Error rate cost (%)

Figure 2. Histograms of reaction time by time point and task type for each type of trial condition.
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Table 2. ANOVA summary table for reaction time distribution.

Effect sizeP valuesF test (df)Mean squares

Time 1

0.029.181.863 (1)0.316Skewness

0.000.980.001 (1)0.003Kurtosis

Time 2

0.029.181.852 (1)0.317Skewness

0.006.550.358 (1)1.159Kurtosis

Table 3. ANOVA summary table for reaction time.

Effect sizeP valueF test (df)Mean squares

Time 1

0.041.0058.107 (1)85,185.015Task type

0.242<.00130.205 (3)317,396.780Condition

0.000.100.005 (2)49.167Task type × condition

Time 2

0.013.122.402 (1)23,700.032Task type

0.178<.00120.394 (2)201,201.515Condition

0.001.920.080 (2)788.555Task type × condition

Table 4. ANOVA summary table for error rate.

Effect sizeP valueF test (df)Mean squares

Time 1

0.021.054.012 (1)0.005Task type

0.162<.00118.301 (2)0.024Condition

0.002.860.148 (2)0.000Task type × condition

Time 2

0.010.171.945 (1)0.002Task type

0.140<.00115.402 (2)0.018Condition

0.000.980.022 (2)0.010Task type × condition

Table 5. Repeated measures ANOVA summary table for reaction time and error rate.

Effect sizeP valueF test (df)Mean squares

Reaction time cost

.017.301.105 (1)880.934Task type × time

Reaction time

0.010.490.616 (2)317.106Trial type × task type × timea

0.012.201.665 (1)1325.711Attention × task type × time

Error rate cost

0.002.750.106 (1)<0.001Task type × time

Error rate

0.010.540.615 (2)0.000Trial type × task type × time

0.083.025.493 (1)39.218Attention × task type × time

aOwing to the interaction violates the assumption of sphericity (P<.001), P values are derived using the Greenhouse-Geisser statistic.
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Internal Consistency

Overview
We estimated the internal consistency of the basic task by using
a permutation-based split-half approach [32] with 5000 random
splits. Internal consistency ranged between 0 and 1, with higher
numbers representing more consistency across an individual’s
complete set of trials.

Reaction Time
When using the reaction time cost, the (Spearman-Brown
corrected) split-half internal consistency for the basic task at

time 1 was rSpearman-Brown=0.78, 95% CI 0.64-0.89. At time 2,
rSpearman-Brown=0.64, 95% CI 0.40-0.81.

For the game condition at time 1, the split-half internal
consistency was rSpearman-Brown=0.83, 95% CI 0.71-0.91. At time
2, rSpearman-Brown=0.76, 95% CI 0.60-0.88.

The internal consistency values were higher at both time 1 and
time 2 for the game condition (Figure 3); however, converting
the correlations to Fisher z scores indicated no significant
differences between groups at each time point.

Figure 3. Internal consistency of reaction time cost for each time point and task type.

Error Rate
When using error rate cost, the (Spearman-Brown corrected)
split-half internal consistency for the basic task at time 1 was
rSpearman-Brown=0.79, 95% CI 0.66-0.89. At time 2,
rSpearman-Brown=0.6, 95% CI 0.34-0.79.

For the game condition at time 1, the split-half internal
consistency was rSpearman-Brown=0.76, 95% CI 0.62-0.87. At time
2, rSpearman-Brown=0.74, 95% CI 0.58,0.86.

The internal consistency values were higher at time 2 for the
game condition at time 2 (Figure 4); however, similar to the
reaction time data, converting the correlations to Fisher z scores
indicated no significant differences between groups at each time
point.
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Figure 4. Internal consistency of error rate cost for each time point and task type.

Test-Retest Reliability

Reaction Time
Using reaction time cost data, for the basic task, the Pearson
correlation between each time point indicated a test-retest
reliability of 0.68, 95% CI 0.43-0.84. This correlation was
significant (t29=5.04; P<.001). For the game condition, we found
a test-retest reliability of 0.58, 95% CI 0.31-0.77. This
correlation was also significant (t32=4.07; P<.001).

We also estimated the test-retest reliability between time 1 and
time 2 with ICCs using the psych package in R (R Foundation
for Statistical Computing) [51]. ICCs were used to measure the
reliability of a measure between 2 time points. The ICC value
can range from 0 to 1, with higher values indicating higher
reliability. We report the results of 2-way mixed-effects models
for absolute agreement, ICC(2,1), and consistency, ICC(3,1).

Using reaction time cost data, for the basic task, the estimated
agreement was 0.61, 95% CI 0.36-0.78, and the estimated

consistency was 0.66, 95% CI 0.46-0.80. For the game
condition, the estimated agreement was 0.48, 95% CI 0.16-0.69,
and the estimated consistency was 0.58, 95% CI 0.35-0.74.

Typically, cognitive tasks require many trials to reduce
measurement noise. We plotted how ICC(3,1) changes as the
number of trials increases, to see if a more stable estimate could
be determined with fewer trials when using game elements.
Figure 5 shows how the reliability of the Stroop effect (reaction
time cost) changes with an increasing number of trials.

To investigate why the game condition shows lower test-retest
reliability, we also plotted how the reliability of reaction time
changes over time for each trial type (neutral, congruent, and
incongruent trials; Figure 6). Comparing the plots suggests that
the game condition reaches a higher level of consistency sooner
for incongruent trials, compared with both neutral and congruent
conditions. The basic task showed similar patterns of consistency
across all trial types.
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Figure 5. Test-retest reliability of reaction time cost as the number of trials increases for each task type.

Figure 6. Test-retest reliability of reaction time as the number of trials increases for each trial type and task type.

Error Rate
Using error rate cost data, for the basic task, the Pearson
correlation between each time point indicated a test-retest
reliability of 0.55, 95% CI 0.24-0.76. This correlation was

significant (t29=3.56; P=.001). For the game condition, we found
a test-retest reliability of 0.62, 95% CI 0.35-0.79. This
correlation was also significant (t32=4.45; P<.001).

JMIR Serious Games 2024 | vol. 12 | e50315 | p.881https://games.jmir.org/2024/1/e50315
(page number not for citation purposes)

Wiley et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Using error rate cost data, for the basic task, ICC(2,1) (estimated
agreement) was 0.53, 95% CI 0.28-0.71, and ICC(3,1)
(estimated consistency) was 0.53, 95% CI 0.28-0.71. For the
game condition, ICC(2,1) was 0.62, 95% CI 0.42-0.77, and
ICC(3,1) was 0.62, 95% CI 0.41-0.77.

We plotted how ICC(3,1) changes as the number of trials
increases, to determine whether a more stable estimate could
be determined with fewer trials when using game elements.

Figure 7 shows how the reliability of the Stroop effect using
the error rate cost changes with an increasing number of trials.

Similar to the reaction time, we plotted how the reliability of
the number of errors changes over time for each trial type
(neutral, congruent, and incongruent trials; Figure 8). The basic
task showed similar patterns of consistency across all the trial
types, whereas in the game condition, only the neutral and
congruent conditions were similar—the reliability of the
incongruent trials continued to increase over time.

Figure 7. Test-retest reliability of error rate cost as the number of trials increases, for each task type.

Figure 8. Test-retest reliability of error rate as the number of trials increases for each trial type and task type.
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Discussion

Summary and Explanation of Findings

Performance
Both versions of the task demonstrated the Stroop effect,
meaning that the effect is robust to the addition of certain game
elements. Gamification can affect the validity of cognitive tasks;
for example, adding graphics (especially those that change the
stimuli participants respond to) can worsen performance
compared with a control task [8,12,21]. In this study, in the
game condition, reaction times and a progress bar were
perpetually displayed on the screen. Graphics indicating gained
or lost points also appeared between stimuli. These elements
did not interfere with the validity of the Stroop task.

There were no significant differences in performance-based
measures between the basic task and game conditions, with one
exception: Participants in the game condition had significantly
faster reaction times and lower error rates than those in the basic
task condition but only at time 1. There may be several reasons
for these results.

Points that function as extrinsic motivators have been shown
to improve performance in cognitive tasks [25]; however, this
effect may be short lived. Nicholson [15] noted that
reward-based game elements can drive immediate spikes in
engagement but only as long as continuous rewards are
provided. In our game condition, participants were continually
awarded points for accurate responses; however, for reaction
time, they were only awarded bonus points for responses that
broke their previous “fastest time” record. There is a physical
limitation on how quickly participants can react to stimuli—once
that threshold is met, it will be near impossible to improve
further, and the motivating influence of the bonus points may
be diminished.

In the game condition, participants may also learn faster and
reach their “peak performance” sooner. Participants were
quickly incentivized to put forth their best effort. This effect
may be particularly pronounced when the cognitive demands
of the task are higher. When we plotted the reliability of reaction
time and error rate as the number of trials increased, the
incongruent trials showed an improved pattern of consistency
only in the game condition. Specifically, after approximately
50 to 100 trials, the reaction time remained consistent in the
game, whereas there was a significant variation in the basic
version, with a noticeable drop after 50 trials. A similar pattern
was observed for the error rates. For the basic task, the plots of
all 3 trial types showed similar patterns across both performance
measures. This is especially noteworthy because incongruent
trials are arguably the most important trials in the Stroop task,
as they are the trials wherein cognitive conflict needs to be
resolved. Improved performance in the incongruent trials also
explains why the reliability of the Stroop effect (reaction time
cost) appeared lower in the game condition—participants in
that condition performed better and more consistently in the
incongruent trials.

The differences between the basic task and game conditions
may be emphasized by incongruent trials because they are more

cognitively demanding than the congruent and neutral trials.
Evidence suggests that game elements can differentially affect
cognition depending on how participants experience the
demands of the task. For example, gamification can normalize
the performance of participants with ADHD [28].

Another indication of improved performance consistency comes
in the form of a significantly smaller number of outlier trials
that need to be removed from the game condition compared to
the basic version. Approximately twice the number of far-out
outlier trials were removed from the basic task. These trials
were not considered valuable data and were essentially lost time
for both the researcher and the participant. By reducing the
number of trials that needed to be removed from performance,
the time investment for participants was reduced. Furthermore,
this means that the previous results are a conservative estimate
of the game’s reliability advantage because the most egregious
outliers were already removed from the analysis.

Enjoyment
There were also no differences in the self-reported measures of
motivation between the basic task and game conditions. These
results align with those of other studies, which found that
achievement-based game elements are only effective in
promoting performance and not motivation [24,25].

Levy et al [23] note how carefully games must be designed to
appropriately function as scientific tools and highlight the
importance of using the research and data collection goals to
inform the choice of game design. For this study, we specifically
chose game elements that we thought would influence
performance rather than enjoyment. Gamified tasks may be
more successful if the game elements are just “good enough”
to achieve the goals of the study without interfering with the
validity of the task [23]. Because we wanted to improve
participant performance irrespective of enjoyment, we did not
add extraneous game elements, even if those elements would
have made the game more fun.

Limitations and Future Work
One limitation of our study is the small sample size. The 2 task
conditions were designed with subtle differences in the form of
points and feedback. While this design was intentional, we also
had a relatively small sample size, which may not have been
powerful enough to reveal the small effects of our slight
manipulation. We recruited 135 participants for time 1 with the
intent of having at least 50 participants per condition. However,
only 78 participants returned at time 2. It was difficult to
incentivize participants to return to a web-based study. Future
studies may find significant effects with a larger sample size.

Another limitation is that our sample was heavily skewed toward
young adult female participants. We recruited participants
through a web-based platform called Prolific. At the time of
our study, a young woman made a video describing her hustle
as a participant on the platform. Her video went viral on TikTok,
resulting in an influx of new signups to Prolific, most of whom
were, similar to the creator, female adults in their 20s [50].
However, given the fundamental nature of this research, this
sampling bias is unlikely to have influenced the results.
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The addition of points and feedback is one simple approach to
gamification. Other game elements may produce different
results. As discussed, we had theoretical and practical reasons
for using points, but even within the category of points and
achievement-based game elements, we could have made
different design and mechanical choices. For example, adding
a leaderboard system may have influenced participant behavior
because of increased competition. Mekler et al [25] found that
for an image annotation task, participants in the point condition
significantly outperformed those in a control condition, where
no game elements were used. However, participants in the points
condition were, in turn, significantly outperformed by those in
conditions where leaderboards and levels were used.

Future studies should investigate other game elements. Other
cognitive tasks could also be investigated to determine how
game elements affect reliability across task types that target
different cognitive domains. Our same methods for investigating
reliability could be applied to any gamified task.

Implications
In this study, we show that the Stroop effect is robust to the
addition of simple points-based game elements. Adding points
to a Stroop task does initially increase participant reaction time,
but this gamification may be most effective in the short term.
Our results also suggest that game elements may differently
influence parts of a cognitive task, such as the more cognitively
demanding incongruent trials.

We also provide an example of reporting psychometric data for
a gamified task. Despite a long history of cognitive task
gamification, the field lacks standard practices regarding how
these tasks are made and measured [16]. Any advancement in

how these tasks are designed and used requires a stronger base
of knowledge on how individual game elements affect cognitive
behavioral measures [25,32]. One of the most cited reasons for
gamifying tasks is to address the limitations of standard
neuropsychological testing [16]; however, these games will
never be acceptable replacements for traditional tests if they are
not subjected to the same rigorous standards of reliability and
validity.

The results of this study suggest a potential advantage of using
game-like tasks to assess cognitive functioning, especially for
difficult-to-reach populations or individuals who cannot be
subjected to prolonged testing. For example, gamified tasks
have been shown to provide a more engaging environment that
creates a more captivating setting that may aid in collecting data
from populations with a lower attention span, such as children
or groups of patients with concentration or attention deficits
[52].

Our results suggest that the game condition may provide faster
onboarding to true performance and improved consistency, as
demonstrated descriptively through the lower proportion of
outlier trials removed, the reaction time distributions, the
split-half internal consistency values for reaction time and error
rate, and reaction time cost by trial number charts. This faster
onboarding is also supported by the significantly faster reaction
times and lower error rates in the game condition at time 1.
However, these trends do not result in significant performance
differences between the basic task and game conditions in
analyses of reaction time cost and also do not influence
test-retest reliabilities, suggesting that the game elements we
included neither significantly improved nor compromised
performance in a gamified Stroop task.
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Abstract

Background: EmergenCSim is a novel researcher-developed serious game (SG) with an embedded scoring and feedback tool
that reproduces an obstetric operating room environment. The learner must perform general anesthesia for emergent cesarean
delivery for umbilical cord prolapse. The game was developed as an alternative teaching tool because of diminishing real-world
exposure of anesthesiology trainees to this clinical scenario. Traditional debriefing (facilitator-guided reflection) is considered
to be integral to experiential learning but requires the participation of an instructor. The optimal debriefing methods for SGs have
not been well studied. Electronic feedback is commonly provided at the conclusion of SGs, so we aimed to compare the effectiveness
of learning when an in-person debrief is added to electronic feedback compared with using electronic feedback alone.

Objective: We hypothesized that an in-person debriefing in addition to the SG-embedded electronic feedback will provide
superior learning than electronic feedback alone.

Methods: Novice first-year anesthesiology residents (CA-1; n=51) (1) watched a recorded lecture on general anesthesia for
emergent cesarean delivery, (2) took a 26-item multiple-choice question pretest, and (3) played EmergenCSim (maximum score
of 196.5). They were randomized to either the control group that experienced the electronic feedback alone (group EF, n=26) or
the intervention group that experienced the SG-embedded electronic feedback and an in-person debriefing (group IPD+EF, n=25).
All participants played the SG a second time, with instructions to try to increase their score, and then they took a 26-item
multiple-choice question posttest. Pre- and posttests (maximum score of 26 points each) were validated parallel forms.

Results: For groups EF and IPD+EF, respectively, mean pretest scores were 18.6 (SD 2.5) and 19.4 (SD 2.3), and mean posttest
scores were 22.6 (SD 2.2) and 22.1 (SD 1.6; F1,49=1.8, P=.19). SG scores for groups EF and IPD+EF, respectively, were—mean
first play SG scores of 135 (SE 4.4) and 141 (SE 4.5), and mean second play SG scores of 163.1 (SE 2.9) and 173.3 (SE 2.9;
F1,49=137.7, P<.001).

Conclusions: Adding an in-person debriefing experience led to greater improvement in SG scores, emphasizing the learning
benefits of this practice. Improved SG performance in both groups suggests that SGs have a role as independent, less
resource-intensive educational tools.

(JMIR Serious Games 2024;12:e59047)   doi:10.2196/59047

KEYWORDS

general anesthesia; cesarean delivery; multiple choice questions; serious game; debriefing; feedback; anesthesia; anesthesiology;
anesthesiologist; anesthetist; cesarean; EmergenCSim; randomized controlled trial

Introduction

Healthcare Simulation Standards of Best Practice dictate that a
debriefing process that is grounded in theoretical frameworks

or evidence-based concepts is necessary to achieve sound
simulation-based experiences [1,2]. The process may use
multiple techniques, including feedback, debriefing involving
facilitator- or self-guided reflection, or electronic or
computerized methods, and should adapt to whichever modality

JMIR Serious Games 2024 | vol. 12 | e59047 | p.888https://games.jmir.org/2024/1/e59047
(page number not for citation purposes)

Lee et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2196/59047
http://www.w3.org/Style/XSL
http://www.renderx.com/


is being used [2,3]. Kolb [4] theorized that adult learners must
undergo self-reflection before lessons may be internalized and
consolidated into their existing cognitive framework. The learner
may then apply the new knowledge to new situations, undergo
self-reflection based on the new experience, and so on.

Serious games in health care are a type of experiential learning
that have rapidly increased in popularity; however, their efficacy
with respect to generating significant learning outcomes has
been reportedly variable [5-10]. Experts have raised concerns
that the debriefing component of games has been neglected and
poorly studied [11]. Furthermore, the debriefing component,
which typically uses an electronic feedback model [12], is not
even consistently described in proposed design frameworks
[13,14].

Electronic automated written feedback is typically provided
based on the player’s expected actions being detected as
“performed,” “partially performed,” or “not performed,” by the
game software. Evidence of the value of electronic feedback
has been previously demonstrated in 1 randomized controlled
trial [15].

Notwithstanding, Cheng et al [16] stipulate that a hallmark of
debriefing is the bidirectional and reflective nature of the
discussion. By contrast, the feedback provided with an
automated tool, although individualized, is unidirectional.
Having a facilitator be a conversational guide has been
considered crucial for ensuring that events that occurred during
simulation-based learning are reviewed and that learning
objectives are discussed [17].

The potential for learners to play serious games (SGs)
independently and achieve significant learning gains using
automated electronic feedback only (without a live facilitator)
would amplify the flexibility and scalability of these platforms.
Electronic or computerized or “self-debriefing” approaches
where learners guide themselves to reflect on their performance
via techniques ranging from written checklists to video tutorials
have been compared with instructor-facilitated debriefing in the
literature in the context of immersive full-scale scenario-based
simulation [18,19], but to our knowledge, a comparison of
in-person facilitator-led debriefing and electronic feedback has
never been reported in the setting of SGs.

Because of the precipitous declines in trainee clinical exposure
to performing general anesthesia for cesarean delivery [20], in
2016, we developed EmergenCSim, a novel
researcher-developed serious 3D video game (SG) that
reproduces the environment of an obstetric operating room with
an embedded scoring and debriefing tool [8]. The learner, via
an avatar, must perform general anesthesia for emergent
cesarean delivery for the clinical scenario of umbilical cord
prolapse. We hypothesized that an in-person debriefing in
addition to the SG-embedded electronic feedback would provide
superior learning outcomes than SG electronic feedback alone
[15].

Methods

Research Objective
This randomized controlled trial followed a pretest-posttest
design to explore the optimal debriefing style for SG-mediated
instruction of CA-1 residents through a comparative evaluation
of 2 models of debriefing—electronic feedback alone versus a
combination of in-person debriefing and electronic feedback.

The research question examined was as follows: Is a
combination of in-person and electronic feedback superior to
electronic feedback alone for improving declarative and applied
knowledge after playing EmergenCSim?

We hypothesized that a combination of in-person and electronic
feedback would be superior to electronic feedback alone, based
on an improvement in both the group’s mean SG-embedded
performance score from first to second time playing the SG,
and improvement in the group’s mean pretest to posttest score.

Recruitment
Participants were clinical anesthesia year 1 (CA-1) residents
from 2 consecutive classes starting their CA-1 years in 2019
and 2020 (n=51) at the Columbia University Irving Medical
Center, who were randomized to 2 groups: group EF (electronic
feedback only; control group; n=26) versus group IPD+EF
(in-person debriefing and electronic feedback; intervention
group; n=25). Noninclusion criteria included refusal to
participate and prior postgraduate anesthesiology training.

In our anesthesiology residency program, 2 CA-1 residents are
assigned to rotate for the first time on the labor and delivery
unit, beginning in the third month of CA-1 year. Two new
residents from each class continue to be assigned each
subsequent month, the result being that the final 2 residents
from each CA-1 class are experiencing their initial rotation by
approximately the 18th month of residency (ie, 6 months into
the clinical anesthesia year 2 [CA-2] year). During the week
prior to the start of their initial obstetric anesthesia rotation,
residents were contacted by email and informed about the study
that their participation would be voluntary and declining to
participate would not affect their standing in the department or
the residency program.

Instruments
Parallel, multiple-choice test forms were developed for use as
pre- and posttreatment outcome measures (Multimedia Appendix
1) [21]. Test form development included (1) assessment purpose
and population specification, (2) content domain specification
and writing or selection of items, (3) content validation by
experts (obstetric anesthesia fellowship-trained anesthesiologists
with ≥10 years of clinical experience) of paired items by topic
and cognitive level, and (4) empirical validation of scores from
the parallel test forms using Classical Test Theory techniques
[22,23]. The questions were designed to assess “higher-order
thinking” that tests applied knowledge. Each item comprised a
stem, 1 correct answer, and 3 distractors. The pool of questions
was built upon a 26-item instrument that had been previously
validated and field-tested [24]; the detailed process, which
involved dropping poorly performing items from the prior
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instrument, revising weak but highly content-relevant items,
and developing new items, has been previously published [21].

Field-testing for empirical validation involved web-based
administration of 52 shuffled items from both test forms to 24
CA-1s, 21 CA-2s, 2 fellows, 1 attending anesthesiologist, and
1 of unknown rank at 3 US medical schools. Items from each
form yielded near-normal score distributions, with similar
medians, ranges, and standard deviations. Per Classical Test
Theory, item difficulty (item P values) and discrimination (D)
indices indicated that most items met assumptions of
criterion-referenced test design, separating experienced from
novice residents. Experienced residents performed better on
overall domain scores than novices (P<.05). Kuder-Richardson
Formula 20 (KR-20) reliability estimates of both test forms
were above the acceptability cut of 0.70, and parallel forms
reliability estimate was high at 0.86, indicating that results were
consistent with theoretical expectations [22,25].

The development of the SG-embedded score was previously
described in a report of a single-blinded, longitudinal
randomized experiment studying the use of EmergenCSim to
improve trainee knowledge regarding general anesthesia for
cesarean delivery [8]. The electronic feedback script items
(Multimedia Appendix 2) also used in the latter study were
based on a previously validated behavioral checklist that was
developed to measure resident performance of general anesthesia
for cesarean delivery on a human patient simulator [26].

Research Protocol
Three days before their initial obstetric anesthesia rotation,
residents (n=25 [2019 CA-1 class], n=26 [2020 CA-1 class])
were invited by email to voluntarily participate in study activities
on the third day of the rotation. They were asked to watch a
20-minute video lecture (Panopto Inc [2007],

PANOPTO@COLUMBIA [version 14.0.0.00201; Carnegie
Mellon University]) in advance of study participation. The
lecture covered the steps for performing general anesthesia for
emergency cesarean delivery and explained both the relevant
underlying knowledge and the crisis resource management
principles.

Individuals participated in the study activities one at a time.
After verifying that the lecture had been viewed, participants
provided written informed consent to participate and completed
a 26-item multiple-choice question (MCQ) pretest (maximum
score of 6 points, with each correct item assigned 1 point and
incorrect answer assigned 0 point). Residents were then directed
to watch a <3-minute video tutorial explaining how to use the
game platform. The tutorial may be viewed on the web [27].
They were then invited to interact with a practice game
environment using the same platform but with different avatars
to familiarize themselves with how to perform actions within
the game. The practice game was non–content specific and had
no attached storyline.

Participants were randomized using Bernoulli randomization
in R (RStudio, version 3.4.0; Posit PBC) to either the following:

1. Electronic feedback group (EF, control, n=26)
2. In-person debriefing + Electronic feedback group (IPD+EF,

treatment, n=25)

Before starting gameplay, they were instructed to perform
actions in the game as they would in real life and informed that
at the conclusion of gameplay, they would be given a score
(maximum 196.5) and automated electronic feedback that would
explain which actions were performed correctly or not, and why
those actions were important (Figure 1B). They were not
forewarned that they would be asked to play the game again.
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Figure 1. Screenshots of the serious game showing (A) the opening scene in the obstetric operating room where the learner encounters the obstetrician
explaining to the patient that umbilical cord prolapse has occurred and (B) the electronic feedback screen with one of the bulleted explanations highlighted.

Upon conclusion of the game and experiencing the electronic
feedback (Multimedia Appendix 2), group IPD+EF received a
10-minute semistructured debriefing facilitated by AL that
integrated concepts from the Promoting Excellence and
Reflective Learning in Simulation (PEARLS) debriefing
framework [28]. Participants were asked to reflect on the steps
taken in the game and the components of management of the
clinical scenario with questions such as “Can you walk me
through what you were thinking when you were asked to put
this patient to sleep emergently?” and “Were there any aspects
of the explanations given that you did not understand or need
help clarifying?” If gaps in knowledge or understanding of the

concepts being taught were uncovered, directive teaching was
provided. Strategies for scoring better in the game were not
discussed. The control group, group EF, was exposed to the
electronic feedback alone.

Regardless of group assignment, receiving feedback with or
without in-person debriefing, all participants were next
instructed to play EmergenCSim again, with the goal of
improving their score, following which they took the MCQ
posttest (maximum score of 26 points, with each correct item
assigned 1 point and incorrect answer assigned 0 point).
Participants were given a maximum of 26 minutes (1 minute
per question) to complete each knowledge test (pretest and
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posttest). Following the posttest they were asked to complete a
brief survey (Multimedia Appendix 3).

The survey instrument gathered demographic information, asked
about prior clinical experience with performing general
anesthesia for cesarean delivery or for nonobstetric surgery in
pregnant patients and about the participants’ prior experience
playing video games. We were also interested in gathering
feedback about (1) the perception of realism of the game; (2)
the level of effort required to play the game, given that cognitive
load is believed to impact learning outcomes; (3) learner
satisfaction with the debriefing experiences; and (4) perceptions
regarding the effectiveness of the SG as a teaching tool. The
survey items were written by AL and then reviewed and edited
by RL and MC for clarity and meaning.

Statistical Analysis
This was a mixed methods randomized controlled trial that
obtained quantitative data to evaluate 2 models of debriefing,
followed by a qualitative inquiry to explain the quantitative
results. Our hypothesis was that the IPD+EF group would
achieve a greater increase in written test scores (pretest to
posttest) and a greater increase in SG scores (first to second
gameplay) than the EF group. Participants’ reflections regarding
their game playing and feedback experience, collected via the
survey, explored their perceptions of the game and views
regarding feedback.

Power
The primary outcome was the difference between experimental
groups in the change in mean score from pretest to posttest.
Resident class sizes are fixed; however, we estimated that with
an SD of 5, we would achieve 80% power to detect a 4-point
difference between groups on improvement in written test scores
with a significance level (α) of .05 using a 1-tailed 2-sample t
test.

Repeated-measures ANOVA was performed for
within-participant pretest-posttest scores and for
between-participant variable IPD+EF and EF groups.
Repeated-measures ANOVA was performed as it is the
appropriate design to apply when the same group of participants
is measured on 2 occasions. The repeated measurement of the
same participants on the knowledge test and SG (dependent
variables) caused observations in those instruments to be
correlated, violating the assumptions of an independent means
t test. The design enabled testing of the within-participant
prescore-postscore change and between-participant differences
with appropriate F tests. Repeated-measures ANOVA yields
greater power to detect a true difference between groups [29].

Prior to the ANOVAs, data were checked to ensure that test
assumptions had been met.

For secondary outcomes, the paired t test was used. Univariate
analyses with the 2-sample t test for continuous demographic
covariates and the Fisher exact test for categorical covariates
were used. The correlation between group allocation and
performance on the written posttest was measured by Pearson
correlation coefficient. P value of <.05 was considered to be
statistically significant. No formal qualitative analyses of the
participants’ free-text responses to the perception survey were
conducted. All analyses were performed using SPSS (IBM Corp
Released 2021. IBM SPSS Statistics for Macintosh, version
28.0).

Ethical Considerations
This study underwent human participants research ethics review
and received the approval of the Columbia University
institutional review board (AAAQ8025). The trial was not
publicly registered as this was not a requirement of the review
board or the funding agency for education research at the time
that the trial received approval and was conducted.

Written informed consent was obtained from participants in this
study and for primary data collection from participants in the
prior studies from which research data were used [8,24]. Privacy
and confidentiality protections that were implemented included
anonymous collection of responses during empirical validation
procedures of the written knowledge test outcome instrument
and deidentification of the study data in the current randomized
experiment. No additional consent was requested for secondary
analysis of historical anonymously collected test response data.
No compensation of any kind was provided for participation in
research.

Results

All 51 CA-1 residents who were invited to participate in the
study provided written informed consent to participate.
Demographic characteristics by study group are shown in Table
1.

All participants increased their written test score from pre- to
posttest (F1, 49=56.28; P<.01) but there was no difference
between groups in the degree of improvement (F1, 49=1.8; P=.19;
Table 2). Figure 2 presents the flow diagram of participants.

All participants improved their SG score from the first to second
gameplay; mean improvement overall 29.96 (SE 3.64; P<.01)
points (Figure 3). There was no significant correlation between
the written posttest scores and the second play game scores
(r=0.137).
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Table . Demographic characteristics of both study groups.

In-person debriefing + electronic feedback
(IPD+EF; n=25)

Electronic feedback (EF; n=26)Study group

7/1815/11Gender (women/men)

Age range (years), n

01≤25

182030

5535

2036‐40

Timing of participation during by clinical anesthesia year 1 or 2 (CA-1 or CA-2), n

781st 6 months CA-1

9142nd 6 months CA-1

941st 6 months CA-2

Table . Scores on MCQ test and serious game by groupa.

P value (for the score difference
between groups)

Control group (EFc; n=26)Intervention group (IPD+EFb; n=25)Scores

.1926-item MCQd scores, mean (SD)

18.6 (SD 2.5)19.4 (SD 2.3)Pretest

22.6 (SD 2.2)22.1 (SD 1.6)Posttest

.02SGe scores, mean (SE)

135.5 (SE 4.4)141.0 (SE 4.5)1st (maximum: 196.5)

163.1 (SE 2.9)173.3 (SE 2.9)2nd (maximum: 196.5)

aData presented as mean (SD) or error (SE). Repeated-measures ANOVA was performed for within-participant and between-participant variables for
the IPD+EF and EF groups with respect to the pretest-post test knowledge test and first and second SG scores.
bIPD+EF: In-person debriefing + Electronic feedback.
cEF: Electronic feedback.
dMCQ: multiple-choice question.
eSG: serious game.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) diagram showing the flow of participants through each stage of a randomized
controlled trial.
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Figure 3. Mean game scores by experimental group; maximum 196.5 points. Error bars=95% CI.

After performing pairwise comparisons, participants in group
IPD+EF (N=25) had significantly greater improvement in their
SG performance from the first to second game play than those
in group EF (N=26); mean difference between groups for second
gameplay score was 10.19 (SE 4.09; P=.02; Table 2).

There was no statistically significant difference in performance
on the SG or MCQ test based on gender.

Thirty-six participants reported having never performed general
anesthesia for cesarean delivery (n=18, IPD+EF group), whereas
14 had encountered the scenario 1‐2 times (n=6, IPD+EF
group), and 1 participant (IPD+EF group) had done it 3‐5
times. With respect to nonobstetric surgery in pregnancy, 23
participants had performed it 1‐2 times (n=11, IPD+EF group)
and 2 participants had performed it 3‐5 times (n=1, IPD+EF).
Only 8 participants reported never having played video games
(n=2, IPD+EF, all were female). Twelve reported playing “very
often” (more than once per month; n=6, IPD+EF, 3 were
female), 3 reported playing “often” (7‐12 times per year) (n=2,
IPD+EF, all were male), and 14 “occasionally” (1‐12 times
per year; n=10, IPD+EF).

Perceptions of EmergenCSim
The overall mean rating of game realism (scale 1‐5, where
1=not realistic at all, 5=very realistic) was 3.78 (SD 0.673).
Participants (n=51) gave a mean rating of the level of mental
effort required to play the SG (scale 1=very very low mental
effort, 9=very very high mental effort) of 6.43 (SD 1.42).
Reasons given for the answers related to lack of intuitiveness
of use of the game, including finding it cumbersome to use
multiple clicks to perform actions, and difficulty with certain
aspects of the game, especially with respect to providing oxygen
to the patient avatar. The full list of free-text responses regarding
participant perceptions of EmergenCSim is shown in Multimedia
Appendix 4.

With respect to their reported level of stress playing the game
(responses were scored on a 5-point scale ranging from “not
stressed at all” to “very stressed”), 28 felt quite or somewhat
stressed, 21 felt slightly stressed, and 2 felt not stressed at all.
The stress was reported to be related to constant questions from
the patient (eg, “How is my baby doing?”) and the surgical team
(eg, “Is she anesthetized?”) and the sense of time pressure for
the scenario. One person reported feeling low stress because
“the repercussions for mistakes were low.” The full set of
free-text responses regarding the level of stress felt while playing
the game is shared in Multimedia Appendix 4.

Satisfaction With Debriefing
Participants who received in-person debriefing after playing the
SG (n=25) rated their satisfaction with this type of debriefing
(scale 1‐5, where 1=not at all satisfied, and 5=very satisfied)
as either 4 (n=5) or 5 (n=18), mean of 4.78 (SD 0.42). The
resident rating of the electronic feedback (n=51) was slightly
lower (mean 4.22, SD 0.80).

Perception of the Usefulness of SGs for Teaching
Regarding the question “Knowledge gained from playing a
serious game can be transferred to the clinical setting” (scale
1‐5, where 1=strongly disagree, 5=strongly agree), most
participants either agreed (n=21) or strongly agreed (n=28) and
2 were neutral (neither agree nor disagree). New information
learned from playing EmergenCSim primarily centered on the
use of nonparticulate antacids for gastrointestinal prophylaxis,
how to use nitrous oxide to limit the concentration of volatile
anesthetic agents administered, delaying administration of
intravenous opioids and supplemental hypnotic agents until
after delivery of the neonate, and crisis management principles
such as calling for help early. The full list of free-text responses
is listed in Multimedia Appendix 4.
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Discussion

Principal Findings
We found that among novice anesthesiology residents who
played an SG of a scenario involving the performance of general
anesthesia for emergency cesarean delivery, an in-person
facilitated debriefing in addition to the game-embedded
electronic feedback after initial gameplay resulted in
significantly higher improvement in game performance scores
on the second play, compared with the control group that
received only the electronic feedback. To our knowledge, this
is the first study to compare learning outcomes associated with
electronic feedback alone compared with a combination of
electronic feedback and in-person debriefing for an SG.

Our study takes the learner through the phases of Kolb’s cycle
of experiential learning, starting with the concrete experience
of playing the SG, then the reflective observation and abstract
conceptualization provided via the feedback and debriefing
steps, followed by the active experimentation of applying what
was learned, with the opportunity to replay the game [4,30].

Electronic or computerized feedback tools most closely resemble
self-directed debriefing approaches successfully described with
immersive full-scale scenario-based simulation—these may be
either video-assisted or conducted with the use of cognitive aids
and have been associated with similar learning outcomes
compared with instructor-led debriefing [31,32]. These findings
also align with adult learning theory since adult learners are
believed to be intrinsically motivated, prefer autonomy and
being responsible for their own learning, and learn better with
problem-focused content [33]. The unidirectional nature of
electronic feedback differs from the traditional, bidirectional
debriefing approaches [2]; advances in artificial intelligence
technology in the future may facilitate bidirectional feedback
via the technological platform [34].

We speculate that greater psychological safety may be attained
during self-directed learning [35]. As mentioned earlier,
computerized feedback has been demonstrated to be superior
to no debriefing at all and not all games are explicitly designed
with an embedded feedback tool [15]. The ability to produce
knowledge gains without a human instructor boosts the
cost-effectiveness, flexibility of independent learner access, and
use of this learning modality [36].

Traditional “terminal debriefing,” at the end of an event, is an
interactive, instructor-led discussion, aimed at leading guided
reflection for the learner, with the goal of closing knowledge
and skill gaps [16,17], and debriefing with even as short a
duration as our in-person component has been shown to be
effective in enhancing knowledge gains [37]. A study comparing
facilitated debriefing, feedback, and self-debriefing for human
patient simulations found greater improvement in scores with
facilitated debriefing and that both students and faculty valued
facilitated debriefing over the other 2 modalities [38]. A study
exploring nursing student perceptions of self-debriefing which
occurred in advance of a facilitated group debriefing found that
self-debriefing increased learners’ self-awareness and ability
to reflect on knowledge gaps and make connections to clinical

practice; however, an extended richer reflection occurred in the
context of the group debriefing, supporting the value of a
combination of approaches [18]. Among our residents, their
reported satisfaction with in-person debriefing and electronic
feedback was only slightly greater for in-person (4.78) versus
electronic (4.22), with no statistically significant difference,
which suggests that they considered electronic feedback to be
acceptable and effective. This perception could have been
influenced by the specific study context of screen-based
simulation—preferences and expectations might have been
different had this been an immersive full-scale scenario–based
simulation.

Comparison to Prior Work
Midwifery students (n=28) participating in screen-based
simulation training on neonatal resuscitation, who were
randomized to receive what the authors termed, “computer
debriefing” versus “no debriefing,” demonstrated greater
improvement in nontechnical skills (anesthetists’ nontechnical
skills [39] system score of 13.25 vs 9; U=47.5; P=.02); they
also scored higher on self-efficacy using a 6-point Likert scale,
0=“not at all confident” to 5=very confident” (3 vs 2; U=52;
P=.02), and had greater improvement in knowledge (a baseline
difference of 13 in the debriefing group vs 14.5 for control group
was eliminated; P=.05) [15].

Our findings also suggest that SGs that provide embedded
electronic feedback may be effective for learning the applied
knowledge required to perform complex clinical scenarios; the
provision of in-person, facilitated debriefing further amplifies
learning gains, likely due to the bidirectional, interactive nature.
Correspondingly, Dreifuerst et al [40] have promoted use of the
“debriefing with meaningful learning” approach for screen-based
simulation. The technique uses reflection-in-action,
reflection-on-action, and reflection-beyond-action to teach
clinical reasoning. Learners document and reflect on their
actions using worksheets while the debriefer is reviewing the
computer-generated performance reports. Videoconferencing
platforms then allow learners and facilitators (in remote
locations) to have an interactive group discussion of the key
issues to uncover the learners’ thinking and assumptions.

One systematic review reported that among 11 experimental
studies assessing participants’ acquisition of knowledge as a
result of playing SGs, a negligible and nonstatistically significant
standardized mean difference was found in favor of SGs,
although interestingly, subgroup analyses found a significant
difference among studies involving health care students as
opposed to health care professionals [5]. Learning outcomes
with computerized, screen-based simulators such as SGs appear
to be maximized when learners are able to interact with the
interfaces repeatedly [7,40]. The opportunity to replay the
scenario may be appealing to learners who are motivated to
perfect their performance [41]. The drawback of a fixed scenario
may be the lack of variability that is normally encountered in
clinical practice, giving learners, who achieve high scores, a
false sense of security regarding their skills and knowledge [40].

All participants increased their written test score from pre- to
posttest. Although there was no statistically significant
difference between groups, the improvement in score on the
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parallel test forms indicates that learning did occur in both
groups, although a difference could not be detected by treatment
group. The lack of a difference in improvement between groups
on pre- to posttest scores highlights the difficulty of assessing
knowledge gains for a complex clinical scenario that covers
multiple domains.

Most residents reported that they were “quite” or “somewhat
stressed” during gameplay. In real clinical practice, the conduct
of general anesthesia for emergency cesarean delivery is
extremely stressful, with pressure placed on the anesthesia
providers to anesthetize the patient as quickly and as safely as
possible. Repeated questions by the avatar representing the
obstetric surgeon were intentional to mimic the real context.
The mean rating of 3.78 for realism of the game (scale 1‐5)
was moderately realistic, and the level of mental effort required
to play the game was given a mean rating of 6.43 (scale 1‐9).
Future studies and iterations of the game should aim to reduce
cognitive load further, while enhancing the immersive feel and
realism for learners.

Long-term memory is believed to be the dominant structure
from which learners draw during problem-solving, whereas
conscious processing is thought to occur using working memory,
which is limited in its duration and capacity [42]. The relevance
to SG design is that if working memory is overloaded during
the exploration of a complex new environment, learning may
be diminished [43]. Novice learners, who lack the underlying
schema to integrate the new information, may be more
negatively impacted by unguided tools. Our goal with game
design was to minimize extraneous cognitive load (the working
memory resources for task completion that do not enhance
learning) and maximize germane load, a subtype of intrinsic
load that engages learners and leads them to the construction
of desired schemas in long-term memory [43].

Experiential learning involves active participation and often
triggering of intense emotions, which are both believed to
promote long-lasting learning effects [44]. It was gratifying to
see that virtually all the residents found the experience of
playing the game beneficial and were able to report specific
areas of knowledge gained.

Limitations
The primary limitations of this study are first the small sample
size due to the typically small resident class sizes and second,
the difficulty in achieving clean experimental conditions
between treatment and control groups.

Larger sample sizes could be achieved by involving participants
at the identical level of training from multiple similar academic
centers; however, a large number of disparate centers would
threaten the internal validity of the study by introducing
heterogeneity with respect to the learning environment and
backgrounds of learners. It is possible that residents discussed
the study with their classmates and conducted varying levels of
advance preparation for the rotation.

Third, residents unavoidably experienced their initial obstetric
anesthesia rotation at different times during their first 18 months

of residency, so there was heterogeneity in their overall level
of clinical experience. All residents participated during their
initial obstetric anesthesia rotation when they were assumed to
be unfamiliar with the scenario being taught and when the
relevance of the content might produce high motivation for
learning. Randomization to experimental groups was performed
at the beginning of the CA-1 academic year and the timing of
the initial obstetric anesthesia rotation for each resident was
determined by the residency program. Several residents reported
having had some prior experience with the scenario or else
managing anesthesia for nonobstetric surgery in pregnant
patients, where some of the anesthetic implications are similar
to that for cesarean delivery. We were not able to intentionally
equalize the level of clinical experience between groups. We
think that this is not likely to have significantly impacted the
study outcomes; all were on their first-ever obstetric anesthesia
rotation and there was not a large degree of imbalance between
groups according to level of clinical experience.

Fourth, the intervention group, by virtue of the time spent on
debriefing, spent more time reflecting on the SG. It is possible
that the longer time spent in reflection was the cause of the
greater improvement in test scores. It is unclear whether, if
given time to reflect on the game, as opposed to engaging in
debriefing, a similar improvement in SG scores would have
occurred.

Future Directions
Future research should focus on the optimization of the game
platform with respect to usability and on iteratively making
improvements based on the feedback of players. Continued
research into the best practices for debriefing for SGs, timing,
variations in structure and need for in-person versus web-based
facilitation, ways to incorporate group debriefing, and the role
of using artificial intelligence [34,45] is warranted to maximize
the learning benefit from these teaching tools. Rigorous
validation of the assessment tools for the measurement of
learning gains is crucial. Finally, discovering ways to link the
learning gains with these educational tools to real-world clinical
performance and outcomes would be highly desirable for
establishing their use in health care education, including studies
of ultimate cost-benefit ratio [10,46].

Conclusions
The dramatic decline in the use of general anesthesia for
cesarean delivery in recent decades has resulted in decreased
exposure of anesthesia residents to the management of this
scenario, leading to significant interest in developing innovative
alternative strategies for teaching [47]. We have shown that
regardless of debriefing approach, there was improvement in
learners’cognitive and applied knowledge in the domains being
taught, based on improvement in their written test and SG
scores. Our findings indicate that SGs have the potential to be
used independently as educational tools. The greater
improvement in game performance in the group that received
an in-person debriefing indicates that individualized, in-person
debriefing further strengthens the learning benefit from using
SGs among trainees in graduate medical education.
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Abstract

Background: Implicit bias is as prevalent among health care professionals as among the wider population and is significantly
associated with lower health care quality.

Objective: The study goal was to develop and evaluate the preliminary efficacy of an innovative mobile app, VARIAT (Virtual
and Augmented Reality Implicit Association Training), to reduce implicit biases among Medicaid providers.

Methods: An interdisciplinary team developed 2 interactive case-based training modules for Medicaid providers focused on
implicit bias related to race and socioeconomic status (SES) and sexual orientation and gender identity (SOGI), respectively. The
simulations combine experiential learning, facilitated debriefing, and game-based educational strategies. Medicaid providers
(n=18) participated in this pilot study. Outcomes were measured on 3 domains: training reactions, affective knowledge, and
skill-based knowledge related to implicit biases in race/SES or SOGI.

Results: Participants reported high relevance of training to their job for both the race/SES module (mean score 4.75, SD 0.45)
and SOGI module (mean score 4.67, SD 0.50). Significant improvement in skill-based knowledge for minimizing health disparities
for lesbian, gay, bisexual, transgender, and queer patients was found after training (Cohen d=0.72; 95% CI −1.38 to −0.04).

Conclusions: This study developed an innovative smartphone-based implicit bias training program for Medicaid providers and
conducted a pilot evaluation on the user experience and preliminary efficacy. Preliminary evidence showed positive satisfaction
and preliminary efficacy of the intervention.

(JMIR Serious Games 2024;12:e51310)   doi:10.2196/51310

KEYWORDS

implicit bias; health care; Medicaid; virtual reality; augmented reality; smartphone; mHealth; mobile app; innovative; implicit
bias training program; sexual orientation; sexual orientations; gender identity; gender identities; gender preferences; gender
preference; efficacy; health care providers; health care provider; socioeconomic; mobile application; training; XR; extended
reality

Introduction

Implicit Bias in Health Care Settings
Defined as unconscious associations or negative evaluations of
a person or group of people on the basis of nonrelevant

characteristics [1], implicit biases have been found to be
prevalent among the general population against “marginalized’
groups such as those from minority racial, ethnic, or
socioeconomic backgrounds [2]. Implicit biases, which present
in health care settings as irrational and unconscious perceptions,
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stereotypes, or prejudices among health care providers when
interacting with patients, are especially concerning [3]. Past
research has found that implicit bias in health care settings is
associated with a decrease in overall quality of care, with
impacts including increased risk of misdiagnosis [4-7],
inaccurate patient pain perception [8,9], differential treatment
recommendations for patients who belong to sexual orientation
or gender identity minority groups [10-12], and negative
perceptions of patients from racial minority backgrounds
[13-17]. Implicit biases may also exist during interactions
between health care professionals, such as selection bias when
choosing candidates for future health care practitioner residency
[18], which may have wider implications for the quality and
safety of patient care. Furthermore, such implicit biases have
been found within adult and pediatric health care settings [19]
across medical conditions including ADHD, asthma, cardiology,
and child abuse, which could affect quality of care for these
vulnerable populations [20-22].

Existing Efforts to Reduce Implicit Bias in Health Care
Settings
In response, increasing efforts have been devoted to addressing
the significant threat posed by implicit bias toward health care
services and patient outcomes. The first type of interventional
efforts focus on “environmental engineering,” with the goal to
minimize mechanisms in health care settings that may give rise
to biased interactions between health care professionals and
patients. One example of this type of intervention is the
development and implementation of automatic patient care
prompts through electronic portals, where computer algorithms
are standardized for all patients regardless of sociodemographic
backgrounds, attempting to reduce opportunities for human
interference (beyond the algorithm development phase) [23].
A second type of intervention uses cognitive rehearsal to walk
practitioners through potentially harmful scenarios to practice
their ideal response; this has shown promise at changing health
care practitioner behavior to reduce bullying and workplace
turnover [24,25]. While not widely used in combatting health
care bias explicitly, the methodology shows a clear avenue for
its application to bias training.

A third type of intervention, which will also be the focus of this
study, attempts to develop educational programs with the goal
of improving knowledge and awareness of implicit bias among
medical students or health care professionals, which can range
from traditional educational seminars to experience-oriented
storytelling, to highlight the importance of patient perspectives
in daily practice [26-28]. Such efforts have so far yielded
positive results where health care professionals were found to
become more aware of their own biases and have resulted in
improved communication between health care professionals
and marginalized patient groups [29,30].

Application of Augmented Reality–Based Medical
Training
Despite the promising results from educational programs in the
existing literature, one limitation in existing approaches for
implicit bias training is the lack of immersive learning
experiences that may provide optimal learning outcomes and
behavior changes. As a cutting-edge technology that prioritizes

experiential learning, virtual reality (VR) and augmented reality
(AR) could provide an ideal solution with immersive learning
experiences for implicit bias training. For example, one recent
study examined biases during interactions between virtual health
care providers and virtual patients for medical triage training.
Regardless of the skin tone of the avatar (ie, the health care
provider), it took participants more time to initiate assistance
and they were more likely to make errors when triaging
dark-skinned virtual patients compared to light-skinned virtual
patients [31].

AR, as a more recent member of the x-reality technologies, is
posed to offer an even better learning experience that combines
the immersion provided by VR and tailored customization that
adapts to users’ dynamic environments. Adoption of AR in
medical education has been found in a wide range of medical
branches from surgery (eg, laparoscopic procedure training) to
anatomy [32]. Furthermore, because AR-based training is readily
available on consumer-grade mobile devices such as
smartphones and tablets, its mobility provides medical
professionals with remote accessibility to training content
regardless of their physical location (this advantage has been
further acknowledged during the COVID-19 pandemic) [33].
However, despite the increasing adoption of AR in medical
training, a recent systematic review has found little evidence
on the availability of AR-based implicit bias training among
health care professionals in the literature [33].

This Study
To address this important gap, this study aimed to develop a
mobile training program, VARIAT (Virtual and Augmented
Reality Implicit Association Training), specifically for
improving the awareness of implicit biases among health care
providers when interacting with patients in daily practice. The
design considerations for developing this novel AR-based
implicit bias training program are described, followed by a
preliminary examination of initial user feasibility and learning
outcomes, including user reactions; relevance to practice; and
changes in knowledge, attitudes, and behavioral skills related
to implicit bias before and after receiving the training program.

Methods

Designing the VARIAT Program

Overview of Technical Design Considerations
The VARIAT program focused on delivering an immersive,
interactive learning experience to the broadest possible audience
in self-contained segments, allowing users to complete the
training over time and a variety of sessions while retaining their
progress across sessions. When building the 3D worlds for
delivery on the broadest number and sizes of mobile devices,
simplified, realistic, and familiar spaces were built, including
offices, lobbies, and examination rooms where the learner could
experience the simulations. Characters in the world were
designed with exaggerated cartoon features to provide visual
distinction with skin tone, hair, size, outfits, and accessories,
while minimizing unnecessary details and maximizing ease of
recognition for interaction on mobile-sized screens. The
approach to world design addressed design and performance

JMIR Serious Games 2024 | vol. 12 | e51310 | p.903https://games.jmir.org/2024/1/e51310
(page number not for citation purposes)

Shen et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


considerations, allowing production of additional characters
and scenarios without significant technical overhead in either
the creation process or the learner’s experience on their device.
The dialogue and training content was presented via text.

Hardware Requirements and Considerations
One key goal of the VARIAT program was the need to
maximize audience reach and minimize specialty equipment
for learners to access the content. At the time of its development,
most iPhones and Android devices had the cameras,
accelerometers, and gyroscopes needed to provide users the
ability to see into and navigate virtual worlds by simply holding
up and moving their devices. When the VARIAT program was
introduced, learners needed at least an iPhone 8 with iOS 13 or
an Android device running Android 9 or higher.

Software Requirements and Considerations
The maturity of the mobile app environment offers many
development tools and approaches for developing mobile apps.
For the VARIAT program, the developers used the Unity game
engine (Unity Technologies) for game content with ARKit
(Apple Inc) and ARCore (Google LLC) for the augmented
reality component and deployed both iOS and Android apps
that were readily available in their respective app stores. Blender
(Blender Foundation) was used for 3D modeling and animation,
and Photoshop (Adobe) was used to create 2D assets.

The learner downloads the app from the Apple App Store or
Google Play on their device, and their progress is maintained
on the device with evaluation, progress, and study data
synchronized as the learner completes various modules. When
synchronized, the data are stored and managed using Google
Big Query Workspace, which produces data feeds for training
evaluators and researchers.

Overview of Content Design Considerations

Training Framework of the VARIAT App
The VARIAT game was designed based on the integration of
evidence-based cognitive psychology with the latest simulation
technologies, including VR (eg, a simulated experience of
interacting with a virtual clinician-patient scenario that is
vulnerable to implicit biases in a virtual environment using
6-degrees-of-freedom motion- and gesture-based interactions)
and AR (eg, converting a user’s physical environment into a
clinic’s waiting room for interactive experiences). The goal of
the app is to improve awareness of implicit biases among
Medicaid providers, to educate them on how these biases can
lead to inequitable care, and to offer strategies and resources
that may minimize health disparities. This mobile app can be
installed on any Apple iOS and Android device and is designed
to be completed in one sitting or in short segments.

The game consists of 2 distinct but interconnected modules,
targeting implicit biases within medical settings toward patients
from minority racial backgrounds, with low socioeconomic
status (SES), or from a minority sexual orientation or gender
identity (SOGI) group. Learners enter an AR-based interactive
role-playing game, in which they encounter a series of 6
scenarios. Each scenario takes approximately 5 minutes to
complete and is related to the specific implicit bias being

addressed in that particular module (Race/SES or SOGI). Each
scenario within the module is designed to address specific issues
related to disparities in medical settings that relate to the overall
theme of the module. The primary outcome measure of this
training program is to evaluate providers’ attitudes and beliefs
on key concepts related to implicit biases and health disparities
in a medical setting before and immediately following the
training.

Race/SES Module
The first module within the VARIAT mobile game is the
race/SES module, which consists of 3 scenarios dealing with
issues of racial bias, transportation and food instability, and
implicit bias. The first scenario in this module addresses issues
of racial bias within a health care setting and prompts the user
to consider how issues of racial and ethnic identity could impact
treatment recommendations and the resulting care for patients
of minority groups. The next scenario is designed to promote
self-reflection on how socioeconomic factors like unreliable
transportation or housing could affect a patient’s ability to show
up for health care visits or comply with care recommendations
by medical providers. The last scenario is designed to help users
understand how implicit bias from medical providers could
impact patient perception and negatively impact patient care.

Each scenario contains prompts where the user is asked to make
a choice about the “case” presented within the VARIAT AR
game. The user is then given information about the scenario
and resources for how to better understand the specific issues
for each scenario with the goal to educate them on how to
improve practitioner behavior as it relates to the theme of the
module. A summary of the scenarios and objectives for this
module can be found in Multimedia Appendix 1.

SOGI Module
The second module in the VARIAT mobile game is the SOGI
module, which consists of 3 scenarios dealing with issues of
SOGI implicit bias, inclusivity for patient care settings, and
lesbian, gay, bisexual, transgender, queer (LGBTQ+) patient
considerations. The first scenario helps portray the way that
microaggressions and implicit biases in patient-provider
communication can promote negative disparities in treatment
for SOGI minority patients. The second scenario asks users to
design their own patient waiting room and helps educate and
guide users on what considerations should be made to ensure a
medical setting is a safe and welcoming environment for SOGI
minority patients. The last scenario in the module helps users
recognize the harmful effects of biased behavior toward
LGBTQ+ patients and offers space for self-reflection on how
to reduce enacted bias for this patient group.

The scenarios in this module also contain prompts for users to
answer to better assess their understanding of key concepts or
takeaways from each scenario. The SOGI module places an
increased emphasis on self-reflection as the scenarios are
designed to help users draw parallels to their own experiences
in medical practice through reflective exercises following the
conclusion of each scenario within the module. A summary of
the scenarios and objectives for this module can be seen in
Multimedia Appendix 2.
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User Workflow
On start-up, users are given some brief instructions on how to
prepare themselves for immersion in the VARIAT AR game.
Users are then instructed to select any available module to start
engaging with the content within. Once a module is selected,
participants are placed in a virtual hospital setting and can check
on the various patients within. When selected in the AR game,
these patients display information on their illnesses and present
the user with additional narratives about the patients from the
“staff” in the AR game. Users are then given different decision
options on what to do for each patient’s individual case. After
helping these patients, the user is provided with information
and resources that relate to the content of the module. Unbiased
choices “score” higher than choices that are considered to have
been influenced by implicit biases toward marginalized patients.
After completing the tasks in their module, the users are given
a summary of their scores for that module with feedback on
how to improve, and additional information to support that
improvement relative to the context of their scenario. After
completing a module, users are sent back to the home screen,
where they can replay the same module or select a new module
to explore. A depiction of the app layout, user experience, and
scenario prompts is presented in Multimedia Appendix 3.

User Experience and Preliminary Efficacy of the
VARIAT Program

Participants and Procedure
Eighteen clinicians (n=12 female) who were predominantly
White (non-Hispanic) participated in the VARIAT training.
Physicians comprised 8 of the 18 (44%) participants, and 12 of
the 18 participants had more than 5 years’ experience in health
care. The most common workplace setting was hospitals, with
private practices, health care system–affiliated clinics, and other
workplace settings reported as well. Most participants estimated
that Medicaid patients comprised more than 30% of their total
caseload, with reported ages of patients seen varying between
children, adults, and older adults. Demographic information is
reported in Table 1 for the total number of participants (N=18),
participants who participated only in the race/SES module (n=7),
participants who participated in only the SOGI module (n=5),
and participants who completed both the race/SES and SOGI
modules (n=6). Participants were recruited through professional
networks and were eligible for the study if they were Medicaid
providers.
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Table . Demographic information for the participants.

Race/SES and SOGI
(n=6), n (%)

SOGIb only (n=5), n
(%)

Race/SESa only (n=7),
n (%)

Overall (n=18), n (%)Variables

Race/ethnicity

5 (83)5 (100)6 (85)16 (88)White (non-Hispanic)

1 (16)0 (0)1 (14)2 (11)Non–Whitec

Gender

2 (33)2 (40)2 (28)6 (33)Male

4 (66)3 (60)5 (71)12 (66)Female

0 (0)0 (0)0 (0)0 (0)Prefer not to say

Profession

1 (16)0 (0)2 (28)3 (16)Medical resident

0 (0)0 (0)0 (0)0 (0)Nurse

3 (50)2 (40)3 (42)8 (44)Fully credentialed
physician

2 (33)2 (40)1 (14)5 (27)Social worker

0 (0)1 (20)1 (14)2 (11)Other

Work setting

0 (0)1 (20)1 (14)2 (11)Health care system–af-
filiated clinic

3 (50)3 (60)3 (42)9 (50)Hospital

1 (16)0 (0)1 (14)2 (11)Private practice

1 (16)1 (20)2 (28)4 (22)Other

1 (16)0 (0)0 (0)1 (5)Missing

Experience in work setting

0 (0)0 (0)0 (0)0 (0)Less than 1 year

2 (33)1 (20)3 (42)6 (33)1-5 years

0 (0)1 (20)2 (28)3 (16)6-10 years

1 (16)0 (0)1 (14)2 (11)11-15 years

0 (0)0 (0)0 (0)0 (0)16-20 years

0 (0)1 (20)1 (14)2 (11)21-25 years

1 (16)1 (20)0 (0)2 (11)26-30 years

1 (16)1 (20)0 (0)2 (11)31 years or more

1 (16)0 (0)0 (0)1 (5)Missing

Percentage of Medicaid patients seen

1 (16)1 (20)2 (28)4 (22)Less than or equal to
30%

3 (50)4 (80)5 (71)12 (66)Greater than 30%

1 (16)0 (0)0 (0)1 (5)I do not see Medicaid
patients

1 (16)0 (0)0 (0)1 (5)Missing

Age of patientsd

2 (33)3 (60)5 (71)10 (55)Children

2 (33)2 (40)0 (0)11 (61)Adults

1 (16)2 (40)5 (71)8 (44)Older adults
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Race/SES and SOGI
(n=6), n (%)

SOGIb only (n=5), n
(%)

Race/SESa only (n=7),
n (%)

Overall (n=18), n (%)Variables

1 (16)0 (0)0 (0)1 (5)I do not see Medicaid
patients

aSES: socioeconomic status.
bSOGI: sexual orientation and gender identity.
cCombined category.
dMultiple answers selected.

Questionnaires were administered to participants remotely
through the VARIAT app, and data collection took place from
March to June 2020.

Measures

User Experience Measures
Users’ reactions to both the race/SES and SOGI modules of the
VARIAT program were assessed by asking participants about
their perception of the modules after the test. After experiencing
the AR simulation, users were asked questions designed to test
their engagement with the AR experience, such as if they felt
a sense of “being there” in the AR experience or how real they
found the AR experience to be. These answers were scored on
a scale of 1 to 5, with higher scores indicating stronger
agreement. Participants were also asked questions about how
they might apply the AR experience to their job with questions
such as “How do you think this training will help you on the
job (Mark all that apply)?” with different response items to
assess perceived benefits from the training. These items were
scored using dichotomous coding for each option (0 for not
applicable and 1 for applicable).

Preliminary Efficacy Measures
Training outcomes were reported through changes in affective
knowledge and changes in skill-based knowledge measured by
comparing pre-post test responses. Affective knowledge (items
assessing how participants expect their perceptions to impact
their patients) was measured by agreement with items that were
adapted from the California Brief Multicultural Competence
Scale [31]. Example items include the following: “I am aware
of how my own values might affect my patients” or “I am aware
of institutional barriers that affect patients.” Skill-based
knowledge was assessed differently for the race/SES and SOGI
modules, with questions referring to each respective population
focused on in the module. Race/SES skill-based knowledge was
measured by rating participant agreement with the following
internally developed statements: “I am confident that I can
recognize the role that implicit bias plays in leading to
inequitable care for patients of low socioeconomic status,” and
“I am confident that I can apply strategies and use resources to
minimize health care disparities for patients with low
socioeconomic status.” SOGI skill-based knowledge was
measured similarly, with “race/SES population” being replaced
with “LGBTQ+ population” in the skills-based questions.
Training outcomes were reported for each module separately,
with the race/SES module (n=13) and SOGI module (n=11)
consisting of all participants that completed each module. All
measures were scored on a scale of 1 to 5, with higher scores
representing stronger agreement.

Data Analysis Plan
All analyses were conducted using SPSS Statistics (version
27.0; IBM Corp). Demographic characteristics were described
using frequencies and percentages for the categorical variables.
Demographic characteristics were reported across 4 participant
groupings: participants who took only the Race/SES module,
participants who took only the SOGI module, participants who
took both the Race/SES and SOGI modules, and an overall
group of all unique participants.

After testing for normality using the Shapiro-Wilk test, the
training reactions and pre-post skills and attitude outcome data
were found to not be normally distributed (P<.001). As a result,
we used nonparametric tests for analyzing these 2 outcome
domains. For the usability data, we used the Wilcoxon
signed-rank test to measure the continuous reaction items and
report the mean and SD for participants who used both the
race/SES module and the SOGI module. The categorical training
reaction items were reported using frequencies and percentages.
For analyzing the skills and attitudes outcome data, the
Wilcoxon matched-pairs signed-rank test was used to report the
mean, SD, effect size (Cohen d), and 95% CI for pre-post
changes in scores. The scores for each module were analyzed
separately for all participants who took each respective module.
Given that some participants completed both modules (n=6),
there is a small amount of overlap in participant representation
across all reported outcome data. All data and study materials
will be made available on request.

Ethical Considerations
The Ohio State University (OSU) Institutional Review Board
has determined this study was exempt from review according
to the Policy on Human Subjects Research of the OSU Human
Research Protection Program.

Results

User Experience (Training Reactions)
For perception of the AR experience, participants who received
training in the race/SES and SOGI modules reported similar
ratings for the overall AR experience. Participants reported
positive feelings of “being there” (race/SES module: mean score
4.62, SD 1.56; SOGI module: mean score 3.91, SD 1.97) and
high relevance of the AR training to their respective jobs
(race/SES module: mean score 4.75, SD 0.45; SOGI module:
mean score 4.67, SD 0.50) across both modules. Participants
across both modules perceived the AR experience as being “a
little” realistic, with the SOGI participants reporting less realism
on average (mean score 2.91, SD 1.64) compared to the
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race/SES participants (mean score 3.77, SD 1.83). For the
reported intention to apply the AR experience to their jobs, only
the participants who received training in the race/SES module
responded to this item. On average, these participants reported
that they were less likely to apply the AR experience to their
jobs (mean score 2.31, SD 1.11).

Assessing the perceived benefits of the AR experience to the
participants’ jobs revealed that the race/SES and SOGI modules
had some key differences in support across beliefs. Participants
from both the race/SES and SOGI modules reported varying
levels of positive agreement that the experience could improve
their relationships with their patients (8/11, 73% SOGI
participants; 8/13, 62% race/SES participants) and avoid

undesirable events in patient care (8/11, 73% SOGI participants;
8/13, 62% SES participants). Conversely, 9 of 11 SOGI
participants (82%) showed adequate agreement with the belief
that the training would help improve tailored care and 7 of 11
participants (64%) believed that the training would improve
patient satisfaction. For the race/SES participants, 7 of 13 (54%)
showed moderate agreement with beliefs about improving
tailored care, while 6 of 13 (46%) agreed that the training could
improve patient satisfaction. The race/SES participants showed
higher agreement with the belief that the module would improve
their community resources (9/13, 69%) compared to the SOGI
module participants (5/11, 45%). A detailed summary of user
experience findings is reported in Table 2.

Table . User experience (training reaction) outcomes.

Effect size (Cohen d)SOGIb (n=11)Race/SESa (n=13)Variables

Augmented reality experience scores, mean (SD)

0.403.9 (2.0)4.6 (1.6)Feeling of ”being there”c

0.492.9 (1.6)3.7 (1.8)Realism of augmented reali-

tyc

0.174.7 (0.5)4.8 (0.5)Relevance to jobd

N/AN/Ae2.3 (1.1)Intention to apply augment-

ed reality experienced

Participants reporting applicability to job, n (%) f

N/A8 (73)8 (62)Improve relationship with
patients

N/A7 (64)6 (46)Improve patient satisfaction

N/A9 (82)7 (54)Improve tailored care

N/A8 (73)8 (62)Avoid undesirable events

N/A5 (45)9 (69)Improve community re-
sources

N/A1 (9)0 (0)Other benefit

aSES: socioeconomic status.
bSOGI: sexual orientation and gender identity.
cMeasured on a scale from 1=not at all to 7=very much.
dMeasured on a scale from 1=strongly disagree to 5=strongly agree.
eN/A: not applicable.
fMultiple answers selected.

Preliminary Efficacy
For the skills questions, there was no significant difference in
pre-post scores assessing the changes in awareness of implicit
bias for patients of varying race/SES groups (pre: mean 4.31,
SD 0.48; post: mean 4.46, SD 0.52; d=0.22; 95% CI −0.77 to
0.33) or the ability to manage health disparities caused by
race/SES group (pre: mean 3.85, SD 0.56; post: mean 4.31, SD
0.48; d=0.52; 95% CI −1.10 to 0.07) . This pattern was true for
measuring awareness of implicit bias for LGBTQ+ patients
(pre: mean 4.36, SD 0.51; post: mean 4.73, SD 0.47; d=0.54;
95% CI −1.16 to 0.11). For minimizing health disparities realted
to LGBTQ+ status, there was a significant difference between
pre- and posttest scores (pre: mean 3.91, SD 0.94; post: mean

4.64, SD 0.51; d=0.72; 95% CI −1.38 to −0.04) with participants
scoring closer to “strongly agree” after experiencing the AR
experience.

For the attitudinal questions, there were nonsignificant
improvements in the race/SES module in assessing how personal
values affected patients (pre: mean 3.92, SD 0.95; post: mean
4.31, SD 0.84; d=0.44; 95% CI −1.01 to 0.14), how institutional
barriers affect patients (pre: mean 4.23, SD 0.60; post: mean
4.31, SD 0.48; d=0.12; 95% CI −0.66 to 0.43), and participants’
ability to identify reactions based on stereotypes (pre: mean
4.15, SD 0.56; post: mean 4.38, SD 0.51; d=0.53; 95% CI −1.10
to 0.07). For the SOGI module, changes from pre to posttraining
were also nonsignificant for all attitudinal items (pre: mean
4.18, SD 0.87; post: mean 4.45, SD 0.52; d=0.30; 95% CI −0.90
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to 0.31), institutional barrier items (pre: mean 4.36, SD 0.67;
post: mean 4.36, SD 0.67; d=0.00; 95% CI −0.59 to 0.59), and
items related to identifying stereotypical reactions (pre: mean

4.36, SD 0.51; post: mean 4.36, SD 0.92; d=0.00; 95% CI −0.59
to 0.59). A summary of preliminary efficacy findings for each
module can be found in Table 3.

Table . Race/socioeconomic status (SES) pre- and posttest skills and attitude outcomes (n=13).

Cohen d (95% CI)Posttest score, mean
(SD)

Pretest score, mean
(SD)

Variables

Skills questions

0.22 (–0.77 to 0.33)4.5 (0.5)4.3 (0.5)Implicit bias
(race/SES)

0.52 (–1.10 to 0.07)4.3 (0.5)3.9 (0.6)Minimize health dispar-
ities (race/SES)

Attitudinal questions

0.44 (–1.01 to 0.14)4.3 (0.5)3.9 (1.0)How my values affect
patients

0.12 (–0.66 to 0.43)4.3 (0.5)4.2 (0.6)How institutional barri-
ers affect patients

0.53 (–1.10 to 0.07)4.4 (0.5)4.2 (0.6)Identify reactions
based on stereotypes

Discussion

This study developed a VR and AR implicit association training
program for Medicaid providers based on cognitive psychology
and the latest mobile simulation technologies. Designed to
improve awareness of implicit biases related to patients’ SES
and sexual orientation/gender identity, learners are able to
complete six 5-minute interactive role-playing scenarios on
their smartphones. Results of pilot user experience research
among 18 participants found adequate acceptability and
preliminary efficacy (ie, a nonsignificant increase in most
outcomes) of the VARIAT program. These findings are
consistent with recent literature in cognitive psychology about
the possible benefits of AR interventions for health care
providers [34-37].

While researchers have spent the last 20 years attempting to
reduce implicit bias [38-41], few attempts have been made to
integrate the latest immersive technologies, such as AR and
VR, with provider-level implicit bias training. For example, a
recent meta-analysis of 492 interventions on implicit biases
found only a handful of studies attempting to change implicit
bias used any kind of VR or AR [42]. Narrowing down to
implicit bias training in the health care setting, another recent
literature review found few studies that focused on addressing
bias at the provider level [43-46]. Therefore, while implicit bias
in health care more broadly has been long recognized as a
prominent issue [3], there is an important gap in research that
develops technology-assisted training programs so that such
programs can be more readily available for health care providers
and so that implicit bias training can be received at a time and
location that works best for them rather than having to attend
in-person training sessions. The VARIAT program reported in
this study addresses this critical literature gap by offering a
convenient and publicly available program that can be integrated
into medical training for health care professionals interacting
with Medicaid patients, whose training may have important

beneficial impacts on patients from disadvantaged backgrounds
and those who experience reduced access to high quality of care
due to multiple individual and societal barriers [47]. For
example, the VARIAT program is brief and can be completed
on a mobile device during “fragmented” time windows that fit
within the often-chaotic work schedule of medical professionals.
Therefore, medical institutions may consider integrating the
VARIAT training as a regular refresh of lengthier and more
comprehensive in-person or on-site bias-reduction training for
their health care professional teams.

Furthermore, among the studies that focused on mitigating
health care provider biases, few documented detailed feasibility
and efficacy data [48-51]. This study is among the first in the
literature to measure both positive provider reactions and
efficacy outcomes at multiple levels, including user experience
with AR, perceived utility in users’ professional work, and
perceived attitudes toward patients and skills in mitigating
implicit biases at work. It was interesting to find that although
the study participants perceived relatively high levels of
immersion (“being there”), AR realism, and job relevance from
the VARIAT training, they expressed low levels of intention to
apply this experience to their daily work. One possible
explanation for this discrepancy might be the challenges of
translating learned knowledge to behavioral changes, as
commonly seen in educational interventions, potentially due to
the limited scenarios provided by the training compared to the
broad variations in participants’ own daily work experiences.
The collection of both pre- and postintervention efficacy
outcomes further allowed us to measure the potential
interventional effects of each of the VARIAT training modules
(race/SES and SOGI). However, it should be noted that this
paper focused primarily on sharing with the scientific
community the development processes and design considerations
of a novel implicit bias training program for Medicaid providers.
Therefore, caution should be applied when interpreting the
preliminary results of this pilot user experience study.
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Study Limitations
There are several important limitations to this study. First, the
current iteration of the VARIAT program is being delivered on
mobile devices. This training program might elicit different
user experiences and efficacy outcomes should it be delivered
on other platforms such as through an immersive VR headset.
Second, the study sample for this user experience testing study
was small and potentially unbalanced. Larger sample sizes and
a more rigorous study design (eg, a randomized controlled trial)
should be used in future research to formally evaluate the
efficacy of the VARIAT program with sufficient statistical
power and without inflating the type II error rate [52,53]. Third,
the present version of the VARIAT program only consisted of
2 modular domains for implicit bias training, race/SES and
SOGI, with only 3 training scenarios for each module due to
limitations on study resources and team expertise. Further,
although these modules were developed by an interdisciplinary
team of clinicians and researchers, patient communities were
not involved in the design process. Future research will invite
patient advisory groups into the development and refinement
process of additional modules and scenarios for VARIAT to
provide training in more comprehensive implicit bias domains
during clinician-patient interactions. Fourth, this study used
only self-reported measures developed by the study team to
assess the efficacy outcomes, which may not be able to

accurately measure biases that are inherently “implicit.” Future
efficacy trials of the VARIAT program (and interventions alike)
should incorporate validated implicit bias assessment tools such
as the Implicit Association Test (IAT), which has been
increasingly used by health care professionals in the existing
literature [54]. Finally, several limitations of the study design
should be noted. For example, this study did not restrict or
record the number of times participants were allowed to undergo
the training, which may have impacted usability and efficacy
outcomes. Additionally, this study used an immediate pre-post
training design. A more distant posttraining evaluation should
be conducted to allow for examination of the impact of the
modules on biases over time.

Conclusions
This study presents a novel intervention (VARIAT) that uses
immersive mobile technology to improve awareness of implicit
bias related to race/SES and SOGI among Medicaid providers.
This publicly available training program has found a promising
avenue for future research and practice in reducing implicit bias
in health care workplaces. Future research should be conducted
to formally evaluate the VARIAT program with large samples
and implicit bias testing measures, as well as incorporate
additional training domains to provide impactful benefits to
both health care professionals and their patients.
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Abstract

Background: Removable partial denture (RPD) design is crucial to long-term success in dental treatment, but shortcomings in
RPD design training and competency acquisition among dental students have persisted for decades. Digital production is increasing
in prevalence in stomatology, and a digital RPD (D-RPD) module, under the framework of the certified Objective Manipulative
Skill Examination of Dental Technicians (OMEDT) system reported in our previous work, may improve on existing RPD training
models for students.

Objective: We aimed to determine the efficacy of a virtual 3D simulation–based progressive digital training module for RPD
design compared to traditional training.

Methods: We developed a prospective cohort study including dental technology students at the Stomatology College of
Chongqing Medical University. Cohort 1 received traditional RPD design training (7 wk). Cohort 2 received D-RPD module
training based on text and 2D sketches (7 wk). Cohort 3 received D-RPD module pilot training based on text and 2D sketches (4
wk) and continued to receive training based on 3D virtual casts of real patients (3 wk). RPD design tests based on virtual casts
were conducted at 1 month and 1 year after training. We collected RPD design scores and the time spent to perform each
assessment.

Results: We collected the RPD design scores and the time spent to perform each assessment at 1 month and 1 year after training.
The study recruited 109 students, including 58 (53.2%) female and 51 male (56.8%) students. Cohort 1 scored the lowest and
cohort 3 scored the highest in both tests (cohorts 1-3 at 1 mo: mean score 65.8, SD 21.5; mean score 81.9, SD 6.88; and mean
score 85.3, SD 8.55, respectively; P<.001; cohorts 1-3 at 1 y: mean score 60.3, SD 16.7; mean score 75.5, SD 3.90; and mean
score 90.9, SD 4.3, respectively; P<.001). The difference between cohorts in the time spent was not statistically significant at 1
month (cohorts 1-3: mean 2407.8, SD 1370.3 s; mean 1835.0, SD 1329.2 s; and mean 1790.3, SD 1195.5 s, respectively; P=.06)
but was statistically significant at 1 year (cohorts 1-3: mean 2049.16, SD 1099.0 s; mean 1857.33, SD 587.39 s; and mean 2524.3,
SD 566.37 s, respectively; P<.001). Intracohort comparisons indicated that the differences in scores at 1 month and 1 year were
not statistically significant for cohort 1 (95% CI –2.1 to 13.0; P=.16), while cohort 3 obtained significantly higher scores 1 year
later (95% CI 2.5-8.7; P=.001), and cohort 2 obtained significantly lower scores 1 year later (95% CI –8.8 to –3.9; P<.001).

Conclusions: Cohort 3 obtained the highest score at both time points with retention of competency at 1 year, indicating that
progressive D-RPD training including virtual 3D simulation facilitated improved competency in RPD design. The adoption of
D-RPD training may benefit learning outcomes.
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Introduction

The partially edentulous population is increasing because of
increased life expectancy and an aging population [1].
Removable partial dentures (RPDs) possess the advantages of
cost-effectiveness and needing a less invasive procedure
compared to fixed and implant-retained restorations; thus, RPDs
remain an attractive treatment option for partially edentulous
patients [2].

The design of RPDs is a crucial technical step that greatly
impacts the long-term success of dental treatment and warrants
high standards due to the complex structure and variation in the
oral morphology of individual patients [3,4]. Poor RPD design
can exacerbate plaque retention, leading to gingivitis,
periodontitis, and other oral diseases [5]. RPD design has
traditionally been a complex subject to teach and learn [6].
Unfortunately, shortcomings in RPD design training and
competency acquisition among dental students have persisted
for decades [7]. The lack of student supervision by qualified
instructors and progressive training patterns, as well as the
absence of practice on real patients, have been found to be the
main factors limiting successful training in RPD design [8,9].
The lack of competency in RPD design can hamper clinical
practice among dentists, often leading to the assignment of the
task to dental technicians. Dental technicians, however, lack
direct observation of the oral soft and hard tissues of the patients.
This factor can limit the quality of prosthesis design and can
cause patient discomfort, resulting in additional repairs and
medical disputes [10].

Using a pencil-drawn design of the RPD framework on a
physical cast or a paper prescription has always been the classic
approach for teaching RPD design in most dental schools [11].
However, this classic approach is marked by several constraints.
The cumbersome processes used where teachers collect, rate,
and hand out paper prescriptions can result in communication
gaps and potential wastage of time [11]. The COVID-19
pandemic has further limited the availability of real,
patient-based physical casts, thus eroding practice time for RPD
design on patient models [12]. Although advances in the dental
laboratory digital workflow facilitate the use of computer-aided
design (CAD) and computer-aided manufacturing (CAM) in
the fabrication of RPDs and communication between dentists
and dental technicians [13], multiple surveys confirm that
CAD/CAM RPD design courses continue to present significant
barriers to widespread adoption in dental education settings due
to the cost, lack of faculty, and lack of time available within the
curriculum. Moreover, the education editions of commercial
CAD software programs for dental laboratories remain
expensive and require instructors proficient in CAD/CAM
technology to facilitate teaching. Furthermore, the learning
curve to master the skills of using commercial CAD software

is steep and requires a long time commitment, which presents
a problem in undergraduate dental education settings.

In our previous work, we reported a digital RPD (D-RPD)
module under the framework of the certified Objective
Manipulative Skill Examination of Dental Technicians
(OMEDT) system, which is a free web-based application for
computer-aided drawing and 2D sketch–based RPD design
training for dental and dental technology students [14]. This
prospective cohort study aimed to report a significant update
to the D-RPD module and to further explore the optimal design
of the D-RPD module for teaching. We specifically asked the
following questions: (1) How can a progressive approach using
case-based virtual 3D simulation be incorporated in a D-RPD
design training module to better prepare students for the needs
of practice? (2) What is the efficacy of digital training
approaches in RPD design compared to traditional training? (3)
Does a virtual 3D simulation–based progressive digital training
module benefit long-term RPD design competency acquisition
and retention?

Methods

Development of a Progressive D-RPD Module
Incorporating Case-Based Virtual 3D Simulation
The virtual 3D simulation was based on casts from actual
patients. In order to construct patient-based virtual casts, a
desktop portable application, showModels, has been developed
with the Unity engine and C++ version 11 and C# version 4.0.
All clinical cases used in the RPD design training were collected
from the Dental Technology Laboratory of the Stomatology
Hospital of Chongqing Medical University. Virtual casts were
constructed from physical plaster casts of clinical patients using
LabScanner (E4; 3shape) and saved in the stereolithography
file format using Format Converter (Autodesk; Delcam
Exchange) to remove possible surface texture indicators. Since
any prepared rest seats on a patient’s physical casts may provide
hints for RPD design, such rest seats on the virtual cast were
filled using 3D reverse software (Geomagic Wrap; 3D System).
The resultant virtual casts of real patients may be rotated or
zoomed in and out to view the cast details, and the user may
specify whether to display the maxillary or the mandibular cast
(Multimedia Appendix 1).

Participants and Recruitment
Eligible participants (junior students majoring in dental
technology) were recruited at the Stomatology College of
Chongqing Medical University. The RPD design theory
curriculum in dental technology was organized by the
Stomatology Hospital of Chongqing Medical University. All
participants provided signed informed consent. The prospective
cohort study began in September 2020 and ended in September
2022.
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Ethical Considerations
The Research Ethics Committee of the Affiliated Hospital of
Stomatology, Chongqing Medical University, approved this
study protocol (COHS-REC-2022; LSNo. 096). Data reporting
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for cohort
studies.

Intervention Design
The study protocol and the participant flow diagram are depicted
in Figure 1. A description of the training methods implemented
is presented in Multimedia Appendix 2. In brief, after following
the same RPD design theory curriculum, all participants were
divided into 3 cohorts. Cohort 1 included 43 participants who
received traditional RPD design training for 7 weeks. They
received an RPD design task from the principal investigator
each Monday, completed the RPD design using a paper
prescription and red and blue pencil, and submitted it by Sunday.
Cohort 2 included 36 participants who received D-RPD module
training based on literal descriptions and 2D sketches for 7
weeks. They received literal case descriptions and 2D sketches
for uniformly depicting missing teeth issued by the principal

investigator in the D-RPD module every Monday, drew RPD
designs using the D-RPD module, and submitted designs by
Sunday. Cohort 3 included 30 participants who received D-RPD
module training based on a literal description and 2D sketches
for 4 weeks and continued to receive progressive instruction
with the updated D-RPD module training based on the virtual
casts of real patients for 3 weeks. The 7 RPD design tasks
received by the 3 cohorts were all the same, and the types of
dentition defects covered Kennedy classes I, II, III, and IV, with
only some differences in presentation form. We set 1 month as
the retention interval to avoid temporary effects from practice
[15]. At 1 month and at 1 year after the training, RPD design
tests using 3D virtual casts were administered using the updated
D-RPD module and carried out for all of the cohorts. During
the retention interval, participants’ D-RPD module accounts
were blocked to prevent participants from using the module for
additional training. Within 1 year of completing their training,
participants start a uniform dental laboratory internship, and
the internship outline has uniform requirements for the design
of RPDs with the same workload. For cohorts 1 and 2, a separate
D-RPD module introductory session was held prior to the testing
to ensure that the cohort could successfully complete the RPD
design task using the updated D-RPD module.
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Figure 1. The flowchart of this prospective cohort study. D-RPD: digital removable partial denture; RPD: removable partial denture.

Recruitment of the Expert Panel and Development of
the Scoring Rubrics
The principal investigator recruited an expert panel to develop
the scoring rubrics [16] (Table 1), and the exercises of all 3
cohorts were rated accordingly. The expert panel consisted of

a dental technician experienced in the field of RPD
manufacturing and a clinical prosthodontist recruited from the
Stomatology Hospital of Chongqing Medical University. The
expert panel was blinded to the cohort assignments, had not
participated in the teaching of the participants, and did not know
about the participants’ major or nature of the intervention.
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Table . The scoring rubric used to assess the removable partial denture design test task.

Clinically unacceptableNeeds improvementMet clinically acceptable criteriaScoring component

The missing tooth position was
identified inaccurately, marked in-
correctly on the drawing, or both (0
points).

N/AaThe missing tooth position was
identified accurately and marked
correctly on the drawing (20 points).

Case observation (20 points)

Any missing component or inappro-
priate design for the case (0-14
points). Examples include the follow-
ing: missing indirect retainer in a
case requiring one; missing recipro-
cation; clasp choice inappropriate
for situation; design choices violate
biological principles; excessive and
unjustified use of clasps/rests.

Design choices have some flaws but
are adequate (15-27 points). Exam-
ples include the following: no miss-
ing component; indirect retainer
present but not in the optimal posi-
tion; design choices do not violate
biological principles; clasp choice
adequate but not optimal for the
case; inappropriate choice or exten-
sion of major connector; justified
use of clasps/rests but excessive
framework components.

Design choices are ideal for the case
(28-40 points).

Design choices (40 points)

Drawing has major flaws (0-6
points). Examples include the follow-
ing: components are not represented
by corresponding colors; major inad-
equacy or inconsistency of spacing
between components; component
positioning significantly off optimal
position; any component position
that violates biomechanical design
principles; components are frequent-
ly not connected; the finish line is
not drawn.

Drawing has some flaws but is ade-
quate (7-13 points). Examples in-
clude the following: components are
represented by corresponding col-
ors; minor inadequacy or inconsis-
tency of spacing between compo-
nents; components are occasionally
not connected; the finish line is not
drawn.

Drawing is ideal. Metal components
are painted in blue and resin bases
are in red (14-20 points).

Drawing (20 points)

Serious violation or deviation from
the task description (0-4 points).
Examples include the following: the
design does not match the task de-
scription; lack of aesthetic and
functional considerations.

Some deviation from the task de-
scription, but it is acceptable (5-7
points). Examples include the follow-
ing: conventional design carried out
without addressing case-specific
modifying factors or requirements
listed in the task description; only
function considered, consideration
for aesthetics lacking.

Exactly as described in the task de-
scription (8-10 points). Criteria in-
clude the following: clearly presents
the requirements implied in the de-
scription, and the design is well
aligned with the corresponding de-
scription; gives consideration to
both aesthetics and function.

Consistency with task description
(10 points)

Major inaccuracy and neatness
flaws (0-4 points). Examples include
the following: missing information;
major neatness issues; writing not
legible; any inconsistencies between
the table and drawing.

Some inaccuracy and neatness
flaws, but it is adequate (5-7 points).
Examples include the following:
minor erasures; minor neatness is-
sues but still legible.

Neat and accurate, no inconsisten-
cies between the table and drawing
(8-10 points).

Neatness and accuracy in presenta-
tion (10 points)

aN/A: not applicable.

Data Collection
The main metrics collected were the time(s) to complete the
RPD design exercise and the RPD design score (100 points)
based on the scoring rubrics by the expert panel.

Statistical Analysis
Scores (ie, total points for each assessment) and time (ie,
seconds needed to perform each assessment) were summarized
descriptively as means and SDs, coefficients of variation
(defined as the ratio of the SD to the mean), and IQRs [17]. Due
to the small sample size, normality was tested using the
Shapiro-Wilk test, and the homogeneity of variance was tested
using the F test [18]. The results showed that the time and score
data had a skewed distribution and heterogeneity of variance.
Therefore, the nonparametric method was used to compare the

data sets in this study. Since the Kruskal-Wallis test is widely
used to determine whether 3 or more independent data sets are
different on some variable of interest [19], it was used to
compare the cohorts at the same time point (1 mo or 1 y later),
using the 3 data sets in each analysis process. When the value
of the Kruskal-Wallis statistic is calculated as statistically
significant, it indicates that at least 1 of the compared groups
is different from the others. Therefore, we chose the Bonferroni
method for further analysis with pairwise multiple comparisons
to locate the source of significance. As for in-cohort
comparisons at different time points, the Wilcoxon
matched-pairs test is a frequently used nonparametric test for
paired data, especially for nonnormal data and categorical data,
such as was present in this cohort study. Hypothesis tests were
2 sided with a significance threshold of P=.05. At the same
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time, when multiple sets of data are being processed and
compared simultaneously, there is increased risk of a type I
error, so to identify significant correlations, threshold levels of
significance for correlation coefficients were adjusted for
multiple comparisons; we used a set of κ correlation coefficients
with Bonferroni correction to strictly control the occurrence of
false positives (after Bonferroni correction, we used a

significance threshold of P=.016) [20]. Statistical analysis was
performed using SPSS (version 26.0; IBM Corp).

Results

This cohort study included 109 participants: 58 (53.2%) women
and 51 (56.8%) men, with a mean age at the beginning the study
in September 2020 of 22.5 (SD 0.7) years (Table 2). All 3
cohorts completed the experiment.

Table . Baseline characteristics of the participants in this cohort study. P values were estimated using the Kruskal-Wallis test.

P valueCohort 3 (n=30)Cohort 2 (n=36)Cohort 1 (n=43)Participants overall
(n=109)

Characteristics

.57Gender, n (%)

14 (46.7)18 (50)26 (60.5)58 (53.2)Female

16 (53.3)18 (50)17 (39.5)51 (46.8)Male

0 (0)0 (0)0 (0)0 (0)Other

.4022.5 (0.7)22.6 (0.7)22.3 (0.7)22.5 (0.7)Age (years), mean (SD)

Intercohort Comparison of Performance

Scores
The scores of cohorts 1, 2, and 3 after 1 month showed a
statistically significant difference (mean 65.8, SD 21.5; mean
81.9, SD 6.9; and mean 85.3, SD 8.6, respectively; P<.001).
Pairwise comparisons showed that the mean score of cohort 1
was 16.1 points less than the mean score of cohort 2 (95% CI
–23.0 to –9.0; P=.03) and 19.5 points less than that of cohort 3
(95% CI –26.7 to –12.2; P<.001), whereas the difference in
scores between cohorts 2 and 3 was not statistically significant

(95% CI –7.3 to 0.48; P=.29). At testing after 1 year, the scores
of cohorts 1, 2, and 3 showed a statistically significant difference
(mean 60.3, SD 16.7; mean 75.5, SD 3.9; and mean 90.9, SD
4.3, respectively; P<.001). Pairwise comparisons showed that
the mean score of cohort 1 was 15.2 points less than that of
cohort 2, but this was not significantly different (95% CI –20.5
to –9.9; P=.06). Meanwhile, the mean score for cohort 3 was
30.6 points higher than that of cohort 1 (95% CI –36.0 to –25.2;
P<.001), and the mean score of cohort 3 was 15.4 points higher
than that of cohort 2 (95% CI –17.4 to –17.3; P<.001); both
represented a highly significant difference (Table 3 and Figure
2).
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Table . Intercohort comparison of the score and time spent on removal partial denture (RPD) design tests conducted after 1 month and after 1 year;
intracohort comparisons of the score and time spent between the 1 month and 1 year time points.

After 1 yearAfter 1 month

P val-

ueh
Differ-

encef

(95%
CI; P
val-

ueg)

Differ-

enced

(95%
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Figure 2. Intercohort comparison and intracohort comparison of the score of the removal partial denture (RPD) design test. **P≤.01, ***P≤.001.

Time Spent
No significant difference was noted in the time spent by the 3
cohorts on the test after 1 month (cohorts 1-3: mean 2407.8, SD
1370.3 s; mean 1835.0, SD 1329.2 s; and mean 1790.3, SD
1195.5 s, respectively; P=.06). Pairwise comparisons also did
not show any significant differences (cohorts 1-3: 95% CI –33.8
to 1179.5; P>.99; 95% CI 14.4-1120.6; P>.99; 95% CI –576.7
to 666.0; P>.99, respectively). However, the mean time spent
on the test after 1 year did show a statistically significant
difference between the cohorts (cohorts 1-3: mean 2049.2, SD

1099.0; mean 1857.3, SD 587.4; and mean 2524.3, SD 566.4,
respectively; P<.001). Pairwise comparisons showed that the
mean time spent by cohort 1 was 745.1 seconds shorter than
that by cohort 3 (95% CI –868.3 to –82.0; P<.001), and the
mean time spent by cohort 2 was 667.0 seconds shorter than
that by cohort 3 (95% CI –951.6 to –382.4; P=.004); both
represent a statistically significant difference, while the
difference between cohorts 1 and 2 was not statistically
significant (95% CI –195.7 to 579.3; P>.99) (Table 3 and Figure
3).
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Figure 3. Intercohort comparison and intracohort comparison of the time spent on the removal partial denture (RPD) design test. ns: not significant.
**P≤.01, ***P≤.001.

Intracohort Comparison of Performance at Different
Time Points

Scores
The difference in scores between the tests conducted 1 month
and 1 year later for cohort 1 was not statistically significant
(95% CI –2.1 to 13.0; P=.16). For cohort 2, the mean score
obtained on the test conducted 1 month later was 6.4 points
higher than that obtained 1 year later (95% CI 3.9-8.8; P<.001).
For cohort 3, the mean score obtained on the test conducted 1
month later was 5.6 points less than that obtained on the test
conducted 1 year later (95% CI –8.7 to –2.5; P=.001) (Table 3
and Figure 2).

Time Spent
The time spent by cohorts 1 and 2 on the tests conducted 1
month and 1 year later did not differ significantly (cohort 1:
95% CI –77.5 to 794.9; P=.10; cohort 2: 95% CI –372.5 to
327.9; P=.31). However, a significant difference was observed
for cohort 3, where the time spent on the test conducted 1 month
later was 734.0 seconds shorter than that conducted 1 year later
(95% CI –1149.9 to –318.0; P=.003) (Table 3 and Figure 3).

Discussion

Principal Findings
Historically, the process of learning RPD design is a potentially
difficult part of dental education [21]. It requires that dental
students first acquire a knowledge base and then use critical
thinking skills based on evidence to apply that knowledge to a
wide variety of clinical patient care situations. This characteristic
suggests that a case-based learning mode is the most appropriate
approach for RPD design learning. Case-based learning requires
the use of real patient cases and scenarios to reflect realistic
patient care situations, and students are asked to draw from their
established foundational knowledge to make decisions about
problems they may encounter in practice [22]. Previous studies
have confirmed the effectiveness of case-based learning in RPD
design learning [23]. These studies have typically used text and
2D sketches to describe structured clinical cases, but enhanced
digital techniques are gradually being applied to transition from
simple presentation documents to computer-aided teaching
[11,24-27]. Some studies have further developed decision
support systems for RPD design based on clinical case libraries
to help trainee dentists complete RPD design by providing cases
with similar task requirements [28,29]. More recently, 3D virtual
casts and CAD software have been introduced to align with
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clinical cases and currently prevalent dental laboratory digital
workflows [30,31]. Nevertheless, several challenges limit the
application of these findings. First, many studies have only
addressed students in clinical dental programs, ignoring the
dental technology student populace, who, as future dental
technicians, are key stakeholders for any RPD design education.
Second, in assessing the validity of a training program, most
studies have investigated short-term effectiveness without
considering the effect on long-term retention of skills, which is
the most important for translation to future practice. Our
research approach fills these gaps.

When investigating relatively permanent changes in learning,
the experimental design needs to incorporate a retention interval,
which refers to a period without further practice. Following this
interval, assessments can be conducted to evaluate learning
outcomes. The inclusion of retention intervals aims to eliminate
transient effects resulting from practice, such as fatigue or
motivational factors [32]. Existing research lacks discussion on
how to determine the length of the retention interval. In this
study, the retention interval was determined using a combination
of experience, design of relevant literature, and course
scheduling. One month after the end of training is the latest time
the participants can schedule a test before entering the semester
vacation. One year after the end of training is the latest time the
participants can schedule a test before graduation. Both time
nodes are supported by relevant literature studies [33-35]. Within
1 year after completing the training, participants participate in
a uniform dental laboratory internship, and the internship outline
has uniform requirements for the design of RPDs with the same
workload. At the same time, the user accounts of the participants
were blocked in the RPD module, preventing the participants
from using the module for additional training. However,
participants may use paper and pencil for additional practice
since they have different expectations for work content after
graduation. Therefore, confounding factors related to different
amounts of practice are inevitable.

We noted that the scores obtained on the test after 1 month for
cohort 1 was significantly lower than the scores for cohorts 2
and 3, who received the D-RPD intervention. This finding
reflects the higher efficacy of the D-RPD digital training
approach compared to traditional training at improving
short-term performance in RPD design. In addition, cohort 2
scored less than cohort 3, which was provided with the 3D
virtual cast–based progressive intervention, albeit with no
statistically significant difference, which is consistent with the
results of Mahrous et al [30]. This finding suggests no significant
short-term benefits of progressive digital training incorporating
3D virtual simulation over digital training using 2D sketches
and text alone. However, the scores obtained in the tests
conducted 1 year later showed that cohort 3 displayed
significantly improved performance in comparison with the
other cohorts, thus demonstrating improved long-term outcomes
of the progressive digital training approach. Of note, added tacit
knowledge from clinical practice gained during the internship
curriculum that commenced soon after the first test, where
students had additional opportunities to learn and participate in
the process of RPD design, could have contributed to such an
effect. Such practice enriches the experiential learning of

students by allowing for case-based learning and greater practice
[36]. The D-RPD module with the 3D virtual simulation–based
intervention for cohort 3 was aligned with routine clinical
production models to a large extent, which possibly facilitated
higher competency over a period of time in cohort 3. These
findings are in contrast to our short-term observations and those
of Mahrous et al [30]. For the “time spent” evaluation
dimension, the differences between the 3 cohorts were not
significant at the 1-month test. The complexity of the RPD
design process itself could account for this finding. After 1 year,
a significant difference was notable, and cohort 3 showed the
longest mean time spent on the test. It is feasible that the
participants in cohort 3 took more factors into account in the
RPD design after undertaking clinical practice in the intervening
period and that the D-RPD process with 3D virtual casts was
the most consistent with clinical practice; therefore, this effect
was produced over a longer period of time. The longer time
taken by cohort 3 in estimating more factors and spending more
time could also have contributed to their higher score over time.
These results indicate that the use of D-RPD, especially when
incorporating the use of 3D virtual casts in a progressive mode,
may facilitate an improvement in the RPD design competency
of students compared with the traditional RPD design training
approach.

The mean scores of cohorts 1 and 2 were less after 1 year
compared to the scores after 1 month, showing a certain degree
of loss of competency over time. In contrast, a significant
increase was noted in the mean score of cohort 3. Before
entering clinical practice, the participants in this cohort were
exposed to experiential learning through virtual simulation that
had similarities with clinical work, which might have produced
a synergistic effect on improving RPD design competency. It
is especially noteworthy that the scores and time spent at the 2
time points by cohort 1 showed very large SDs, indicating high
variability in RPD design competency among the cohort 1
students. The opposite was notable in cohorts 2 and 3, which
may be related to better teacher supervision, which D-RPD can
facilitate. Moreover, previous research has shown that D-RPD
design training has advantages that can be partly attributed to
improved tracking of students’ learning progress and their timely
interactions with trainers [37,38]. D-RPD allows teachers to
check the progress of the RPD design tasks of the students,
make efficient corrections, and provide more frequent feedback.
It is evident that this digital teaching mode can facilitate greater
student engagement and problem-based learning compared to
traditional paper-based teaching. These findings also reinforce
that the approach involving D-RPD design combined with 3D
virtual casts can provide students with more effective teacher
supervision, while offering them virtual experiential learning
consistent with clinical activity.

The intervention mode for cohort 3 was similar to the clinical
CAD/CAM digital denture design process, which can improve
the quality and efficiency of prosthesis design and facilitate
improved management of design schemes [39,40]. Intraoral
scanning produces 3D virtual casts that can improve precision,
and it is readily accepted by the patient compared to the
traditional impression method, producing models with higher
accuracy [41,42]. The digital workflow allows dental technicians
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to design directly on these models and to perform postprocessing
of multiple scanning data [14,43], thus rendering the entire
workflow efficient and convenient. However, despite the rapidly
increasing adoption of digital workflows in dental practices
worldwide, preclinical education in dentistry and dental
technology is typically lagging at imparting the relevant skills
to students [12,44,45]. Taken together with our earlier research,
this work proposes and validates a progressive digital teaching
module for RPD design training that incorporates 3D virtual
simulation, demonstrates greater efficacy for a digital training
approach compared to traditional training, and provides evidence
that a virtual 3D simulation–based progressive digital training
module can enhance long-term learning outcomes of RPD design
training.

Limitations and Future Work
The limitations of this study include a small sample size, a single
center for recruitment, and a lack of randomization, which may
have led to unaccounted differences in the inherent learning
ability of students and their existing competency prior to
participation in the experiment. In future work, bias may be
avoided by using a randomized controlled study design to

provide stronger evidence for this training module. In addition,
there is a lack of data regarding the effectiveness of this training
module for clinical dentistry students. Further studies are merited
to enable more widespread adoption of 3D virtual
simulation–based digital training approaches in dental education.

Conclusions
In this cohort study, we report in detail a major update to the
D-RPD module and the design of an intervention experiment
to observe the effects of traditional training, D-RPD training,
and additional 3D virtual simulation–based digital training on
the RPD design competency of students. Based on the results,
we propose an effective, progressive, digital 3D virtual
simulation workflow–based training module for RPD design,
and we have preliminarily verified the efficacy of this novel
training approach for facilitating improvement and long-term
retention of RPD design competency among dental technology
students. This training module should be further extended to
clinical dentistry students, randomized controlled experiments
should be designed, and feedback from students and teachers
should be collected to enable its further optimization and
eventual inclusion in curricula.
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Abstract

Background: Health rumors arbitrarily spread in mainstream social media on the internet. Health rumors emerged in China
during the outbreak of COVID-19 in early 2020. Many midelders/elders (age over 40 years) who lived in Wuhan believed these
rumors.

Objective: This study focused on designing a serious game as an experimental program to prevent and control health rumors.
The focus of the study was explicitly on the context of the social networking service for midelders/elders.

Methods: This research involved 2 major parts: adopting the Transmission Control Protocol model for games and then, based
on the model, designing a game named “Fight With Virus” as an experimental platform and developing a cognitive questionnaire
with a 5-point Likert scale. The relevant variables for this experimental study were defined, and 10 hypotheses were proposed
and tested with an empirical study. In total, 200 participants were selected for the experiments. By collecting relevant data in the
experiments, we conducted statistical observations and comparative analysis to test whether the experimental hypotheses could
be proved.

Results: We noted that compared to traditional media, serious games are more capable of inspiring interest in research participants
toward their understanding of the knowledge and learning of health commonsense. In judging and recognizing the COVID-19
health rumor, the test group that used game education had a stronger ability regarding identification of the rumor and a higher
accuracy rate of identification. Results showed that the more educated midelders/elders are, the more effective they are at using
serious games.

Conclusions: Compared to traditional media, serious games can effectively improve midelders’/elders’ cognitive abilities while
they face a health rumor. The gameplay effect is related to the individual’s age and educational background, while income and
gender have no impact.

(JMIR Serious Games 2024;12:e45546)   doi:10.2196/45546

KEYWORDS

serious game; COVID-19; health rumor; game communication; game TCP model; Transmission Control Protocol; gaming;
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Introduction

Background
In recent years, the arbitrary spreading of health rumors in
mainstream social media on the internet has increasingly gained
the attention of the public and raised concerns [1]. For health
rumor researchers, a common concern is to propose a feasible
and effective prevention and control program for current
rampant rumors [2,3]. Furthermore, to prevent and control the
spread of such rumors, it is necessary to strengthen the public’s
health knowledge to judge and identify the rumors [4]. The
concept of a rumor involves a form of statement whose veracity
cannot be quickly or ever confirmed. Generally, we have a
“dream rumor” and a “bogie rumor,” the former reflecting public
desires and wished-for outcomes and the latter hiding some
special purpose by somebody, both of them largely occurring
during the early COVID-19 epidemic in Wuhan, China [4]. The
traditional way of countering rumors often relies on media
refutation, which can only be described as a “Band-Aid”
solution. To fundamentally prevent and control
COVID-19–related rumors and enhance the public's ability to
resist them, we need to find a form of “information vaccine.”
Therefore, we chose serious games as a “vaccine” in this
context.

The purpose of a serious game is to help people acquire
knowledge by playing games. Serious games involve solving
problems and studying via careful and thoughtful game ideas
[5], while considering characteristics beyond gameplay (eg,
purpose and scope [6]). In addition, game elements are used to
improve information processing and identify relevant
information, which is consistent with the purpose of health
rumor prevention research [7]. COVID-19–related rumors are
based on the content of serious games to experiment with health
rumor prevention, mainly using the control variable method
and the analysis-contrast method to apply serious game learning
to health rumor prevention research. This paper explores how
to help people acquire knowledge of health rumors and health
commonsense from the prevention experiment using the relaxed
approach of serious games [8].

Previously, serious games have provided a platform for
education and business use. For instance, behavioral
interventions can be carefully tested and designed to reduce
risk-taking behaviors [9], where transmission risks and the
usefulness of pandemic-like simulations were demonstrated in
the laboratory to be safely and ethically comprehended at the
initial state of a health crisis. In addition, other studies prove
that serious games are used to accommodate informational and
communication complexities in early warning disaster
management to simulate and test how public information from
social media is used in emergency operation centers to make
(protective and communicative) decisions based on levels of
trust, usefulness, and completeness [10,11]. Therefore, serious
games as an “information vaccine” have certain feasibility, and
this paper also explored this issue. Nevertheless, the prevention
and control of health rumors have rarely been considered in the
context of the social networking service (SNS) for elderly users.

Serious Games
Why are serious games chosen as a solution? Serious games
refer to those electronic games whose main content is used for
knowledge and skill development, professional training, and
spreading culture. They are widely used in many fields.
Compared to the limitations and congenital deficiencies of some
communication models of traditional media, serious games have
become an effective tool to address many social problems,
because of their fast speed, wide range, and interactivity [12].

Abt [5] first defined the concept of serious games as follows:
“These games have an explicit and carefully thought-out
educational purpose and are not intended to be played primarily
for amusement.” Later, Sawyer [8], in his white paper titled
“Serious Game 2 Initiative,” redefined the concept of a serious
game as being an entertainment game with nonentertainment
goals. Several variants of the concept have also been proposed.
Michael and Chen [13] defined serious games as games that
educate, train, and inform. Meanwhile, Zyda [14] defined serious
games as a mental contest played with a computer following
specific rules. This situation led some analysts to describe
serious games as the next wave of technology-mediated learning
[15]. Although there is no single definition of the serious game
concept, all the proposed definitions convey the same idea:
using games to teach or transmit something [16].

Serious games are present in many areas. Westera et al [17]
argued that serious games open up many new opportunities for
learning complex skills, especially in the education and training
domains [12,18-20]. Moreover, Yusoff et al [21] and Crookall
[22] argued that good computer games are an excellent example
of modern educational theory and that establishing
simulation-based serious games as a discipline is a crucial
endeavor that could benefit many other related disciplines.

Some early studies were systematically outlined by Connolly
et al [23]. For instance, Ziebarth et al [18] and Diehl et al [19]
adopted serious games to develop a prototype for the training
and education of health students. Some scholars have
emphasized the role of serious games in highly specialized skill
acquisition (ie, drilling operation [24], mitigation of student
dropout [25], improving the command performance of pilots
[26]) and education (ie, medical surgery) [27,28], while
providing the means to influence cognition and motivational
driver [29].

Serious games are also being applied to pass on knowledge or
expertise, which can be adopted for various purposes (ie,
rehabilitation, psychotherapy, and brain disorders [30-32]).
Sometimes, a serious game can also be used to increase risk
awareness in the working area of the manufacturing floor [33].
The review by Abd-Alrazaq et al [34] showed that tools such
as serious games are usable but are not replaceable options for
rehabilitation and clinical intervention where long-term effects
are required. Another review by Krath et al [33] revealed that
serious games have also incorporated many theoretical
foundations relevant to 3 significant landscapes: behavior,
learning, and affect-motivation.

In research related to midelders/elders, several studies have
demonstrated the potential of serious games to promote physical
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activity among older adults. For example, a randomized
controlled trial conducted by Fu et al [35] found that a 6-month
program of exergaming (exercise using video games)
significantly improves the physical function of older adults.
Similarly, a study by Jiménez-Pavón et al [36] showed that
exergaming increases physical activity and cognitive
performance in older adults with mild cognitive impairment.

Serious games have also been used to enhance cognitive training
and disease management among older adults. For instance, a
study by Anguera et al [37] found that cognitive training through
a video game improves cognitive control in older adults.
Additionally, a systematic review by Loerzel et al [38] indicated
that serious games have the potential to improve
self-management and quality of life among older adults with
chronic diseases.

In COVID-19–related research, several studies have investigated
the potential of gamification and serious games in promoting
physical activity during the COVID-19 pandemic. For example,
a study by Hall et al [39] proposed a project at a hospital’s senior
health center in Canada to discuss how health care can be
addressed using serious games among middle-aged and older
adults during the pandemic [39]. The study found that the game
was effective in increasing physical activity levels and
improving self-efficacy. Lau et al [40] demonstrated the
potential use of serious game to improve physical activity,
cognitive training, and mental health among the aging population
during COVID-19 in Hongkong.

Similarly, a study by Suppan et al [41] developed a serious
game designed to promote safe behaviors for infection
prevention and control (IPC), with a specific focus on
COVID-19 among health care workers (HCWs) and other
hospital employees. Another study by Ferreira et al [42]
explored the potential of gamification in promoting hand
hygiene among HCWs during the pandemic. The study found
that the game was effective in increasing hand hygiene
compliance among the participants [42].

Overall, gamification and serious games have emerged as a
promising tool to promote physical activity and health and
well-being during the COVID-19 pandemic. These technologies
have the potential to support health promotion initiatives and
encourage people to adopt healthy behaviors in a fun and
engaging way. Therefore, we believe serious games can also
solve the issue of COVID-19–related rumors that existed among
Chinese midelders/elders.

Health Rumor Analysis
Zhang et al [1] investigated all 453 features of health rumor
data collected from a definitive online reference in China. A
logistic regression model was adopted to determine the
contribution of such features to true and false health rumors.
There were measurable differences between true and false health
rumors, where the length of a headline or statement and the
presence of pictures were negatively correlated with the
probability that a rumor was true. Meanwhile, a rumor was more
likely to be true if it contained elements such as numbers, source
cues, and hyperlinks. They also found that the dread health
rumor is more likely to be true than a wishful one. Meanwhile,

Chua and Banerjee [4] conducted a study on health rumors from
2015 to 2018. Users’ trust in online health rumors was
investigated using 2 factors: length and presence of an image.
Additionally, 2 types of rumors were studied: pipe-dream rumor,
which offers hope, and bogie rumors, which instill fear. A total
of 102 people participated in the experiment, where the finding
suggested that pipe-dream rumors are trusted when they are
short and do not contain images, while bogie rumors are trusted
when they are long and contain images.

Subsequently, Chua and Banerjee [3] investigated the role of
epistemic belief in affecting internet users’ decision to share
online health rumors. The study focused on the characteristics
of rumors—true or false, textual or pictorial, dread or
wishful—shaping the decision-making among epistemologically
naive and robust users separately. The study showed that
epistemologically naive individuals are likelier to share online
health rumors than epistemologically robust individuals. In
addition, epistemologically robust participants were more likely
to share textual rumors than pictorial ones. However, there were
no differences between true and false rumors (or between dread
and wishful rumors) among either epistemologically naive or
robust participants. Meanwhile, Wu [43] modeled factors that
predicted fake news sharing during the COVID-19 health crisis.
Results showed that informational dependency and social
dependency engender both positive and negative cognitive
states, namely perceived information timeliness, perceived
socialization, and social overload, which then invoke positive
and negative affects. Considering that SNS dependency affects
information-seeking behavior, it is important for individuals to
be exposed to as much accurate information as possible and to
build up rational communication against the spread of false
rumors.

Ji et al [44] explored factors that influence people’s engagement
in scientific rumormongering of genetically modified (GM)
food on the Chinese social media platform Sina Weibo at both
the group and the individual level. In total, 9070 posts about
GM food were obtained from 1 million users. Analysis using
logistic regression of the effect of peer influence did not find
that users would depend on their friendship network to spread
rumors. Instead, results revealed that people with negative
attitudes toward GM food and who are social media extroverts
(ie, celebrities) are more likely to spread rumors. In contrast,
social reputation did not influence the spread of rumors,
overwhelming the voices of the scientific community and
negatively influencing public attitudes and behaviors.

Meanwhile, Hui et al [45] conducted a study on the spread
mechanism of rumors on social network platforms during
COVID-19 and considered education as a control measure
against the spread of rumors. A novel epidemic-like model was
established to characterize the spread of rumors based on 2
dimensions of users (age and time), susceptibility based on
education classes, control strategies to effectively restrain rumor
propagation, and numerical simulations to verify the main
theoretical results. The study concluded that improving
education levels and conducting short-term online education
are essential strategies for effectively controlling rumor spread.
In addition, Pulido et al [46] focused on the social impact of
research to identify types of false health information shared on
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social media (Reddit, Facebook, and Twitter) using the
application of social impact in social media (SISM)
methodology. The results indicated that messages focusing on
fake health information are primarily aggressive, while those
based on the evidence of social impact are respectful and
transformative, and deliberation contexts promoted on social
media overcome false health information. The findings provide
insights into how public health initiatives can support the
presence and interactions of evidence as an effective strategy
to combat fake news.

A study by Kim and Kim [47] investigated the misinformation
belief produced in the context of COVID-19 via 2 main factors:
risk perception (psychometric paradigm) and communication.
It was found that perceived risk and stigma positively impact
belief in fake news, while source credibility and the quantity of
information reduce it. Meanwhile, among communication
factors, source credibility and the quantity of information reduce
belief in fake news, while the credibility of information sources
increases it. In addition, Zhao et al [48] used features of online
health misinformation that were classified into central level
(including topic features) and peripheral level (including
linguistic features, sentiment features, and user behavioral
features) to propose a health misinformation detection model
using the elaboration likelihood model (ELM). Based on a data
set collected from a real online health community (because of
the lack of a labeled data set), the model correctly detected about
85% of health misinformation. Furthermore, the findings
demonstrated the efficacy of behavioral features in health
misinformation detection and offered suggestions for
misinformation detection by integrating the features of messages
and message creators. In COVID-19–related fake news research,
Wang and Huang [49] found that although an official denial
can initially reduce citizens’belief in unconfirmed information,
later when the denial is revealed to be false, the citizens will
have lower levels of belief, not just in the current denial, but
also in the government’s future denials of similar rumors.
Moreover, the negative lasting effects will carry over to
satisfaction with the authorities in the related policy area.

COVID-19 Background
This paper was initially written in 2020, and the experiment
was conducted in the period from February to March 2020.
Therefore, many things changed from then up to the Omicron
strain of COVID-19. As such, we acknowledge that this paper
has time constraints; however, the research still provides some
valuable inspiration and conclusions on game studies, media
development, and health care. Since the COVID-19 pandemic
broke out in December 2019, the related health rumors also
began to wreak havoc on the internet.

Rumor prevention is difficult in the case of rumors that rely on
propaganda, and the educational means of traditional media are
ineffective due to the lack of interaction and the complexity of
information. On the internet, especially the midelders/elders
were in a state of panic and information-blind obedience [50].

In China, an SNS group existed, in addition to many WeChat
groups, similar to Discord and Facebook in the West. Therefore,

we could easily find a target sample for our newly established
experimental community, where any questions could be
communicated at any time. Our experiment was conducted in
early 2020, and some people could answer the questionnaire
face to face, while others could not because of the lockdown.
Therefore, some respondents were sent offline paper
questionnaires, and we also requested them to fill in the online
questionnaire. The Chinese midelders/elders were comfortable
playing the game on their cell phones, so they easily believed
the health rumor that the information communication channel
is too fast. Some of them whom we could not meet face to face
were contacted over a video call, and we confirmed their age
and other personal information clearly to ensure accuracy in the
experiment.

The original survey, questionnaire, and serious game are in
Chinese, convenient for our non–English-speaking respondents,
and all the concepts in this paper are the translated version. This
means we just translated the statistical data and labels; during
the experiment, there was no translation, and we followed the
same steps for all the scales.

Elderly WeChat Users in China: Original Survey
According to our data collected in the original survey, the
contemporary middle-aged and older adults, especially those
aged 40-60 years, have a high frequency of use of WeChat; the
number of elderly WeChat users with frequent use accounts for
66.09% of the total. According to interviews at different levels
of the questionnaire survey process, middle-aged and elderly
users of WeChat are aged from 50 to 65 years. They are also
familiar with using the WeChat “circle of friends” function and
other social media platforms (eg, TikTok). They often record
their daily lives and travel through videos and pictures.
Generally, this user group is also active in online social group
chats, and their frequency of using online social media is no
less than that of some young user groups. For example, 48.85%
of middle-aged and elderly WeChat users said they occasionally
read health information on WeChat, and only 16.67% said they
had never received health information forwarded by relatives
and friends (Figure 1).

The survey on the acquisition and dissemination of health
information by elderly WeChat users was the focus of this study.
Most people do not have the habit of reading health information
regularly. It can be seen from the data that this depends to some
extent on the frequency of obtaining information. People read
health information only when it is forwarded to them by relatives
and friends or when relevant health public accounts push this
information or when it is in the form of characteristic health
information news, as shown in Figure 2. Regarding access to
health information, 62.07% of the respondents received health
information from their WeChat friends. In addition, 83.33% of
the respondents had the experience of forwarding health
information to their children or parents, and 57.47% of those
forwarded health information to their WeChat friends. Most
respondents felt that the original intention of forwarding health
information was to help others with a positive attitude.
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Figure 1. Reading frequency of SNS health information by Chinese midelders/elders. SNS: social networking service.

Figure 2. Receiving frequency of SNS health information by Chinese midelders/elders. SNS: social networking service.

However, many midelders/elders received health information
without any judgment and recognition and then spread the
information with a “good intention” motive, which is also why
the health rumor issue is rampant. The data also show that the
failure to recognize and identify health rumors is more likely
to be the reason than the motive for spreading them. In addition,
according to the questionnaire, 86.78% of elderly WeChat users
trusted health information forwarded by relatives and friends
and 45.4% considered it very trustworthy. The trustworthiness
of health information forwarded by colleagues wa 82.18%.
These data show that WeChat has become a hotbed for health
rumors among the midelders/elders.

Therefore, this paper used a serious game as a tool to test the
effect of game media on the prevention of health rumors.
Compared with other media, the serious game had a special
communication model and effect that could improve this
situation (see the Results section for more details). Therefore,
using the COVID-19 pneumonia rumor was suitable as the target
and content of the serious game, involving not only the elderly
closely related to COVID-19 pneumonia but also COVID-19
rumor communication relying on WeChat. Finally, the number
of health rumors that emerged during the COVID-19 epidemic
was enormous, and enough rumor cases could be collected for
experimentation.

Methods

The Transmission Control Protocol Model of the Game
There are many theoretical models concerning the
communication effect of games as media [51]. The computer
networking concept was adopted as the inspiration for this
research based on the idea of engineering. Two main protocols
exist in network communication: Transmission Control Protocol
(TCP) and User Datagram Protocol (UDP) [51]. TCP originated
in the initial network implementation, complementing Internet
Protocol (IP). TCP provides reliable, ordered, and error-checked
delivery of a stream of bytes between applications running on
hosts communicating via an IP network. Major internet
applications, such as the World Wide Web, email, remote
administration, and file transfer, rely on TCP because of the
3-way handshake mechanism (Figure 3) [52].

Having introduced the logical mechanism of UDP and TCP
from the technical perspective of communication, we can see
that all media communication models are suited to TCP and
UDP (2 computer network theories). UDP uses a simple
connectionless communication model, just from the information
source to the information sink. For example, the newspaper
provides information to readers without any interaction (request
and response). However, for all current media, only games
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match the TCP model (Figure 4). In traditional media, no matter
the newspaper, broadcaster, or television program, the audience
only receives information; the UDP model does not have a
feedback process, the timeliness is good, but transmission is

unstable. As a result, users can refuse to accept information or
hardly notice useful content. Therefore, serious games can help
society to address health rumor issues. In this paper, we proved
the effect on the health communication area [53].

Figure 3. Three-way handshaking in TCP. ACK: acknowledge; RTT: round-trip time; SYN: synchronize; TCP: Transmission Control Protocol.

Figure 4. Serious game of TCP. RTT: round-trip time; TCP: Transmission Control Protocol.
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Study Design
This study investigated the prevention and control of health
rumors in WeChat, as most elderly WeChat users are concerned
about health information and are negatively affected by health
rumors. Here, the term “elderly” in our paper is a macroscopic
definition: it is not only a physiological age classification but
also a description of the psychology or state. In China, people
who believe a health rumor via the SNS in the age range of
40-60 years (midelders/elders) were considered. We recruited
200 midelders/elders in Tongren City, Guizhou Province, China,
which did not have a serious spread of COVID-19 in early 2020.
The participants got together for dancing and training in the
city plaza, and then, we requested them to attend our game
experiment.

The experimental program was constructed in 2 parts. The first
part was developing a serious game based on the content of
health rumors and health commonsense; we named it “Fight
With Virus.” The purpose was to apply this in a health rumor
prevention experiment. The second part was developing a
cognitive questionnaire with the theme of COVID-19 health
rumor, with a 5-point Likert scale, which aimed to compare and
analyze the prevention effects of traditional and serious game
learning models on health rumors. Baishya and Samalia [54]
extended the unified theory of acceptance and use of technology
(UTAUT) into UTAUT2, incorporating 3 constructs into the
original UTAUT: hedonic motivation, price value, and habit.
Individual differences (ie, age, gender, and experience) were
hypothesized to moderate the effects of these constructs on
behavioral intention and technology use, thus affecting their
learning of new technologies. Therefore, according to several
past studies based on the UTAUT2 model [55,56], this study
adopted the UTAUT2 model to analyze the effect of the serious
game. We modified and added variables, which were analyzed
using IBM SPSS Amos and IBM SPSS Statistics on factors
influencing health information use and dissemination. On this
basis, a suitable serious game experiment scheme was built.

The experiment was conducted in 4 steps. In steps 1 and 2, we
selected the target participants (midelders/elders), while in steps
3 and 4, we designed the game for the experiment.

Step 1
The construction of the experimental program based on serious
games and experimental research needed to be based on a full
understanding of the use and dissemination of health information
by the research participants. We analyzed the health information
needs of the research participants, the frequency and channels
of use and the dissemination of health information, and their
ability to identify and judge health rumors.

Step 2
To investigate the phenomenon of the dissemination of health
information in WeChat’s midelder/elder user groups, we used
a questionnaire designed in 3 parts: The first part involved a
survey to collect personal information, such as gender, age,
place of residence, income level, and education. The second
part was a survey on the habit of using WeChat. The third part
mainly involved the frequency, channel, and motivation of users
to obtain and forward health information.

At the same time, 30 health rumor judgment questions were
attached to this survey questionnaire, and respondents were
asked to judge whether they were correct or incorrect. Through
the correct rate of health rumor judgment, we determined the
trust level and ability of the respondents to identify health
rumors. We also popularized the 30 relevant health rumors,
with the hope to popularize the degree of health rumor
knowledge and also to strengthen the respondents’ ability to
recognize information. The questionnaire is shown in
Multimedia Appendix 1.

Based on the cognitive ability determined through the
questionnaire, 200 participants were selected and asked for their
willingness to play the serious game.

Step 3
Based on the use and dissemination of health information by
the research participants, the theme of the health rumor learning
content was selected and a serious game experimental scheme
suitable for this group was constructed through the design and
production of serious game content. Considering the
experimental length of the serious game and the understanding
and acceptance level of the participants, the video game mode
of a multiline plot was not applicable for our research, so a
single-line plot and scenario was used in the design of the game.

The learning content of the serious game is mainly based on
the theme of “a personal day,” and the content of the game plot
is a person’s life from morning to afternoon, in the form of a
single storyline. An explanation is provided at the beginning of
the game to accurately communicate the theme, rules, and intent
of the game to the players. In the learning content of the game,
information such as health rumors and general knowledge about
COVID-19 was selected, as shown in Table 1, and based on the
selected content, failure/passing conditions were set for the
game, which involved “risk of infection” and “psychological
stress.” Different scenarios are set up in a day’s life, and
questions are set up to interact with the game players to promote
and increase the knowledge of COVID-19-related rumors in
this interactive learning serious game. The main line design is
shown in Figure 5, and the game logic is shown in Figure 6.

In this study, to achieve the effect of the serious game and the
purpose of health rumor prevention, a feedback link of the
serious game–based health rumor control prevention experiment
was important. The feedback link was mainly achieved by
setting up a feedback mechanism, which reflected the
understanding of the research participants (players) of the game
content (COVID-19 health rumor); by setting up the feedback
mechanism, interactivity with the research participants could
also be strengthened. At the same time, the feedback data were
used to reflect the learning effect of the serious game.

The feedback mechanism of the serious game–based health
rumor prevention experiment was implemented in the following
3 parts.

• The first part was to communicate the theme, rules, and
intention of the game to the research participants by means
of game instructions at the beginning of the game. This is
an important step to quickly integrate the player into the
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learning process of a serious game and to let the player
know what they will do next in the game.

• The second part was realized in the textual feedback of the
gameplay process, where the player was provided with
choices through interactive video scenarios, and instant
feedback was provided. Instant feedback is an important
part of the overall feedback process, which needs to be
clearly communicated to the player. It is necessary to clearly
communicate to the player whether their choices are correct
and to strengthen the knowledge of health rumors and
general health. The textual feedback content of the game
process is shown inTable 2.

• The last part was to provide feedback after the player passed
or failed in the game. At the end of the serious game, based
on the player’s overall understanding of COVID-19 health
rumors and health knowledge, the feedback can strengthen
the player’s knowledge of health rumors.

The serious game created in this study used a COVID-19 health
rumor as the learning content (see Figures 7 and 8). To achieve
the purpose of preventing and controlling health rumors, a

textual feedback mechanism was designed, involving 4 infection
risks and 7 psychological stress settings. These were assigned
to game failure or passing conditions, as shown in Figures 9
and 10. The game data reflected the performance of the research
participant (player) in the game, with the settings shown in
Table 3 to cater to the experiment’s needs. The specific game
data value settings and game passing/failure conditions are
shown in Figure 11. Specifically, the story is as follows: The
protagonist, a young person, suddenly finds themselves caught
up in the COVID-19 pandemic in early 2020 in their city.
Various pieces of information related to COVID-19 start to
emerge around the protagonist, causing a massive explosion of
fear and panic, particularly among many elderly people who
turn to social media for information. They begin to demand that
the protagonist follow their advice on preventing the pandemic.
The goal of the game is to distinguish between real health
knowledge and rumors throughout the daily life story, to use
accurate knowledge to save the elderly citizens who are in a
state of panic, and to slow down the spread of the virus. In the
end, the game outcome is judged based on the actions and
choices made by the protagonist.

Table 1. Selection of health rumors/health facts for the serious game content.

SettingTime of day and COVID-19 health rumor/health fact

Morning

Infection riskRa1: Drinking plenty of boiled water at 60°C can prevent COVID-19.

Psychological stressR2: Domesticated dogs and cats can also spread COVID-19.

Infection riskR3: Putting used masks in a sterilizer can continue to provide protection and use.

General health knowledgeThe correct way to wear a mask (not an option).

Psychological stressR4: Going out with ginger slices in the mouth can prevent COVID-19.

Psychological stressR5: The government will use military aircraft to spread disinfectants in the sky.

Noon

Infection riskR6: You should keep more than 1 m distance from strangers when you go out in times of an epidemic.

Psychological stressR7: Eye-to-eye contact may transmit COVID-19.

Psychological stressR8: Shuanghuanglian Oral Liquid can effectively inhibit the COVID-19 virus.

Afternoon

Infection riskR9: Disinfection is required for items after returning home from outside.

Psychological stressR10: High temperature can kill the virus, so hot blow-drying and hot water bathing can inhibit it.

Psychological stressR11: Do not eat fish; pickled fish made from grass carp can transmit COVID-19.

aR: rumor.
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Figure 5. The game process. R: rumor.
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Figure 6. The game judgment logic. N: no; Y: yes.

Table 2. Text feedback during gameplay.

Textual feedback (explanation and education) of scenario options during gameplayRumor number

Drinking water does not help, and scalding the mucous membrane of the mouth with hot water can increase the risk of infection.Ra1

There is no evidence that COVID-19 can be transmitted to domesticated dogs and cats.R2

Masks that have been used many times do not work to isolate droplets.R3

Graphic feedback: follow the 3 steps (regulations) to wear the mask correctly.—b

Ginger does not work to prevent the COVID-19.R4

This is a rumor. There are no military aircraft to spread disinfectants in the sky; in addition, the local government has no right to
do that.

(This raises the players’ sense of alertness and achieves the purpose of public education.)

R5

COVID-19 is spread via droplets and contact, and close contact increases the risk of infection.R6

This is a rumor. The virus is transmitted through bodily fluids, droplets, and aerosols, not through the eyes.

(This re-explains the mode of transmission of the COVID-19 virus.)

R7

Clearly inform that this is not yet clear information and should not be followed blindly.R8

This is true. You should do that.

(This provides possible contact transmission and health information on sterilization.)

R9

Dizziness and other symptoms can occur if you are exposed to bath bombs for too long or take a hot bath for too long.R10

COVID-19 only infects mammals. Fish do not transmit COVID-19.R11

aR: rumor.
bNot applicable.
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Figure 7. The experimental serious game’s gameplay content 1 (Chinese version). Question: “Hi boy, do you know where one can buy Shuanghuanglian
Oral Liquid (a Chinese medicine)? I hear it is useful for COVID-19 treatment!” Answer options: (A) “Really? I also want to buy some.” (B) “We do
not know the drug’s action, so do not drink it by yourself!”.

Figure 8. The experimental serious game’s gameplay content 2 (Chinese version). Question: “Please come back to home soon; the government will
use military aircraft to spray disinfectants!” Answer options: (A) “Really? I’m leaving right now.” (B) “Fake news, Mom!”.

Figure 9. The experimental serious game: game over (Chinese version). Meaning: “The psychological pressure is 10, the risk of infection is 40, you
are in a high-risk situation!”.
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Figure 10. The preventive knowledge statement after the game, explaining how to wear a mask in 3 steps.

Table 3. Game data and game rating settings.

Game roundGame failureError choiceGame score

10≤3A

214-6B

327-9C

≥4≥3≥10D

Figure 11. Game-related data values and failure/passing condition-setting thinking diagram.
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Step 4
Finally, the data and feedback of the participants were obtained,
and the effect of the serious game on health rumor prevention
was analyzed through the data and feedback to determine
whether serious games are useful to prevent health rumors.

Data Collected
This study compared and analyzed the differences between
acquiring and understanding health rumor information through
the learning modes of serious games and traditional media. A

total of 100 people were selected to participate in the serious
game experiment (G1 group), while 100 people who did not
participate in the serious game experiment only studied by
traditional media (G2 group). To ensure the objectivity of the
controlled experiment, the educational background of the 200
participants was investigated before the formal study while
keeping the 2 groups as similar as possible in terms of gender
and age, as Table 4 shows. Next, we sent the testing
questionnaire related to health commonsense and health rumors
to G1 and G2.

Table 4. Demographic information of groups G1 and G2.

G2 (n=100), n (%)G1 (n=100), n (%)Characteristics

Gender

40 (40)42 (42)Male

60 (60)58 (58)Female

Age (years)

27 (27)24 (24)40-45

25 (25)30 (30)46-50

17 (17)19 (19)51-55

21 (21)18 (18)56-60

10 (10)9 (9)≥61

Educational background

15 (15)15 (15)Less than high school

50 (50)50 (50)High school/technical secondary school

20 (20)20 (20)Junior college

15 (15)15 (15)Bachelor’s degree and higher

Income

24 (24)29 (29)Low

55 (55)48 (48)Average

21 (21)23 (23)High

Variables and Hypotheses
Based on the framework of serious games, a questionnaire was
designed that included the following variable definitions:

• Independent variables: The learning mode refers to the way
that information is obtained and knowledge learned; the
variables were M1 (learning through serious games) and
M2 (learning through traditional and new media). For
gender, age, income, and education, in the preparation stage
of the research, education was used as the main grouping
basis, and the age distribution and gender ratio of the 2
groups of experimental objects were kept consistent.

• Intermediary variables: Game data for serious game
experiments (A/B/C/D) refer to the player’s performance
data during the game, including the number of selection
errors, the number of game failures, and the number of
game passings. Personal performance was divided into 4

mediating variables: excellent (A), good (B), medium (C),
and poor (D).

• Dependent variables: The variables were cognitive
questionnaire (1) overall correct response rate of judgment
and recognition of the COVID-19 health rumor (X1 for G1,
Y1 for G2 [G2 did not participate in the serious game
experiment]), (2) correct rate of judgment and recognition
the COVID-19 health rumor part 1 (X2 for G1 [COVID-19
health rumor not included in the serious game experiment],
Y2 for G2), and (3) correct rate of judgment and
identification of the COVID-19 health rumor part 2 (X3
for G1, Y3 for G2 [COVID-19 pneumonia rumor included
in the traditional media experiment for G2]).

• Intervening variables: The comprehension, cognitive level,
learning ability, learning interest, and information attention
of the G1 group affected the outcome of the dependent
variables to a certain extent. The specific influencing
relationship between various variables is shown in Figure
12.
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Figure 12. Relationship between experimental study variables.

The following 10 hypotheses were proposed in this experimental
study:

• Hypothesis 1 (H1): Serious game experiments can help
research participants acquire and understand health rumor
knowledge and health commonsense.

• H2: The serious game learning mode is more capable of
inspiring the interest of research participants in their
understanding of the knowledge acquired and their learning
of health commonsense compared to the traditional learning
mode.

• H3: The serious game learning mode is more impactful
than the traditional learning mode.

• H4: In judging and recognizing the COVID-19 health
rumor, G1 has a stronger judgment ability than G2 and a
higher accuracy in identifying the rumor in the serious game
experiment.

• H5: In judging the COVID-19 health rumor, for the rumor
not included in the serious game experiment, without the
influence of M1, the ability of G1 and G2 is not much
different, and the accuracy rate of identifying the COVID-19

health rumor is roughly the same for both groups. The
manifestation in the variable is X2≈Y2.

• H6: In judging and recognizing the COVID-19 health
rumor, G1 has an overall stronger judgment ability than G2
and a higher accuracy rate of identifying the COVID-19
health rumor. The specific manifestation in the variable is
X3>Y3.

• H7: Gender affects G1’s and G2’s judgment and recognition
of the COVID-19 health rumor.

• H8: Age affects G1’s and G2’s judgment and recognition
of the COVID-19 health rumor.

• H9: Income affects G1’s and G2’s judgment and recognition
of the COVID-19 health rumor.

• H10: Academic qualifications affect G1’s and G2’s
judgment and recognition of the COVID-19 health rumor.

Ethical Considerations
According to the guidelines of the People’s Republic of China
[57], this study met the conditions for exemption from ethical
review.
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Results

Analysis of Data Collected
According to the collected game data, 36% (72/200) of players
received A, 41% (82/200) received B, 18% (36/200) received
C, and the remaining 5% (10/200) received D. The accuracy

rate of the judgment and recognition of the COVID-19 health
rumor and health commonsense in the cognitive questionnaire
of G1 and G2 groups are tabulated in Table 5. The overall
accuracy was 84% for G1 and 78% for G2, with an average of
81%. The relationship of the parameters X1-X3 (G1) and Y1-Y3
(G2) are shown in Figures 13 and 14, respectively.

Table 5. Cognitive questionnaire data (judgment and recognition of rumor knowledge and health commonsense).a

Average accuracy (%), (G1+G2)/2Accuracy G2 (%)Accuracy G1 (%)Question number

7476721

9698932

7779753

7776774

6463645

8991876

8185777

7170728

6563679

77748010

66646711

84888012

92968813

73717514

82838115

93959116

66636817

82838018

57565819

84719720

80619921

82659822

96929923

86819124

969210025

958910026

83769027

89859228

80679229

97959930

aAll the correct rate values are kept to integer bits.
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Figure 13. Comparison of corresponding dependent variables (G1).

Figure 14. Comparison of two groups and corresponding dependent variables (G2).

According to the data, the overall average correct rate of
judgment and recognition of G1 and G2 was 84% and 78%,
respectively. In addition, the related data collected showed that
76% of the participants believed that the serious game learning
mode is more interesting than the traditional learning mode.
This finding shows that G1 has good interest in games.
Furthermore, 60% of the participants thought that the game
learning mode is more helpful than the traditional learning mode,
and 65% thought that the serious game learning mode makes a
more profound impression. Therefore, from the perspective of
the selection of participants, the serious game learning mode is
more interesting, helpful, and impactful than the traditional
learning mode. Therefore, H2 and H3 hold.

Analysis of Dependent Variables (X, Y) and
Intermediary Variables (A, B, C, D)
According to the data of the dependent variables in Table 6, we
could not directly prove that the impact of M1 on X1 was greater
than that of M2 on Y1. At the same time, when the knowledge
of health rumors and health commonsense was not included in
the game content, the correct rate of judgment and recognition
of G1 and G2 was almost the same, and even G1 had a relatively

lower rate. However, X3 was 96%, which is much higher than
Y3 (79%), and X3 exceeded X2 by up to 23 percentage points.
This condition implies that the impact of M1 on X1 is greater
than the impact of M2 on Y1. It not only shows that G1 had
relatively strong learning ability but also that after the serious
game learning model experiment, there was a significant positive
effect on the accuracy rate of the judgment and recognition
accuracy of the COVID-19 health rumor and health
commonsense. At the same time, X1>Y1, X2≈Y2, and X3 >Y3.
Therefore, H4, H5, and H6 are established.

The intermediary variables A, B, C, and D were sequentially
observed, corresponding to the dependent variables X1, X2,
and X3. It can be clearly seen in Table 7 that A-X1>B-X1>C-
X1>D-X1, A-X2>B-X2>C-X2>D-X2, and
A-X3>B-X3>C-X3>D-X3. The dependent variables
corresponding to the intermediary variables showed a decreasing
trend from A to D, indicating that M1 affected X1 and X3
through A, B, C, and D and the degree of influence was in the
order of A>B>C>D. These data showed that the higher the
average game score, the higher the correct rate of recognition
and judgment. Therefore, combined with the previous analysis,
H1 holds.
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Table 6. Dependent variables X and Y.

Value (%)Variable

84X1a

76X2b

96X3c

78Y1d

78Y2e

79Y3f

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.
dY1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G2.
eY2: cognitive questionnaire correct rate of judgment and recognition part 1 for G2.
fY3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G2.

Table 7. Intermediary variables (A, B, C, D) and dependent variables (X1-X3).

Dependent variablesIntermediary variable

X3c (%)X2b (%)X1a (%)

988087A

967683B

947280C

896272D

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.

Analysis of Independent Variables

Gender
We grouped participants, ensuring the educational composition
of the 2 groups was as consistent as possible. By observing and
comparing the G1 independent variable (gender) and its
corresponding intermediary variables (Table 8), we found that
the game score reached A, where the male participants were
better than the female participants but changed from B to D
when the female participants were better than the male
participants. This condition was especially true when the game
score reached B, where the female participants were much better
than the male participants. This situation may also be influenced

by the unequal relationship of the overall gender. There was no
gender difference in the numbers from game rating A to D.

Subsequently, by observing and comparing the G1 and G2
independent variable gender and the corresponding dependent
variables (Table 9), we observed that regarding the dependent
variables X1, X2, and X3, corresponding to the independent
variable gender (female, male), the comparisons were
female<male, female<male, and female>male, respectively.
Regarding Y1, Y2, and Y3, corresponding to gender, the
comparisons were female<male, female>male, and female<male,
respectively. As such, there was no gender difference. Therefore,
H7 does not hold.

Table 8. G1 gender and corresponding intermediary variables.

ComparisonGenderIntermediary variable

MaleFemale

Female<male2016A

Female>male1427B

Female>male612C

Female>male14D
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Table 9. G1 and G2 gender and corresponding dependent variables.

ComparisonGenderDependent variable

Male (%)Female (%)

Female<male8483X1a

Female<male7775X2b

Female>male9597X3c

Female<male8176Y1d

Female>male7779Y2e

Female<male8871Y3f

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.
dY1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G2.
eY2: cognitive questionnaire correct rate of judgment and recognition part 1 for G2.
fY3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G2.

Age
There were apparent differences in the age ranges between the
2 groups, as shown in Table 4. Therefore, random sampling in
G1 and G2 was conducted, and 25 participants under 51 and 56
years old each were selected, with 50 participants in each group
for comparative observation and analysis of the corresponding
variable data.

First, by observing and comparing the high-age and low-age
groups’ independent and variable age groups and their
corresponding intermediary variables (Table 10), we found that
the number of people who achieved A and B game scores were

all of low age. As a result, the number of people in the low-age
group was greater than the number of people in the high-age
group; among those with game scores C and D, the number of
people in the high-age group was greater than the number of
people in the low-age groups, indicating that to a certain extent,
the independent variable age positively affects the intermediary
variables A, B, C, and D. Second, by observing and comparing
the high- and low-age groups of the G1 and G2 independent
variable age with corresponding dependent variables (Table
11), the values of independent variables X1, X2, and X3 could
be determined. The values of the low-age group were greater
than those of the high-age group; the independent variables Y1,
Y2, and Y3 also exhibited this behavior. Therefore, H8 holds.

Table 10. G1 and G2 targets of different ages.

AgeIntermediary variable

High (n=25), n (%)Low (n=25), n (%)

13 (52)8 (32)A

8 (32)6 (24)B

3 (12)8 (32)C

1 (4)3 (12)D
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Table 11. G1 and G2 age groups and corresponding dependent variables.

AgeDependent variable

High (%)Low (%)

8776X1a

8069X2b

9888X3c

8268Y1d

8066Y2e

8672Y3f

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.
dY1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G2.
eY2: cognitive questionnaire correct rate of judgment and recognition part 1 for G2.
fY3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G2.

Income
The relevant data collected are shown in Table 4. Nearly half
of the participants in G1 and G2 believed that their income level
was average, and the number of people who believed that their
income was high or low was relatively small. By observing and

comparing the high- and low-income subgroups in G1 and G2
with corresponding dependent variables, we found that the
dependent variables corresponding to the 2 independent variable
subgroups were not identical, as shown in Table 12. Therefore,
H9 does not hold.

Table 12. High- and low-income groups and corresponding dependent variables of G1 and G2.

IncomeDependent variable

Low (%)High (%)

8484X1a

7882X2b

9488X3c

7473Y1d

7269Y2e

7880Y3f

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.
dY1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G2.
eY2: cognitive questionnaire correct rate of judgment and recognition part 1 for G2.
fY3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G2.

Education
Based on the cognitive questionnaire, the independent variable
education was divided into 4 segments, as shown in Table 4.
First, 4 groups of the G1 independent variable education and
corresponding intermediary variables were compared (Table
13). Through comparison and observation, we found that the
higher the education level, the better the performance in the
game, which demonstrates that the dependent variable education
positively affects the intermediary variables. Second, the
grouping and corresponding dependent variables of G1 and G2

based on academic qualifications are shown in Table 14. We
found that education has a positive effect on the corresponding
dependent variables. Therefore, H10 holds.

Finally, a thorough investigation of the selection tendency
between the learning modes of serious games (M1) and
traditional learning (M2) was conducted on G1 involving a
comparison experiment of interest, help, and impression (Figure
15). The data showed that 76% (152/200) of the participants
thought the serious game learning mode was more interesting
than the traditional learning mode, indicating that G1 had a
reasonable learning interest in games. Furthermore, 60%
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(120/200) of the participants thought that the serious game
learning mode was more helpful than the traditional learning
mode, and 65% (130/200) thought that the serious game learning
mode was more impressive than the traditional learning mode.

Therefore, from the perspective of the selection tendency of the
participants, the serious game learning mode is more interesting,
helpful, and impressive than the traditional learning mode, which
strengthens the hypotheses.

Table 13. Proportion of game scores in different education segments.

Intermediary variablesSegment

D (%)C (%)B (%)A (%)

13204720Less than high school

8204428High school

0154045College degree

0132359Bachelor’s degree and higher

Table 14. Education segments and corresponding dependent variables of G1 and G2.

Dependent variablesSegment

Y3f (%)Y2e (%)Y1d (%)X3c (%)X2b (%)X1a (%)

777672947283Less than high school

787777957482High school

808080987986College degree

838185998392Bachelor’s degree and higher

aX1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G1.
bX2: cognitive questionnaire correct rate of judgment and recognition part 1 for G1.
cX3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G1.
dY1: cognitive questionnaire overall correct response rate of judgment and recognition of the COVID-19 health rumor for G2.
eY2: cognitive questionnaire correct rate of judgment and recognition part 1 for G2.
fY3: cognitive questionnaire correct rate of judgment and identification of the COVID-19 health rumor part 2 for G2.

Figure 15. Comparison between serious game learning mode and traditional learning mode.

Discussion

Principal Findings
Based on a self-made serious game, this paper investigated the
health rumor phenomenon, and a study on the user behavior
and willingness to disseminate health information among
Chinese elderly WeChat users (SNS) was conducted during the
early COVID-19 pandemic. After a survey, participants were
chosen, and a COVID-19 health rumor was selected as the study
content and the experimental platform with the self-made game

was established. The UTAUT2 model was upgraded by adding
parameters, several hypotheses were proposed, and a control
experiment was designed. The experiment results show that the
serious game is useful for health rumor prevention.

After collecting game data and the correct response rates of G1
and G2 in the cognitive questionnaire for the judgment and
recognition of the COVID-19 health rumor, the game data and
the cognitive questionnaire data were combined to determine
the relationship between specific variables. Finally, the

JMIR Serious Games 2024 | vol. 12 | e45546 | p.947https://games.jmir.org/2024/1/e45546
(page number not for citation purposes)

Xiong et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


experimental hypotheses were tested and evaluated, proving
that H1-H6, H8, and H10 hold, while H7 and H9 do not hold.

The findings affirm that serious games are a powerful tool to
enhance learning and commonsense against health rumors in
the context of elderly users of SNS. As Wu [43] argued,
perceptions of rumor credibility affect the users’ desire to find
accurate information (cognitive gratification) because they use
SNS for verifying the contents of rumors and for acquiring more
knowledge and information. Equipping oneself with better
knowledge and commonsense against health rumors could have
a profound effect on the stability and harmony of society [58],
minimize the chance of being misinformed [35], and help create
effective control strategies against rumor spreading [45].
Furthermore, as serious games provide the means for people to
receive direct feedback relative to their judgment of health
rumors, using these games is considered a more humane and
emotional approach [47]. In addition, it also provides a suitable
channel for health care providers to increase awareness [49]
since tackling COVID-19 requires everyone to follow medical
advice. Based on the verification of our hypotheses, we found
that the effect of serious games correlates with parameters such
as education, which suggests that the future rumor management
for the youth is perfectly suited to the use of serious games,
especially in China, where the education level of the youth is
much higher than that of the middle-aged and older populations.

Limitations
Given the seminal findings of this study, it has some limitations.
First, the cognitive questionnaire was administered offline, and

the midelder/elder participants were reluctant in terms of their
willingness to cooperate with the research. As such, there was
a risk of the sample distribution being uneven or biased. Second,
strict epidemic prevention and control have geographically
limited experimental samples. Third, the serious game design
was restricted to the COVID-19 health information and had
limited interactivity.

Conclusion
This experimental study on preventing new health rumors via
serious games proves that the serious game learning mode can
help research participants understand and learn about health
and rumors. Furthermore, serious games make a more profound
impression on people than traditional learning modes, while
providing fertile ground for more comprehensive research in
the future. In addition, serious games could provide suggestions
and support in future research on rumor prevention and
detection. In particular, the Chinese government ended the
zero-COVID policy in December 2022, and many new health
rumors related to the Omicron variant were found on the internet
in China. This study could provide a method of challenging the
new issue and the game could be updated for the current
situation. More importantly, we discovered that serious games
can act as an “informational vaccine” against rumors (if rumors
are considered a kind of “informational virus or bacterium”),
and in the future, we can conduct further research in this
direction.
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Abstract

Background: Pressure ulcers (PUs) are a common and serious complication in patients who are immobile in health care settings.
Nurses play a fundamental role in the prevention of PUs; however, novice nurses lack experience in clinical situations. Virtual
reality (VR) is highly conducive to clinical- and procedure-focused training because it facilitates simulations.

Objective: We aimed to explore the feasibility of a novel PU management VR simulation (PU-VRSim) program using a
head-mounted display for novice nurses and to investigate how different types of learning materials (ie, VR or a video-based
lecture) impact learning outcomes and experiences.

Methods: PU-VRSim was created in the Unity 3D platform. This mixed methods pilot quasi-experimental study included 35
novice nurses categorized into the experimental (n=18) and control (n=17) groups. The PU-VRSim program was applied using
VR in the experimental group, whereas the control group received a video-based lecture. The PU knowledge test, critical thinking
disposition measurement tool, and Korean version of the General Self-Efficacy Scale were assessed before and after the intervention
in both groups. After the intervention, the experimental group was further assessed using the Clinical Judgment Rubric and
interviewed to evaluate their experience with PU-VRSim.

Results: The results compared before and after the intervention showed significant improvements in PU knowledge in both the
experimental group (P=.001) and control group (P=.005). There were no significant differences in self-efficacy and critical
thinking in either group. The experimental group scored a mean of 3.23 (SD 0.44) points (accomplished) on clinical judgment,
assessed using a 4-point scale. The experimental group interviews revealed that the VR simulation was realistic and helpful for
learning about PU management.

Conclusions: The results revealed that PU-VRSim could improve novice nurses’ learning of PU management in realistic
environments. Further studies using VR for clinical training are recommended for novice nurses.

(JMIR Serious Games 2024;12:e53165)   doi:10.2196/53165

KEYWORDS

virtual reality; nursing; simulation; virtual training; pressure ulcer; simulation training; nurse; clinician; health care worker; ulcer;
hospital; health care center; PU-VRSim; mixed methods study; health professional; medical education; training; games; gamification;
learning; decubitus ulcer

Introduction

Pressure ulcers (PUs) refer to the skin damage caused by
ischemia of the skin, subcutaneous fat, and muscles due to a
continuous blood circulation disorder in a compressed body [1].

PUs result in a reduction of oxygen and nutrition delivered to
the cells, which can contribute to the development of cancer
and cardiovascular disease, ultimately amounting to high
medical expenses [1]. The incidence of PUs is estimated at 12%
in hospitals, representing a common but important health
problem because it leads to high nursing burdens, increased
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medical costs, and mortality [2]. PUs are among the global
health indicators and are included in the standard of nursing
[3]. Most PUs are preventable by maintaining proper skin
integration, and prevention is considered as important as
treatment [3,4].

Nurses have a great responsibility in the well-being and safety
of patients [5]. In addition, nurses are required to perform
appropriate nursing for the prevention and management of PUs.
However, they experience difficulties in performing clinical
nursing and providing the necessary care to patients [6]. Novice
nurses are those with less than 3 years of working experience
based on the Benner novice-to-expert model; although they can
recognize the basic order in nursing and take decisions, it is
generally more difficult for novice nurses to establish priorities
[7]. Particularly, novice nurses who have completed the regular
curriculum do not have sufficient opportunities for practice
during their training and thus experience difficulties in adapting
to a new environment and changes in roles in the clinical field,
leading to stress and anxiety [8,9]. Therefore, a program that
can help novice nurses adapt to the clinical environment is
needed.

Virtual reality (VR) is characterized by interaction, immersion,
and imagination, and has been increasingly used in the
curriculum for nursing with great potential for course
development [10]. VR using a head-mounted display (HMD)
provides the learning experience of communication between
medical staff and patients, as well as simulations of standardized
and controlled situations [11]. VR use has been easily accepted
by learners in various medical environments and plays an
essential role in improving their performance [11,12]. In nursing
education, VR has been used in areas such as cardiopulmonary
resuscitation, respiratory nursing, and delivery nursing, as well
as for improving professional knowledge, clinical reasoning
skills, and learning satisfaction [13,14]. In addition, as a learning
method, VR meets the expectations and learning styles of the
new generation of young learners [14,15].

In nursing education, teaching methods have shifted from
traditional lecture-style education to simulation education [15].
Lecture-style education is effective in terms of knowledge
transfer to novice nurses. However, there is a limit of this
approach in improving nursing work skills in hospitals where
various problems can occur [16]. Video-based education for
novice nurses is a time-efficient and economically effective
method owing to the heavy workload and lack of physical time;
however, this format often lacks an appropriate feedback system
[17]. Simulation education provides educational opportunities
for clinical practice without putting patients or others at risk,
and learners have the advantage of safely learning from
experience [18]. VR is a representative technology for
simulation education [15]. VR simulation can be used by novice
nurses freely, which has been shown to improve their
knowledge, critical thinking, and self-efficacy [13,18], thereby
helping them transform into professional clinical nurses.

Simulation creates a learning environment in which learners
can experience intervention and treatment in a safe manner, and
various educational theories and structural models can be applied
to achieve effective learning results [19].

The Analysis, Design, Development, Implementation, and
Evaluation (ADDIE) instructional design model [20] is an
effective and efficient development model based on the five
steps of analysis, design, development, implementation, and
evaluation. Kolb’s experiential learning theory [21] states that
learning is achieved through the process of “active
experimentation,” starting with a “concrete experience,”
“reflective observation,” and “abstract conceptualization.”
Through the concrete experience of simulation, learners make
reflective observations and abstract conceptualizations by trying
and practicing new techniques in a safe environment, and they
perform active experimentation to understand the patient’s
situation in an actual clinical environment and provide
appropriate nursing practice.

This study aimed to develop a nursing PU management VR
simulation program (PU-VRSim) and assess the feasibility of
the novel virtual program for novice nurses. Toward this end,
we applied the ADDIE instructional design model and Kolb’s
experiential learning theory. The first objective was to assess
the feasibility of implementing PU-VRSim for nursing education
on PUs. The second objective was to compare the effects of the
VR program and video-based lectures on PU knowledge,
self-efficacy, and critical thinking, and confirm the level of
clinical judgment and experience of participants after undergoing
PU-VRSim. The main research questions included: (1) Is
implementing PU-VRSim for nursing education feasible? (2)
What is the effect of PU-VRSim compared with that of
video-based lectures? and (3) What are the participants’
experiences with PU-VRSim?

Methods

Design
This study applied Kolb’s experiential learning theory [21]
based on the ADDIE model [20], which is a model of
instructional design that was used to develop PU-VRSim for
preventing and managing PUs using VR in a nursing education
program. This was a mixed methods, pilot quasi-experimental
study [22] including nurses with less than 2 years of clinical
experience to confirm the effectiveness of PU-VRSim.
PU-VRSim was created in the Unity 3D platform (Unity
Technologies). Participants experienced the program through
an HMD and hand controllers (HTC Corporation, VIVE pro).

Participants
For data collection, nurses with less than 2 years of clinical
experience were notified of the purpose, period, conditions of
participation, and benefits and disadvantages of participating
in the study in the nurses’ community bulletin boards.
Recruitment for the preintervention survey, intervention, and
postintervention survey was conducted through convenience
sampling. Participants were categorized into the two groups
based on the work schedule of the novice nurses, and
participants were blinded to their group allocation. A total of
35 participants were recruited voluntarily from October 10 to
December 31, 2022, with 18 assigned to the experimental group
and 17 assigned to the control group from January 1 to March
31, 2023. In both groups, one researcher conducted a one-on-one
survey and measured general characteristics, PU knowledge,
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critical thinking, and self-efficacy using preliminary
questionnaires, which were sent to the two groups before
implementing the program. Regarding the intervention, the
experimental group participated in the PU-VRSim program in
the simulation room, whereas the control group participated in
a video-based lecture on the prevention and care of PUs. After
the program, PU knowledge, critical thinking skills, and
self-efficacy were measured in both groups. The effectiveness
of the program was further assessed with participants in the
experimental group via interviews and the Lasater Clinical
Judgment Rubric (LCJR) (Figure 1).

The sample size required to compare variables between groups
with the t test was calculated using the G*Power 3.1 program
according to the method of Polit and Sherman [23], using a
significance level of α=.05, effect size (f) of 0.80, and power
(1–β) of .90 [24]. Considering that the sample size satisfying
the above conditions was at least 16 people per group, 36
participants were selected, including 18 in the experimental
group and 18 in the control group, prior to data collection. One
participant in the control group dropped out of the study. Finally,
35 participants were included in the analysis.

Figure 1. Flow diagram of participants’ enrollment, allocation, follow-up, and analysis.

Ethical Considerations
Data collection began after obtaining approval from the
Institutional Review Board (40525-202204-HR-016-03) of
Keimyung University in Daegu City for the protection of the
research participants. The purpose of the study, procedures,
guarantee of anonymity and confidentiality, and assurance that
there are no consequences in case of withdrawal from the study
were explained to the research participants, and they were
allowed to respond to the questionnaire only when they agreed
to participate in the research. The researchers conducted the
preintervention survey, application of programs, and
postintervention survey. All data collected during this study
were anonymized. Participants were compensated for their
contribution with a beverage coupon worth 10,000 KRW (~US
$8) after the postintervention survey.

Instruments

PU Knowledge
The Pieper–Zulkowski pressure ulcer knowledge test
(PZ-PUKT), a PU knowledge tool developed by Pieper and
Zulkowski [25] and modified and supplemented by Park [26],
was used in this study. The PZ-PUKT comprises 39 questions,
including 19, 9, and 11 questions on PU stage confirmation,
wound assessment, and dressing methods, respectively. Each
question was answered “yes,” “no,” or “don’t know,” with 1
point for correct answers and 0 points for incorrect answers.
The total score ranges from 0 to 39, with higher scores indicating
greater knowledge of PUs. The Cronbach α value was 0.80 and
0.70 in the studies by Pieper and Zulkowski [25] and Park [26],
respectively, and was 0.69 in our study.

Critical Thinking
The critical thinking disposition measurement tool developed
by Yun [27] and modified and supplemented by Shin et al [28]
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was used for evaluating the impact of the intervention on critical
thinking skills. This tool comprises 27 questions divided into
7 subdomains: intellectual passion/curiosity (5 questions),
prudence (4 questions), confidence (4 questions), systemicity
(3 questions), intellectual fairness (4 questions), healthy
skepticism (4 questions), and objectivity (3 questions). Answers
are rated on a scale of 1 point for “not so” to 5 points for “very
much so”; a higher score indicates a stronger critical thinking
disposition. The Cronbach α value was 0.84 in the studies of
both Yun [27] and Shin et al [28] and was 0.83 in our study.

Self-Efficacy
The Korean version of the General Self-Efficacy Scale
developed by Schwarzer and Jerusalem [29] and adapted by
Schwarzer et al [30] was used to determine general self-efficacy.
The Korean version of the General Self-Efficacy Scale
comprises 10 questions rated on a 4-point Likert scale ranging
from 10 to 40, with higher scores indicating higher self-efficacy.
The Cronbach α value was 0.90 and 0.88 in the studies by

Schwarzer and Jerusalem [29] and Schwarzer et al [30] and it
was 0.86 in our study.

Clinical Judgment Rubric
The LCJR, developed by Lasater [31], was used to evaluate the
simulation experience. This rubric comprises 11 items based
on the following four phases: noticing, interpreting, responding,
and reflecting. The LCJR evaluates participants’ performance
as beginning (1 point), developing (2 points), accomplished (3
points), or exemplary (4 points). The total score ranges from
11 to 44, with a higher score indicating higher clinical judgment
ability. The Cronbach α value was 0.83 in the study of Shin et
al [32] and was 0.92 in our study.

Procedures

Development Overview
PU-VRSim was developed by applying Kolb’s experiential
learning theory to the ADDIE model (Figure 2).

Figure 2. PU-VRSim program development. LCJR: Lasater Clinical Judgment Rubric; PU-VRSim: pressure ulcer management virtual reality simulation.

Analysis Stage
The analysis stage identified learners’ general and
learning-related characteristics. Through a literature review
[33], the importance of PU care, factors of PU occurrence, and
prevention and management methods were confirmed, and the
factors to be included in the development of the VR simulation
were analyzed.

Design Stage
In the design stage, the teaching method for developing an
effective educational program was determined. Kolb’s
experiential learning theory [21] was applied to the basic data
collected during the analysis stage to determine the teaching
method using the VR simulation (concrete experience) and
debriefing (reflective observation). The design aimed to improve
critical thinking, self-efficacy, and clinical judgment (abstract
conceptualization). Using this approach, the learner would assist

in performing PU prevention and nursing (active
experimentation) well in actual patients.

Development Stage
In the development stage, a VR-based program was developed
based on the educational topics selected in the analysis and
design stages. A VR platform (Unity 3D, Unity Technologies)
was constructed in collaboration with a professional company.
A preliminary VR program was tested by five nurses with more
than 5 years of clinical experience in scenarios and nursing care
of patients with PUs. By checking and correcting errors in the
VR program, operational problems were improved and
addressed.

Implementation and Evaluation Stage
The implementation stage involved application and operation
of the program completed in the development stage (Table 1).
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Table 1. Core contents and images of the virtual reality system.

ImageComponentsMain contents

Registration of usersLogin

Identifying learning objectives:Objectives

• Assess the degree of risk of developing PUsa in the patient.
• Classify the PU stage of the patient.
• Apply a proper dressing to the patient’s PU.
• Provide prevention education and care for PUs to the patient.

Patient case • Patient hospitalization history
• Patient information: name, sex, age, diagnosis, past medical

history, social history

Identifying data: vital signs, results of blood test, x-ray findings,
physical exam, medication

Patient information

Nursing intervention

Braden scale score; a lower score indicates a higher risk of developing
PUs.

Risk assessment for PU prevention

Assessment and evaluation of PUs • Assessment of PUs: size and stage
• Evaluation of PUs: writing a report

Dressing on PUsManagement of PUs

• Stage 1: film dressing
• Stage 2: foam dressing

PU prevention and management education:Patient education

• Skin care, urinary and fecal incontinence management
• Support surfaces
• Repositioning
• Nutrition

Final confirmation • Running times
• Feedback (recording)

aPUs: Pressure ulcers

Assessments

Overview of Study Design
The program was used during the evaluation stage. PU
knowledge, critical thinking, and self-efficacy in the
experimental and control groups were measured once before
the start of the study and then again after the program. For the
experimental group only, assessment using the LCJR was
performed after the program and the effect of PU-VRSim was
evaluated through an interview.

Preintervention Survey
The preintervention survey of the experimental group was
conducted from October 1 to November 30, 2022, and that of
the control group was conducted from January 1 to March 1,
2023. After the participants signed a consent form to participate
in the study, their PU knowledge, self-efficacy, and critical
thinking were measured using structured questionnaires as
described above.

Implementation
The experimental group received the VR simulation program,
comprising a prebriefing session (15 minutes) where participants

briefly learned about the definition, classification, prevention,
and wound management of PUs. Participants were then exposed
to PU-VRSim (10 minutes), including PU assessment, nursing
care, and education to patients through VR. This was followed
by a debriefing session (20 minutes), in which participants were
assessed using the LCJR after the simulation.

The control group received a video-based lecture. The video
format was selected to reduce the time burden on participants
who work in shifts and to ensure safety from SARS-CoV-2
infection, according to the participants’ hospital work. In total,
17 participants in the control group received lecture materials
and a 30-minute video-based lecture on the definition,
classification, prevention, and management of PUs.

Postintervention Survey
After the program, PU knowledge, self-efficacy, and critical
thinking were assessed in both groups. The experimental group
was further assessed using the LCJR and an interview was
conducted to confirm their experience.

Interview
To discuss the experience of participating in PU-VRSim, which
could not be verified using objective data, the participants were
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interviewed after the program. The interview included a
self-introduction by the researcher and participant, recording
of the interview, guaranteeing anonymity, and explaining that
the research results were used only for research purposes and
that the interviews were conducted with the participants’

voluntary consent. One-on-one interviews were conducted in
all cases in a quiet seminar room. Before conducting the
interviews, the questions were drafted based on the purpose of
the study and proceeded in the order of introduction, transition,
and main questions, as shown in Textbox 1.

Textbox 1. Interview question structure.

Introduction question: Thank you for taking the time after work to participate in the virtual reality (VR) program. Can you briefly describe your
feelings?

Transition question: Now, we would like to take the time to talk freely about the program’s effectiveness and improvements.

Main question: What helped you with the program? What do you think about the content and methods of the VR program in which you participated?
What do you need to improve or add to this program?

Data Analysis
The data collected in this study were analyzed using IBM SPSS
23.0, and a two-tailed test was performed at a significance level
of .05. The normality of the dependent variable was verified
using the Shapiro-Wilk test. The homogeneity of the data in the

experimental and control groups was verified using the χ2 test
and independent t test. General characteristics and performance
on the LCJR aspects of the participants were presented as means
(SDs) and n (%), respectively. Wilcoxon signed rank and
Mann-Whitney U tests were used to verify differences in PU
knowledge, critical thinking, and self-efficacy between the
experimental and control groups.

The data collected through the interviews were analyzed using
an inductive approach, which is one of the content analysis
methods suggested by Elo and Kyngäs [34]. For the data
analysis, the researcher repeatedly read the transcripts of the
interviews, interpreted the meaning of the key statements, and
created categories by assigning titles. After data analysis, the
authors discussed their interpretations to reach a consensus.

Subsequently, the semantic units identified were grouped into
higher-level categories, the properties were stated, and the
keywords were derived by coding the contents accordingly.

Results

Feasibility of PU-VRSim
Our first objective was to assess the feasibility of implementing
the PU-VRSim program for nursing education on PUs in the
implementation and evaluation stages.

The general characteristics of the participants are presented in
Table 2. The average age and work experience of the 35 novice
nurses was 24.8 years and 14 months, respectively. The
experimental group comprised 18 (100%) women, whereas the
control group comprised 2 (12%) men and 15 (88%) women.
We analyzed the homogeneity of the two groups in terms of
general characteristics such as age, educational level, VR
experience, and PU education experience; no significant
difference was observed between the two groups (all P>.05)
and thus homogeneity between the two groups was confirmed.
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Table 2. Characteristics of participants (N=35).

P valueχ2 or taControl group
(n=17)

Experimental group
(n=18)

Characteristics

.06–1.9825.53 (2.72)24.11 (1.32)Age (years), mean (SD)

.161.46Sex, n (%)

2 (12)0 (0)Male

15 (88)18 (100)Female

.82–0.2314.65 (7.17)14.06 (7.75)Work experience (months), mean (SD)

.831.852Education, n (%)

3 (18)0 (0)College

14 (82)18 (100)University

.331.00PUb education, n (%)

17 (100)17 (94)Yes

0 (0)1 (6)No

.380.882VRc experience, n (%)

7 (41)3 (17)Yes

10 (59)15 (83)No

adf=17 for the experimental group and 16 for the control group.
bPU: pressure ulcer.
cVR: virtual reality.

Effect of PU-VRSim on Outcomes
Our second objective addressed the effects of the VR
intervention on PU knowledge, self-efficacy, critical thinking,
and critical judgment.

As shown in Table 3, in the experimental group, the PU
knowledge score increased by 2.88 points and the self-efficacy
score increased by 0.56 points compared with those in the
preintervention survey. In the control group, the PU knowledge
score increased by 4.12 points, the critical thinking score
increased by 4.0, and the self-efficacy score increased by 0.76
points. Each group showed significant improvements in PU
knowledge after the intervention. However, there were no
significant differences in critical thinking and self-efficacy in

either group. There were no significant differences in the change
in PU knowledge, critical thinking, and self-efficacy between
the two groups.

The results for the clinical judgment assessment are summarized
in Table 4. In the experimental group, after PU-VRSim, the
overall clinical judgment of novice nurses was 3.23 points.
When evaluated in the four phases to confirm whether all phases
reached the level of “accomplished,” out of a total of 4 points,
the mean scores for noticing, interpretation, responding, and
reflecting were 3.27, 3.31, 3.32, and 2.91 points, respectively.
The items “well-planned intervention/flexibility” and “skill
proficiency” in the responding phase scored the highest, with
3.67 points, whereas “commitment improve” in the reflecting
phase scored the lowest, with 2.78 points.
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Table 3. Effect of the pressure ulcer management virtual reality simulation on outcomes.

DifferenceP valueaZPostintervention, mean (SD)Preintervention,
mean (SD)

Variable

P valuebZMean
(SD)

.42–0.81Knowledge

2.88
(2.40)

.001–3.4527.28 (4.43)24.39 (4.79)Experimental (n=18)

4.12
(4.74)

.005–2.7828.82 (3.41)24.71 (5.42)Control (n=17)

.13–1.51Critical thinking

–0.39
(5.95)

.896–0.1398.61 (8.51)99.00 (10.70)Experimental (n=18)

4.00
(9.01)

.163–1.4098.82 (9.36)94.82 (7.24)Control (n=17)

.57–0.57Self-efficacy

0.56
(1.69)

.148–1.4529.67 (3.24)29.11 (3.41)Experimental (n=18)

0.76
(3.40)

.247–1.1626.35 (3.98)25.59 (4.18)Control (n=17)

aWilcoxon signed rank test.
bMann-Whitney U test.

Table 4. Clinical judgment scores.

Score, mean (SD)Clinical judgment phase

3.23 (0.44)Overall

Noticing

3.27 (0.45)Total

3.17 (0.51)Focused observation

3.06 (0.54)Recognizing deviations from expected patterns

3.61 (0.50)Information seeking

Interpretation

3.31 (0.60)Total

3.28 (0.67)Prioritizing data

3.33 (0.59)Making sense of data

Responding

3.32 (0.46)Total

3.11 (0.58)Clear communication

3.67 (0.49)Well-planned intervention/flexibility

3.17 (0.62)Being skillful

Reflecting

2.91 (0.62)Total

3.06 (0.64)Evaluation/self-analysis

2.78 (0.73)Commitment to improvement
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Qualitative Outcomes of the PU-VRSim Experience
Among Novice Nurses

Overview of Themes

For the third objective, the interviews were grouped into five
main themes: (1) realistic VR scenarios, (2) helpfulness of VR
learning, (3) usability, (4) satisfaction, and (5) limitations of
VR equipment (Table 5).

Table 5. Qualitative outcomes of the pressure ulcer (PU) management virtual reality (VR) experience in novice nurses.

DescriptionThemes and subthemes

Realistic VR scenarios

There was a sense of presence in the hospitalReal environment

Actual practice in nursing on PUsReal experience

Helpfulness of VR learning

Remember the concept and care of PUs wellImproving knowledge

Perform overall practice (assess-evaluate-manage) for PUsImproving skills

Usability

Safe from infection due to low contaminationSafety

Able to participate freely regardless of time and placeAccessibility

Satisfaction

It was more like playing games than learningJoy and fun

It was a new and interesting learning experienceNew experience

Inconvenient to use equipmentLimitations of VR equipment

Theme 1: Realistic VR Scenarios
The participants gained practical experience through VR
scenarios. The subtopics related to this were “real field” and
“real experience.”

When I experienced it myself, it was lively and felt
like a real clinical environment. [S1, S8, S10, S16]

It was realistic to be able to assess and manage
wounds about which I learned from books using VR
[S4]

Although it is VR for pressure ulcer nursing, which
is difficult to understand only through lectures, it was
good to apply it as a direct action [S11]

I only practiced with lying mannequins, but it felt
more realistic when I experienced it with patients in
VR like a real clinical environment. [S13]

Theme 2: Helpfulness of VR Learning
The participants expressed that VR was helpful for learning.
Subtopics related to this theme were “improvement of
knowledge learning” and “improvement of skills.”

I was able to learn the stages of PUs and the types of
dressings. [S6]

I was able to learn about PU care. [S8]

When applying nursing care to patients with PUs
through VR, it seems to be more memorable. [S9, S15,
S16]

I was able to confirm the PU classification concept.
[S12]

There were no bedsore patients in the ward where I
worked, and through this virtual reality program, I

was able to evaluate, intervene, and evaluate PUs.
[S2]

I was able to perform overall nursing activities for
patients with PUs. [S6]

Theme 3: Usability
The participants expressed the feeling of using VR learning as
“safe” and “easy to access.”

There were times when the mannequins were dirty in
nursing practice, but it was nice that the virtual
patients were not contaminated. [S13]

It was nice to be able to participate without the
burden of time and place. [S5]

Theme 4: Satisfaction
The participants expressed their satisfaction of using VR
learning as “pleasure,” “fun,” and “new experience.” They
showed interest in VR and experienced fun and enjoyment
through learning.

It feels more like playing a game than learning
something. Enjoyed it. [S4]

It was my first time using virtual reality, and I was
able to enjoy it. I want to try again. [S5, S13, S17]

It was a new experience, and I enjoyed it. [S8, S14,
S17]

Theme 5: Limitation of VR Equipment
The participants expressed limitations in terms of the equipment
used in the VR program.
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When I put the equipment on my head, I took off my
glasses and put it on, so it was difficult to read the
text because my vision was not clear. [S5]

It was a bit heavy to wear on my head. [S8]

The preparation for running the program was
complex and took a long time. [S12]

It took a long time when the focus was not good, and
the text looked blurry and the controller was not
recognized well in VR. [S13]

Discussion

Principal Findings
In this study, we developed PU-VRSim by applying the ADDIE
model and Kolb’s experiential learning theory [20,21].
PU-VRSim was designed as a PU prevention and nursing
simulation program for novice nurses with less than 2 years of
clinical experience. The participants of the PU-VRSim group
showed significant improvements in PU knowledge. They
reached the accomplished phase of clinical judgment. They
commented that it was realistic and helpful for learning about
PU management.

PU-VRSim was developed by applying an
analysis-design-development-implementation-evaluation method
according to the ADDIE model [20]. In the analysis stage, a
literature review [33] confirmed that PU care was an important
indicator of the quality of nursing services, which is becoming
increasingly important [35]. PUs are caused by immobility,
pressure, and friction. Factors to be included in education were
analyzed by evaluating the methods for preventing and
managing PUs through support surface management, position
change, and dressing application to relieve pressure on the skin
surface. Previous studies [36,37] have confirmed the
improvement in PU knowledge and nursing performance of
nurses through PU nursing education, thereby suggesting that
continuous education on PUs for nurses is needed.

Kolb’s experiential learning theory [21] applied at the design
stage of PU-VRSim connects theory and practice in VR
simulation. Through concrete experience and reflective
observation, an abstract conceptualization of theories in realistic
situations can help to acquire the knowledge and skills that can
be used in real situations. Kolb’s theory has also been applied
in simulation education in various health fields [38], and VR
provides learners with experience-based learning in a real
environment by which the learners make decisions and take
appropriate actions in real situations [10]. Through PU-VRSim,
novice nurses freely apply the theoretical knowledge acquired
through existing knowledge and prior learning materials to the
process of solving problems encountered by patients in a safe
virtual clinical environment. Ultimately, positive results can be
expected by applying the improved nursing capabilities in actual
clinical trials.

After novice nurses underwent the program, they showed
improvement in PU knowledge and reached the “accomplished”
stage of clinical judgment. PU knowledge scores increased on
average in both the experimental and control groups after the
educational program. This shows that the effect of knowledge

transfer [16] can be confirmed via both traditional teaching and
lectures and with the new VR simulation method. According
to Kolb’s experiential learning theory, during knowledge transfer
via VR, learners can improve their knowledge by reapplying it
through concrete experiences and reflections, as well as learn
how to utilize what they have learned and gain new knowledge.
PU knowledge is the basis of PU care, and professional nursing
can be performed through critical thinking and improvement
of clinical performance skills. Furthermore, clinical judgment
is a particularly important skill in nursing that has also received
recent attention. VR has a positive impact on clinical judgment
in nursing education [39]. Therefore, positive effects and
acquisition of new skills can be expected if field-tailored
simulation [40] is applied to nurses to reproduce clinical
situations.

Interview contents were analyzed to confirm the experiences
of the novice nurses participating in the PU-VRSim program.
The analysis revealed that the realistic scenarios of PU-VRSim
help in learning, with usability of safety, easy accessibility, and
satisfaction being expressed as positive experiences. However,
inconveniences in using the equipment to implement VR
programs were expressed as negative experiences. This is
consistent with the findings of Adhikari et al [41] on the
experience of VR programs in terms of acceptability,
applicability, areas of improvement, and limitations. VR can
be safely and repeatedly applied in situations that can be
dangerous to patients; however, it is expensive and has usage
limitations [42]. VR was deemed to be a safe and effective
educational method for use during the COVID-19 pandemic
[43]. The development of a VR program that reduces the
inconvenience and cost burden of equipment is expected to
increase the use of VR in nursing education.

Our participants confirmed that PU-VRSim was helpful for
learning because it could be used repeatedly to access
disease-focused nursing problems. There is a need for education
about various clinical situations in which nurses can apply
nursing interventions according to the situation and an overall
assessment of the patient [44,45]; PU-VRSim reflects the clinical
situation of PUs and requires nursing education. In addition, it
was confirmed as a positive experience, suggesting that
improvement in nursing knowledge and clinical performance
ability as well as repetitive learning are possible through the
promotion of spontaneous thinking and immediate feedback of
learners, which were evaluated as advantages of simulation in
previous studies [46,47]. These results confirm the possibility
of using PU-VRSim as an educational program in clinical
practice.

In nursing practice using mannequins during the COVID-19
pandemic, the participants expressed concerns about infection
via contamination of the mannequins from multiple contacts.
Using VR, they felt safe as the risk of infection could be
avoided. In previous studies, VR simulation was suggested and
used as a nonface-to-face practice method when clinical practice
was not possible due to the prevalence of COVID-19 [43,48].
In addition, participants did not feel the burden of time and
space when participating in VR education. This is an advantage
of VR, in which one can experience the actual medical field
using only computers and equipment. Furthermore, individual
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learning is possible; therefore, it can provide optimal learning
to individual learners and help them overcome obstacles in the
physical environment [49]. VR may be an appropriate training
method for shift workers, because nurses who work shifts can
access the education without experiencing a time burden.

Novice nurses in this study regarded VR education as a new
experience and evaluated it as enjoyable. A VR learning
environment enhances immersion and activates learners’
imagination to simulate the real world [50]. The VR program
is a teaching method that incorporates the latest technology and
meets the learning needs of a new generation. Educational
programs are being developed on various topics for nursing
students and novice nurses, and the effects of enjoyment and
fun have been confirmed [13]. Learning satisfaction through
the enjoyable and fun VR improves learners’ learning motivation
and confidence, and they experience reduced fear in real
situations [14]. Because enjoyment and fun in learning are
factors that stimulate learning motivation and interest,
gamification can be applied when developing programs so that
learners can enjoy various experiences in the virtual world.

When implementing the VR program, participants had difficulty
in using an HMD; in particular, participants wearing glasses
experienced inconvenience when wearing the device along with
their glasses. As in previous studies, most of the participants
experienced technical difficulties [41]. A VR program is
typically executed using a computer program, an HMD, and a
controller; however, the HMD and controller devices do not
recognize the participants’ fine movements, making it difficult
to proceed [42]. In the future, the development of a convenient
version of the HMD, with a clear field of view, ease of wearing,
and usability, may lead to an increase in the use of VR
education.

PUs are common health problems in hospitals, and novice nurses
experience difficulties in treating PUs. Education of nurses has
been regarded as an integral component of PU prevention [51].
VR is an ideal educational technology, and the number of
educational programs applying VR in nursing education has
been increasing recently [52]. For the VR education program,
we confirmed the improvement in knowledge of the participants
through the experience in prevention and nursing interventions

for patients with PUs. Improvement in clinical performance can
be expected with improved knowledge. In addition, the novice
nurses in this study expressed satisfaction with VR education
as a new experience and a safe learning method. Considering
the limitations of VR equipment, it is necessary to develop and
utilize a popular simulation program that is more user-friendly
and can be manipulated easily. Based on this study, we suggest
the development of VR nursing education programs focusing
on the educational needs of novice nurses and including new
technology such as artificial intelligence with the development
of technology.

Conclusion
The PU-VRSim program developed in this study was found to
be effective in improving novice nurses’ knowledge of PUs and
was positively evaluated as a pleasant experience conducive to
learning in an actual hospital-like environment. Therefore,
PU-VRSim can be used as an effective educational method for
novice nurses, as well as for nursing students and clinical nurses.
In addition, a synergistic effect can be expected when the content
used incorporates various software programs, including VR
simulation programs.

Limitations exist in understanding and generalizing the effects
of nonrandomized control-group experiments targeting novice
nurses. To supplement this, we propose a follow-up study that
applies the PU-VRSim program to nursing students and clinical
nurses, as well as a randomized control group experimental
study of novice nurses. All participants in the experimental
group were women; therefore, we propose a further study with
a more heterogeneous group of participants by including male
and female nurses. In addition, we suggest the development of
a field-tailored VR simulation for health professionals, including
novice nurses, and study of its educational effect. Finally,
developing a program for VR simulation is expensive and
wearing an HMD when implementing the program is
uncomfortable. We propose the development of software and
VR simulations using technology such as smartphone apps,
which are inexpensive, comfortable, and easy to use. In
conclusion, we propose the continuous development and
improvement of VR nursing education programs for novice
nurses applying new technologies.
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Abstract

Background: Numerous reviews advocate using virtual reality (VR) in educational contexts. This medium allows learners to
test experiences in realistic environments. Virtually supported scenarios offer a safe and motivating way to explore, practice, and
consolidate nursing skills in rare and critical nursing tasks. This is also cited as one of the reasons why VR can significantly
increase the knowledge acquisition of nursing students. Nevertheless, studies are limited in their significance owing to the chosen
design. Despite great interest, this results in a low level of confidence in VR as a curricular teaching method for nursing education.
Therefore, defining concrete design and didactic-methodological parameters that support teachers in the use and implementation
of VR is more relevant.

Objective: This scoping review aims to provide an overview of significant design aspects for VR scenario conception and its
transfer to generalist nursing education to generate value for the development of teaching scenarios and their sustainable
implementation in teaching.

Methods: A comprehensive literature search was performed using the MEDLINE (via PubMed) and CINAHL databases, and
the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews)
checklist was applied. The search was conducted from May to July 2022, using a specific search principle corresponding to the
focus and the growing study corpus. A previously defined “population, concept, and context” scheme was employed as the basis
for the double-blind review of all relevant international German and English publications released up to May 1, 2022.

Results: In accordance with the predefined selection procedure, 22 publications were identified. The identified aspects aided
in the development of design, didactic, and research recommendations. The intuitive operation of realistically designed VR
scenarios, which are standardized, reliable, and modifiable, as well as clear instructions and specific multimodal feedback functions
were described positively. The same applied to the linear structure of the sequences with graduated demands and high image
quality for increased immersion with low sensory overload. Changes in perspectives, multiuser options, dialogs, and recording
functions can contribute to an interactive care practice. On the research side, it is advisable to define VR terminologies. In addition
to considering larger samples, varying settings, and financial issues, it is recommended to conduct long-term studies on knowledge
acquisition or improved patient outcomes.
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Conclusions: VR scenarios offer high potential in the context of nursing education if teachers and learners develop them
co-creatively according to design features and implement them by means of a well-conceived concept. VR enables trainees to
develop practical skills continuously in a standardized way. In addition, its deployment supports the sensitization of trainees to
digital nursing technologies and the expansion of their digital skills in a practical setting. Furthermore, it allows sustainability
issues to be addressed.

(JMIR Serious Games 2024;12:e53356)   doi:10.2196/53356
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scoping review; generalist nursing education; digital teaching formats; virtual reality application; co-creation

Introduction

Background
Germany and the German health care system are facing
enormous challenges. In addition to an increase in the need for
care, demographic change is also leading to a blatant and
increasing shortage of skilled nursing staff. Thus, the care gap
in Germany is growing in all areas of care, and the need for
nursing staff will rise alarmingly to 500,000 by 2035 [1].
However, in addition to the quantitative needs, the complexity
of care is also increasing. A multimodal approach that considers
other solutions in addition to human resources is required to
counter the care crisis effectively [2]. Increasing
technologization and digitalization in the health care sector can
not only provide relief and additional security, but also
strengthen the availability of current and person-centered
(specialist) knowledge and skills in training and further
education [3]. Accordingly, the educational pathways for the
health care system in Germany are also changing. On the one
hand, the academization of nursing education is being discussed
and implemented in model study programs, while on the other
hand, the new curricular orientation provides for generalist
nursing education [4].

One recommendation therefore advocates transformative
learning approaches that enable trainees and existing nurses to
deal constructively and reflectively with the changing processes
of an increasingly complex care reality.

Virtual Reality as a Transformative Learning
Approach in Nursing Education
Gradually, more educational institutions of health care are
making use of virtually supported teaching-learning scenarios
[4], as they represent a suitable medium to train or support the
skills of health care professionals.

One of the potentials is attributed to the immersive effect [5].
With the help of virtual reality (VR), users immerse themselves
in a computer-generated synthetic environment [6] and perceive
it via the senses of sight and hearing and increasingly via
movement and touch as well. Therefore, immersion refers to
the objective degree of sensory reality fidelity. According to
Milgram et al [7], the degree of reality representation, which
originally referred primarily to visual representation and has
since been extended to haptic or acoustic experiences, can be
classified on a “virtuality continuum” between the extremes of
reality and VR.

As there is no standardized usage of the term VR yet, we applied
the description of immersive virtual reality simulation (iVRS)
according to Shorey et al [8] as a working definition, which was
decisive for determining the study inclusion and exclusion
criteria as follows: “The virtual world [also “virtual reality,”
authors’note] is a 3D computer environment that provides users
with interactive experiences of an alternate reality in which they
are avatars who can move, sense, touch, and act upon simulated
objects that appear real [9]. There are 2 variations of virtual
worlds, namely, desktop virtual reality simulation (dVRS) and
iVRS [10]. dVRS, also known as non-iVRS, is where users
interact with an environment displayed on a computer monitor
using a mouse, keyboard, touchscreen, or joystick [11]. In
contrast, iVRS provides a complete simulated environment
where the user is equipped with several sensory output devices
such as a head-mounted device, stereoscopic unit, audio device,
and haptic device [10]. It involves a higher degree of
interactivity compared to dVRS — by blocking out many visual
elements of the real-world environment and inducing sensory
stimuli that correspond with the virtual environment, it enables
the user to immerse in the virtual environment [12].”

Nevertheless, both these varieties use the principles of
interaction and user participation in addition to the characteristic
of graduated immersion [13]. This characteristic enables nursing
trainees to experience both routines and the complexity of rare
or dangerous care tasks in an activating but safe and motivating
environment [14].

In the last decade, various international studies have investigated
the application of VR for educational purposes in nursing. As
an interesting complement to traditional teaching methods, the
use of VR to improve the teaching of basic nursing skills,
communication, or teamwork [15] has increased. Here, above
all, the possibility of conveying abstract and complicated content
is used, as one’s actions and their effects are brought into focus
and the learning content is perceived as more attractive [13]
and is addressed via several sensory channels in parallel [16].
Beyond this, the procedure for learning and acquiring skills and
competencies, which trainees can repeat as often as needed,
promotes neuronal linkage [17,18] and the resulting confidence
in action. In following this approach, ways of translating
theoretical knowledge into practical skills and abilities emerge
[19]. However, learners and teachers have described this
theory-practice transfer as critical and inadequate if only
conventional teaching methods are used [13]. This can lead to
not only inadequate care but also dropouts from training as
trainees demonstrate an excessive demand for the learning
content and its transfer to concrete practical requirements [20],
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especially since the number and regularity of patient contacts
during training are often insufficient.

Accordingly, technology-supported teaching-learning
arrangements can provide multiple services as follows:

1. They can take up the changing range of professional tasks
in nursing, depict them, and teach the competencies required
for this in a situational and interactive way in a safe learning
setting or support the acquisition by opening up
opportunities for self-observation and self-reflection [5],
particularly for complex action situations that occur rather
rarely in care practice and cannot be guaranteed or practiced
in the training phases.

2. They can increase the intrinsic motivation to learn and the
attractiveness of training [18] and can make it more
effective [21].

3. They can indirectly fulfill the demand for the inclusion of
digital-related competence requirements in curricula [22].

In order to establish a connection between educational and care
contexts and thus provide educational value, digital technologies
should be used as a learning medium in a reflected and justified
manner. This makes it more relevant to define concrete design
and didactic-methodological parameters that support teachers
in the use and implementation of VR in their teaching.

Despite the increasing number of publications on VR as a
learning medium in the educational context of health care, there
is still a lack of a merger between best practice experiences and
recommendations for targeted use and specific design in
generalist nursing education. To our knowledge, this
didactic-methodological approach to VR-supported nursing
education has not been applied yet. Based on this, our scoping
review is intended to contribute to showing the potentials and
indications of VR as a specifically selected and supplementary
teaching-learning medium and to reveal the needs of this
distinctive target group for an efficient design.

Study Objectives
The aim of this comprehensive literature review is to compile
the findings and best practice examples of projects on
VR-supported educational processes in nursing that have already
been completed or are still in progress. With the help of this
exploratory overview of the currently available evidence, it
should be possible to make statements and recommendations
as to which design aspects are relevant for the conception and
use of didactically and methodologically significant virtually
supported teaching-learning scenarios in the professional
qualification of nursing specialists and to what extent these can
be transferred to basic nursing training.

Methods

Overview
This scoping review, based on the JBI methodology [23], has
obtained and mapped an overview of previous and current
international research projects [24], and it is as broad and
in-depth as possible [23]. With the help of the procedure
described by Arksey and O'Malley [25], which comprises the
steps of searching for and identifying relevant studies; selecting
them; presenting the data; and compiling, summarizing, and
reporting the results, it is possible to both make use of the
research results already generated and identify the research gaps
that still exist [25].

Search Strategy
From May to July 2022, a comprehensive search was conducted
in 2 specialist databases (MEDLINE via PubMed and CINAHL
via EBSCO) according to predefined inclusion and exclusion
criteria, which are presented in Textbox 1. The search strings
for the literature search in the databases are presented in
Multimedia Appendix 1. In addition to publications identified
in the reference lists that appeared to be suitable according to
the keywords and were available as full texts, grey literature
from other databases and websites available online was also
taken into account and included in the screening of abstracts
and full texts.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

Publications

• All publication types.

• Publications until May 5, 2022.

• Available full text (author request if applicable).

• German or English publications.

• International studies.

Population

• Trainees, students, and teachers in nursing care.

• Working nursing professionals participating in continuing education programs.

Concept

• Virtual reality (VR) applications in the professional qualification of nursing staff:

• VR

• Immersive applications

• Use of a head-mounted display

• Outcome:

• Effectiveness

• Acceptance

• Trust

• Usability

• Design features

Context

• Basic training as a nursing professional.

• Basic studies to become a nursing professional.

• Continuing education and training for nursing professionals.

• Interprofessional teaching-learning settings in which future nursing professionals also participate.

Exclusion criteria

Publications

• Publications after May 5, 2022.

• Full text subject to a fee.

• Non-German or non-English publications.

Population

• Exclusively students of human, dental, or veterinary medicine.

• Exclusively practitioners of human, dental, or veterinary medicine.

• Exclusively trainees of other health professions.

• Exclusively practitioners of other health professions.

Concept

• Other simulation-based teaching-learning forms without VR or immersive approaches.

• Programming aspects of VR applications only.
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Context

• VR applications in medical-therapeutic settings without an educational purpose.

• VR applications in other educational or recreational contexts.

Study Selection
The online tool “Rayyan” [26] was used for the consolidation
and further processing of internationally published German or
English articles, which were initially selected on the basis of
the title and abstract. With the help of this tool, the research
team was able to process the data set independently and in a
blinded manner on the one hand but still cooperatively on the
other. In this way, articles published up to May 1, 2022, were
checked for their suitability with regard to the research question,
and relevant hits were identified and extracted in a structured
manner. No selection was made with regard to the study design,
but both the population involved and the technologies used were
taken into consideration. Therefore, we included studies in
which nursing trainees, students, and teachers or nursing
professionals in further education or training tested the use of
VR in the form of head-mounted displays as a medium in
targeted teaching-learning arrangements or helped to shape the
development process. Of relevance here were, above all,
statements on questions of effectiveness; information on
increases in knowledge, technology acceptance, and usability;
and concrete information on the didactic design of scenarios.

For this reason, publications that focused on other forms of VR
representation (eg, nonimmersive 2D representation on a screen
or Cardboard app–based models) or use as an assistive
technology in nursing or medicine, or focused exclusively on
other health professions were not considered. Furthermore,
studies that focused on technological details and programming
issues, but did not address the educational context, were also
excluded.

Data Extraction and Synthesis
To systematically extract, summarize, and present the
information on the current state of science that is relevant to
answering the research question, the included studies were first
processed narratively in a data table. The analysis and
structuring of the data were carried out in terms of the study
characteristics and the categories deduced in advance.
Accordingly, the upper categories “creative design aspects,”
“methodological-didactic indications for use,” and “research
recommendations” served as a tabular and thematic structural
basis for the present evidence synthesis (Multimedia Appendix
2 [8,27-47]). The category “general conclusions” included
further relevant statements that did not fit into these categories.

Results

Research and Selection of Studies
Through a comprehensive database search, 774 potentially
relevant studies were initially found. These were supplemented
by 172 publications from a hand search. Studies automatically
identified as duplicates by the program were only excluded after
an additional manual cross-check, and 562 studies initially
remained for the review process. The preselection of 45 articles,
which was carried out by a double-blinded examination of the
titles and abstracts according to previously defined criteria, led
to the evaluation of the full text according to the inclusion
criteria. Eventually, the data synthesis included 22 articles.
There were no conflicts between the independent reviewers
during this process. Figure 1 depicts this procedure graphically
in the form of a PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flowchart [48].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for literature selection. HMD: head-mounted
display; VR: virtual reality.

Characteristics of the Studies Included in the
Assessment
The 22 studies included in the assessment were from 14 different
countries. Of the 22 studies, 8 were from the United States
[31,33,35,36,40,42,46], with 1 co-authored by researchers from
Australia [39]; 2 from Ireland [27,47]; 2 from Germany [29,45];
and 1 each from Switzerland [37], Belgium [43], Scotland [28],

Norway [8], Canada [43], Brazil [30], South Africa [34],
Singapore [8], South Korea [38], and Taiwan [32]. The
publication language was mainly English, apart from 1 study,
which was published in German. The date of release of more
than 77% of the studies was between 2020 and 2022, and only
5 had been published between 2014 and 2019. This is probably
due to the fact that VR technologies have become significantly
more affordable in recent years through several manufacturers
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and have thus found their way into private households as well
as practical application contexts, with accompanying research.
With regard to the study design, the publications were very
heterogeneous as is to be expected in a scoping review. Most
of the articles involved mixed methods studies
[28,30,34-38,40,41,43,45-47]. Moreover, there were 2
qualitative studies [27,32], 2 experimental studies [33,41], and
3 theoretical papers [31,39,42]. Some of these studies were also
partially cited in 3 included systematic reviews [8,29,44].
Therefore, this review attempted to reveal aspects that provided
hints and recommendations to the chosen categories for the

development of virtually supported teaching-learning scenarios
for nursing trainees from among different types of publications
with regard to their divergent study objectives, settings, and
populations. On the basis of this, the research team scanned and
divided the publications into groups according to their
contribution to one or more of the 3 predefined categories.
However, this scoping review aimed to provide a summary of
the results of interest and not an all-encompassing presentation
of the results. Table 1 illustrates the contribution of the included
studies to the deductive categories.

Table 1. Contribution of the included studies to the deductive categories.

Research recommendationsMethodological-didactic indications
for use

Creative design aspectsStudy (author, year)

YesYesYesWeiß et al [29], 2018

YesYesYesHara et al [30], 2021

NoYesYesWells-Beede et al [31], 2022

YesYesYesChang et al [32], 2020

NoYesYesAdhikari et al [28], 2021

NoYesYesMa et al [33], 2021

NoYesYesBotha et al [34], 2021

YesYesYesButt et al [35], 2018

YesYesNoShah et al [36], 2021

YesYesYesSaab et al [27], 2021

YesYesYesSchlegel et al [37], 2019

NoYesYesLee et al [38], 2020

NoYesYesDean et al [39], 2020

NoYesYesDorozhkin et al [40], 2017

YesYesYesPaquay et al [41], 2022

YesYesYesINACSLa Standards Committee [42], 2021

NoYesNoThompson et al [43], 2020

YesYesYesPlotzky et al [44], 2021

YesYesYesKleven et al [45], 2014

NoYesYesBreitkreutz et al [46], 2021

NoYesYesShorey et al [8], 2021

YesYesYesHardie et al [47], 2020

aINACSL: International Nursing Association of Clinical and Simulation Learning.

Characteristics of the Study Participants
Of the 22 studies, 19 described the methodical approach in the
empirical surveys (for the cumulative data from the 3 theoretical
papers [31,39,42], reference is made here to the respective
publication). Accordingly, these included a total of 1193
participants, consisting of 14 teachers, 1018 nursing students
or trainees at different stages of their studies or training, and
112 learners from other study programs. The students were
studying midwifery (52 participants) [47], emergency medical
services (24 participants) [41], and medicine (24 participants)
[41], and were participating in interprofessional courses with

nursing students in which VR was used for study purposes. A
total of 12 students from other nonmedical programs completed
the virtual learning program as a control group [45]. One study
included 49 participants from a conference, but their professions
and levels of education were not explicitly stated [40].
Nevertheless, the study was included because it tested an
application that is also explicitly aimed at nurses in training and
practice. The sociodemographic data, which were not given in
detail in all publications, showed that the participants in the
learner group were predominantly female and in an age range
of 18 to 36 years but were mostly younger than 25 years. Most
of the studies were conducted at a single institution, while only

JMIR Serious Games 2024 | vol. 12 | e53356 | p.972https://games.jmir.org/2024/1/e53356
(page number not for citation purposes)

Steindorff et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


4 publications presented their results from multicenter studies
[30,33,41,46]. Nevertheless, almost all researchers reported that
the participants had heterogeneous experiences with VR at the
time of the first surveys.

Potential of Implementing VR Into Nursing Education
The included studies depicted a variety of potentials and didactic
contexts in which virtually supported teaching-learning scenarios
can efficiently supplement conventional teaching methods.

Due to the almost unlimited scope for design, virtually supported
teaching-learning scenarios offer a wide range of content-related
practice areas for future nursing professionals. This can range
from free practice and reflection of communication occasions
to technology-assisted patient assessments and nursing actions
[36].

The acquisition of knowledge with VR scenarios is based, on
the one hand, on the theory of situated learning [8] in order to
promote an active connection of didactic principles with clinical
competencies [27,28,30,35,36,43,46]. The learning process in
VR takes place in the context of specific action goals,
competencies, structures, and rules of the simulated nursing
action [49]. It also offers a way in which interactions can be
experienced and practiced in the social context of a “Community
of Practice (CoP)” [50]. On the other hand, VR offers a way for
experiential and constructivist learning [8,27,33,37,43,47] by
allowing learners to gain meaningful and realistic experiences,
even in stressful, rare, and dangerous situations
[28,30,37,38,40,41,47]. This comes into play especially when
conventional teaching methods can only deficiently depict those
situations or if it is important to control them more intensively
than in the reality of care [39]. In this way, safe; low-risk;
contactless; and shame-, stress-, and fear-free learning is
possible [8,27,28,30,32,36,44] when the paradigm of
experimental knowledge acquisition and the associated
trial-and-error strategy [27,28,32] can be considered its basis.
Learners thus perceive less direct pressure that can be exerted
by teachers during exercise [32] and can acquire a better
understanding of the relevance and effects of individual action
steps through directly experienced and concrete consequences
[38,46,47]. Combined with gamification elements, trainees enter
into a playful learning experience with a positive culture of error
[30,37], which, when used sensibly, is able to increase interest
and engagement in learning as well as motivation and
willingness to actively acquire and discuss the learning content
[8,28,30,34,35,37,43,45-47]. While this indicates a positive
added value for a better and more satisfying learning experience
[27,34,38], the use of VR-supported scenarios can emphasize
increased self-confidence and self-awareness from a didactic
perspective [27,28,32,43]. The pride and perception of the
enhanced competence of learners as well as the playfully
conveyed pleasure in a challenge or a competition with fellow
students can promote the attention and memorability of the
content [27,28,47].

While traditional teaching methods (eg, teaching in the skills
lab) require observation and subsequent assessment of
performance by a teacher, VR allows learners to gather
experiences and impressions unobserved but still in a kind of
safe space [46] and to discuss and analyze them later with

teachers. As an assistive teaching-learning tool that usefully
expands and supplements existing methods [27,28,32,44], VR
could replace up to 50% of the clinical hours in the conventional
teaching of nursing students [36]. Thus, both novices and experts
[30,44] can benefit from it during training (eg, improvement of
soft skills such as empathy, interprofessional communication,
and collaboration) [29,36,44,45]. Here, the function of the
change of perspective or the location-independent multiplayer
game option is suitable, which places learners in a realistically
depicted setting of care in a targeted situation (eg,
communicatively challenging situation of case discussion or
family counseling) and thus extends conventional role play
[44,45]. Similarly, in this environment, it is possible to expand
competencies, such as observation and reflection, on a case-
and action-related basis or to look at doubtful situations from
different perspectives and then discuss them together with the
teacher or in a class group [30,47]. Accordingly, the deliberate
use of virtual scenarios in generalist nursing education is well
suited to acquiring new knowledge for the first time in a
multisensory way, consolidating it through repetition or different
action requirements, and forming abstract concepts in an
experience-based and feedback-supported way [27,28,32,46,47].

Above all, the option of applying theoretically taught content
with the accompanying required practical skills and abilities of
nursing in a situation-oriented manner and connected with
virtual persons who require care enables learners to gather and
reflect on practical experiences even before their first clinical
assignments. This, in turn, can result in them being more
courageous, motivated, and committed in their active
engagement with real patients. On the other hand, they might
also experience a feeling of greater competence and
self-efficacy, which can reduce the theory-practice transfer that
is often perceived as difficult [27,30,36,38,42-47]. Although
the respective studies had some limitations with regard to design
and generalizability, some research teams reported objectively
ascertainable cognitive, procedural, and psychomotor gains, in
addition to the rather subjectively assessed personal and
affective added values.

However, VR is not suitable as a stand-alone teaching approach
that can or should replace teaching without specific instructions
and guidance [27]. Rather, it is a matter of meaningfully
integrating the possibilities offered by immersive virtual
simulations into the teaching of prospective nurses or into the
continuing education and training of nurses who are already
working.

Didactic-Methodological Recommendations for the
Use of Virtually Supported Scenarios in Nursing
Education
The possible values of virtually supported teaching-learning
scenarios in generalist nursing education are numerous.
Nevertheless, there is a need for some didactic-methodological
considerations and measures to be able to use them.

The prerequisite for this, however, is the economic, intentional,
systematic, flexible, and learner-centered concept that facilitates
the use of this medium, which has been adapted to the respective
groups of learners, their levels of skills and knowledge, their
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learning experiences, and previous methods [30,32,35,37,42].
According to the deliberate practice theory, exercises should
be selected on the basis of clearly defined, specific, appropriate,
and measurable learning objectives that correspond to the real
requirements of nursing practice [29,30,35,37,38,42]. Thus,
teachers face the task of didactically reducing the available
virtual possibilities by focusing on single aspects and significant
content [44,47]. Due to this and several other factors, VR is not
an adequate substitute for experienced instructors to teach
professional nursing [27].

Saab et al [27] emphasized that the core of the nursing values
of care and compassion is still human interaction. Trainees
cannot acquire these exclusively through simulations. Rather,
the personal and professional experience of teachers should
convey these values. Additionally, they have to stimulate an
empathic curiosity to generate a greater willingness to put
oneself in the situation of the person receiving care and to
support an accompanying in-depth understanding of the
respective situation [39]. Moreover, VR cannot replace the
deepening practice with the person receiving care or those
involved in care for the hermeneutic case understanding of
learners, in which individualized or at least partially
individualized decisions about interventions in particular cases
should be made with direct communicative reflection on needs
and requirements. Furthermore, the abovementioned group of
authors stated that there is no adequate substitute for personal
and continuous feedback from the teacher for the preparation,
support, and reflection of the learning situation [27]. In addition
to this reflected use in general, it requires a well thought-out
concept to leverage the potential of virtually supported scenarios
in nursing education.

Considerations on Implementing VR Into Teaching
The naive use of VR for self-purposes or entertainment should
only be found in the leisure sector. However, in order to make
a purposeful and targeted contribution to the acquisition of skills
and abilities by nursing trainees, it is important to proceed in a
planned and systematic manner. Thus, Dean et al [39] called
for users to not become passive VR consumers but to continue
to maintain a critical, analytical, and thoughtful attitude for
transferability to the reality of care. This also reflects the basic
attitude of caregivers. Since future nursing professionals should
always adopt a critical and reflexive attitude in the course of
the increasing use of technologies in nursing practice and should
also be sensitized to this in their training, this applies equally
to not only teachers but also learners with regard to the use of
virtual scenarios.

This also presupposes that teachers organize optimal framework
conditions. The International Nursing Association of Clinical
and Simulation Learning (INACSL) Standards Committee [42]
and Hardie et al [47] therefore recommended a detailed
prebriefing for preparation and introduction to the handling of
the technology. This includes concrete preinstructions
[32,38,41,44], which involve the correct use of technical devices,
such as the controller [30,37], and getting used to the glasses
and the changing perception [30,32]. Instructions on the
associated teaching material and learning content and the
requirements of the scenario should also be part of the

introduction. This can be done either face-to-face with tutors
or instructors or via a video [28] or interactive tutorial. Good
instructions and ease of use open up the potential for learners
to use VR independently of teachers and thus of location [44,46],
and possibly even use a multiplayer version [35,40,44]. A final
debriefing in the form of feedback sessions or accompanying
reflection tasks supplements meaningful usage. This can support
teachers and trainees to identify learners’ current strengths and
weaknesses or to analyze and discuss discrepancies between
the learning experience provided and the understanding of the
nursing concepts presented or even the reality of care.

Accordingly, the use of virtual scenarios is recommended
especially for smaller classes [27], so that trainers can handle
the organization of the set-up of the simulations as well as the
assignment and creation of rotation plans [36] in a manageable
and efficient way. Under certain circumstances, the information
or involvement of additional teachers should be considered [36].
Moreover, it should be considered whether specifically trained
instructors or fellow students should provide support for the
learners, for example, to secure the environment [43]. This also
becomes relevant if trainees are given the opportunity to use or
borrow VR headsets for voluntary practice in their free time in
a separate room [27].

This, in turn, would not only enable the self-organized learning
demanded by learners and the curricula [38] but also invalidate
the argument that VR isolates users and show that it promotes
social interaction [44], which is a highly relevant component
in nursing.

In addition to the meaningful intention to implement VR in
educational contexts, design aspects are crucial elements for
using the various potentials of VR.

Overview of the Design Considerations of Virtually
Supported Scenarios
With the exception of 2 studies [36,43], all included publications
contained mostly experience-based hints and recommendations
regarding the design of virtually supported teaching-learning
scenarios for generalist nursing education.

To empower trainees to handle care situations, specific
circumstances, and various settings, virtually supported
scenarios should provide a realistic, plausible, and immersive
learning environment [28,38,41,45,47], which should have
consistent [31], clinically correct [34], and narrative story
structures [47]. Due to this, multiprofessionally composed
development and research groups [32,42] have to predefine
concrete learning objectives [42] adapted to the current ability
and knowledge level of learners [30], whereby learners come
across the subjective relevance of the scenario they have
experienced [51]. This forms the basis for the deduction of the
most profitable specific means, details, and features. Authentic,
motivating, and moderately challenging experiences should
always be the goal. Thus, focusing on typical visual and auditory
details relevant to the nursing process [44,46] is a major aspect.
A basic prerequisite is high image and sound quality
[27,34,38,41]. By observing the correct lens focus [28] and a
high refresh rate, users can read text insertions [31] or recognize
facial expressions and gestures [30] more easily. Moreover, this
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can increase the sense of immersion and perceived spatial
presence within the chosen scenario [33,38,45] and prevent
motion sickness [30]. Considering the cognitive load, the
INACSL Standards Committee [42] recommends the selection
of the type and degree of fidelity (eg, with regard to physical,
conceptual, or psychological parameters). Therefore, trainees
are able to draw their attention to the respective action demands
[27] and challenges of different stress levels [29,37,38]. This
could be supported by the targeted use of visual cues, including
color markings, highlights, or animations [30,31]. The function
of pausing during an exercise [31] in order to reflect on the next
steps or to record the entire exercise [8] for later discussion can
help to create a critical reflective attitude toward one’s
performance. In addition to realistic visual and auditory details,
the integration of tactile stimuli in the sense of a mixed reality
experience [46] and 360° views, which enable observation of
one’s performance from different angles [31], could be useful.
The change of perspective [51] or modality of experience
provides a basis for the reflection and discussion of actions and
reactions demanded in specific situations. Since VR allows for
slipping into other roles, it can promote essential nursing skills,
such as empathy [52-54], which is particularly important for
recreating other life perspectives and situations. The
understanding of the needs and requirements of virtual people
who require care on a physiological level can be supported by
interactive models visualizing anatomical structures as well as
regular or pathological processes [27,45,47].

Another essential recommendation for VR learning scenarios
is the use of gamification elements [55]. The implementation
of game-based details in the applications enables the
strengthening of memory pathways [46,47], which in turn can
positively influence learning outcomes [28]. This includes, for
example, scores or rewards in the form of medals, congratulatory
banners, or colored lights [30]. The given feedback can
additionally motivate learners to perform practical nursing
activities in VR [28] and support them in the development of
problem-solving [27] and procedural skills [30]. Likewise, this
can be supported by time limits for the execution of individual
nursing actions.

Furthermore, if the application enables the collection of
game-played data [41] and, for example, allows their
visualization to both learners and teachers in the form of error
rates [40], it can not only document but also promote intended
learning outcomes, particularly when learners use this feature
to analyze the learning gains according to performance [8].
Consequently, the scenarios, which rise in complexity in more
challenging difficulty levels [35], should offer the possibility
of the repetition of exercises [35,44] in order to achieve an
increase in competence individually and in terms of one’s
responsibility. If a trial-and-error strategy [27] forms the basis
for this procedure, the learning process can be positively
reinforced.

However, virtually supported scenarios can only unfold their
potential if the handling scenarios allow. On the one hand,
uncomplicated and trouble-free handling and experience of
technical possibilities can increase the learners’ sense of
presence in the situation [41]. On the other hand, it is an
essential factor in the prevention of motion sickness [30].

Therefore, designers should pay attention to a high degree of
correspondence between the image and the respective head
movement, and the use of high-resolution graphics and the
mitigation of technical overreactions, for example, can be useful
when reaching for objects in virtual space [8,46].

Thus, design aspects should address the questions of handling
and acceptance and the associated benefits for learning.

Research Recommendations
Owing to the greater availability of and interest in the use of
VR as a teaching-learning medium, the corpus of studies in the
field of nursing education has grown immensely in recent years.
Nevertheless, the studies included in this review have stated the
inconsistent use of VR terminology, indicating the need for an
unambiguous definition in publications [29,44], and have
mentioned the requirement for further research with larger
samples and associated statistical analysis [27,29] with regard
to various aspects.

On the one hand, this involves the investigation of technical
parameters and interactive possibilities, such as stereognosis
[32], motion tracking, and the integration of haptic devices,
enhancing VR interface elements or social media and other
mobile technologies to enable collaborative learning and
effective distribution of educational content [45]. On the other
hand, there is a demand for further investigation of the learning
process itself by means of virtual simulations and the
transferability of learned nursing-relevant content to real clinical
practice [30]. Shah et al [36] recommended quantitative
ethnography as a possible research method to take a closer look
at associated emotions; ways of thinking and acting during
immersion; and how, why, or when learning groups differ in
this respect. If researchers use such comparative studies, for
example, to analyze several sessions with the same and different
instructors and assess learners’ perceptions during the
instructions in prebriefings and debriefings or with regard to
different content [36], they should take care to pilot the study
[42] and to provide comparable test conditions for participants
in the control group so that they can, for example, walk through
a real patient room in search of faulty aspects of patient and
workplace safety [37]. They should ensure almost the same
conditions when surveying individual learning experiences [42],
learning gains [36], and long-term knowledge retention or
improved patient outcomes [35]. Studies for examining and
evaluating the use of VR scenarios in education in more detail
should also survey possible previous VR experiences of users
[41] to be able to consider possible influencing factors or risks
of bias.

For the use and design of virtually supported teaching-learning
scenarios for generalist nursing education, the integration of a
best-practice simulation framework [47] (eg, INACSL criteria
[42] and Jeffries’Simulation Theory [32]) for the consideration
of not only microdidactic but also meso- and macrodidactic
influencing factors is recommended. Thus, in addition to design
and application aspects, questions about financial effects or the
return on investment [35] also come into focus, and
interprofessional cooperation [32] should take these into
account, especially for continuous modification and optimization
of scenarios. Targeted needs assessment [42] and continuous
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learner and teacher involvement in development [30] are critical
factors for the appropriate and economic development of an
effective teaching-learning medium.

Discussion

Implications and Aspects of the Use of VR
Teaching-Learning Scenarios
Within the framework of the literature research and the results
presented, it must be stated that there are various ways to define
VR, and it can encompass different devices, degrees of
immersion, and interactions. Uniform definitions of the terms
used would therefore be desirable [35,50]. Nevertheless, this
medium in its various manifestations is generating successively
more interest not only within the private leisure sector but also
as a supplementary teaching-learning instrument in both general
education and medical and nursing education contexts, as VR
can meaningfully expand the number of methods with regard
to various teaching-learning outcomes [36,38].

On the one hand, a virtual change of perspectives, role plays,
or teamwork tasks in authentically depicted nursing scenarios
could support the learning, practice, and repetition of personal
and social competencies, such as empathy, heuristic case
understanding, and targeted observation, which are relevant in
the relational profession of nursing [2,39]. On the other hand,
learners can consolidate procedural skills and abilities in
virtually supported care situations by means of demonstrations,
step-by-step instructions, and various feedback mechanisms
[8]. In this way, they can safely apply theoretical content before,
during, or even after a practical assignment in a concrete action
situation and thus consolidate or assess their knowledge. This
has the potential to soften limiting framework conditions and
facilitate theory-practice transfer [2,36]. Teachers can benefit
from the targeted use of VR in that they can give trainees
learning tasks that are not bound to time and place, and these
trainees are in turn more motivated and committed to partly
self-directed teaching [41,50]. In addition, teachers and trainees
command content illustrated more practically for appropriate
discussion and reflection together [48,53].

Beyond the possibility of enhancing practical skills continuously
in a standardized way, the use of VR supports trainees’

sensitization to digital nursing technologies and helps expand
their digital skills in a practical setting. Even sustainability
issues can be addressed in this way [38].

Nevertheless, it is important to note that almost all studies
unanimously emphasized that virtually supported
teaching-learning scenarios are still not an omnipotent substitute
in teaching and that their use is rather critically reflected and
well-considered at those points where conventional teaching
methods reach their limits [40,46] to comprehensively prepare
learners for the future role of a professionally acting nurse [38].
This scoping review offers an overview of the implications,
considerations, and recommendations to develop and implement
virtually supported scenarios reasonably and purposefully for
educational demands in nursing education. An excerpt of the
results is shown in Textbox 2.

This includes not handing out VR glasses to learners in an
uncontrolled manner, but rather embedding the application
methodically and didactically in the lessons in a meaningful
way to ensure pre- and postdiscussions as well as parallel
professional and technical support. Only then can the presented
content effectively support individual learning [2,42,48].

VR is consequently highly recommended to complement the
third location of learning, that is, the skills lab [50]. The
complexity of the practice is only approximately representable
owing to current restrictions, such as limitations in haptics or
olfaction, which are of great relevance in the care sector, and
the combination of these can lead to the high resemblance of
daily nursing practice and the broad preparation of trainees
[16,38]. In addition, technology in the field of VR will continue
to develop in the future, and possibilities for realization may
arise for those constraints. In the best case, this will happen
based on the needs and requirements of respective target groups
in multiprofessional teams and with co-creative participatory
procedures [38]. Thus, further prospective research fields are
emerging in addition to the current cost-benefit analyses, large
randomized controlled studies in various teaching-learning
settings, and surveys on improved patient outcomes
[35,36,38,41], and these will offer further potential and provide
focal points for investigation that need to be critically
considered.
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Textbox 2. Recommendations for the development and implementation of virtual reality scenarios.

Design recommendations

• Realism and plausibility

• Attractive playful design with high image and sound quality

• Dialog-based narration

• Adoption of perspective

• Direct feedback and tangible consequences of action

• Hierarchical structure

• Data collection and reproduction

• Clear handling, navigation, and instructions

• Pause, repeat, and record functions

• Location-independent multiplayer option

Didactic considerations

• Assistive, activating, and motivating

• Multimodal, learner-centered, and experience-based teaching concept

• Specifically formulated learning goals

• Secure standardized environment

• Consolidation of theoretical, procedural, and application knowledge

• One-to-one support including feedback

• Situational testing

• Independent and flexible in terms of time, and repeatable as often as required

• Heuristically reflexive decision-making and problem-solving processes

• Self-confidence in processes, expertise, and communication skills

Research recommendations

• Clear definition of terminology

• Cooperative and co-creative development processes

• Larger samples and statistical analysis

• Varying settings and conditions

• Evaluation of improved patient outcomes

• Longitudinal studies on knowledge

• Cost-benefit analyses

• Inclusion of additional interactive functions

• Consideration of theoretical frameworks

• Integration of best-practice simulation frameworks (eg, International Nursing Association of Clinical and Simulation Learning criteria)

Limitations
A methodological strength of this scoping review is the
comprehensive and supplementary hand search conducted in
parallel with the database search and the citation tracking to
counteract the risk of excluding relevant hits. Furthermore, the
research team used a tool for blinded analysis to avoid selection
bias in the selection of studies as far as possible. Nevertheless,
the initial decision for a sensitive search principle was changed
in favor of a specific procedure, as there has been an enormous
growth of extended reality (XR) applications in educational and

medical contexts in recent years. Accordingly, there is a growing
amount of research papers on a wide variety of focal points.
However, these often only correspond to the previously defined
inclusion criteria in individual points, and thus, they do not
answer or inadequately answer the concrete underlying research
questions for the selected target group or the corresponding
application. This is also the reason for another limitation of the
study. As nursing education in its generalist application in
Germany is unique in a worldwide comparison, the largely
international research results are only partly transferable to local
framework conditions, teaching methods, and content, as well
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as the requirements in the initial training of future nursing
professionals. Furthermore, the data protection regulations
applicable in Germany should be taken into account. These can
influence not only the choice of devices but also the processing
and use of the generated data. Therefore, critical considerations
are relevant in the reception and the attempt to generalize the
results in other contexts, especially since the focus was on a
selective collection of data and not on a dedicated analysis or
detailed comparison of the studies with each other.

Comparison With Prior Work
This scoping review reveals the results of selected publications
according to a specific search principle. Although the aim was
not to compare the studies with regard to the respective design
or the reported results, the latter could be summarized under
the deductively created paragraphs that address
recommendations and considerations.

Compared with previous studies, which were partly considered
in this study, it was possible to generate a general overview of
relevant aspects that fundamentally characterize virtually
supported teaching-learning scenarios in initial nursing
education. On the other hand, the basis for the identification
was the very specific context of nursing education in Germany.
However, a large number of studies published thus far have
focused on other study populations from the medical and general
education sectors or other definitions of VR in their surveys
and explanations.

The inclusion and exclusion criteria used served primarily to
provide those actors involved in German nursing education and
training with information on the use and development of
virtually supported teaching-learning scenarios, which
corresponded to the international consensus and met the needs
of the German context. Consequently, this publication can serve

as a point of reference for both national and international
recipients, provided that they critically evaluate it and, if
necessary, supplement relevant aspects, which are related to the
respective country, action, teaching, or study population
background.

Conclusions
Flexible use, a positive error culture, and learning that can be
individually controlled and adapted to the knowledge levels of
trainees by means of virtually supported teaching-learning
scenarios can increase learning motivation and satisfaction.
Simultaneously and compared to other common teaching
methods, VR can reduce time, personnel, and material resources,
and future nursing professionals can specifically train, deepen,
and consolidate the procedural, personal, and social
competencies of professional nursing knowledge and actions
in both theoretical and practical teaching sessions.

Nevertheless, VR cannot and should not replace experienced
nursing teachers, especially to convey elementary nursing values
such as care and compassion. Therefore, learners and teachers
should be actively involved in the co-creative design and
evaluation process of virtually supported teaching-learning
scenarios for the acquisition of skills and competencies in a
practical yet safe setting. This will help to reveal the needs of
the target group from the beginning and to incorporate them
directly into the development on an iterative basis. In addition,
future users can identify weak points or errors in content or
applications more quickly than nonspecialist developers who
may focus on different aspects. This could also launch the
systematic implementation of this medium in the curriculum.
Moreover, trainees and teachers will be sensitized to apply it
critically and reflectively owing to the deeper insights that
accompany the process.
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Abstract

Background: Though the prevalence of diabetes is set to increase, most serious game solutions typically target patient
self-management and education. Few games target health care professions education, and even fewer consider the factors that
may increase their efficacies. The impact of facilitation, a prominent feature of health professions education, is examined in the
context of a rehearsal-based diabetes management serious game.

Objective: In this mixed methods, open-label, superiority randomized controlled trial, we compare student performance, attitudes,
and perceptions of a rehearsal-based diabetes management game for health care professionals.

Methods: Student participants were randomized into 2 groups to play a diabetes management game. The control group played
the game alone, and the intervention group played the same game alongside a facilitator tasked to moderate overall challenge
levels and address queries. Both groups were administered the Flow Short Scale, a 13-item measure rated on a 7-point Likert
scale ranging from 1 (“not at all”) to 7 (“very much”) immediately after the game. Students were then invited to voluntary focus
group discussions to elicit their attitudes and perceptions of the game. Findings were subject to between-group comparisons and
inductive thematic analysis respectively.

Results: A total of 48 (26 control, 22 intervention) clinical-year undergraduates from the Lee Kong Chian School of Medicine
in Singapore participated in this study, with 18 continuing to the focus group discussions. Flow Short Scale results indicated the
superiority of the intervention group for overall flow (t46=–2.17, P=.04) and the absorption subdomain (t46=–2.6, P=.01).
Qualitative results indicated students viewed facilitation as helpful and appropriate, and were able to identify improvable elements
of the game’s theoretical foundations and overall design.

Conclusions: While serious games are efficacious means of rehearsing previously learned knowledge, facilitation allows for
their efficiency to be greatly increased. Such increases are likely crucial in the coming years with the increased digitization of
health care professions education and the prevalence of diabetes.

Trial Registration: ClinicalTrials.gov NCT05637749; https://www.clinicaltrials.gov/study/NCT05637749
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Introduction

Background
Diabetes is a chronic disease characterized by sustained high
blood glucose and, when left unmanaged, is associated with
severe health consequences and premature mortality [1].
Globally, an upward trend in the incidence of the disease has
been noted in most regions, driven primarily by type 2 diabetes
(T2D) and the prevalence of its associated risk factors [2-4].

This coincides with the increasing complexity of medicine and
its need for a skilled workforce capable of taking up new
knowledge in constrained time frames [5,6], necessitating the
development of new methods to facilitate continuous health
care professions education [7].

Digital Interventions
Despite numerous digital interventions developed in the wake
of these needs, notable gaps remain. Educational interventions
remain focused on patients with comparatively little for
caregivers and health care professionals. Despite favorable
outcomes, such interventions may have difficulties sustaining
user attention and engagement [8-10]. Reviews of digital
diabetes educational interventions suggest their full potential
may be stymied by the absence of a human expert to guide the
user [11], though it remains unclear if this is a consequence of
the rapid uptake of digital technologies and the greater push
toward self-reliance.

Jeon and Park [12] noted that self-care apps improve social
motivation and behaviors, but not knowledge, behavioral skills,
or personal motivation, which instead benefited from in-person
interventions, while caregivers actively sought peer-to-peer
support to alleviate concerns [13]. In continuous education,
learners paradoxically reported great acceptance of distance
learning methodologies, while also desiring face-to-face teaching
[14,15]. Additional evidence suggests improving motivation
and subject attitudes may be more important than enhancing
knowledge [16], as observed in interactions with diabetes care
services [16]. As a result, despite the student and
patient-centered approaches used by modern developments
[17-20], evidence of the exact benefits afforded by including a
human expert, trainer, or facilitator in these interventions
remains insubstantial.

Serious Games
Serious games may increase patient motivation [21-23], and
the management skill of patients and caregivers [12,16,24], in
the context of chronic diseases such as diabetes. They are usually
defined as games designed for nonrecreational purposes such
as education and therapy [25-27], and have enjoyed increasing
uptake in both educational and clinical settings due to the ease
by which they enhance motivation in their users [25-27]. They
are distinct from gamification, which incorporates game-like
elements into nongame interventions [28].

Such games are unable to replace qualified professionals, and
instead support the promotion of exercise [29,30], deliver
diabetes care education [31,32], and facilitate self-management
[33,34]. Like their game-free counterparts, they are heavily
focused on patients, with few health care professionals or
caregivers. The majority appear to be gamified interventions as
opposed to serious games, with literature reviews of the past
decade returning only a nondigital escape room to improve
diabetes management knowledge in pharmacy students and
teaching insulin therapy to primary care physicians [35,36].

This dearth likely stems from early attempts to gamify existing
methods, which failed due to poor game and instructional design
[37,38]. Modern developments are understandably subjected to
rigorous validation studies before implementation, and recent
reviews of the literature suggest this remains the focus of a vast
majority of game-based research—newly developed games are
trialed against an established game-free control group, and
efficacy is determined by the degree to which the game fulfills
its intended purpose [25,39-42]. This user-centric focus, while
meritorious, leaves unaddressed the key mechanisms of action
responsible for a game’s success, much less to what extent such
mechanisms may be controlled to influence how players enjoy
or learn from them.

Roles of Human Educators
Human educators provide emotional intelligence, empathy, and
context awareness [43], key drivers of learner engagement and
overarching educational outcomes despite advancements in
intervention design [44]. With games, prior investigations
suggest educators may facilitate learners transiting from passive
knowledge retention and learning to encourage self-directed
inquiry and active learning [43], as well as provide customized,
empathetic, and learner-specific feedback that digital systems
may not fully emulate [45].

Facilitation and Flow
Facilitation is considered by the Promoting Action on Research
Implementation in Health Services framework as a process that
supports and enables others’ self-improvement and goal
attainment [46,47]. In medical education, facilitators are credited
for the success of collaborative [48], guided, yet autonomous
learning experiences such as team-based learning [49,50].
Success may be attributed to facilitators exhibiting prosocial
traits such as empathy, flexibility, authenticity, pragmatism,
and credibility [51,52], as well as easing difficulties and keeping
students invested in the activity [53-55].

Despite this, facilitation remains a broadly defined concept and
the benefits of prosocial traits may not wholly translate to
serious game-based interventions. Human experts introduced
to games may assume multiple roles such as facilitators,
instructors, and mentors [56], among others, with no role being
universal due to the myriad roles games may play. Nonetheless,
facilitation and moderation are the most likely drivers of success
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in serious games due to their means of adjusting a game activity
to better meet the needs of individual learners.

The meeting of these needs is often a precursor of a flow state,
a crucial yet often overlooked feature of serious games. Flow
is a cognitive state characterized by absolute attention toward
an optimally challenging task and the fluency of one’s actions,
seemingly without conscious thought [57-59]. Notably, high
rates of flow are associated with a willingness to return and
repeat an activity [25,59-61], critical in education where
rehearsal facilitates the committing of new knowledge into
long-term memory.

Understanding how much influence facilitation may exert on
flow generation in serious games is thus key to increasing the
efficacy of such games in medical education and further enabling
the continuous education of health care professionals in the
future.

Study Aims
To this end, this mixed methods study aims to identify and,
where possible, quantify the benefits arising from
human-assisted facilitation in digital game-based interventions.
This will be accomplished via an open-label superiority
randomized controlled trial, then a focus group discussion to
elicit greater insight and provide additional context into
participant perceptions and attitudes.

A rehearsal-based diabetes management game has been
developed for this purpose and includes a special role for a
human facilitator tasked with ensuring an optimal game
environment for the player.

The quantitative aspect of this study hypothesizes that subjects
assigned to a facilitated game group will report statistically
significantly higher flow scores than subjects of the unfacilitated
group.

Methods

Participants
Subjects were recruited from third-, fourth-, and fifth-year
medical students undertaking their Bachelor of Medicine and
Bachelor of Surgery degree at the Lee Kong Chian School of
Medicine, Nanyang Technological University in Singapore,
where this study also takes place. These students were selected
due to their completion of the endocrinology segments of their
internal medicine clinical postings and thus had basic familiarity
with diabetes management in both clinical and community health
care settings. Recruitment was performed by email
advertisements and snowball sampling via word-of-mouth, and
the completely voluntary and benefits-free nature of this study
was repeatedly stressed. Exclusions included students who had
not completed the endocrinology segments of their internal
medicine postings, diseases of the eye not including myopia,
noticeable psychosocial difficulties, and any other characteristics
that may put them at risk while playing the game. All interested
participants were instructed to read this study’s information
sheet, had the same sheet read to them before consent taking,
and were repeatedly informed that they could ask questions and

that participation in both the qualitative and quantitative aspects
of this study was voluntary.

Ethical Considerations
Ethical approval was obtained from the Nanyang Technological
University Institutional Review Board (IRB-2022-739).

Theoretical Bases
Before the formal study, informal focus group discussions with
clinical-year medical students were conducted to gauge interest,
elicit suggestions, and identify key features of the diabetes
management game. Following this and subsequent literature
reviews [62], it was determined the game intervention would
best be developed based on self-determination theory (SDT),
flow theory, and experiential learning theory.

SDT posits that an activity becomes intrinsically motivating
when the needs of competence, autonomy, and relatedness are
met [63]. Competence was addressed by mirroring the behaviors
of both nonplayer characters (NPCs) and their ambulatory
glucose profiles (AGPs) as closely as possible to case studies
students would encounter as part of their education. To address
the need for autonomy, players were permitted to manage NPCs
in any manner. Relatedness was expected to be established by
both the presence of the facilitator and the role the facilitator
plays when checking in on the player’s progress.

The facilitator’s role also overlaps with flow theory, as they
may adjust game difficulty based on real-time player feedback.
Flow refers to a deep cognitive state wherein an individual
directs absolute attention toward an optimally challenging task,
simultaneously experiencing near-complete control over the
activity and a total loss of awareness of the self [57-59]. Such
states are associated with increased accomplishment across the
breadth of the human developmental life span and, in the context
of education and rehearsal, the willingness to return and repeat
an activity [25,59-61].

Experiential learning theory stipulates that learning occurs when
an individual partakes in the activity or task to be learned as
opposed to receiving knowledge through instruction [64], and
further overlaps with the aforementioned fulfillment of
competence as defined by SDT.

Game Intervention
The digital diabetes management game is comprised of a
single-player management game centered on a 2D community
populated with NPCs who all have type 1 diabetes (T1D), T2D,
or gestational diabetes (GD). NPCs work, consume meals, and
partake in recreational activities within the game environment
of their own accord and may not be directly controlled by the
player. The player interacts with the game using the mouse and
controls the administration of insulin, snacks, and oral
medication. Upon clicking the respective buttons, players are
presented with a dosage and may adjust it with further mouse
clicks before confirming the action. NPCs do not partake in
these activities of their own accord.

Each NPC possesses individually tracked blood glucose, visible
to the player via an AGP, with changes simulated in response
to stimuli, such as the physical intensity of current activities,
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insulin and oral medication dosages, consumption of meals or
snacks, and phenotypic characteristics such as insulin resistance.
Should extended or severe hyper- or hypoglycemia occur, NPCs
will faint, be removed from the game, and the player will be
informed that said NPC has been evacuated to an off-site

hospital. Upon selecting an NPC, players may view their
relevant clinical history, present symptoms, and all past actions
they were administered (see Figure 1; a short technical
demonstration is included in Multimedia Appendix 1).

Figure 1. Overview of the game world as viewed by the player, including sidebar display of relevant NPC details. NPC: nonplayer character.

Following a tutorial with actual gameplay, the player is given
12 minutes to play the game with 1 real-time minute
corresponding to 1 in-game hour. They are tasked to keep the
blood glucose levels of all NPCs in an ideal target range (subject
to phenotype) as much as possible. With every real-time minute,
each NPC’s AGP is updated based on their in-game activities
and the player’s inputs to them thus far.

By default, the game begins with 10 NPCs comprising 7 T2D,
2 T1D, and 1 NPC with GD, reflective of the incidence of each
phenotype. This number may change based on the actions of a
human facilitator, who may access a game in progress from a
separate machine. The facilitator is provided the same
information as the player and may additionally create new NPCs
for the player to manage, remove existing NPCs from play, or
as an alternative to removal “freeze” the AGP of existing NPCs
such that they need not be managed by the player until
“unfrozen” (see Multimedia Appendix 2).

Due to the short duration of gameplay, the role of the facilitator
was governed by a strict set of rules that they were not permitted
to deviate from during this study. They were not permitted to
offer knowledge a player has clearly forgotten (ie, administration
of metformin to an NPC with compromised renal function)
unless explicitly asked. They were to remind players of the
function of game controls if asked, or if the player repeatedly
made control-based mistakes (ie, trying to use the right mouse
button or keyboard, which have no function). They were to
succinctly explain to the player the reason behind an NPC
fainting and being conveyed to the hospital should an instance

occur (ie, too much bolus insulin 2 hours ago and NPC became
hypoglycemic) to avoid disrupting the flow of the game. To
minimize the influence of extraneous factors that may result
from personal communication styles, the same facilitator was
used for all games.

In the first 3 minutes of a facilitated game, the player will play
the game solo with the facilitator remaining out of sight and
taking no actions. On the third minute, and every 2 minutes
after, the facilitator will approach the player and ask, “How are
you faring?” The player would then indicate how well they are
handling the present difficulty and if they desire a change in
the number of active NPCs.

Study Design
This study used the CONSORT (Consolidated Standards of
Reporting Trials) as guidelines and was conceptualized as an
open-label, superiority randomized controlled trial (Multimedia
Appendix 3). Following consent by the on-site member of this
study’s team, subjects were briefed on their objectives, given
the tutorial, and allowed to familiarize themselves with playing
the game until they had no further questions. Subjects were then
randomized into either the facilitated intervention or
facilitator-free control via simple randomization using Sealed
Envelope, a secure web-based randomization service based in
London, the United Kingdom [65], that allowed for allocations
to be concealed from all parties until after a subject was enrolled
and ready to partake in the intervention. Aside from the secure
password to enable each randomization, subjects were permitted
to view the result of their randomization.
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Should the subject be randomized into the facilitated
intervention group, the role of the facilitator would be repeated
to them, and any last-minute questions answered. Otherwise,
the facilitator would ensure the start of the game and then exit
this study’s site until the control’s game had elapsed. The game
itself was app-based and played on an internet-enabled
university laptop belonging to this study’s team, with the
facilitator remotely joining from a separate laptop on the same
network.

Upon conclusion of the gameplay, subjects were immediately
administered the Flow Short Scale (FSS), issued an e-voucher
as an inconvenience fee, and invited to the focus group

discussion (see Figure 2). Subjects who attended the focus group
discussion were reminded that the focus group discussions
would be recorded for transcription by a third-party transcription
company and any subject unwilling to consent again was
allowed to leave. Subjects were then shown and allowed to
refamiliarize themselves with the game through play. The
guiding questions of the focus group comprised: (1) Do you
recall becoming really immersed in the game? What were you
doing just before? (2) What did the game do to capture and
retain your attention for extended time periods? (3) If you could
improve the game to make it clearer and more balanced, what
would you do?

Figure 2. Overview of the study design.

Flow Short Scale
Following gameplay, subjects of both groups were administered
the FSS. The FSS consists of 13 items on a 7-point Likert scale
ranging from 1 (“not at all”) to 7 (“very much”) [66]. The FSS
demonstrates good construct validity, psychometric properties,
and a stable 3-factor structure comprising fluency of
performance, absorption by activity, and perceived importance
or outcome importance of said activity [67]. Flow itself
comprises the first 10 items and the domains of fluency and
absorption [66]. The scale is typically administered immediately
after an activity as a retrospective measure of flow in said
activity, and was, for this study, hosted on a university-secured
Google Forms and transmitted to subjects via a QR code.

Power
Power calculations were performed via Sealed Envelope sample
size calculations [68], with an α level of 5%, 90% power, and
the anticipated control group means of 4 (0.5 above the mean
of 3.5 due to games innately being conduits of flow) and
anticipated intervention means of 5.05 (15% higher than the
control), and an SD of 1. The increase of 15% was based on the
results of prior studies comparing game-based interventions
and established nongame controls on the results of the FSS
[69,70]. An estimated 22 subjects per group for an overall 44
was expected.

Data Analysis
Quantitative analysis will comprise group comparisons of either
discrete or continuous data drawn from FSS and in-game scores.
If normally distributed, data will be analyzed via independent
samples t tests (2-tailed across the board), with Welch correction
performed should equality of variances not be observed. Data
that are not normally distributed will be compared with
Mann-Whitney U tests instead. Effect sizes will be calculated
for FSS data to better visualize the degree of impact facilitation
has on flow generation. Exploratory examinations of all data

collected automatically by the diabetes management game will
be performed to identify any notable differences between groups.
The threshold for statistical significance is set for <.05 per
convention, and will be performed using R (version 4.3.1; R
Foundation for Statistical Computing).

Due to the exploratory aspect of this study and the novelty of
the proposed intervention design, transcribed focus group
discussions were subject to inductive thematic analysis per the
guidelines of Braun and Clarke [71,72]. A reflexive approach
was adopted [72], with transcriptions performed by 2 authors
(JWT and DKSC) with a third (SRM) acting as a referee. Of
the 3, JWT and DKSC have prior histories of playing video
games; only JWT plays recreational video games regularly,
DKSC no longer plays video games, while SRM has a very
limited history of playing video games. To minimize
transference of bias, no communication or input was permitted
during the initial stages of analyses. Both JWT and DKSC would
first read the transcripts until familiarized, then begin a
preliminary coding process and generate a series of initial
themes. At this stage, prospective codes were deemed to be
anything that appeared to be related to student perceptions of
advantages afforded by facilitation, disadvantages resulting
from its absence, and any other factor not accounted for by the
research question but deemed serendipitous by the coders. Upon
completion, these initial themes were then individually reviewed
against previously identified codes and refined as necessary.
Each analysis was then compared and discussed, with all
differences highlighted for discussion and resolution with the
referee. Themes were then cross-checked to ensure they
represented clear patterns, and iteratively reviewed until each
possessed a distinct scope with minimal overlap.
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Results

Participants
Of the 53 subjects recruited into this study, 5 were eventually
excluded due to being visibly distracted (ie, mobile phones)

while playing the game or were found to have not actually
completed the endocrinology segments of their internal medicine
postings. A total of 48 subjects were thus included; comprising
26 control and 22 intervention randomizations (see Figure 3 for
CONSORT flowchart).

Figure 3. CONSORT flow diagram for participant allocation. CONSORT: Consolidated Standards of Reporting Trials; IM: internal medicine.

Of the 48 analyzed subjects, there were 25 (52.1%) male and
23 (47.9%) female students aged between 21 and 25 (mean
22.44, SD 1.17) years. Control group subjects comprised 13
male and female students, while intervention group subjects
comprised 12 male and 10 female students. The mean ages for
both groups were 22.5 (SD 1.36) and 22.4 (SD 0.91) years
respectively.

A total of 18 students continued on to the focus group
discussions. Of these, 5 male and 5 female students were from

the control group, and 5 male and 3 female students were from
the intervention. Three sessions were conducted comprising 4
subjects (3 male, 1 female) with 1 control and 3 intervention
assignments, 8 subjects (4 male and 4 female) with 6 control
and 2 intervention assignments, and 6 subjects (3 male and 3
female), with 3 control and 3 intervention assignments. Table
1 presents an overview of participant demographics for each
group in this study.

Table 1. Overview of participant demographics for both the randomized controlled trial and the focus group discussions.

InterventionControlCharacteristics

Game randomized controlled trial

2226Total participants (n)

12 (54.5)13 (50)Male, n (%)

10 (45.5)13 (50)Female, n (%)

22.4 (0.91)22.5 (1.36)Age (years), mean (SD)

Focus group discussions

810Total participants (n)

5 (62.5)5 (50)Male, n (%)

3 (37.5)5 (50)Female, n (%)

22 (0.76)21.7 (0.48)Age (years), mean (SD)
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Between-Group Comparisons
Table 2 presents a summary of the performance of
between-group comparisons. Normal distribution of data and
homogeneity of variances were observed. Independent samples
t tests were performed across FSS data, and results indicated
superiority for overall flow (t46=–2.17, P=.04), weighted
primarily on the absorption subdomain (t46=–2.6, P=.01) of the

intervention group. No significant differences were observed
between the fluency subdomain F and importance (t46=–0.2,
P=.84). These results suggest a moderate to high degree of flow
for both the intervention and control groups, with notably high
absorption for the intervention group, and are supported by the
moderate to relatively high effect sizes of 0.63 for overall flow
and 0.75 for absorption respectively.

Table 2. Summary of t tests and effect size calculations between the control (unfacilitated) and intervention (facilitated) conditions.

Effect size, Cohen dP valuet testa (df)Intervention, mean (SD)Control, mean (SD)Variables

0.63.04–2.17 (46)4.95 (0.85)4.4 (0.89)Overall flow

0.44.14–1.5 (46)4.52 (1.06)4.03 (1.16)Fluency

0.75.01–2.6 (46)5.6 (0.87)4.96 (0.83)Absorption

0.06.84–0.2 (46)4.35 (1.78)4.26 (1.39)Importance

N/Ab.40.86 (46)2.35 (1.09)2.66 (1.36)Mean hours of ideal glucose

N/A.940.08 (46)2.73 (1.67)2.77 (1.88)Metformin errors

N/A.042.07 (46)0.64 (0.95)1.58 (1.94)Number of evacuations

aTwo-tailed.
bN/A: Not applicable.

Gameplay analytics indicated no significant differences between
hours NPCs spent at an ideal blood glucose level (t46=–0.86,
P=.4) and the number of NPCs administered metformin when
contraindicated (t46=0.08, P=.94). Ideal blood glucose was
defined as 5 to 9 mmol/L for T1D and T2D, and 5 to 7 mmol/L
for GD.

A significant difference was noted for the number of NPCs
requiring medical evacuation, which occurs when they have
extended hyper- or hypoglycemia and faint, in favor of the
intervention group (t46=2.07, P=.04).

Thematic Analysis
The focus group discussions elicited a broad range of student
insights and perceptions, evidence in support of the theoretical
foundations that afford such games their efficacy, perceived
advantages of human-directed moderation of game difficulty,
and suggestions on how to improve the intervention. Focus
group discussion transcripts were anonymized to preserve the
confidentiality of the research data and all mention of names
were removed. Although the sessions were conducted in English,
all participants were Singaporean and frequently communicated
in Singlish—an English-based creole that, while comprising
almost entirely of English words, uses a grammatical structure
that deviates heavily from standard English. Sessions were
transcribed verbatim to avoid accidental changes in meaning
and retained Singlish terms such as “ya,” usually an analogue
of “yes” but sometimes occurs as general affirmation, and the
ubiquitous particle “lah,” typically found at the end of sentences
that, when spoken with an appropriate tone, may modify an
utterance akin to the use of adverbs in standard English.

Perceptions on Facilitation
Thematic analysis of the focus group discussions indicated
facilitation was mostly helpful, and that students felt a sensation

of safety and were more likely to undertake greater challenges
as a result.

Yeah, I think it was quite… It was sort of like a safety
blanket, you know? [Student 1A]

I think I just felt like if anything happened I can go
to the facilitator, like, hi, can you help? Can you take
out one person? That would be like the guy over there.

Yeah, same. [facilitator’s name] actually was
basically my lifeline when I think about it. [Student
1B]

Conversely, unfacilitated students experienced increased
challenge and performance went down when this was too much
for their skill levels, and desired facilitation when this occurred.

Okay, so it was challenging, but it was very
frustrating, and I didn’t know what I could do to
resolve it. [Student 1C]

Yeah. I think a facilitator would have been good or
at least there would be, like, instructions on the
screen, lah. [Student 1C]

Perceptions of Support for SDT
Support for SDT was deemed as features already present or
features that if added would support the theory in the context
of meeting the needs of competence, autonomy, and relatedness.
Students who perceived themselves struggling with
underperformance, actual or otherwise, requested additional
modifications to the game beyond what the facilitator was
capable of.

But yeah, it will be better if there’s, like, a tutorial or
something from the easy levels to high levels, like
that, yeah. [Student 1C]
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And then, after that, it’s like, you’re frustrated ’cause,
like, your course is not really going well. [Student
1B]

Feelings of autonomy were noted to already be present due to
the numerous means of resolving problems and that actions
were free of true consequences.

But because I didn’t feel like there was any serious
consequence, because it was a game, so I thought it
was quite fun. [Student 2D]

Perceptions of relatedness were most prevalent during attempts
to involve peers as fellow participants and included comparisons
to popular cooperative recreational games.

So, instead of it being confined to just the cafeteria
and the outdoor exercise area, we could have the
opportunity to explore more places…

I’m thinking like an Overcooked kind of thing, like,
different islands. [Students 1A and 1B]

Perceptions of Support for Flow Theory
Discussions of the game activity suggested students who were
facilitated were more likely to experience an altered perception
of time despite there being a clock in the game.

I think for me, I didn’t really care too much about the
time. So, like, when [facilitator’s name] stopped me,
I eh 12 minutes already? [Student 3B]

But it was a fun experience. I felt engaged, because
every minute I would check everyone’s [blood
glucose]. So, I did not realise, like, that time had
passed. [Student 2D]

When queried, students were retrospectively aware of becoming
completely absorbed in the activity to the point of forgetting
about the facilitator’s presence, despite the regular check-ins.

It’s like I don’t have the mental capacity to focus on
anything else. [Student 3C]

I think I completely forgot that I can ask the facilitator
questions. [Student 3A]

I just kept clicking around each patient to see where
it was going, and the threads, and whatnot. I think
that that’s what really kept my attention most of the
time…[Student 2C]

Perceptions of Game Design Elements
Students generally perceived the game as fun, enjoyable, and
an appropriate means of revising diabetes management
knowledge. The intervention was perceived as both challenging
and a safe space in which to commit mistakes harmlessly.

Especially fun cause there’s the whole threat of them
possibly dying in the hospital makes it, like, more
exciting and more fun to play. [Student 2C]

But because I didn’t feel like there was any serious
consequence, because it was a game, so I thought it
was quite fun. [Student 2D]

Student discussions frequently resulted in feedback and
disagreements on the merits of said feedback were likely
evidence of the specific needs of students playing the game.

I think they should stop moving. Like, moving doesn’t
help anything and it doesn’t add anything.

I like the moving though.

The moving was fun lah you just keep chasing the guy
around. [Students 1B, 1A, and 1D]

Despite not being prompted, students were able to raise requests
for changes to better align the game with SDT and flow theory.
Changes in line with SDT from the game design perspective
primarily focused on being able to play the game with other
people and meet the need for relatedness.

Like, you can play with a friend… Unless, I don’t
know, there’s some multi-player function introduced.
[Student 1A]

Changes in line with flow theory focused on how the game
should have better-presented information to students, ranging
from succinct to full and detailed explanations.

Maybe at the start, before you start playing, that
there’s a screen that shows everybody with all their
conditions. [Student 3E]

So, either working on a different way of showing they
were thirsty, like maybe an icon that shows that
they’re thirsty instead… [Student 2G]

Additional Findings
Although not the focus of this study, it was noted that certain
student characteristics may exert some influence over the degree
they engage with the game activity and facilitator. Further, 1
student indicated altruistic motives as a driver of engagement.

I was pretty immersed in the game, and especially
with the fact when the people started dying and
getting hospitalised. I think, like, when… Once that’s
happening, then, yeah, like, oh no, and then you feel
more immersed in the game, because you want to
keep everyone else alive. [Student 3E]

Students who appeared more forgetful than their peers were
also likely to express frustration that inhibits engagement.

…apparently the endocrinology emphasised that
during multiple tutorials, but I don’t have any
recollection of that at all. [Student 3B]

Discussion

Principal Findings
Results from the between-comparisons indicate support for the
hypothesis; the facilitated group is superior, based on the
moderate to fairly large effect sizes, to the control in terms of
overall flow and the subdomain of absorption, but not fluency.
Analyses of the focus group discussions suggest that, beyond
flow, ideal conditions for flow were supported by the perception
of safety and its related willingness to push oneself toward
greater challenge. These findings were unlikely results of
differing competencies between groups, evidenced by the
nonsignificant differences in time NPCs spent at healthy blood
glucose and the number of inappropriate administrations of
metformin. Additionally, students of the intervention group
almost universally forgot they were allowed to clarify the effects
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of medication and refrained from doing so as a result. This
forgetting to ask for help renders the lower rate of medical
evacuation to be most likely the result of the intervention
group’s difficulty adjustment as opposed to the facilitator
reminding students of the effects of medication. This is likely
the result of intense concentration on the game activity resulting
from a high flow state as indicated by student reports of total
attention being given to the activity. The higher flow scores of
the intervention group also offer support to the notion that
facilitation confers tangible benefits that result in increased
engagement [56,73]. Due to substantial correlations between
flow and intrinsic motivation [74], it is likely that students would
be more willing to engage in a facilitated serious game due to
interest and its enjoyability, and thus be more likely to re-engage
in the activity without the need for an incentive [63].

Analyses of the focus group discussions have also indicated
substantial support for flow theory and SDT as theoretical
foundations of serious games in this design. Even when
unprompted, students frequently requested the modification of
game features that would circumvent a specific difficulty they
experienced, only for other students to disagree with the merits
of said requests. This both highlights the facilitator’s role in
helping students circumvent specific difficulties, and flow
theory’s need for a balance between the challenge of the activity
and the learner’s perceived skill [58]. Similarly, reports of
feeling safe when paired with a facilitator likely stem from the
need for relatedness as defined by SDT. Due to students’
unfamiliarity with the facilitator, this is likely in the context of
a mentor-mentee relationship as opposed to friendships [73,75]
and is likely not observable in serious games featuring dynamic
game balancing as the sole option for difficulty modulation
[76]. While it could not be readily determined from the focus
group discussions, there is a possibility that perceptions of safety
stemmed from fulfilling the need for autonomy, due to a
facilitated game affording students a means of exercising greater
control over their learning environment [56,77].

While the use of games in medical education and training is not
new, an embedded role for a facilitator remains uncommon even
in nonmedical literature, with self-selected or dynamic game
balancing remaining the common form of difficulty modulation
[76]. As a result, the design of the present intervention appears
unique to the best of the authors’ knowledge in examinations
of both gray and peer-reviewed literature. The inclusion of a
facilitator remains beneficial particularly to beginners and
players exhibiting low confidence, as evidenced by student
perceptions of a “safety blanket.” Comparable studies include
a diabetes education and self-management study that paired
young patients with mentors to alleviate the emotional stresses
of adolescence and reduced the socioeconomic costs of the
disease [75], a game-based learning tool for children with
content that could easily be modified by an educator resulted
in greatly increased student engagement and willingness to
participate [78], and a qualitative study that suggested the
facilitators required a mix of managerial and technical skills to
blend away difficulties faced by students such that they may
fully engage in a game-based activity [56]. This study’s design
nonetheless aligns with facilitation’s role to support, give, and
encourage learners as opposed to teaching the content in

question, itself key to simulation and game-based interventions
to which the diabetes management game belongs [79]. In
addition, the results suggest some relation to the sociocultural
theory of cognitive development as defined by Vygotsky, which
posits that learning is a social process occurring primarily
through interactions between a learner and an expert mentor
[80]. Though the theory was not central to the development of
the intervention, it may imply that learners used to learning with
facilitators may be more receptive to the intervention than those
used to learning on their own.

Serious games for diabetes management are almost universally
directed at those affected by the disease and understandably
target behavioral change as the ultimate goal of education [81].
This study presents one of the few serious games for use in
health care education that includes an option for facilitation,
itself understudied and uncommon to games even beyond the
health care setting [56,79], but is limited by a lack of suitable
comparators in the medical literature. In engineering education,
it was noted that no 1-model decided the best means of
facilitating a serious game, but that learning tended toward being
experiential in nature [56], limiting its comparable applicability
with the content of the diabetes management game, which falls
primarily between the “Knows” and “Knows How” tiers of
Miller’s pyramid [82,83]. However, due to the clear distinction
between the role of the facilitator and the game intervention
itself, it should be possible for the facilitator’s role to be
generalized to other topics within health professions education.
This may be further supported by the game’s focus on the lower
tiers of Miller’s pyramid, and that the standalone game may be
played relatively effectively without facilitation.

Finally, though the intervention was intended as a supplementary
rehearsal tool, it appears to be a suitable means of formative
assessment when played without facilitation [84], and for the
rapid detection of learning gaps and their prevalence in a cohort.

Limitations
This study’s inclusion of a dedicated role for a facilitator in a
rehearsal-focused game-based intervention appears to be unique.
This role, and its ability to moderate a learner’s gameplay in
real-time, does not feature in the recent literature and limits
comparisons. This study’s focus on ascertaining the benefits of
facilitation in the context of a rehearsal-based game for diabetes
management knowledge is itself a limitation, for the exact
long-term effects on the topic cannot be determined without a
follow-up long-term study involving a version of the game
refined after player feedback. Though sufficiently powered and
based on a strong theoretical foundation, this study nonetheless
presents a sample drawn from a single institution and cohort of
students.

Similarly, triangulating the findings via studies involving the
same methods of facilitation, but with different topics within
health professions education, will help determine the long-term
effects of facilitation and its benefits to medicine. The
semiexploratory nature of the intervention, and the use of a
one-to-one facilitator-student ratio means the intervention cannot
be sustainably upscaled without first determining an optional
means of increasing the ratio, limiting its deployment to smaller
scales. Finally, an element of self-selection bias favoring
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students with preexisting interests in video games may have
been present due to the voluntary nature of this study.

Conclusions
The inclusion of a facilitator in a rehearsal-based medical serious
game can increase the degree to which a student may engage

in an activity and elicit sensations of safety with the
corresponding willingness to embrace greater challenge. The
benefits appear particularly notable for participants who are
beginners or unconfident in their abilities and are likely to be
the result of facilitators easing difficulties to greater align the
participant with the conditions of flow and SDT.
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Multimedia Appendix 1
Technical demonstration of the diabetes management game’s control system. All participants will interact with the game in this
manner.
[MP4 File (MP4 Video), 32725 KB - games_v12i1e54703_app1.mp4 ]

Multimedia Appendix 2
A sample video demonstrating the freezing, unfreezing, removal, and addition of a non-player character (NPC) by a facilitator.
Participants assigned to the facilitated gameplay will experience these.
[MP4 File (MP4 Video), 12660 KB - games_v12i1e54703_app2.mp4 ]

Multimedia Appendix 3
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 9478 KB - games_v12i1e54703_app3.pdf ]
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Abstract

Background: Virtual reality (VR) modules are commonly used for health care training, such as adult advanced cardiac life
support (ACLS), due to immersion and engagement. The metaverse differs from current VR serious gaming by enabling shared
social connections, while current VR modules focus on computer-based content without social interaction. Educators in the
metaverse can foster communication and collaboration during training sessions.

Objective: This study aimed to compare learning outcomes of VR-based, machine-guided training with educator-guided,
VR-based training in the metaverse environment.

Methods: A total of 62 volunteered students from Acibadem Mehmet Ali Aydinlar University Vocational School for
Anesthesiology were randomly divided into 2 groups of 31 participants each: one group received VR-based training with machine
guidance (MG), and the other received VR-based training with educator guidance (EG) in the metaverse. The members of both
groups undertook VR-based basic training for ACLS. Afterward, the MG group was trained with a VR-based advanced training
module, which provides training with full MG, whereas the EG group attended the VR-based, educator-guided training in the
metaverse. The primary outcome of the study was determined by the exam score of the VR-based training module. Descriptive
statistics defined continuous variables such as VR exam scores and time spent on machine- or educator-guided training. The
correlation between training time and VR exam scores was assessed with the Spearman rank correlation, and nonnormally
distributed variables were compared using the Mann-Whitney U test. Statistical significance was set at P<.05, with analyses
executed by MedCalc Statistical Software (version 12.7.7).

Results: Comparing the VR test scores between the MG and EG groups revealed no statistically significant difference. The VR
test scores for the EG group had a median of 86 (range 11-100). In contrast, the MG group scores had a median of 66 (range
13-100; P=.08). Regarding the correlation between the duration of machine-guided or educator-guided training and VR-based
exam scores, for the MG group, =0.569 and P=.005 were obtained. For the EG group, this correlation was found to be =0.298
and P=.10. While this correlation is statistically significant for the MG group, it is not significant for the EG group. The post hoc
power analysis (80%), considering the correlation between the time spent on training and exam scores, supported this finding.

Conclusions: The results of this study suggest that a well-designed, VR-based serious gaming module with MG could provide
comparable learning outcomes to VR training in the metaverse with EG for adult ACLS training. Future research with a larger
sample size could explore whether social interaction with educators in a metaverse environment offers added benefits for learners.

Trial Registration: ClinicalTrials.gov NCT06288087; https://clinicaltrials.gov/study/NCT06288087
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Introduction

Serious games are now widely used for training as an additional
modality to simulation-based education by various industries
[1-5]. Training using serious gaming modules can be conducted
through various platforms, such as personal computers; tablet
personal computers; virtual reality (VR); or mixed reality
systems, such as augmented reality or augmented virtuality.
Due to the immersive effect and enhanced student engagement,
VR and mixed reality modules are currently favored for health
care training, such as advanced cardiac life support (ACLS)
training [6-8]. The COVID-19 pandemic has also accelerated
the process of digital learning [9]. The shift from conventional
in-person classrooms to online education has been expedited
by the global pandemic, underscoring the importance of
maintaining physical distancing during these training sessions
[10-12].

The portability and increased affordability of VR and mixed
reality systems in recent years have contributed to a significant
growth in VR-based learning. A notable advantage of a
VR-based serious gaming module is its compatibility with
wireless VR headsets, eliminating the need for a personal
computer and an expensive cable-based VR headset [13,14].

Due to advancements in the internet connection speed, the
organization of VR-based multiplayer training sessions has
become feasible. This facilitates learners’ collaborative
interaction within a group setting to solve medical cases
[10,15,16].

Online education stands as one of the potential application areas
of the metaverse. The metaverse, which is an immersive, 3D,
computer-based, and multiuser online environment, serves as
an optimal platform for orchestrating multiplayer training
sessions [17,18]. The metaverse merges the physical and
computer-based environments by integrating the internet, the
web, mixed reality, augmented reality, and VR [10].

The metaverse offers shared social connections, thus
differentiating it from existing VR-based serious gaming
modules, which primarily focus on presenting computer-based
content and environments without fostering communal
interaction [19]. This facilitates interaction between learners
and educators during metaverse-based training sessions,
allowing educators to guide the learners and provide feedback
[19,20]. The presence of the educators fosters communication
and collaboration during training sessions, thereby enhancing
the motivation and engagement of the learners [16,21]. While
the metaverse has the potential to provide collaborative and
individualized learning experiences, the presence of an educator
is crucial in guiding and enhancing the learning process [20,22].
Educator-guided learning in the metaverse has the potential to
be superior compared with machine-guided learning, as

educators can provide personalized feedback, facilitate
discussions, and adapt the learning experience to the unique
needs and preferences of each student, whereas machine-guided
learning can be particularly beneficial for self-learning, where
a fixed learning content is available [10,22].

In our university, a VR-based multiplayer training module within
the metaverse environment specifically designed for advanced
cardiac life support (ACLS) training has been developed [23].
This module serves as an additional training tool to
simulation-based training, enabling learners to receive guidance
either from machine algorithms or educators within the
metaverse. In light of the limitations of machine-guided learning
in VR for collaborative learning and the time constraints
associated with educator-guided training in a metaverse
environment, a comparative analysis of these methods has been
deemed necessary [10,22,24]. The hypothesis of this research
is to evaluate and contrast the learning outcomes achieved
through VR-based, machine-guided training against
educator-guided, VR-based training within the metaverse setting.

Methods

Recruitment
The study was advertised to fourth-semester (2023-2024 Spring
Semester) students at the Vocational School for Anesthesiology
at Acibadem Mehmet Ali Aydinlar University, and volunteers
were accepted for participation. In total, 62 participants
volunteered for the study, including 36 female participants and
26 male participants between 20 and 22 years of age.
Participants were randomized into 2 groups based on their
university ID numbers, with students being assigned to one
group if their ID number was odd and to the other group if their
ID number was even. By using this randomization process, the
participants were divided into 2 groups, each consisting of 31
individuals: one group received VR-based training with machine
guidance (MG), and the other group received VR-based training
with educator guidance (EG) in the metaverse. All participants
read and signed an informed consent document outlining the
study flow. The study took place at the Center of Advanced
Simulation and Education of Acibadem Mehmet Ali Aydinlar
University. Exclusion criteria included previously experienced
VR-induced motion sickness; previous ACLS training; and
other medical conditions, such as episodes of vertigo or being
on medication that causes vertigo-like symptoms.

Study Flow
From this point forward, the group trained with VR-based
training with MG will be referred to as the MG group and the
group trained with VR-based training with EG in metaverse
will be referred to as the EG group. A total of 2 educators with
more than 10-year experience in medical simulation guided the
participants in metaverse during the study.
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The members of both groups undertook VR-based basic training
for ACLS. Afterward, participants of the MG group were trained
with a VR-based advanced training module, which provides
training with full MG, whereas the EG group attended
VR-based, educator-guided training in the metaverse.

Serious Gaming Module
The VR-based serious game used in this study, named
“3DMedsim ACLS VR,” was developed in line with the ACLS
standards of the European Resuscitation Council (ERC) and
American Heart Association (AHA) [25,26]. The development
process was reviewed by clinicians to ensure adherence to crisis
resource management and the criteria of the latest AHA and
ERC guidelines [27-29].

The serious game is combined with a learning management
system along with a learning record store (LRS), allowing the
storage of credentials of the users within a shared database
[30-32]. In addition, it incorporates a 3D visualization engine
integrated with the LRS, enabling the tracking of user
interactions and the generation of experience application
programming interface (xAPI) calls for each action taken [31].
When users engage in predefined interactions with significant
objects within the computer-based environment, corresponding
xAPI events are automatically generated [30,33]. This
functionality is made possible through the development of a
Unity extension software library making necessary xAPI web
service calls to the LRS servers through the HTTP protocol
[34]. User actions are defined in terms of actor, verb, and object
parameters, with the library automatically creating xAPI calls
for each action, subsequently recorded by the LRS. The library
is also capable of automatically creating xAPI calls for actions
not performed within specified time limits or in the correct
sequence. Security measures and user authentication features
essential for record-keeping are also included in this library,

using the basic access authentication method inherent in the
http protocol standard.

The ACLS serious game includes 4 different stages: basic
training, advanced training with machine support, advanced
training with educator support in the metaverse environment,
and test mode. All of these stages take place in a computer-based
hospital room setting to increase immersion, as shown in Figure
1. This serious game also allows users to create a multiplayer
lobby and invite others as observers to join the training. These
multiplayer lobbies include a voice chat for communication
between the observers and the player [13].

In the first stage, basic training is developed with complete
beginners in mind. This stage aims to walk the player through
the ACLS algorithm step by step with visual and audio cues for
each interaction. The user is only able to interact with correct
objects in this stage, with no time limits, until they felt ready
for advanced-level training mode. The removal of timings and
wrong choices removes the stress element and allows the user
to familiarize themselves with the ACLS algorithm [13].

In the second stage, advanced training builds on top of basic
training. In this stage, visual and audio help for each step is
removed. The user is also able to interact with any object or
button, which means making mistakes is a possibility at this
stage. However, if the user makes a mistake, they are warned
by MG. The system monitors each action performed by the
player and generates verbal warnings when errors are detected
or if time limits are exceeded. In the study, the MG group played
this mode independently with MG, while the EG group played
the mode in the metaverse environment, accompanied by an
educator, as depicted in Figure 2. In educator-guided mode, the
system disables machine-guided warnings, enabling educators
to provide real-time guidance during training in the metaverse
[13].

Figure 1. A computer-based hospital room setting in the serious gaming module, including selection options for the next step in the advanced cardiac
algorithm. CPR: cardiopulmonary resuscitation.
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Figure 2. The score screen of the advanced cardiac life support serious game exam mode, including separate scores for technical skills, nontechnical
skills, and the total score. CPR: cardiopulmonary resuscitation.

The final stage is the VR-based exam mode, which was
completed by participants immediately following the MG and
EG training modes on the same day. In this mode, each action
taken by the user is graded according to its timing, order, and
accuracy. Contrary to the advanced training mode, there was
no guidance for the users. The final score consisted of 2
categories. In total, 70% (70/100) of the total performance score

is derived from ACLS assessments, with the remaining
percentage (30/100, 30%) calculated from crisis resource
management performances of the participants. The primary
outcome of the study was determined by the total score obtained
through the exam mode of the VR-based training module [13].
A sample test score report can be seen in Figure 3.

Figure 3. Randomized controlled trial flow diagram of the study. VR: virtual reality.

JMIR Serious Games 2024 | vol. 12 | e58654 | p.999https://games.jmir.org/2024/1/e58654
(page number not for citation purposes)

Kitapcioglu et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Collection
The mean test scores obtained by participants in the VR-based
training module exam, along with the duration of
machine-guided or educator-guided training (in minutes), were
chosen as key indicators for the outcomes if the study. The
correlation between exam scores and time spent on training was
investigated.

Statistical Analysis
Descriptive statistics were used to define continuous variables,
that is, VR exam scores and time spent for machine- or
educator-guided training (minutes; mean, SD, median, and
range). The correlation between time spent for machine- or
educator-guided training and VR exam scores that did not show
normal distribution was evaluated using the Spearman rank
correlation. The comparison of MG and EG groups that did not
show normal distribution in terms of VR exam score and time
spent for machine- or educator-guided training was performed
using the Mann-Whitney U test. The statistical significance
level was set at P=.05. Analyses were conducted using MedCalc
Statistical Software (version 12.7.7) [35].

Ethical Considerations
This study was approved by the Scientific Ethical Committee
of Acibadem Mehmet Ali Aydinlar University (approval
2023-20/672). All participants read and signed an informed
consent document outlining the study flow. No secondary
analysis was performed using these data (Multimedia
Appendices 1 and 2).

The data used in the research do not contain any information
that can identify individuals. Each participant was assigned a
unique code that replaced personal identifiers. The key linking
codes to personal information were securely stored separately
from the research data. Only essential research team members

have access to the deidentified data. Participants did not receive
any financial compensation. The participants were informed
with the consent form that the results of this research may be
used in scientific and professional publications or for educational
purposes, but the identities of the participants will remain
confidential. The relevant consent form (Turkish or English)
can be seen in Multimedia Appendices 1 and 2.

Results

Overview
There were 4 dropouts from the MG group because they did
not meet the inclusion criteria. In addition to this, 4 participants
from the MG group did not attend the training sessions.
Therefore, the EG consisted of 31 participants, whereas the MG
group consisted of 23 participants (Figure 3 and Multimedia
Appendix 3).

After undertaking a VR-based basic training for ACLS, the
participants were divided into 2 groups, MG (n=23) and EG
(n=31). The participants of the MG group were trained with a
VR-based advanced training module with full MG. The
participants of the EG group attended a VR-based,
educator-guided training in the metaverse environment. In order
to evaluate the knowledge level of the participants, the exam
mode of the VR-based training module was used.

As shown in Table 1, the average score was 53 (SD 33) out of
100 for the MG group participants and 68 (SD 35) out 100 for
the EG group participants. When comparing the VR test scores,
no significant difference was found between the MG and EG
groups. The average VR test scores for the EG group were 68
(SD 35), with a median of 86 (range 11-100), whereas MG
group scores were 53 (SD 33), with a median of 66 (range
13-100; P=.08), as seen in Table 1.

Table 1. Mean and median scores of educator guidance and machine guidance group participants.

P valueaEducator guidance groupMachine guidance groupVirtual reality exam score (total 100 points)

.0868 (35)53 (33)Mean (SD)

–b86 (11-100)66 (13-100)Median (range)

aP<.005 for all exam scores.
bNot applicable.

Mann-Whitney U Test
After comparing the time spent (in minutes) for machine-guided
training and educator-guided training for each participant, a
significant difference was found between the MG and EG
groups. The time spent in the EG group had a median of 21
(range 14-62) minutes. In contrast, the MG group had a median
of 15 (range 5-30) minutes (P=.002).

Correlation Between VR Test Scores and Duration of
the Training
Regarding the correlation between the duration of machine- or
educator-guided training and VR test scores, for the MG group,
=0.569 and P=.005 were obtained. For the EG group, this
correlation was found to be =0.298 and P=.10. While this

correlation is statistically significant for the MG group, it is not
significant for the EG group.

Spearman Rank Correlation Test
If the power analysis is based on the exam scores of the 2
groups, the type I error rate was found to be 40% at a 5%
significance level. However, when a post hoc power analysis
was conducted, considering the correlation between the time
spent on training and exam scores, the type I error rate increased
to 80% at the same significance level [36,37].
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Discussion

Principal Findings
This study focuses on comparing the learning outcomes of
machine- versus educator-guided, VR-based training in the
metaverse environment. Participants of the EG and MG groups
were evaluated using the exam mode of the VR-based training
module, which was defined as the main outcome indicator of
this study. The findings of the study revealed that there was no
statistical difference between the VR-based exam scores of the
MG and EG groups. Although these values are statistically
significant, the post hoc power analysis based on the exam
scores of the 2 groups indicated a power of only 40%. Since
this is a preliminary study, a power analysis was not conducted
beforehand. While the results are statistically valid, they might
be influenced by insufficient power. From an educational
perspective, however, the observed difference appears relevant.
In addition to this finding, the participants of the EG group spent
more time during the advanced training compared with the
participants of the MG group (P=.002). The correlation between
the duration of machine- or educator-guided training and
VR-based exam scores is statistically significant for the MG
group (=0.569, P=.005), but not significant for the EG group
(=0.298, P=.10). These findings indicate that dedicating
additional time to VR-based, machine-guided training holds
promise for boosting exam scores of the participants. The post
hoc power analysis (80%), considering the correlation between
the time spent on training and exam scores, supported this
finding.

Using well-designed, VR-based serious gaming modules for
specific tasks can enhance learners’ motivation, resulting in
improved learning outcomes [9,10,16,19,22,38]. The serious
gaming module used in this study, specifically designed for
adult ACLS training, has proven its capability of improving the
knowledge level during our previous study [13].

Numerous studies have demonstrated that VR-based training
within the metaverse environment enhances learning outcomes,
attributed to its immersive effects and interactive features
[15,20,38-41]. Interactivity enables users to engage and
communicate through avatars, enhancing embodiment,
immersion, and user engagement within the metaverse
[9,10,20,39]. The training module used in this study provides
different real-life hospital environments to enhance the
immersive effect and multiplayer mode to enable users to
interact with each other.

A gamified interaction may experience insufficient supervision.
The presence of an educator in the metaverse has the potential
to enhance learning outcomes, particularly for learners who

struggle with self-regulation [9,21]. Introducing multiplayer
features within the metaverse can address this limitation,
fostering social interaction and potentially enhancing learning
outcomes further [19,20]. However, performance data gathered
during this study indicated that there was no statistical difference
in the exam scores between the MG and EG groups, suggesting
that EG did not provide any additional advantage in terms of
achieving better learning outcomes.

According to previous studies, an important limitation of
metaverse-based learning is the lack of sufficient metaverse
literacy among both learners and educators, revealing the
importance of familiarization with effective metaverse usage
[19,24]. As VR-based serious gaming modules have been
embedded into the curricula of training programs of our
university for the last 6 years, the students and educators, who
have participated in this study, did not encounter any issues
with the usage of VR hardware.

Widespread adoption of VR hardware is still restricted among
a notable portion of the population. This problem is exacerbated
by the lack of high-speed internet connectivity in certain regions
of the world. [11,42]. As the same problem also exists in our
country, this study was performed on the university campus
with high-speed internet access and the VR headsets were
provided by the simulation center of our university.

Limitations
The first limitation of the study was the small sample size, which
was attributed to the challenges faced in recruiting volunteers.
The second limitation of the study was the limited processing
power and graphics capability of the headsets used in this study.
Therefore, only the heads of the avatars were displayed during
the game, leading to a decreased level of immersion. The third
limitation of this study was the potential for selection bias.
Participants were recruited from a specific population, which
may not represent the broader demographic. This can limit the
generalizability of our findings. In addition, the voluntary nature
of participation may attract individuals with particular
characteristics or interests, further skewing the results. Future
studies should aim for a more diverse and random sample to
mitigate this bias.

Conclusions
Based on the findings of this study, a properly designed
VR-based serious gaming module with MG could potentially
offer similar learning outcomes to VR-based training in the
metaverse with EG. Future research with a larger sample size
could explore whether the effect of social interaction with
educators in the metaverse environment may provide additional
benefits for learners.
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Abstract

Background: Firefighters face stressful life-threatening events requiring fast decision-making. To better prepare for those
situations, training is paramount, but errors in real-life training can be harmful. Virtual reality (VR) simulations provide the
desired realism while enabling practice in a secure and controlled environment. Firefighters’ affective states are also crucial as
they are a higher-risk group.

Objective: To assess the impact on affective states of 2 simulated immersive experiences in a sample of healthy firefighters
(before, during, and after the simulation), we pursued a multivariate approach comprising cognitive performance, situational
awareness, depression, anxiety, stress, number of previous adverse events experienced, posttraumatic stress disorder (PTSD)
severity, and emotions. The efficacy and ecological validity of an innovative VR haptic system were also tested, exploring its
impact on performance.

Methods: In collaboration with the Portuguese National Fire Service School, we exposed 22 healthy firefighters to 2 immersive
scenarios using the FLAIM Trainer VR system (neutral and arousing scenarios) while recording physiological data in a
quasi-experimental study. Baseline cognitive performance, depression, anxiety, stress, number of adverse events, and severity of
PTSD symptoms were evaluated. Positive and negative affective states were measured before, between, and after each scenario.
Situational awareness, sense of presence, ecological validity, engagement, and negative effects resulting from VR immersion
were tested.

Results: Baseline positive affect score was high (mean 32.4, SD 7.2) and increased after the VR tasks (partial η2=0.52;
Greenhouse-Geisser F1.82,32.78=19.73; P<.001). Contrarily, mean negative affect score remained low (range 11.0-11.9) throughout

the study (partial η2=0.02; Greenhouse-Geisser F2.13,38.4=0.39; P=.69). Participants’ feedback on the VR sense of presence was
also positive, reporting a high sense of physical space (mean score 3.9, SD 0.8), ecological validity (mean score 3.8, SD 0.6),
and engagement (mean score 3.8, SD 0.6). Engagement was related to the number of previously experienced adverse events
(r=0.49; P=.02) and positive affect (after the last VR task; r=0.55; P=.02). Conversely, participants reported few negative effects
(mean score 1.7, SD 0.6). The negative effects correlated positively with negative affect (after the last VR task; r=0.53; P=.03);
and avoidance (r=0.73; P<.001), a PTSD symptom, controlling for relevant baseline variables. Performance related to situational
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awareness was positive (mean 46.4, SD 34.5), although no relation was found to metacognitively perceived situational awareness
(r=–0.12; P=.59).

Conclusions: We show that VR is an effective alternative to in-person training as it was considered ecologically valid and
engaging while promoting positive emotions, with few negative repercussions. This corroborates the use of VR to test firefighters’
performance and situational awareness. Further research is needed to ascertain that firefighters with PTSD symptomatology are
not negatively affected by VR. This study favors the use of VR training and provides new insights on its emotional and cognitive
impact on the trainee.

(JMIR Serious Games 2024;12:e53683)   doi:10.2196/53683

KEYWORDS

virtual reality; firefighter; training; posttraumatic stress disorder; PTSD; emotion; situational awareness; engagement; ecological
validity; multivariate approach

Introduction

Background
Over the last few years, gamification and serious games applied
to nongame settings have become a visible theme, promoting
knowledge acquisition, user engagement, and strategic skills
[1]. More precisely, virtual reality (VR) serious game training
systems have been showing high potential for many purposes,
especially in the professional instruction field [2,3]. Simulated
situations under high stress levels have been gaining greater
interest for some time. As an example, Keitel et al [4] examined
endocrine and psychological stress responses in medical students
during 2 simulated stress scenarios (a stress situation induced
at a laboratory and a simulated emergency situation) compared
to a rest condition.

For firefighters, this assumes special importance in relation to
the idiosyncrasies of their strenuous everyday duties [2]. Their
functions require a repetitive and continuous preparation to
acquire and preserve skills and refresh expertise, which can be
potentially facilitated through VR tools. These systems present
direct advantages compared to traditional in-person training as
a cost-effective and safer realistic alternative to perform
dangerous or complex tasks and train decision-making and
related abilities in secure environments, replicating similar
conditions to those in real life with less time and consumption
of resources or other constraints.

Furthermore, VR applications make available a plurality of
training scenarios with high ecological validity [2]. Ecological
validity can be defined as “the ability to generalize experimental
results to different populations, situations, and variables” [5]
and is related to the cues contained in an experiment that permit
the generalization from the laboratory to real life. VR settings
have been successfully used to increase the ecological validity
of several experiments [6] as well as enhance participants’daily
activities, be it rehabilitation for older adults [7], improving
cognitive function of children with attention-deficit/hyperactivity
disorder [8], or simply shopping in a virtual supermarket [9].

The high ecological validity of VR scenarios allows for
customized realistic immersive scenarios fit to the training
purpose [10] without putting the workers’ lives or properties in
danger [11]. These systems present several other advantages,
namely, being an observer [12]; repeated practice; and
promotion of the users’ engagement and motivation regarding

the training tasks and, consequently, the retention of
competencies and transference of knowledge [2,13]. VR
experiences also encourage post–training session discussions
and member collaboration [14]. This is critical because
coordination and cooperation are essential between firefighters.
Furthermore, VR technology provides user insights into
simulated experiences and gains into real-life situations and can
be applied to a wide range of personnel categories (eg, trainees
and commanders).

As presented by Narciso et al [15], the ideal VR training system
should reproduce with the best accuracy possible the real-world
situations such that the user can be immersed in the virtual
environment and perceive it as close to reality. Thus, the
effectiveness of the VR system and its ability to mobilize the
user are crucial points to consider regarding firefighting training.
Moreover, these workers have to manage critical and dangerous
incidents, operate in intense and stressful unpredictable
conditions, face hazardous scenarios, deal with human suffering,
and handle one’s own and colleagues’ emotions.

In the last years, some studies have applied simulated tasks [16]
and VR systems using several devices and tools (eg, game
engines using 3D graphics, software, and VR equipment) for
the purpose of firefighter instruction [10,13,17-22]. Reis and
Neves [23,24] presented a list of guidelines for simulation in
training contexts using VR tools, namely, physical and
psychological fidelity, interaction, immersive features, and
realism. In addition, Saghafian et al [25] highlighted the
importance of realism to increase the acceptance level of the
users, effectiveness, and transfer of knowledge, as well as the
role of emotions in VR contexts, for example, when using a VR
fire extinguisher training tool for several companies from the
industrial sector.

From our perspective, developments have been made in this
area, with studies focused on VR for firefighting training
purposes [15,23,26-28]. In a specific study by Narciso et al [29],
virtual environments were used to investigate the effects of
multisensory stimuli in 6 different methods—audiovisual or
audiovisual combined with smell, or heat, or weight, or uniform,
or mask, or a combination of these—on stress (using heart rate
and self-report measures), fatigue, cybersickness, presence, and
knowledge transfer. This study was conducted in the context
of firefighter training and involved a sample of 91 individuals
who were not firefighters. Another pilot study revealed the
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positive effects of resorting to VR tasks for firefighter training
purposes, namely, in decision-making abilities during emergency
actions [24].

Notwithstanding the existing literature, a clear gap remains in
this area, including studies using multimodal experiments
capable of integrating realistic immersive scenarios,
neuropsychological measures, and biological parameters. The
study by Andrews [16] called attention to the ecological and
content validity issues of simulated emergency tasks for
firefighters, aggregating findings from 60 protocols. The author
also highlighted the lack of empirical studies concerning
simulating tasks. Indeed, there is a clear need for in-depth
ecological experiences, and VR systems might be a valid
solution with high application potential.

Some explicit attempts have been made to increase realism in
firefighter training [15,16,30]. For example, the study by Butler
et al [30] has sought to integrate a multicomponent method
including behavioral and biological parameters in a sample of
incident commanders to investigate standard operating
procedures and decision-making during simulated events.
However, the technology used was scarcely immersive (the
study used moving images and did not resort to VR technology).
In addition, another study [31] investigated decision-making in
a sample of Portuguese trainees who became certified for the
job using a realistic VR system coupled to a haptic thermal
device. The impact of VR was analyzed, but neither
physiological measures nor the emotional and
neuropsychological components were included.

Other studies have addressed firefighters’ situational awareness
[12,32-34], defined as the “knowledge or how well the
individual discriminates true (signal) from false (noise)
information” [32]. However, the literature is still scarce in
studying the potential of including this variable applied to
firefighter training from a broader perspective, as argued by
Chiu [12], namely, combined with VR methodology.

Despite the aforementioned body of work, further research is
still needed regarding the effectiveness of VR training applied
to firefighter instruction. For example, recently, in their study,
Narciso et al [35] applied a heart rate variability measure and
self-reported questionnaires to a sample of Portuguese
firefighters in this VR context. Although the authors found
promising results related to stress, sense of presence,
cybersickness, and transference of knowledge, training in real
environments showed superior results compared to the VR
setting. This is unsurprising and does not preclude the use VR
in transfer situations in which learning in real settings is not
practical.

To successfully perform their duties, firefighters need flexibility
for diverse tasks and operations and have to act immediately,
make critical decisions in adverse conditions, deal with fatigue,
and control their emotions. After interventions, it is central for
their mental health to return to a homeostatically appropriate
state to carry on with their lives. In this regard, a systematic
review [36] found some mental health issues within firefighter
groups, namely, posttraumatic stress disorder (PTSD), anxiety,
and depression. Oliveira et al [37] also investigated this issue
and replicated these findings.

Emotions play a crucial role in the mental health of firefighters
[38]. Findings from Godfrey et al [39] revealed that difficulties
in emotion regulation mechanisms were positively associated
with the severity of PTSD symptomatology in a sample of
firefighters and might be a valuable target considering the
vulnerability of this population. Stanley et al [40] highlighted
greater levels of distress tolerance as a key trait for firefighting,
defined as a capability to deal with negative emotional and
physical states. Specifically, firefighting is emotionally
challenging work, being cognitively demanding and physically
overloading, with implications for the decision-making process
[41]. In this regard, Robinson et al [42] found some impairments
in cognitive functions among nonfirefighter participants
(namely, in the visual declarative memory and working memory
domains immediately after the exposure and 20 minutes after)
in response to the threat during a simulated firefighting
emergency. Furthermore, a study found that shift workers have
a higher propensity to show cognitive impairment due to sleep
deprivation [43].

This state might affect fundamental cognitive abilities that are
crucial to guarantee the success, effectiveness, and safety of
firefighting operations. Previous research has indicated that
firefighters require higher cognitive function during their
hazardous activities [44,45]. Some examples of this higher-order
cognition are attention (as a broad construct)—the ability to
maintain focus over the time; vigilance—the capacity to
maintain continuous attention to specific stimuli, helping in
information discrimination; processing speed—the ability to
acquire and process information rapidly and, consequently,
execute [46]; analytical thinking—the ability to solve problems
by virtue of understanding logical principles and assessing the
evidence [47]; accurate decision-making ability as a complex
process that includes making difficult choices, weighing
potential risks and rewards, taking actions, and analyzing the
effects [48,49]; working memory—the capacity to maintain
information accessible while performing other complex tasks
[50], involving temporary storage and manipulation of
information; cognitive flexibility—the ability to respond readily,
changing selectively according to the environment’s demands
[51]; and awareness of the situation—the ability to continuously
extract information from the surrounding dynamic environment
[52], among other executive functions.

Considering the state of art, this study used an Australian VR
realistic training system, the FLAIM Trainer, which uses
immersive technology for firefighter training and learning. This
simulator comprises several cutting-edge characteristics,
including various immersive virtual fire scenarios, using a
multisensory interface with several customized and haptic
components (eg, heat suit, hose line, and a nozzle). For the
purpose of this work, a multimodal approach was implemented
using realistic training tasks combined with psychological and
physiological measures, including evaluation of executive
functions and firefighters’ performance regarding situational
awareness.

Objectives
The main goal of this work was to assess the impact of 2
simulated experiences on positive and negative emotions in a
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sample of healthy Portuguese firefighters pursuing a multivariate
approach and, ultimately, investigate affective aspects of the
immersive performance in the following two virtual
environments: (1) a neutral scenario (exploration of the
surrounding area of a rural residence, including preventive tasks)
and (2) an arousing stressful scenario (extinction of a residential
fire, including victim rescue actions). The relationship among
cognitive performance; reported levels of anxiety, depression,
and stress; PTSD severity; adverse events witnessed as a
firefighter before the experiment; and affective states before,
during, and after the VR task was also analyzed. Another aim
was linked to this latter question and concerned evaluation of
the impact of an innovative and haptic VR system (the FLAIM
Trainer) on firefighter training and daily duties. The ecological
effectiveness and the direct and indirect effects of these
immersive scenarios were tested, including evaluation of
firefighters’ situational awareness fit to firefighter demands.
These aspects have direct implications for firefighting work and
performance in relation to firefighter training and the role of
emotion regulation mechanisms in the daily duties of these
workers.

Methods

Overview
The sample comprised 22 healthy firefighters from several fire
stations in Portugal (n=17, 77% from Lisbon and the Tagus
Valley area) recruited in collaboration with the Portuguese
National Fire Service School at Sintra (Portugal). The exclusion
criteria were the presence of a severe psychiatric or physical
condition affecting the brain and behavior—including PTSD,
drug or alcohol addiction, significant vision and hearing
problems, and pharmacological treatment with effects on brain
mechanisms—and never having participated in firefighting
campaigns. The Results section presents a detailed description
of the sample.

Protocol Procedure
The experiment was conducted at the Portuguese National Fire
Service School facilities at Sintra (Portugal), except in the case

of 9% (2/22) of the participants, who performed the tasks at the
Institute for Nuclear Sciences Applied to Health, University of
Coimbra (Portugal), using a quasi-experimental study design.
Data collection at the Portuguese National Fire Service School
occurred during daytime with participants who were at the
school attending a course or called up from nearby fire brigades
to participate in the study. Data were also collected during
daytime at the Institute for Nuclear Sciences Applied to Health
with 9% (2/22) of the firefighters, who purposely went to the
institute to participate in the study on a day off from work.
Collection at both sites took place during the participants’ time
off from work. All participants underwent an individual session,
including a comprehensive semistructured interview regarding
sociodemographic information and self-reported medical history
followed by a psychological assessment comprising self-report
measures and a battery of computerized tests to assess cognitive
function. The total duration of the psychological assessment
session was approximately 1 hour. Each participant was then
conducted to a separate room to take part in the virtual
experience session, including measurement of biosignals and
filling out the self-report questionnaires immediately after
undergoing each experimental scenario to evaluate their
experience in the VR environment at various moments in time
(Figure 1).

It was determined that the participants should complete the
psychological assessment first and the VR experience afterward
due to the consideration that performing the VR task first could
elicit a particularly positive or negative mood and, thus, lead to
mood-congruent memory recall bias [53,54] and inaccurate
reports during the subsequent psychological assessment. To
prevent the psychological assessment from having the opposite
effect on the VR task performance, it was ensured that the
participants had at least 25 minutes to rest between the
psychological assessment and the VR task.

During all VR experiments (including during the filling out of
the self-report measures), firefighters wore urban-standard fire
combat equipment, comprising protective clothing and boots,
to accurately simulate a real situation.
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Figure 1. Diagram of the recruitment procedure and experimental sessions, including psychological assessment, virtual reality (VR) experiments, and
biosignal recording. CANTAB: Cambridge Neuropsychological Test Automated Battery; CC1: control condition 1; CC2: control condition 2; DASS-21:
21-item Depression, Anxiety, and Stress Scales; EC: experimental condition; ITC-SOPI: ITC–Sense of Presence Inventory; PANAS: Positive and
Negative Affect Schedule; PCL-5: Posttraumatic Stress Disorder Checklist for the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition;
PTSD: posttraumatic stress disorder; QASA: Quantitative Analysis of Situation Awareness; QEPAT: Questionário de Exposição e Perturbação dos
Acontecimentos Traumáticos (a Portuguese questionnaire related to the exposure to and disturbance of traumatic events); T0: baseline.

Outcome measures
We collected sociodemographic and self-reported medical data,
and the measurement instruments used were: (1) the Positive
and Negative Affect Schedule (PANAS [55,56]); 2) 21-item
Depression, Anxiety, and Stress Scales (DASS-21 [57,58]); 3)
Questionário de Exposição e Perturbação dos Acontecimentos
Traumáticos (QEPAT; a Portuguese questionnaire related to

the exposure to and disturbance of traumatic events [59]); 4)
Posttraumatic Stress Disorder Checklist for the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (PCL-5;
[60]; [61]); and 5) Cambridge Neuropsychological Test
Automated Battery (CANTAB) [62].

The following selected tests were administered in this sequence
before the VR tasks: motor screening task (MOT), spatial
working memory (SWM) task (extended version), rapid visual
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information processing (RVP) task (3-target version),
intra/extradimensional set shift (IED; lines-first-repeated
version), the 6) Quantitative Analysis of Situation Awareness
(QASA; instrument created for this study following the
methodology proposed by Edgar et al [63]), and the 7)
ITC–Sense of Presence Inventory (ITC-SOPI [64,65]).

More detailed information about the outcome measures used in
this study and the internal consistency of the scales can be found
in Multimedia Appendix 1.

All scales’ descriptive statistics, Cronbach α values, and detailed
information about the duration of the experiment (conditions
and resting intervals) can be found in Multimedia Appendix 2.

VR Session: Setup
The FLAIM Trainer VR technology was designed for firefighter
training and learning, presenting a wide range of simulated fire
environments (150 available scenarios in 28 languages) [66],
which faithfully reproduce dangerous situations usually faced
in fire duties (eg, highway, national park, and warehouse fires)
or rarer events (eg, fire in a petrol station or engine fire on an
aircraft). The system was developed in an attempt to fit the
needs regarding fire duties and integrated professional feedback;
instructors can monitor in real time and review and track
trainees’ performance. The simulator was acquired for research
purposes within firefighter training.

Some case studies have been reported using the FLAIM Trainer
VR system with positive results [67]. Higher levels of
acceptance and usability of this VR system were found among
91 Brazilian military firefighters during a firefighting
specialization course [68].

The simulator incorporates feedback and outcomes to assist
firefighters in decision-making, along with a proprietary virtual
fire behavior technology that mimics real fire. This technology
aims to improve high-level skills such as risk assessment and
dynamic thinking and practical abilities such as muscle memory,
radio messaging, and hose and nozzle handling [69]. The
hardware was designed considering user-friendliness and
immersiveness. The user can explore and navigate the scenes
freely, which is facilitated by a teleport mode, and interact with
objects.

The hardware setup includes customized components, namely,
a self-contained breathing apparatus kit where the VR computer
is housed with a built-in HTC Vive Pro VR headset, a half
facemask and lung demand valve to capture respiration and
reproduce sounds of breathing, and a thermal imaging camera,
as well as a fire proximity heat suit technology and a mobile
hose line apparatus with haptic technology reproducing a
realistic jet and nozzle force; the pump pressure and the
suppressant type can be controlled and customized at any time
by the instructor. Support equipment includes an instructor
tablet, HTC Vive Tracker Puck, charging systems, cables,
peripherical hardware, tripods, tracking hardware with base
stations (Vive Lighthouses), and Vive Controller [69,70]. In
this experiment, the half facemask, thermal imaging camera,
and heat suit were not used. Figure 2 shows 2 firefighters
performing the VR tasks.

During the VR sessions, biosignals were recorded
simultaneously through noninvasive superficial sensors to study
autonomic arousal related to firefighters’emotions and behavior
and its impact on decision-making under stressful conditions.
The parameters measured were electrodermal activity,
photoplethysmography, electrocardiography,
electroencephalography, and respiration. These data will be
reported in a separate study.

The VR experience was divided into 3 moments with 2 different
experimental scenarios. The experiment started with a brief
tutorial for the user’s familiarization with the interaction with
the VR system and the use of the hose and the teleport mode.
Then, the neutral scenario (Property Emergency Prepare
scenario; Figure 3) was presented—control condition 1. The
firefighters were instructed to explore the scenario for 5 minutes
and clean the terrain and the nature around a rural property as
a prevention and safeguard measure against potential bushfire
risks. In this environment, it was not possible to enter the house,
but there were several elements outside with which the
participant should interact (eg, cleaning inflammable debris
from the nearby zone, ensuring the safety of the animals, and
preparing the area for a potential fire).

The experimental condition consisted of a residential fire in the
first floor of a house inserted in an urban zone (Bedroom Fire
scenario; Figure 4). The scenario ended when the firefighter
extinguished the fire and rescued all human victims. The
experiment ended with another immersion in the neutral scenario
(Property Emergency Prepare scenario; Figure 3)—control
condition 2—for 5 minutes, effectively acting as a postbaseline
assessment. The firefighters were instructed to act as in a real
situation during all conditions. A total of 14% (3/22) of the
participants did not complete the last scenario (control condition
2) for health-related reasons (ie, shortness of breath caused by
the physical demands of the experimental condition), due to
technical issues (ie, system crashed due to lack of battery during
the task), or because they did not wish to continue participating
in the experiment.

Participants took a mean of 34.1 (SD 8.6) minutes to complete
both the control and experimental conditions, also accounting
for resting time between the conditions. While a 5-minute time
limit was established for the control conditions, some
participants needed more time to familiarize themselves with
the VR headset and nozzle, so additional time was provided.
This also had the aim of ensuring that the participants were
engaged and motivated to perform the experimental condition.
The first control condition had a mean completion time of 5.7
(SD 0.5) minutes, whereas the second control condition had a
mean completion time of 5.4 (SD 0.2) minutes. No time limit
was imposed for the experimental condition. Instead, it was
determined that the participants had finished the experimental
condition once they had completed the 2 objectives of putting
out the fire and saving the victims or when they themselves
decided to terminate the task. Even though participants were
encouraged to complete the objectives, they could quit at any
time. Only 5% (1/22) of the participants abandoned the
experimental condition after not being able to complete it after
20.5 minutes. Furthermore, it was ensured that the participants
had resting time between conditions to avoid fatigue, although

JMIR Serious Games 2024 | vol. 12 | e53683 | p.1010https://games.jmir.org/2024/1/e53683
(page number not for citation purposes)

Oliveira et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the specific interval duration between conditions was determined
by the participants. The mean resting times were 4.3 (SD 3.3)
minutes between control condition 1 and the experimental

condition and 6.5 (SD 1.6) minutes between the experimental
condition and control condition 2.

Figure 2. Two firefighters perform the virtual reality tasks (images from the Portuguese National Fire Service School).

Figure 3. Scenario of control conditions 1 and 2 (provided by FLAIM).
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Figure 4. Scenario of the experimental condition (provided by FLAIM).

Statistical Analysis
Statistical analysis was performed using SPSS (version 28; IBM
Corp), and a significance level of 0.05 was established. Detailed
information about the statistical analysis performed can be found
in Multimedia Appendix 1.

Ethical Considerations
Participants provided written informed consent. This study was
approved by the local research ethics committee of the Faculty
of Medicine of the University of Coimbra (approval number:
CE_Proc. CE-047/2020) and was guided by the Declaration of
Helsinki of 1975 and its latest updates. All data were handled
under rigorous protective measures in place to safeguard
participant information; specifically, an alphanumeric code was
assigned to all participants following a deidentification process
to preserve participants’ confidentiality and privacy. No
compensation was provided for participation in the study.

Results

Participants
Most participants were male (15/22, 68%), with a mean age of
39.1 (SD 9.7; median 42.0, range 23-56) years, and had
completed the mandatory education in Portugal (secondary
education; 17/22, 77%). In addition, 91% (20/22) and 82%
(18/22) of the sample reported consuming alcohol and coffee,
respectively, and 36% (8/22) smoked regularly. Regarding their
history of psychological help, 59% (13/22) of the firefighters
reported having sought psychological assistance in the past.
Concerning their activity as firefighters, the sample was equally
distributed between professional (12/22, 55%) and volunteer
(10/22, 45%) firefighters working primarily in shifts (19/22,
86%) for a mean of 36.8 (SD 17.5; median 42.0, range 7-60)
hours per week. The participants had worked for a mean of 18.9
(SD 10.6; median 18.0, range 4-40) years as firefighters.

Detailed sociodemographic data can be found in Multimedia
Appendix 3.

Characterization of Psychological Measures

DASS-21 Results
Participants’ scores in the 3 scales of the DASS-21 were low
as they all had normal depression scores (0 to 4), 9% (2/22) had
mild anxiety scores (4 to 5), and only 5% (1/22) had mild stress
scores (8 to 9). The sample mean was 1.1 (SD 1.3; median 1.0,
range 0-4) for the depression scale, 1.2 (SD 1.5; median 0.5,
range 0-5) for the anxiety scale, and 3.7 (the highest; SD 2.6;
median 3.5, range 0-8) for the stress scale.

QEPAT Results
Regarding the number of adverse events in the context of
firefighting activities, participants had experienced a mean of
31.9 (SD 4.5; median 33.0, range 23-40) event types out of 42.
No additional events were described by any participants.

The most frequently experienced adverse events were
participating in firefighting activities in which goods and
properties were at risk (mean 2.7, SD 0.8; median 3.0, range
1-4) and aiding or seeing injured and/or fragile older adults
(mean 2.7, SD 0.7; median 3.0, range 2-4), with 59% (13/22)
of the sample indicating experiencing each event many times
or frequently. In addition, 50% (11/22) of the sample indicated
having seen or aided gravely injured adults many times or
frequently (mean 2.6, SD 1.1; median 2.5, range 1-4).

While analyzing the level of disturbance, we considered only
the events the participants had experienced. The events that
obtained the highest mean disturbance score were witnessing
the death or grave injury of a firefighter colleague while in
active duty (mean 3.4, SD 0.7; median 4.0, range 2-4) and
having aided a firefighter colleague who died or was gravely
injured while in active duty (mean 3.2, SD 0.7; median 3.0,
range 2-4). Both of these events were experienced by 41% (9/22)
of the participants. One other event type that obtained a high
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disturbance score and was experienced by all but 1 participant
(21/22, 95%) was hearing through radio communications that
firefighter colleagues were in danger, injured, or dead (mean
3.3, SD 0.7; median 3.0, range 2-4). Of the events experienced
by all participants, having seen or helped injured children was
the one with the highest level of disturbance (mean 2.2, SD 0.9;
median 2.0, range 1-4).

PCL-5 Results
None of the participants surpassed the PCL-5 full-scale
thresholds or fulfilled the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition, criteria for possible PTSD
diagnosis, yielding a sample mean score of 3.9 (SD 4.5; median
2.0, range 0-12). The subscales had similar low mean scores.
In the Intrusion Symptoms and Avoidance subscales, the sample
held a mean of 1.0 (SD 1.5; median 0.0, range 0-5) and 1.0 (SD
1.9; median 0.0, range 0-8), respectively, similar to that of the
Negative Alterations in Cognitions and Mood (NACM; mean
1.1, SD 1.7; median 0.0, range 0-6) subscale and slightly lower
scores on the Alterations in Arousal and Reactivity (AAR)
subscale (mean 0.9, SD 1.3; median 0.0, range 0-4).

PANAS Results
Participants had low negative affect scores for all 4 moments
of administration of the PANAS, ranging from a mean of 11.0
after both control conditions (SD 1.3 for control condition 1
and SD 1.8 for control condition 2) to 11.9 (SD 3.2) after the
experimental condition. All mean scores were <12 although
higher than the minimum score of 10 (P<.05 for all
comparisons). Conversely, the scores on the positive affect scale
were moderate to high. At the baseline measure (T0), the sample
had a mean of 32.4 (SD 7.2), close to the middle point of 30
(Cohen d=0.33; t21=1.53; P=.14). The highest mean score was
obtained for the measure after the second control condition
(mean 40.7, SD 6.6), although it was lower than the maximum
score of 50 on the scale (Cohen d=–1.42; t18=–6.18; P<.001).
Detailed results can be found in Multimedia Appendix 4.

CANTAB Results
All participants excelled in the MOT, concluding the assessment
trials with 0 mistakes.

In the SWM task (more detailed information about the outcome
measures used in this study can be found in Multimedia
Appendix 1), the mean was –0.6, measured in normalized z
scores (SD 1.3; median –1.0, range −1.9 to 2.3), which is only
slightly lower than the norm mean of z=0 (Cohen d=–0.47;
t21=−2.22; P=.04). Only 18% (4/22) of the participants had
values higher than the mean, with 14% (3/22) obtaining the
highest possible score of z=2.3 (percentile 99). These 3
participants never made the mistake of revisiting a box in which
a token had previously been found. The sample’s median
percentile was 15.5 (range 3-99), with only 23% (5/22) of the
sample in percentile 42 or higher. In total, 36% (8/22) of the
participants were in the lower range (percentile 10).

In the RVP task, both the z scores of how good the participants
were at detecting target sequences (RVP A’, prime; RVP prime,
the accuracy to detect correctly the targets [RVPA}) and the
probability of false alarm (RVP probability of false alarm;

RVPPFA) were relatively low (RVPA: mean –0.5, SD 0.6 and
median –0.5, range –1.4 to 1.2; RVPPFA: mean 0.3, SD 0.9
and median 0.1, range –1.5 to 2.3). While the frequency of false
alarms was similar to that of the norm (Cohen d=0.30; t21=1.41;
P=.17), our participants were slightly worse at detecting the
target sequences (Cohen d=–0.81; t21=–3.80; P=.001). Another
14% (3/22) of the participants had a probability of false alarm
of 0 (percentile 99). In both measures, only 5% (1/22) of the
participants were in a percentile of <10 (8 for the RVPA and 7
for the RVPPFA) who were also in percentile 5 in the SWM
task. The sample’s median percentile for the RVPA measure
was 29.5 (range 8-89), indicating that half (11/22, 50%) of the
sample had equal or worse capability to detect target sequences
than the bottom 29.5% in the CANTAB normative data.

Finally, the sample’s mean efficiency in performing the IED
task (more detailed information about the outcome measures
used in this study can be found in Multimedia Appendix 1) was
not different from the norm mean z scores (mean 0.0, SD 0.7;
median 0.1, range –1.3 to 0.8; Cohen d=–0.06; t21=–0.28;
P=.78). However, the participants’ performance was
heterogeneous, with a median percentile of 49.6 (IQR
28.8-68.5). In total, 9% (2/22) of the participants were in
percentile 9, which indicates that only 9% in the normative data
made more errors in this task than these participants.

No correlation was found between the CANTAB z scores and
any relevant sociodemographic data (ie, sex, age, number of
children, failing in school, alcohol and caffeine consumption,
years in service, and hours worked per week as a firefighter;
sex: CANTAB_SWM: P=.81; CANTAB_RVPA: P=.499;
CANTAB_RVPPFA: P=.31; CANTAB_IED: P=.50; age:
CANTAB_SWM: P=.46; CANTAB_RVPA: P=.29;
CANTAB_RVPPFA: P=.49; CANTAB_IED: P=.75; number
of children: CANTAB_SWM: P=.57; CANTAB_RVPA: P=.55;
CANTAB_RVPPFA: P=.73; CANTAB_IED: P=.60; failing in
school: CANTAB_SWM: P=.34; CANTAB_RVPA: P=.19;
CANTAB_RVPPFA: P=.84; CANTAB_IED: P=.12; alcohol:
CANTAB_SWM: P=.37; CANTAB_RVPA: P=.61;
CANTAB_RVPPFA: P=.37; CANTAB_IED: P=.17; caffeine
consumption: CANTAB_SWM: P=.31; CANTAB_RVPA:
P=.44; CANTAB_RVPPFA: P=.66; CANTAB_IED: P=.43;
years in service: CANTAB_SWM: P=.496; CANTAB_RVPA:
P=.63; CANTAB_RVPPFA: P=.84; CANTAB_IED: P=.998;
hours per week: CANTAB_SWM: P=.42; CANTAB_RVPA:
P=.82; CANTAB_RVPPFA: P=.49; CANTAB_IED: P=.20).

ITC-SOPI Results
The results for the ITC-SOPI scales were as expected. The
highest mean was obtained for the Sense of Physical Space scale
(mean 3.9, SD 0.8; median 3.8, range 2.9-6.4) followed by the
Ecological Validity scale (mean 3.8, SD 0.6; median 3.8, range
2.8-4.8) and the Engagement scale (mean 3.8, SD 0.6; median
3.8, range 2.2-4.7). These scores were higher than the middle
point of the scale (3) for all subscales (P<.001 for all
comparisons).

Finally, the Negative Effects scale had the lowest scores, with
a mean of 1.7 (SD 0.6; median 1.7, range 1.0-3.0). This mean,
although small, was higher than the lowest possible score of 1
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on this scale (Cohen d=1.25; t20=5.71; P<.001). The most
frequently mentioned negative effects were “feeling tired” (mean
2.1, SD 1.1; median 2.0, range 1-5) and “feeling disoriented”
(mean 2.1, SD 1.0; median 2.0, range 1-4), followed by “ocular
fatigue” (mean 2.0, SD 1.0; median 2.0, range 1-4).

Correlations Between Measures
At baseline (T0), stress as measured using the DASS-21
correlated positively with the NACM (r=0.44; P=.04) and AAR
(r=0.43; P=.04) subscales of the PCL-5 but not with the
full-scale scores (r=0.21; P=.34). In addition, the stress scale
correlated positively with the negative affect scale of the
PANAS at baseline (T0; r=0.42; P=.049) and after the second
control condition (r=0.46; P=.05). On the other hand, the
depression scale of the DASS-21 correlated negatively with the
positive affect scale of the PANAS at baseline (T0; r=–0.51;
P=.01) and after each condition (control condition 1: r=–0.63
and P=.002; experimental condition: r=–0.54 and P=.009;
control condition 2: r=–0.70 and P<.001). The anxiety
dimension of the DASS-21 did not show any correlation with
the PANAS for any of the moments measured.

Posttraumatic stress symptoms, as measured using the PCL-5,
did not correlate with affect measures (PANAS) except after
the arousing experimental condition. Participants who held
higher full-scale (r=0.43; P=.047), intrusion symptom (r=0.53;
P=.01), and avoidance (r=0.71; P<.001) scores (measured using
the PCL-5 at baseline [T0]) had increased negative affect scores
measured using the PANAS after the experimental condition.
A partial correlation controlling for anxiety, depression, and
stress scores (DASS-21) confirmed this result (r=0.49 and
P=.04, r=0.51 and P=.03, and r=0.75 and P<.001, respectively).
Conversely, even though it appears that there is a negative
relation between NACM (as measured using the PCL-5) and
positive affect (as measured using the PANAS) after the
experimental condition (r=–0.48; P=.02), this relationship
dwindles after controlling for the 3 DASS-21 scales (r=–0.45;
P=.06). A similar result is found when correlating the Avoidance
subscale (PCL-5) and the number of adverse events experienced
(as measured using the QEPAT). While there appears to be a
correlation (r=0.44; P=.047), it becomes nonsignificant after
controlling for the DASS-21 scales (r=0.43; P=.08).

There was no significant correlation between any of the
CANTAB and QASA measures.

Direct Impact of the VR Training Task

Impact on Affect
Performing the VR task had a positive impact on positive affect

compared to the baseline (partial η2=0.52; Greenhouse-Geisser
F1.82, 32.78=19.73; P<.001). Baseline (T0) positive affect was
lower than that measured after control condition 1 (P=.004),
the experimental condition (P<.001), and control condition 2
(P<.001). The negative affect scores remained consistent
throughout the experiment, with no differences found between

or after the VR tasks (partial η2=0.02; Greenhouse-Geisser F2.13,

38.4=0.39; P=.69). The results found for positive and negative
affect remained true after controlling for PCL-5 (full-scale) and
DASS-21 scale (depression, anxiety, and stress) scores.

Impact on Sense of Presence
The mean results on the ITC-SOPI scales were positive, as
mentioned previously. These positive results are highlighted
when related to the affect felt throughout the VR tasks and after
the experiment ended, controlling for positive and negative
affect at T0 (baseline).

When considering the positive affect reported after all VR tasks
were completed (ie, at the end of the experiment, after the
second control condition) and its relationship to the ITC-SOPI
scales, a positive correlation emerges solely with the
participants’ reported engagement (r=0.55; P=.02). Contrarily,
the negative affect reported correlated positively and
significantly with the negative effects of the VR task as
measured using the ITC-SOPI, both after the first nonarousing
control condition (r=0.61; P=.01) and at the end of the
experiment (ie, after control condition 2; r=0.53; P=.03). This
is in accordance with the correlation found between the negative
effect scale of the ITC-SOPI and other scales. Specifically, a
positive and moderate correlation was found between the
negative effect and avoidance scores (r=0.73; P<.001)
controlling for baseline levels of depression, anxiety, and stress
(DASS-21) and for the number of adverse events experienced
(measure obtained using the QEPAT questionnaire). No
significant correlations were found between any ITC-SOPI scale
and the positive or negative affect reported after the arousing
experimental condition. We recognize how idiosyncratic
differences in baseline affect could bias results, and therefore,
all the aforementioned results do represent partial correlations.

Another noteworthy correlation found was between the number
of adverse events that the participants reported having
experienced (QEPAT) and the engagement subscale (ITC-SOPI;
r=0.49; P=.02). It appears that participants who experienced
more adverse events while in active duty also considered the
VR setting more engaging.

Impact on Situational Awareness
Regarding the QASA tool, the sample had overall positive
results, obtaining a mean rate of correct responses (ie, hit and
correct rejections) of 68% (SD 14.6%; median 64.3%, range
43%-93%). This mean rate was similar for the hits (mean 68.2%,
SD 21.1%; median 71.4%, range 29%-100%) and correct
rejections (mean 67.5%, SD 12.6%; median 71.4%, range
43%-86%). In accordance, the mean rate of incorrect responses
was relatively low at 32% (SD 14.6%; median 35.7%, range
7%-57%) for the rate of both misses (mean 31.8%, SD 21.1%;
median 28.6%, range 0%-71%) and false alarms (mean 32.5%,
SD 12.6%; median 28.6%, range 14%-57%).

Comparably, the mean actual situational awareness, as measured
using A’ was relatively high (mean 46.4, SD 34.5; median 45.0,
range –25.0 to 92.9), with only 5% (1/22) of the participants
having an A′ value of <0 (A′=–25). This indicates that the
overall sample had a good situational awareness regarding the
elements present in the VR task simulation and was able to
distinguish true from false information (with the exception of
1/22, 5% of the participants).

These results were in tandem with the perceived confidence of
the participants in their answers (perceived situational awareness
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[PSA]). The sample’s mean PSA was 47.2 (SD 25.0; median
47.6, range 0-100). All but one participant (21/22, 95%) had
confidence in their ability to detect the correct response as they
obtained positive values, and only 5% (1/22) of the participants
reported not being very confident (ie, PSA value of 0).

When comparing the difference between A′ and PSA scores, it
is possible to see that, although no difference between the means
was found (mean difference=–0.8; Cohen d=–0.02; t21=–0.08;
P=.94), there was a great amount of variation between
participants (SD 45.0; median –12.6, range –61.9 to 83.3 in this
difference between A’ and PSA). A total of 59% (13/22) of the
participants perceived their situational awareness as being higher
than it was (reflected by a negative difference), whereas 41%
(9/22) had higher situational awareness than they themselves
perceived having (as reflected by the positive difference).

The sample presented a slight information acceptance bias, with
a mean of –13.6 (SD 30.3; median 0.0, range –100.0 to –9.1).
In total, 9% (2/22) of the participants had B″ values of –100,
indicating a great tendency to accept information as true even
if it was false. A total of 36% (8/22) of the participants did not
have any bias as they had a B″ value of 0.

Concordantly with the aforementioned results, no correlation
was found between the actual situational awareness (A′) and
the PSA (r=–0.12; P=.59). The same result was found when
controlling for experience (ie, years as a firefighter; r=–0.11;
P=.63). PSA values did not correlate with the bias scores (B″;
r=0.19; P=.41) either. The only correlation found was between
A′ and B″ scores (r=–0.51; P=.02) even after controlling for
years in service (r=–0.50; P=.02).

A summary of the main findings of this study can be found in
Multimedia Appendix 5.

Discussion

Principal Findings
This study showed the viability of a VR firefighter training tool
as a valid serious game approach to act as an alternative for
in-person real-life training, which can endanger a firefighter’s
life and is subject to limitations in the training situations
available. Furthermore, the VR setup used in this study allows
for ecologically valid and immersive scenarios, which is an
advantage for realistic training that prepares for real-life
situations.

Participants’ level of acceptability is a crucial aspect to consider
for VR use. Many reasons can explain the low tendency to
integrate VR settings, namely, skepticism, vulnerability,
insecurity, lack of ease of interaction with the equipment [71],
or absence of realism [25]. Kari and Kosa [72] presented an
interesting model joining hedonic and utilitarian or
inconvenience measures to explain use and acceptance of VR
games supported by the participants’ behavioral intention to
use that was influenced by curiosity and enjoyment. Another
relevant aspect is that perceived ease of use was positively
correlated with perceived usefulness, curiosity, enjoyment, and
control and negatively associated with discomfort; in turn,

utilitarian health and well-being factors were less significant
aspects in terms of use of VR game applications.

In this study, the VR task was well received by the participants,
in concordance with a previous study using the same VR
apparatus [68]. Positive affect increased compared to the
baseline just by performing the VR task. This was independent
of the type of scenario. That is, it appears that being immersed
in the VR setting itself improves positive affect, whether the
scenario was neutral and did not require immediate action
(preparing the surroundings of a house for a forest fire) or
required urgent action and was arousing (putting out a house
fire). This is corroborated by the relationship found between
positive affect and engagement, both reported at the end of the
overall VR task and both yielding highly positive mean scores.
This reflects that engagement with the overall VR task increased
as positive affect increased, and vice versa. This is true
regardless of idiosyncratic differences in baseline positive and
negative affect. For VR training to be successful, firefighters
have to be engaged with the task, which could be related to
positive rather than negative affect. Indeed, a recent systematic
review and meta-analysis demonstrated the positive impact of
VR environments on positive and negative affect measured
using the PANAS [73].

Another aspect of the success of the VR firefighter training is
the positive feedback from participants regarding the simulation
itself. At the end of the study, participants reported that the
simulations were perceived as real and similar to the real world,
which was reflected by the high mean scores regarding the sense
of physical space and ecological validity, as well as the reported
usefulness for training and learning purposes. This adds to the
existing literature that has demonstrated how VR increases the
ecological validity of experiments [6] and allows for the transfer
of skills from VR to real-world scenarios [7-9].

In this study, the realness (measured using the ecological validity
scores) of the VR simulations was independent of both the
positive and negative affect felt by the participants, which attests
to the validity of the simulation being independent of the
participant performing it. Similar results were found with VR
applied for higher-education purposes in another study. The
study showed that the level of immersion is crucial for students’
sense of presence and positive affect (also measured using the
PANAS). Our results contribute to the generally accepted
premise that VR has a positive impact on users’ learning and
training outcomes [73]. In the same vein, Shafer et al [74]
presented a model explaining how enjoyment is generated in
VR applications. The authors argued that participants’perceived
interactivity predicts spatial presence and realism in the task,
whereas realism independently predicts spatial presence and,
in turn, spatial presence predicts enjoyment; cybersickness was
included as a covariate influencing enjoyment, and previous
experience using VR or similar experiences had a weak impact
on cybersickness.

Another point to consider regarding the viability of VR
firefighting training is the dampening of negative effects. It
could be argued that these might surpass positive effects if the
use of VR leads to greater distress or discomfort or puts into
question the health of the participants. In this study, we found
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no validation for this tenet. On the contrary, participants’
negative affect remained low at baseline and throughout the VR
task, with no impact of the arousing, urgent house fire scenario.
These results (demonstrated by the firefighters’ positive
feedback and low negative emotions) are congruent with the
principal dimensions highlighted in a very recent
study—usability, usefulness, fun, and joy—as critical aspects
to the adoption and recommendation of VR experiences [75].

Nevertheless, a positive correlation was found between the
participants’ avoidance, a symptom of PTSD, and the negative
affect reported after the arousing scenario. Similarly, participants
who reported experiencing symptoms of avoidance more
frequently were also the ones who indicated having felt more
negative effects due to the VR simulation. This is true regardless
of the number of adverse events experienced and of depression,
anxiety, or stress symptomatology. This finding should be
further explored to ensure that even firefighters who demonstrate
some PTSD symptomatology can perform the VR task and are
not vulnerable. In addition, while one might expect that
experiencing a greater number of adverse events would deter
firefighters from engaging in a VR-simulated firefighting
environment, the opposite was found. The participants who
reported feeling greater engagement with the VR tasks were
those who had experienced an increased number of adverse
events. Some explanations can be posited in this regard. Indeed,
having experienced stress levels during firefighting activities
and confrontation with adversity could lead to greater motivation
to improve this state of affairs and mobilize participants to act
and manage situations, suggesting specific coping strategies
and resilience mechanisms [75]. This topic gains importance
with respect to implications for intervention strategies, namely,
the relevance of including approaches to boost mechanisms of
emotion regulation in firefighters, for example, stress buffer
interventions or improving distress tolerance programs, as
proposed by Stanley et al [40], who highlighted the positive
role played by distress tolerance in occupation stress and suicide
risk among 831 firefighters.

Nevertheless, the participants reported feeling scarce negative
effects due to the VR task alone. The most frequently mentioned
effect was “feeling tired,” which might be attributed to the
complex implementation of this study itself. Due to the plurality
of physiological and psychological measures taken throughout
the VR task, the participants had more equipment on them than
they would in other VR training contexts and expended more
time than usual between scenarios to complete questionnaires.
Moreover, this negative effect can be reduced by not performing
several VR scenarios in a single training session, thus
diminishing fatigue. Regarding “ocular fatigue,” the second
most mentioned negative effect, it is something that is expected
to subside as technology improves. As expected, negative affect
measured after most of the VR tasks (control conditions) was
related to the negative effects reported, both being minute.

The positive and negative emotional experience found in this
study was congruent with the results found in a sample of
trainees using a VR training system for fire extinction [25].

To further explore the reliability of VR training, it is relevant
to assess firefighters’ performance in this task. For this purpose,

the QASA tool was developed. It has a 2-fold objective: it both
allows for the assessment of whether firefighters are aware of
and attentive to the elements present in the simulation and
validates that the firefighters are really attentive to the VR task
as if it were a real-life scenario. Participants were successful in
this task as they managed to correctly identify most of the
elements that were true (ie, hit) and most of the elements that
were false (ie, correct rejections). However, this alone does not
allow us to infer their awareness of the simulation situation. To
assess their actual situational awareness, the emphasis should
be on the A′ measure, which can be interpreted as a measure of
“an individual’s knowledge of the situation as compared to the
‘ground truth” [63]. The participants’ situational awareness was
high, indicating that the overall sample was attentive to the
simulation and could identify which statements addressing the
simulation were true and which were false. This supports the
fact that the participants were paying attention to the simulation.
However, were the participants aware of their own situational
awareness? Although the sample’s mean PSA was similar to
their actual situational awareness, there appears to be no
correlation between the two, suggesting that performance
self-appraisal is not accurate in this setting. In fact,
approximately half (11/22, 50%) of the participants
overestimated how good their awareness was, whereas the other
half (11/22 50%) underestimated it. This is especially surprising
considering how all but one participant (21/22, 95%) were
confident that most of their responses were correct, some even
indicating that all their responses were correct. This result,
although expected, has major implications as awareness of the
situation is a necessity when it comes to firefighting. Not being
attentive to the details of a situation can be the difference
between life and death in a real-life scenario. Finally, most
participants (11/22, 50%) showed almost no bias in information
acceptance. That is, they were considerate when responding to
the questions and did not simply accept all the information
provided as being true or false.

Concerning the firefighters’ emotional and cognitive
characterization, a few depressive, stress, and anxiety symptoms
showed some correlation with other measures. For instance,
stress levels were correlated with some PTSD symptoms.
Participants who had higher values of NACM and AAR also
had higher stress values, which was to be expected. Indeed, in
the systematic review conducted by Jones [36], a plurality of
studies found high comorbidities in firefighters.

Furthermore, participants with higher stress scores additionally
reported increased feelings of negative affect (when the study
started, before the VR task, and after the VR task was finished).
While anxiety scores appear to not have any correlation with
any of the other measures, the depression level reported had an
inverse correlation with positive affect throughout the
experiment. That is, the more the participants felt depressed,
the less positive their emotional state was. However, this seems
to reflect more on the participants’ typical emotional state than
on the VR task’s success and impact. Nonetheless, our sample
showed few indicators of psychopathology (as measured using
the DASS-21 and PCL-5), which is in concordance with results
from a sample of 312 Portuguese firefighters who reported low
scores of depression, anxiety, and stress using the same measure
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used in this study and high levels of happiness [76]. The mental
health of firefighters is an issue of particular relevance [37],
which cannot be neglected and is emphasized by the
aforementioned findings.

In this regard, serious games applied to interventions have
revealed promising results in clinical settings, namely, by
promoting treatment of and recovery from serious mental illness
[77]. Regarding trauma, a recent study presented a contribution
toward showing increasing users’ awareness of psychological
trauma, their sense of security, and promotion of seeking
specialized help, using a serious game combined with
psychological principles as theorical frameworks [78]. Another
study using a computer game showed potential to reduce
intrusive memories of a traumatic event [79]. Positive results
using a VR simulator were exhibited by 2 truck drivers with
PTSD [80]. This literature suggests a high potential for PTSD
treatment using the innovative elements of VR.

Regarding the participants’ cognitive performance, none
demonstrated having any sensorimotor deficits or lack of
comprehension, measured using the MOT as recommended
[62]. Regarding their performance on the remaining cognitive
tasks, the capability to not be swayed by false alarm sequences
in the RVP task (RVPPFA measure) and their ability to shift
between the intra- and extradimensions of a stimulus (IED test;
ie, the ability to discriminate between visual set formation and
maintain or shift attention in accordance with environmental
clues) were no different than those of the sample norm. On the
other hand, on average, the firefighters performed worse on the
SWM task (ie, remembering which boxes were previously
searched) and the ability to detect rapidly shown number
sequences (RVPA measure) during the RVP task.

These measures were explored as they convey cognitive
functions that are at play when putting out fires. SWM, strategic
planning capacity via trial and error, attention and rapid visual
processing, abstract thinking, and cognitive flexibility, as the
ability to shift attention between elements of a stimulus
following environmental clues through an organized search, are
all competencies needed when firefighting as rapid
decision-making and problem-solving are required. Although
questions could be raised regarding the ecological validity of
transposing this concise cognitive assessment to a real-life
situation, it also brings into deliberation the need to assess a
firefighter’s strengths and vulnerabilities when appointing them
to a position in action. Questions of ecology are highlighted by
the fact that no correlation was found between any of the
CANTAB and QASA measures.

Comparisons With Prior Work
According to previous work, VR serious game systems have
high potential for training purposes, giving the possibility to
customize them directly in accordance with the users’ needs
[2]. In this study, 2 realistic scenarios (and widely related to the
daily duties of firefighters) were selected to ascertain the impact
on induced positive and negative affect, on the one hand through
neutral and nonurgent duties (preventive tasks) and, on the other
hand, through urgent, stressful, and arousing activities, namely,
extinguishing a house fire and rescuing victims.

During these tasks, firefighters had the opportunity to practice
and develop their skill set (eg, dynamic thinking, stress
management, decision-making under pressure, risk assessment,
fire control, hose handling technique, and nozzle control) and
learn in and experience a safe immersive environment, which
might not be possible to replicate in real life. These are
advantages of VR compared to traditional training according
to several authors [2,10,11]. Other features of these systems
demonstrated during this study were the capacity to maintain
motivation and user engagement [13]. Indeed, participants
reported adequate levels of physical presence, ecological
validity, and engagement at the end of the experience and
residual negative effects, in accordance with previous studies
with Portuguese firefighters [15,35]. Furthermore, while
performing the tasks, several firefighters provided additional
feedback, which supported the system’s similarity to real-life
work, as recommended in the literature [15,23], and reinforces
its acceptability and usefulness, in agreement with other studies
[72,75]. In addition, emotions, a crucial dimension to consider
in VR experiences as argued by Saghafian et al [25], were
monitored at baseline, between scenarios, and immediately after,
showing consistent effects. Collectively, these results
demonstrate the reliability of the experiment.

Regarding cognitive performance, some studies have shown
the negative impact of a shift work regimen on cognitive
functions, which is frequent among Portuguese firefighters
(19/22, 86% of our sample were shift workers). In general, our
sample revealed normative performance across most tests, which
is in line with the considerations of another study conducted
with firefighters [44]. These authors assessed cognitive functions
using 3 different tests (paired-associate learning, reaction time,
and spatial span) of the CANTAB software in simulated hot
conditions and further noted that some of these tasks were
probably quite easy for their healthy sample of wildland
firefighters.

Finally, another key aspect in the firefighters’ performance was
their actual situational awareness and how good they perceived
it to be, that is, their performance self-appraisal (a metacognitive
ability). As Edgar et al [63] note, the correlation between the
actual situational awareness and PSA is inconsistent in the
literature, sometimes being negligible, as in this study. They
further highlight several studies that show that performance is
moderated by how good the participants believe their situational
awareness to be independently of whether their assessment is
correct. They hypothesize that the inconsistency between studies
might be explained by a lag between the measurement of actual
situational awareness and PSA. This explanation does not fit
this study as both measures were collected in the same moment.
Nevertheless, efforts should be made not only to improve the
actual situational awareness of firefighters but also to align their
perception with their actual awareness.

Limitations and Future Work
This experiment was conducted for research purposes. Although
precise instructions were provided for participants to act exactly
as in real-life firefighting, these findings should be viewed with
this caveat. Despite the greater levels of ecology and presence
revealed by the experiment, fighting a fire and rescuing victims
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in simulated situations will never be exactly the same as in a
real-life situation. In the same vein, although the cognitive
dimensions assessed are valuable skills for performing fire
duties, some caution is needed when transferring these outputs
to real practice as they were obtained through computerized
abstract tasks. In addition, considerations should be taken
regarding the experimental setting itself. As previously
mentioned, the experiment involved performing a complex set
of diverse tasks (neuropsychological session followed by 3
moments of immersive VR scenarios with simultaneous
measurement of biosignals) requiring that participants wear
nonusual equipment (eg, electrocardiography,
electroencephalography cap, and respiration band) during task
performance and involving a wide range of resources. These
constraints may challenge ecological transposition to real
firefighting activity and could cause fatigue among participants.
Despite this limitation, these were requirements of the
experimental design, and pauses between procedures were
implemented. However, to reduce this potential concern, future
work should consider reviewing the duration of the experiment,
including the duration of the simulation.

The impact of the psychological assessment on the participants’
performance on the VR task should also be considered in future
work. Although the protocol was designed to avoid bias due to
mood-congruent memory recall [54], completing the PCL-5,
DASS-21, and CANTAB before the VR task could induce
fatigue and negative associations from past experiences and
have impacted the participants’ VR experience. It is
recommended that this interplay between the psychological
assessment and VR task is further explored in future research.

One other aspect not accounted for is the level of experience
the firefighters had with VR specifically and gaming in general.
In our case, participants had a moderate level of experience with
immersiveness. Previous research has found that the level of
experience and age of the participants influences their immersion
in the VR setting [81]. Work on Outcome Measure instruments
and Statistical analysis are reported at the Multimedia Appendix
1 [82-91]. Even though this was not the focus of this study, it
is an aspect that could lead to a heterogeneous experience for
individuals of different experience levels and, thus, should be
further investigated in future research.

A final aspect that is worth mentioning is that many firefighters
have stated that within a firefighter brigade, each member has
a specific role assigned inside the team when deployed in field
operations has a specific role assigned inside the team when
deployed in field operations. In future work, this issue might
be mitigated by including multiplayer tasks to achieve the most
realistic situation, similar to a prototypical VR system using a

multiuser training application among maritime firefighters [19].
Collaboration between members, communication skills, and
collaborative work could also be addressed even more as target
abilities of being a firefighter. These are skills easily promoted
by opting for VR training settings [14] rather than in-person
methodologies.

Conclusions
An innovative multicomponent approach was applied to a
sample of Portuguese healthy firefighters considering
psychological variables and cognitive indicators including
situational awareness ability combined with a haptic realistic
VR training system and simultaneously coupled with
physiological measures. Considering that firefighters are a
population at high risk, negative affective states of depression,
anxiety, and stress were considered, as well as the severity of
PTSD symptoms and adverse events witnessed as a firefighter.
This is relevant because Portugal is a country annually ravaged
by wildfires, with uncalculated costs at various levels.

Promising results were found as participants were engaged
during all tasks, revealing high levels of motivation and
acceptance related to the VR software. The ecological validity
of both immersive scenarios was supported (irrespectively of
facing neutral or arousing stress-inducing conditions), with a
positive impact (positive affect was higher after the experiment)
that could buffer the minor negative effects reported when PTSD
symptom severity and anxiety, stress, and depression were
controlled for. In general, the sample demonstrated adequate
cognitive abilities and awareness of significant elements of the
situations even though they did not correspond exactly with
their perception.

These results attest to VR translatability to the real world as a
valid cost-effective alternative to traditional in-person training
closer to the specificity of firefighter activity. The use of
innovative technologies such as the haptic and immersive VR
software used in this study was attested for firefighter training
and learning purposes and complemented prior work, combining
several methodologies in a multicomponent approach. In
addition, serious games and VR immersive tools might be put
at the disposal of professional corpora to improve work
conditions.

Valid contributions to this field of study emerged. Implications
for real-world practice are important in relation to the impact
of being a firefighter as well as the consequences of daily duties
and identification of variables that have to be considered for
improving training programs fit to the demands of firefighting
work and the daily challenges faced.
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Abstract

Background: Incentive salience processes are important for the development and maintenance of addiction. Eye characteristics
such as gaze fixation time, pupil diameter, and spontaneous eyeblink rate (EBR) are theorized to reflect incentive salience and
may serve as useful biomarkers. However, conventional cue exposure paradigms have limitations that may impede accurate
assessment of these markers.

Objective: This study sought to evaluate the validity of these eye-tracking metrics as indicators of incentive salience within a
virtual reality (VR) environment replicating real-world situations of nicotine and tobacco product (NTP) use.

Methods: NTP users from the community were recruited and grouped by NTP use patterns: nondaily (n=33) and daily (n=75)
use. Participants underwent the NTP cue VR paradigm and completed measures of nicotine craving, NTP use history, and
VR-related assessments. Eye-gaze fixation time (attentional bias) and pupillometry in response to NTP versus control cues and
EBR during the active and neutral VR scenes were recorded and analyzed using ANOVA and analysis of covariance models.

Results: Greater subjective craving, as measured by the Tobacco Craving Questionnaire–Short Form, following active versus
neutral scenes was observed (F1,106=47.95; P<.001). Greater mean eye-gaze fixation time (F1,106=48.34; P<.001) and pupil
diameter (F1,102=5.99; P=.02) in response to NTP versus control cues were also detected. Evidence of NTP use group effects was
observed in fixation time and pupillometry analyses, as well as correlations between these metrics, NTP use history, and nicotine
craving. No significant associations were observed with EBR.

Conclusions: This study provides additional evidence for attentional bias, as measured via eye-gaze fixation time, and pupillometry
as useful biomarkers of incentive salience, and partially supports theories suggesting that incentive salience diminishes as nicotine
dependence severity increases.

(JMIR Serious Games 2024;12:e54220)   doi:10.2196/54220

KEYWORDS

nicotine; craving; cue exposure; virtual reality; attentional bias; pupillometry; spontaneous blink rate; eye-tracking; tobacco; VR;
development; addiction; eye; pupil; craving; biomarker; biomarkers; tobacco product

Introduction

Automatic appetitive motivational processes are emphasized
as critical components in the development and maintenance of
substance addiction (eg, dual-process theories [1,2], incentive
salience theory [3,4], Tiffany’s model [5], and incentive-habit
model [6]). Preclinical and human investigations frequently rely
on the use of cue exposure paradigms to elicit these motivational
processes in the laboratory. The cue exposure paradigm is
largely grounded in associative learning principles, which posit
that repeated pairing of specific stimuli and substance
consumption produces conditioned reinforcement such that the

stimuli become conditioned cues capable of eliciting
motivational or incentive salience for the substance [7].
Incentive salience can be a conscious or unconscious process
and is defined as the motivation for a reward resulting from the
integration of one’s current physiological state and previously
learned associations about the reward cue [8]. Subjective craving
for substances is thought to reflect the conscious product of
high levels of incentive salience [3,4].

Despite this conceptual coherence, a lack of ecological validity
in traditional cue exposure paradigms limits our ability to
accurately test and interpret incentive salience outcomes.
Attempts have been made to improve the potency of cues and
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the ecological validity of cue-reactivity designs (eg, [9,10]), yet
cue exposure studies typically present the cues in isolation,
outside of the context of usual use in natural environments (eg,
2D images or single cigarettes). This isolation of cues limits
the ability to invoke a true craving state in the lab [11,12] and
potentially contributes to poor generalization to the real world
[13]. Through greater immersion and interaction within typical
contexts of use (eg, the presence of others within a setting where
the substance is commonly taken), paradigms using virtual
reality (VR) technology have greatly enhanced our ability to
elicit craving for various substances in the laboratory [12,14-18],
including tobacco [19-22]. Further, VR cue exposure paradigms
show great promise as treatment platforms by promoting
individualized and accessible care, and allowing for the
experience of social immersion and reaction to cues within
relevant contexts [23]. Thus, VR cue exposure paradigms
represent generalizable tasks with substantial potential for
utilization within addiction-related research and clinical settings.

Recent technological advances in VR implementation also allow
for precise inline assessment of eye-related measures during
cue exposure. The integration of eye-tracking technology into
the VR headset is a substantial improvement from previous
eye-tracking applications that require inadequate camera
placement for precision eye tracking, resulting in partial
blockage of the field of view. With this improved technology,
it is possible to extract several eye-related measurements that
are theoretically related to automatic appetitive motivational
processes such as incentive salience and subjective craving;
these are attentional bias, pupillary responses, and spontaneous
eyeblink rate (EBR).

Attentional bias, or the allocation of a disproportionate amount
of time attending to substance-related stimuli relative to neutral
stimuli, is thought to either cause or index critical processes
responsible for substance-seeking behavior [24]. Several
theoretical models suggest that cue-induced subjective craving
and attentional bias reflect closely linked underlying processes
[3,25,26], such that the degree of attentional bias toward reward
cues correlates with the motivational, as opposed to the hedonic,
qualities of the reward [27]. Clinically, attentional bias to
smoking cues is linked to relapse following smoking cessation
[28,29] and was found to be even more predictive of relapse
than withdrawal symptoms, subjective craving, and low mood
during acute abstinence [29]. Recently, the use of direct
eye-tracking indices of attentional bias has shown substantial
improvements in bias estimate reliability [30-33]. Assessment
within naturalistic settings has also independently improved the
reliability [34] and validity [35] of attentional bias measurement,
yet the naturalistic constraints of these methods prohibit
advanced clinical application. Thus, eye-tracking indices of
attentional bias within naturalistic, yet clinically feasible
settings, may be especially useful as biomarkers of the incentive
salience/craving phenomenon in substance addiction.

Pupillary responses and EBR represent two lesser-studied eye
characteristics with theoretical ties to incentive salience
processes that warrant further study as potential biomarkers of
addiction. Pupil diameter has been associated with engagement
of cognitive resources [36], sensitivity to rewards [37], and
reward processing broadly [38]. Pupil diameter changes indicate

fluctuations in attention allocation and are suggested as a
measure of attention-related constructs that do not reach the
threshold of overt behavior or conscious appraisal [39]. Only
one study has investigated pupillometry as a measure of response
to substance cue exposure in humans and found that pupillary
bias toward alcohol versus neutral cues, but not subjective
craving reports, predicted relapse to alcohol use in a sample of
detoxified patients with alcohol dependence [40].

EBR has been linked with striatal dopaminergic function in
preclinical models and has been advanced by some as a reliable
alternative to the assessment of dopaminergic functioning via
positron emission tomography [41]. Dopamine release in the
basal ganglia is theorized to inhibit the spinal trigeminal
complex, consequently triggering increased EBRs [42]. Given
the observed modulation of striatal dopamine during cue
exposure [43], it may be possible to detect these dopaminergic
fluctuations through EBR measurement. Yet, outside of our
preliminary report on this sample [44], this hypothesis has not
yet been tested.

This study sought to investigate the validity of these eye
characteristics as markers of incentive salience acquired during
a novel real-world VR nicotine and tobacco product (NTP) cue
exposure paradigm across NTP users with varying degrees of
use. An initial report was published by our group early on during
data collection (N=31) [44] that described the development of
the NTP cue VR paradigm and provided preliminary results
supporting the potential of this paradigm as an effective
lab-based cue exposure task, including its ability to elicit
subjective craving and a sense of presence in the virtual world.
The present study provides an update to this preliminary report
with a larger sample of daily and nondaily users of NTPs
(N=108). It was hypothesized that eye-based markers of
attentional bias, pupillometry, and EBR would be greater in
response to NTP cues compared with control cues presented
during the VR NTP cue exposure paradigm and that these
measures would correlate with subjective craving and measures
of past NTP use.

Methods

Participant Recruitment and Screening Procedures
As previously described [44], participants were recruited through
flyers and social media posts (eg, Facebook, Craigslist, and San
Diego Reader) targeting the San Diego community. A brief
telephone screening interview was used to determine initial
eligibility. Inclusion criteria for the study were ages ≥18 years,
at least weekly NTP use during the past 3 months, and NTP use
history ≥1 year. Exclusionary criteria were nonfluency in
English, medical or psychiatric history affecting brain
development (ie, current severe Diagnostic and Statistical
Manual of Mental Disorders [Fifth Edition; DSM-5] psychiatric
disorders other than tobacco use disorders, severe head trauma
with loss of consciousness >2 minutes, or history or treatment
of neurologic disorders), and (3) visual problems that interfere
with task completion (eg, severe motion sickness and blindness).
NTP use was defined as use of any tobacco (eg, cigarette, cigar,
or hookah) or electronic nicotine delivery system (eg, e-cigarette
or vaporizer). NTP use groups were defined as daily users
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(average use of 7 days per week in the past 3 months) and
nondaily users (average use of 4‐27 days per month in the past
3 months). The distinction between daily and nondaily users is
supported by the literature, confirming that regular, voluntary,
nondaily users of tobacco do not smoke often enough to regulate
nicotine levels and evince less tobacco dependence and
cue-induced craving as compared to daily users [45-47].

Eligible participants were invited into the laboratory and
instructed to bring their NTPs with them for use immediately
after the visit to control for effects related to expectations of
imminent substance availability [48]. Participants were asked
to abstain from NTP use for at least 1 hour prior to their visit,
resulting in VR testing at least 2 hours post use (the average
half-life of nicotine in body tissues [49]), and all other substance
use (including alcohol and cannabis use) for at least 24 hours
prior to testing. Abstinence was self-reported as COVID-19
restrictions did not allow for biological verification.

Ethical Considerations
Participants received a detailed explanation of study procedures
and provided written informed consent consistent with the
University of California, San Diego Institutional Review Board
policies upon arrival to the laboratory (UCSD IRB #180719).
Participant data were deidentified. Participants received US $50
cash for completing the in-person session and up to US $60 in
gift cards for completing the follow-up portion of the research
(not presented here).

Psychological and Substance Use Measures
Prior to undergoing the NTP cue VR paradigm, participants
underwent a clinical interview to assess psychological health
(Mini International Neuropsychiatric Interview for DSM-5 [50])
and completed self-report questionnaires encompassing basic
demographic information, previous VR experience, and other
measures of psychological functioning not reported here.

The 90-day timeline follow-back (TLFB) [51] and Customary
Drinking and Drug Use Record [52] interviews were
administered to assess substance use history (including recency
since last NTP use in minutes). The TLFB has high test-retest
reliability for intervals ranging from 30 to 360 days prior to the
interview date, with an intraclass correlation coefficient of 0.92
for “Total number of cigarettes smoked per interval” [53]. The
Population Assessment of Tobacco and Health (PATH) tobacco
dependence index [54], with a range of 0‐80, was administered
to assess nicotine dependency across nicotine products.
Subjective craving before and after the VR paradigm was
assessed via the Tobacco Craving Questionnaire–Short Form
(TCQ-SF) [55], modified to reference participants’ preferred
nicotine product (eg, e-cigarettes and tobacco cigarettes). The
TCQ-SF has demonstrated reliability (Cronbach α coefficients
>0.69 across subscales) and validity, and has been shown to
reliably measure the same multidimensional aspects of tobacco
craving as the original TCQ when tested following overnight

abstinence and during ad libitum smoking [55]. Pre- and
post-VR TCQ-SF scores and previous 90-day NTP use episode
count from the TLFB (logged transformed due to skewness)
were used in the quantitative analyses presented below. REDCap
electronic data capture tools hosted at the University of
California, San Diego were used for interview and self-report
data collection.

Following completion of the NTP cue VR paradigm, participants
were assessed on VR presence (Igroup Presence Questionnaire
[IPQ] [56]) and VR-related simulator motion sickness (Simulator
Sickness Questionnaire [SSQ] [57]). The IPQ total score was
calculated using a simple averaging method to obtain a perceived
presence score ranging from 0 to 100. The SSQ was scored in
concordance with procedures outlined to assess VR-specific
sickness (Virtual Reality Sickness Questionnaire) [58], involving
a simple averaging method to obtain a score ranging from 0 to
100.

NTP Cue VR Paradigm
As previously detailed [44], the HTC VIVE Pro Eye VR headset
(HTC, Taoyuan City, Taiwan) was used to enable VR
capabilities and collect eye-related data during the NTP cue VR
paradigm (built in Unity). HTC’s SRanipal SDK [59] was used
in conjunction with Tobii’s XR SDK (Tobii Technology,
Stockholm, Sweden) to provide access to data from the eye
tracker. Specifically, Tobii’s XR SDK and
Gaze-to-Object-Mapping (G2OM) algorithm were applied to
determine object selections, while the remaining data were
retrieved from the SRanipal SDK.

Initially, 3 active scenes containing control and NTP-related
cues (driving, patio, outdoor BBQ) and 3 neutral scenes
containing only control cues (bus, waiting room, library) were
developed. However, after preliminary testing of the paradigm,
1 active and 1 neutral scene were removed due to inconsistent
eye-gaze effects and increased VR-related sickness (driving,
bus; see Liu et al [44] for additional details). All active scenes
contained multiple types of NTPs (see Liu et al [44] for a
detailed description of the scenes). Thus, the data presented
below are derived from the remaining 2 active (patio, outdoor
BBQ) and 2 neutral (waiting room, library) scenes (Figure 1).
Importantly, the selection of the study outcomes was done prior
to any data acquisition and thus was not affected by removal of
the scenes.

During the paradigm, participants were encouraged to move
around in the virtual scenes via teleportation and interact with
cue objects using two handheld VIVE controllers. Virtual visual
analog scales assessing subjective craving (“How much are you
craving nicotine right now?”) and scene relevance (“How
relevant was that scene to your own life?”) were presented
between scenes, and responses were made by adjusting a slide
bar using one of the controllers. Participants were instructed to
“Just explore everything around you until the scene changes.”
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Figure 1. Screenshots of the four final scenes from the nicotine and tobacco product cue virtual reality paradigm. Neutral scenes include the (A) library
and (B) waiting room. Active scenes include the (C) outdoor BBQ and (D) patio. The figure is adapted from the initial task development report [44],
which is published under Creative Commons Attribution 4.0 International License [60].

Gaze Statistics Calculation
A combination of the G2OM algorithm provided by Tobii’s XR
SDK, a machine learning–based mapping algorithm that aims
to improve small object and fast-moving object tracking, and
naive ray-casting was used to enable object selection in the
direction of the gaze [61]. Specifically, to ensure adequate
performance without detrimentally affecting the frame rate, the
G2OM algorithm provided by Tobii’s XR SDK was used only
for the detection of the interactable objects (including all NTPs
and control cues), and the naive ray-casting was used for the
detection of background and other nonmovable large objects.
In addition, when a virtual object was interacted with via the
controllers, the object selection was “locked” until the object
was released, thus reducing eye-gaze errors due to rapid
movement and microsaccades.

Given the complexity of the dynamic virtual environment, eye
fixations were defined based on functionality—the duration of
eye gaze intersection with the selected object of interest. The
total object fixation number and total object fixation time (dwell
time) were summed within each cue category (NTP and control)
for each scene. Mean fixation time (total fixation time/object
fixation number) indices were then created within each cue
category for each scene and averaged across the scenes. Mean
NTP versus control cue fixation and fixation time contrast scores
from the active scene metrics were calculated for use in the
exploratory analyses described below.

Pupil Diameter and Blink Detection
Pupil diameter was recorded continuously throughout the
paradigm and mapped to each object identified via Tobii’s
G2OM algorithm. Pupil diameter was summed within each cue
category (NTP and control) for each scene. Mean pupil diameter
indices were then created by averaging over the mapped pupil
diameter samples within each cue category for each scene and
averaged across the scenes. Mean NTP versus control cue pupil
diameter contrast scores (mean NTP cue diameter – mean
control cue diameter) from the active scene metrics were
calculated for use in exploratory analyses.

Consistent with previous studies, an eyeblink was defined as
complete eyelid closure (or missing pupil diameter) with the
pupil covered for 50‐500 milliseconds [62,63]. Total EBRs
were summed within each scene and averaged within scene type
(active and neutral). Mean active versus neutral scene EBR
contrast scores (mean active scene EBR – mean neutral scene
EBR) were calculated for use in exploratory analyses.

Statistical Analysis
Statistical analyses for demographic differences between NTP
use groups were conducted using one-way ANOVA models.
Analyses for the main outcomes were conducted using repeated
measures ANOVAs, followed by analyses of covariance
controlling for age and sex. Interactions between NTP use group
and cue/scene type as well as their main effects were estimated.
Estimated marginal means (EMMs) are reported for the main
effects that control for the other variable of interest (ie, NTP
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use group or cue/scene type) in the model. Analyses of
preliminary reliability estimates across scenes were conducted
using Pearson correlations. A significance threshold of P<.05
was set for all primary analyses.

Exploratory investigations of relationships between the objective
outcomes (ie, total fixations, mean gaze fixation time, pupil
diameter, and EBR) and subjective craving (pre-VR, during
VR, post-VR), recency of NTP use (minutes since last NTP use
at time of testing), and previous 90-day NTP use utilized Pearson
correlations and partial correlations. Bonferroni-corrected P
value thresholds that corrected for the tests of the 3 subjective
craving and 2 NTP use variables per objective outcome were
calculated (Pcorr<.01). Follow-up analyses computed correlations
within NTP use groups, transformed the r values into z scores
using Fisher r-to-z transformation, and compared the z values
by determining the observed z test statistic. SPSS Statistics for
Windows, version 28 (IBM Corp) software was used for all
analyses.

Results

Study Sample
A total of 303 phone screenings were completed, with 193
individuals deemed eligible. The primary reasons for ineligibility

were low/no NTP use (32 screenings) and severe psychiatric
comorbidity/psychotropic medication use (39 screenings). Many
eligible screenings were not enrolled due to COVID-19
restrictions/cancellations at the time. Of the 115 participants
who completed the protocol, 108 participants had usable eye
fixation data, 104 had pupillometry data, and 106 had EBR data
(excluded participants had calibration or technical issues with
the eye-tracking hardware/software).

Demographic information for the sample of 108 with eye
fixation data is presented in Table 1. In general, the sample
contained slightly more male participants (n=61, 56.5%) and
predominately self-identified as White (n=60, 55.6%), and
58.3% (n=63) had no or very limited (one time) previous
experience with VR. Of the full sample, 56.5% (n=61) were
predominately e-cigarette or nicotine vaporizer users; however,
68.5% (n=74) of the sample reported smoking a tobacco
cigarette, and 77.8% (n=84) reported use of any combustible
tobacco product (cigarette, cigar, pipe, or hookah) within the
previous 6 months. Daily and nondaily NTP use groups were
not found to differ in type of NTP use (P values >.25).
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Table . Sample demographics by nicotine and tobacco product (NTP) use group and total sample.

Total (N=108)NTP use groupVariable

Daily (n=75)Nondaily (n=33)

31.56 (12.65)31.92 (12.75)30.76 (12.58)Age (years), mean (SD)

Sex, n (%)

47 (43.5)33 (44.0)14 (42.4)Female

61 (56.5)42 (56.0)19 (57.6)Male

60 (55.6)39 (52.0)21 (63.6)Ethnicity: White, n (%)

94 (87.0)63 (84.0)31 (93.9)Education: college level, n (%)

Previous VRa experience, n (%)

43 (39.8)26 (34.7)17 (51.5)Never

20 (18.5)15 (20.0)5 (15.2)Once

34 (31.5)27 (36.0)7 (21.2)A few times

11 (10.2)7 (9.3)4 (12.1)Many times

47 (43.5)29 (38.7)18 (54.5)Combustible tobacco product user (predominately), n (%)

72.71 (28.43)89.79 (0.76)33.91 (21.57)NTP use days (previous 90 days)b, mean (SD)

1539.67 (2376.99)2145.92 (2633.99)161.82 (180.85)NTP use episodes (previous 90 days)b, mean (SD)

36.92 (21.19)46.15 (17.54)15.94 (11.70)PATHc tobacco dependence indexb, mean (SD)

42.17 (16.84)47.55 (14.43)30.09 (15.71)Tobacco Craving Questionnaire (baseline)b, mean (SD)

VR presence (IPQd), mean (SD)

65.10 (17.84)65.56 (17.80)64.06 (18.16)Spatial presence

57.56 (21.84)56.72 (22.16)59.47 (21.30)Involvement

47.38 (22.58)48.67 (22.39)44.44 (23.07)Experienced realism

56.68 (9.29)56.98 (9.60)55.99 (8.65)Total

VR-related sickness (VRSQ e ), mean (SD)

17.59 (17.51)17.22 (18.90)18.43 (14.09)Oculomotor

13.27 (16.82)12.11 (17.67)15.91 (14.64)Disorientation

15.43 (16.10)14.67 (17.25)17.17 (13.21)Total

aVR: virtual reality.
bDenotes significant group differences (P<.001).
cPATH: Population Assessment of Tobacco and Health.
dIPQ: Igroup Presence Questionnaire.
eVRSQ: Virtual Reality Sickness Questionnaire.

Subjective Craving
Results of the ANOVA investigating subjective craving during
the paradigm revealed significant effects of scene condition

(F1,106=47.95; P<.001; ηp
2=0.31) and NTP use group

(F1,106=16.91; P<.001; ηp
2=0.14) on craving. No interaction

between scene condition and NTP use group was observed

(F1,106=0.03; P=.87; ηp
2<0.001). Specifically, active scenes

(EMM 46.50, SE 3.11) elicited greater subjective craving than
neutral scenes (EMM 31.89, SE 2.92; Figure 2), and daily users

reported greater subjective craving across scenes (EMM 50.81,
SE 3.12) than nondaily users (EMM 27.59, SE 4.70). Controlling
for age and sex in this analysis reduced the main effect of scene

condition (F1,104=4.16; P=.04; ηp
2=0.04) but not NTP use group

(F1,104=17.63; P<.001; ηp
2=0.15). Age and sex were not found

to be significant predictors of subjective craving either via direct
effects or interactions (P values >.05). Subjective craving ratings
were found to positively correlate between the ratings following
the 2 active scenes (r=0.844; P<.001) and between the ratings
following the 2 neutral scenes (r=0.816; P<.001).
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Figure 2. Mean subjective craving ratings averaged across active and neutral scenes by NTP use group. Error bars indicate a 95% CI. NTP: nicotine
and tobacco product.

Total Cue Eye-Gaze Fixations
Results of the ANOVA investigating total cue eye-gaze fixations
during the paradigm revealed a significant effect of cue type on
number of fixations during the active scenes (F1,106=1353.18;

P<.001; ηp
2=0.93). No effect of NTP use group (F1,106=0.03;

P=.85; ηp
2<0.001) or interaction between cue type and NTP

use group (F1,106<0.001; P=.98; ηp
2<0.001) were observed.

Specifically, NTP cues were associated with fewer total fixations
(EMM 12.91, SE 0.21) as compared to control cues (EMM
48.11, SD 1.00). Controlling for age and sex in this analysis
reduced, but did not eliminate, the main effect of cue type

(F1,104=175.04; P<.001; ηp
2=0.63). Further, there was a

significant interaction observed between cue type and sex

(F1,104=8.40; P=.005; ηp
2=0.07), whereby male participants

engaged in more total fixations toward control cues (EMM
50.07, SE 1.19) as compared to female participants (EMM
45.67, SE 1.35), yet their total fixations toward NTP cues were
similar (male participants: EMM 12.69, SE 0.24; female
participants: EMM 13.28, SE 0.28). Borderline main effects of

age (F1,104=3.69; P=.06; ηp
2=0.03) and sex (F1,104=3.81; P=.05;

ηp
2=0.03) were also observed. When comparing the 2 active

scenes, total cue eye-gaze fixations were found to positively

correlate for the NTP cues (r=0.347; P<.001) and control cues
(r=0.657; P<.001).

Mean Eye-Gaze Fixation Time (Attentional Bias)
Results of the ANOVA investigating mean eye-gaze fixation
time (attentional bias) during the paradigm revealed a significant
effect of cue type on fixation time during the active scenes

(F1,106=48.34; P<.001; ηp
2=0.31) and some support for a NTP

use group effect (F1,106=3.31; P=.07; ηp
2=0.03; Figure 3). No

interaction between cue type and NTP use group was observed

(F1,106=0.31; P=.58; ηp
2=0.003). Specifically, NTP cues were

associated with greater mean fixation times (EMM 3557.79,
SE 163.36 ms) as compared to control cues (EMM 2225.54, SE
87.34 ms), and daily users demonstrated greater mean fixation
times across cue type (EMM 3054.09, SE 98.75) as compared
to nondaily users (EMM 2729.24, SE 148.87). Controlling for
age and sex in this analysis reduced, but did not eliminate, the

main effect of cue type (F1,104=14.32; P<.001; ηp
2=0.12), and

the NTP use group effect was largely unchanged (F1,104=3.53;

P=.06; ηp
2=0.03). Age and sex were not found to be significant

predictors of mean eye-gaze fixation time either via direct effects
or interactions (P values >.05). When comparing the 2 active
scenes, mean eye-gaze fixation times were found to positively
correlate for the NTP cues (r=0.261; P=.006) and control cues
(r=0.462; P<.001).
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Figure 3. Mean eye-gaze fixation time averaged across NTP and control cues by NTP use group. Error bars indicate a 95% CI. NTP: nicotine and
tobacco product.

Pupil Diameter
Results of the ANOVA investigating mean pupil diameter during
the paradigm revealed a significant effect of cue type on mean
pupil diameter during the active scenes (F1,102=5.99; P=.02;

ηp
2=0.05) and some support for an interaction between cue type

and NTP use group (F1,102=3.38; P=.07; ηp
2=0.03; Figure 4).

No NTP use group main effect was observed (F1,102<0.001;

P=.99; ηp
2<0.001). Specifically, NTP cues were associated with

greater pupil diameter (EMM 3.86, SE 0.07 mm) as compared
to control cues (EMM 3.81, SE 0.07 mm) across groups, but

only the nondaily use group displayed a significant difference
between cue types (nondaily mean difference 0.09, SE 0.03;
P=.01; daily mean difference 0.01, SE 0.02; P=.57). Controlling
for age and sex in this analysis reduced the main effect of cue

type (F1,100=2.25; P=.14; ηp
2=0.02) and the interaction between

cue type and NTP use group (F1,100=3.26; P=.07; ηp
2=0.03). A

main effect of age on pupil diameter was also observed

(F1,100=18.36; P<.001; ηp
2=0.16). When comparing the 2 active

scenes, pupil diameters were found to positively correlate for
the NTP cues (r=0.793; P<.001) and control cues (r=0.765;
P<.001).
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Figure 4. Mean pupil diameter averaged across NTP and control cues by NTP use group. Error bars indicate a 95% CI. NTP: nicotine and tobacco
product.

Spontaneous Eyeblink Rate
Results of the ANOVA investigating mean EBR found no
significant differences between EBR during active and neutral

scenes (F1,104=0.50; P=.48; ηp
2=0.005) or between NTP use

groups (F1,104=0.17; P=.68; ηp
2=0.002), nor a significant

interaction (F1,104=0.37; P=.54; ηp
2=0.004). Controlling for age

and sex in this analysis resulted in no change to the relationships.
Age and sex were not found to be significant predictors of EBR
either via direct effects or interactions (P values >.05). EBRs
were found to positively correlate between the 2 active scenes
(r=0.635; P<.001) and between the 2 neutral scenes (r=0.567;
P<.001).

Relationship to NTP Subjective Craving and Use
Mean NTP versus control cue fixation time contrast scores
(attentional bias scores) were found to positively correlate with
subjective craving assessed within the paradigm (r=0.19; P=.04)
and with the TCQ-SF administered pre- (r=0.18; P=.06) and
post-VR paradigm (r=0.22; P=.02). Comparison of correlations
between NTP use groups demonstrated a significant group
difference (Zobs=2.48; P=.007), with the nondaily group
demonstrating a stronger positive correlation (r=0.57; P=.001)
compared to the daily group (r=0.10; P=.38) in TCQ-SF scores
post-VR paradigm (Figure 5). Similar group relationships held
for the other craving metrics. Follow-up analyses investigating
mean cue fixation time separately by cue type (NTP and control)

in the full sample revealed that the positive correlations with
all three subjective craving ratings were driven primarily by
mean NTP cue fixation times (r values=0.21-0.28; P values
<.03), as opposed to control cue fixation times (r
values=0.02-0.03; P values >.76). The mean NTP versus control
cue fixation time contrast score (attentional bias) was not found
to correlate with previous 90-day NTP use (r=0.05; P=.58), yet
significant positive correlations with previous 90-day NTP use
were observed for mean NTP cue fixation time (r=0.20; P=.03)
and control cue fixation time (r=0.26; P=.007) when analyzed
independently.

Mean NTP versus control cue pupil diameter contrast scores
were not found to correlate with subjective craving measures
across the full sample (P values >.20) or NTP use groups
independently (P values >.07). Mean NTP versus control cue
pupil diameter was found to negatively correlate with previous
90-day NTP use (r=–0.20; P=.04), yet no significant correlations
with previous 90-day NTP use were observed for the NTP
(r=0.09; P=.37) or control cue (r=0.15; P=.12) pupil diameters
independently.

Partial correlations controlling for age and sex resulted in similar
estimates for all analyses described above except for the
correlation between mean NTP versus control cue pupil diameter
contrast scores and previous 90-day NTP use, which was
eliminated when age and sex were controlled for (rpartial=−0.05;
P=.64). Total cue fixations and eyeblink rates were not found
to correlate with any subjective craving measures or previous
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90-day NTP use (P values >.05). None of the objective measures
significantly correlated with recency of NTP use (P values >.05).
None of the first-level correlations survived multiple comparison

correction (Bonferroni-corrected per objective measure P values
<.01) and, as such, must be interpreted with caution.

Figure 5. Scatterplot depicting the linear relationships between mean NTP versus control cue eye gaze fixation time contrast scores (in milliseconds)
from the active scenes and subjective craving from the TCQ-SF administered post-VR paradigm by NTP use group. NTP: nicotine and tobacco product;
TCQ-SF: Tobacco Craving Questionnaire—Short Form; VR: virtual reality.

Discussion

This study provides updated results on the utility of a novel VR
NTP cue exposure paradigm to index incentive salience via
three eye characteristic markers: eye-gaze fixation time
(attentional bias), pupil diameter, and EBR in response to NTP
versus control cues. Overall, the results are largely consistent
with our preliminary report [44] and support two of our initial
hypotheses, suggesting that measures of eye-gaze fixation time
and pupil diameter, but not EBR, during VR cue exposure could
be useful objective indicators of the incentive salience process
in nicotine addiction.

Consistent with previous VR cue exposure investigations across
a variety of substances [14-21], active VR scenes with NTP
cues elicited greater subjective craving compared to neutral
control scenes. Further, daily NTP users endorsed greater overall
levels of subjective craving compared to nondaily users across
scenes. Together these findings suggest the VR NTP cue
exposure paradigm elicits subjective phasic craving in response

to NTP cues and can discriminate by frequency of NTP use on
this metric.

Given that the intention of the paradigm was to provide a more
naturalistic and translatable context of use than standard cue
exposure and attentional bias paradigms, it follows that more
control versus NTP cues were present in the active scenes. As
a result, greater total eye-gaze fixations toward control versus
NTP cues were observed. Yet, the average gaze fixation time
was found to be 1.33 seconds longer for the NTP cues compared
with the control cues across the full sample, thus demonstrating
attentional bias toward the NTP cues regardless of NTP use
frequency. The attentional bias contrast score (mean NTP vs
control cue fixation time) was also modestly, yet consistently,
associated with measures of subjective craving assessed before,
during, and after the VR paradigm. This was primarily driven
by response to the NTP cues, as opposed to the control cues,
supporting the previously established link between attentional
bias, as indexed by fixation time, and subjective craving
[10,30,64-66]. The culmination of fixation time results also
supports the validity of the VR NTP cue exposure paradigm as
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suitable for measuring attentional bias toward NTP cues in a
free-viewing, translatable, and ecologically valid context.

Interestingly, although no interaction between NTP use group
and cue type was observed, the daily NTP users were found to
fixate on all cues (NTP and control) longer (325 ms) than the
nondaily users. Furthermore, no association was observed
between the attentional bias contrast score and previous NTP
use frequency, yet greater mean gaze fixation time to NTP and
control cues were independently associated with greater NTP
use in the previous 90 days. These results are somewhat
contradictory to the findings by Mogg and colleagues [67],
where greater smoking versus control fixation times were
inversely associated with nicotine dependence. This discrepancy
could relate to differences in tasks, as Mogg et al [67] used a
visual probe task to assess eye-gaze fixation time, which
presented cues in isolation, devoid of context and additional
competing cues. Additionally, independent associations between
cue types and dependence severity were not reported in their
paper; thus, it remains unknown whether a similar relationship
would have been observed in their data. Regardless, our results
suggest that in the presence of additional naturalistic context
and the absence of any researcher-directed task demands,
individuals with varying levels of nicotine dependence evince
attentional bias toward NTP cues and more frequent/dependent
NTP users demonstrate prolonged attentional engagement with
all salient visual cues present.

Consistent with Mogg and colleagues [67] and with subjective
craving associations broadly [68], we observed stronger
correlations between the attentional bias contrast score and
subjective craving levels within the nondaily NTP users, as
compared to the daily users. Relatedly, greater pupillary
diameter was observed in response to NTP cues compared to
control cues, particularly within the nondaily users. Interestingly,
the NTP versus control cue pupillary response contrast was
found to be negatively associated with previous NTP use,
although these effects were essentially eliminated after
controlling for age, a known correlate of pupil size [69]. These
findings are in line with theories suggesting that appetitive
motivational processes (ie, incentive salience) reduce in
importance as addiction becomes more severe and habitual
[5,6,67].

Taken together with our attentional bias and NTP use data, there
may be additional nonselective attentional processes occurring
in individuals with more severe nicotine dependence that are
not routinely captured by traditional subjective and procedural
tasks of attention. For example, our results may reflect an effect
of prolonged nicotine use on general attentional processing in
the absence of task demands and trial durations, whereby
individuals with more prolonged NTP use may have delayed
disengagement from any salient cue in their visual environment.
These correlations appear to hold even after controlling for total
number of cue fixations, suggesting this is not a product of
orientation bias. Traditional tasks used to investigate attentional
bias (eg, Stroop and visual probe tasks) are thought to index the
delayed disengagement of attention; yet their ability to do so is
limited by trial carryover effects, short durations of stimulus
onset asynchrony (SOA), and task demands (eg, to shift attention
based on cue location [24]). Even with tasks thought to explicitly

measure disengagement, the SOA is often only 500‐2000
milliseconds [24], yet our data suggest that when free-viewing
a complex scene with many cues present, individuals spend on
average 2955 milliseconds engaged and attending to one object
cue irrespective of NTP use history and cue type. Thus, further
investigations using these paradigms to assess attentional
disengagement may benefit from increasing SOA beyond 3000
milliseconds to ensure they are capturing the entire
disengagement process. Given that acute nicotine administration
facilitates attention disengagement from a cued location [70],
it may be possible that the reverse effect is occurring during the
state of acute withdrawal in heavier users of NTPs.

This study has several strengths and limitations. Strengths
include the inline assessment of eye characteristics during a
translatable real-world VR NTP cue exposure paradigm with
no imposed task demands, thus more accurately indexing
naturalistic attentional and incentive salience processes. The
inclusion of light to heavy users of various NTPs and ages
increases the generalizability of the findings to the majority of
current nicotine users. Limitations include the absence of
biological verification to confirm self-reported NTP use due to
COVID-19–related precautions, absence of prospective NTP
use data, and the short duration of abstinence at the time of
testing. However, substantial variability in abstinence was
reported and abstinence time was not found to substantially
impact the results. Still, studies investigating these effects at
much longer durations of abstinence and in treatment-seeking
populations may observe differing results as the salience of cues
may change based on extended abstinence. Given that the active
scenes differ in the amount and nature of the cues (both NTP
and control), additional studies with multiple identical
administrations and with prospective NTP use data are needed
to adequately assess the reliability and validity of these
eye-tracking indices. Lastly, given the relationship between
increasing age and potential for greater addiction severity (eg,
allowing for greater years of use with increasing age), future
studies are needed to identify the independent contributions of
age and eye-related variables (especially pupil size [69]) on
NTP use outcomes.

In summary, this study represents an update to our initial paper
[44], provides validation of the utility of the VR NTP cue
exposure paradigm for the assessment of attentional bias as
measured via eye-gaze fixation time and pupillometry, and
highlights areas for further consideration in other attentional
bias paradigms (eg, increasing SOA). Given that attentional
bias has been shown to predict relapse following smoking
cessation [28], these markers may prove useful in clinical
settings by facilitating the matching of individuals who exhibit
greater attentional bias with interventions targeting incentive
salience processes (eg, varenicline [16,18] and mindfulness
[71]). The validation of reliable biomarkers of addiction such
as attentional bias could also greatly benefit treatment
development by providing an earlier identification of treatment
efficacy (a “fast fail” marker) in clinical trials. Broadly, markers
such as attentional bias and pupil diameter have the potential
to provide much needed objective measures of addiction
phenotypes, thus reducing error associated with phenotyping
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and outcomes measurement based solely on subjective assessments.

 

Acknowledgments
This research was supported by the California Tobacco-Related Disease Research Grants Program Office of the University of
California grant T30IP0962 and National Institutes of Health grant UL1TR001442.

Conflicts of Interest
JS is a paid employee at Qualcomm. The remaining authors have no relevant financial or nonfinancial interests to disclose.

References
1. Wiers RW, Bartholow BD, van den Wildenberg E, et al. Automatic and controlled processes and the development of

addictive behaviors in adolescents: a review and a model. Pharmacol Biochem Behav 2007 Feb;86(2):263-283. [doi:
10.1016/j.pbb.2006.09.021] [Medline: 17116324]

2. Stacy AW, Wiers RW. Implicit cognition and addiction: a tool for explaining paradoxical behavior. Annu Rev Clin Psychol
2010;6:551-575. [doi: 10.1146/annurev.clinpsy.121208.131444] [Medline: 20192786]

3. Robinson TE, Berridge KC. The neural basis of drug craving: an incentive-sensitization theory of addiction. Brain Res
Brain Res Rev 1993;18(3):247-291. [doi: 10.1016/0165-0173(93)90013-p] [Medline: 8401595]

4. Robinson TE, Berridge KC. Addiction. Annu Rev Psychol 2003 Jun;54:25-53. [doi:
10.1146/annurev.psych.54.101601.145237] [Medline: 12185211]

5. Tiffany ST. A cognitive model of drug urges and drug-use behavior: role of automatic and nonautomatic processes. Psychol
Rev 1990 Apr;97(2):147-168. [doi: 10.1037/0033-295x.97.2.147] [Medline: 2186423]

6. Di Chiara G. Role of dopamine in the behavioural actions of nicotine related to addiction. Eur J Pharmacol 2000 Mar
30;393(1-3):295-314. [doi: 10.1016/s0014-2999(00)00122-9] [Medline: 10771025]

7. Carter BL, Tiffany ST. Meta-analysis of cue-reactivity in addiction research. Addiction 1999 Mar;94(3):327-340. [Medline:
10605857]

8. Berridge KC. From prediction error to incentive salience: mesolimbic computation of reward motivation. Eur J Neurosci
2012 Apr;35(7):1124-1143. [doi: 10.1111/j.1460-9568.2012.07990.x] [Medline: 22487042]

9. Wray JM, Godleski SA, Tiffany ST. Cue-reactivity in the natural environment of cigarette smokers: the impact of photographic
and in vivo smoking stimuli. Psychol Addict Behav 2011 Dec;25(4):733-737. [doi: 10.1037/a0023687] [Medline: 21553947]

10. Creswell KG, Skrzynski CJ. The influence of smoking motivation on the associations among cigarette craving, attentional
bias to smoking cues, and smoking behavior. Nicotine Tob Res 2021 Aug 29;23(10):1727-1734. [doi: 10.1093/ntr/ntab028]
[Medline: 33599777]

11. Wilson SJ, Sayette MA. Neuroimaging craving: urge intensity matters. Addiction 2015 Feb;110(2):195-203. [doi:
10.1111/add.12676] [Medline: 25073979]

12. Hone-Blanchet A, Wensing T, Fecteau S. The use of virtual reality in craving assessment and cue-exposure therapy in
substance use disorders. Front Hum Neurosci 2014 Oct 17;8:844. [doi: 10.3389/fnhum.2014.00844] [Medline: 25368571]

13. Bouton ME. A learning theory perspective on lapse, relapse, and the maintenance of behavior change. Health Psychol 2000
Jan;19(1S):57-63. [doi: 10.1037/0278-6133.19.suppl1.57] [Medline: 10709948]

14. Bordnick PS, Traylor A, Copp HL, et al. Assessing reactivity to virtual reality alcohol based cues. Addict Behav 2008
Jun;33(6):743-756. [doi: 10.1016/j.addbeh.2007.12.010] [Medline: 18282663]

15. Ryan JJ, Kreiner DS, Chapman MD, Stark-Wroblewski K. Virtual reality cues for binge drinking in college students.
Cyberpsychol Behav Soc Netw 2010 Apr;13(2):159-162. [doi: 10.1089/cyber.2009.0211] [Medline: 20528271]

16. Ghiţă A, Gutiérrez-Maldonado J. Applications of virtual reality in individuals with alcohol misuse: a systematic review.
Addict Behav 2018 Jun;81:1-11. [doi: 10.1016/j.addbeh.2018.01.036] [Medline: 29421343]

17. Bordnick PS, Copp HL, Traylor A, et al. Reactivity to cannabis cues in virtual reality environments. J Psychoactive Drugs
2009 Jun;41(2):105-112. [doi: 10.1080/02791072.2009.10399903] [Medline: 19705672]

18. Culbertson C, Nicolas S, Zaharovits I, et al. Methamphetamine craving induced in an online virtual reality environment.
Pharmacol Biochem Behav 2010 Oct;96(4):454-460. [doi: 10.1016/j.pbb.2010.07.005] [Medline: 20643158]

19. Traylor AC, Parrish DE, Copp HL, Bordnick PS. Using virtual reality to investigate complex and contextual cue reactivity
in nicotine dependent problem drinkers. Addict Behav 2011 Nov;36(11):1068-1075. [doi: 10.1016/j.addbeh.2011.06.014]
[Medline: 21783326]

20. Acker J, MacKillop J. Behavioral economic analysis of cue-elicited craving for tobacco: a virtual reality study. Nicotine
Tob Res 2013 Aug;15(8):1409-1416. [doi: 10.1093/ntr/nts341] [Medline: 23322768]

21. Baumann SB, Sayette MA. Smoking cues in a virtual world provoke craving in cigarette smokers. Psychol Addict Behav
2006 Dec;20(4):484-489. [doi: 10.1037/0893-164X.20.4.484] [Medline: 17176184]

JMIR Serious Games 2024 | vol. 12 | e54220 | p.1036https://games.jmir.org/2024/1/e54220
(page number not for citation purposes)

Courtney et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.pbb.2006.09.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17116324&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.121208.131444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20192786&dopt=Abstract
http://dx.doi.org/10.1016/0165-0173(93)90013-p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8401595&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.54.101601.145237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12185211&dopt=Abstract
http://dx.doi.org/10.1037/0033-295x.97.2.147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2186423&dopt=Abstract
http://dx.doi.org/10.1016/s0014-2999(00)00122-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10771025&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10605857&dopt=Abstract
http://dx.doi.org/10.1111/j.1460-9568.2012.07990.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22487042&dopt=Abstract
http://dx.doi.org/10.1037/a0023687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21553947&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntab028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33599777&dopt=Abstract
http://dx.doi.org/10.1111/add.12676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25073979&dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2014.00844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25368571&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.19.suppl1.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709948&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2007.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18282663&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2009.0211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20528271&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2018.01.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29421343&dopt=Abstract
http://dx.doi.org/10.1080/02791072.2009.10399903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19705672&dopt=Abstract
http://dx.doi.org/10.1016/j.pbb.2010.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20643158&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2011.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21783326&dopt=Abstract
http://dx.doi.org/10.1093/ntr/nts341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23322768&dopt=Abstract
http://dx.doi.org/10.1037/0893-164X.20.4.484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17176184&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Tamburin S, Dal Lago D, Armani F, et al. Smoking-related cue reactivity in a virtual reality setting: association between
craving and EEG measures. Psychopharmacology (Berl) 2021 May;238(5):1363-1371. [doi: 10.1007/s00213-020-05733-3]
[Medline: 33263158]

23. Lebiecka Z, Skoneczny T, Tyburski E, Samochowiec J, Kucharska-Mazur J. Is virtual reality cue exposure a promising
adjunctive treatment for alcohol use disorder? J Clin Med 2021 Jul 1;10(13):2972. [doi: 10.3390/jcm10132972] [Medline:
34279455]

24. Field M, Munafò MR, Franken IHA. A meta-analytic investigation of the relationship between attentional bias and subjective
craving in substance abuse. Psychol Bull 2009 Jul;135(4):589-607. [doi: 10.1037/a0015843] [Medline: 19586163]

25. Ryan F. Detected, selected, and sometimes neglected: cognitive processing of cues in addiction. Exp Clin Psychopharmacol
2002 May;10(2):67-76. [doi: 10.1037//1064-1297.10.2.67] [Medline: 12022800]

26. Franken IHA. Drug craving and addiction: integrating psychological and neuropsychopharmacological approaches. Prog
Neuropsychopharmacol Biol Psychiatry 2003 Jun;27(4):563-579. [doi: 10.1016/S0278-5846(03)00081-2] [Medline:
12787841]

27. Anselme P, Robinson MJF. From sign-tracking to attentional bias: implications for gambling and substance use disorders.
Prog Neuropsychopharmacol Biol Psychiatry 2020 Apr 20;99:109861. [doi: 10.1016/j.pnpbp.2020.109861] [Medline:
31931091]

28. Waters AJ, Shiffman S, Sayette MA, Paty JA, Gwaltney CJ, Balabanis MH. Attentional bias predicts outcome in smoking
cessation. Health Psychol 2003 Jul;22(4):378-387. [doi: 10.1037/0278-6133.22.4.378] [Medline: 12940394]

29. Powell J, Dawkins L, West R, Powell J, Pickering A. Relapse to smoking during unaided cessation: clinical, cognitive and
motivational predictors. Psychopharmacology (Berl) 2010 Dec;212(4):537-549. [doi: 10.1007/s00213-010-1975-8] [Medline:
20703450]

30. Soleymani A, Ivanov Y, Mathot S, de Jong PJ. Free-viewing multi-stimulus eye tracking task to index attention bias for
alcohol versus soda cues: satisfactory reliability and criterion validity. Addict Behav 2020 Jan;100:106117. [doi:
10.1016/j.addbeh.2019.106117] [Medline: 31522132]

31. Marks KR, Pike E, Stoops WW, Rush CR. The magnitude of drug attentional bias is specific to substance use disorder.
Psychol Addict Behav 2015 Sep;29(3):690-695. [doi: 10.1037/adb0000084] [Medline: 25961149]

32. Marks KR, Roberts W, Stoops WW, Pike E, Fillmore MT, Rush CR. Fixation time is a sensitive measure of cocaine cue
attentional bias. Addiction 2014 Sep;109(9):1501-1508. [doi: 10.1111/add.12635] [Medline: 24894879]

33. Marks KR, Pike E, Stoops WW, Rush CR. Test-retest reliability of eye tracking during the visual probe task in cocaine-using
adults. Drug Alcohol Depend 2014 Dec 1;145:235-237. [doi: 10.1016/j.drugalcdep.2014.09.784] [Medline: 25456573]

34. Spanakis P, Jones A, Field M, Christiansen P. A stroop in the hand is worth two on the laptop: superior reliability of a
smartphone based alcohol stroop in the real world. Subst Use Misuse 2019;54(4):692-698. [doi:
10.1080/10826084.2018.1536716] [Medline: 30572780]

35. Monem RG, Fillmore MT. Measuring heightened attention to alcohol in a naturalistic setting: a validation study. Exp Clin
Psychopharmacol 2017 Dec;25(6):496-502. [doi: 10.1037/pha0000157] [Medline: 29251979]

36. Bijleveld E, Custers R, Aarts H. The unconscious eye opener: pupil dilation reveals strategic recruitment of resources upon
presentation of subliminal reward cues. Psychol Sci 2009 Nov;20(11):1313-1315. [doi: 10.1111/j.1467-9280.2009.02443.x]
[Medline: 19788532]

37. Muhammed K, Manohar S, Ben Yehuda M, et al. Reward sensitivity deficits modulated by dopamine are associated with
apathy in Parkinson’s disease. Brain 2016 Oct;139(Pt 10):2706-2721. [doi: 10.1093/brain/aww188] [Medline: 27452600]

38. Anderson BA, Yantis S. Value-driven attentional and oculomotor capture during goal-directed, unconstrained viewing.
Atten Percept Psychophys 2012 Nov;74(8):1644-1653. [doi: 10.3758/s13414-012-0348-2] [Medline: 22810561]

39. Laeng B, Sirois S, Gredebäck G. Pupillometry: a window to the preconscious? Perspect Psychol Sci 2012 Jan 5;7(1):18-27.
[doi: 10.1177/1745691611427305] [Medline: 26168419]

40. Kvamme TL, Pedersen MU, Overgaard M, Rømer Thomsen K, Voon V. Pupillary reactivity to alcohol cues as a predictive
biomarker of alcohol relapse following treatment in a pilot study. Psychopharmacology (Berl) 2019 Apr;236(4):1233-1243.
[doi: 10.1007/s00213-018-5131-1] [Medline: 30607476]

41. Jongkees BJ, Colzato LS. Spontaneous eye blink rate as predictor of dopamine-related cognitive function-a review. Neurosci
Biobehav Rev 2016 Dec;71:58-82. [doi: 10.1016/j.neubiorev.2016.08.020] [Medline: 27555290]

42. Kaminer J, Powers AS, Horn KG, Hui C, Evinger C. Characterizing the spontaneous blink generator: an animal model. J
Neurosci 2011 Aug 3;31(31):11256-11267. [doi: 10.1523/JNEUROSCI.6218-10.2011] [Medline: 21813686]

43. Zijlstra F, Booij J, van den Brink W, Franken IHA. Striatal dopamine D2 receptor binding and dopamine release during
cue-elicited craving in recently abstinent opiate-dependent males. Eur Neuropsychopharmacol 2008 Apr;18(4):262-270.
[doi: 10.1016/j.euroneuro.2007.11.002] [Medline: 18077142]

44. Liu W, Andrade G, Schulze J, Doran N, Courtney KE. Using virtual reality to induce and assess objective correlates of
nicotine craving: paradigm development study. JMIR Serious Games 2022 Feb 15;10(1):e32243. [doi: 10.2196/32243]
[Medline: 35166685]

45. Shiffman S, Ferguson SG, Dunbar MS, Scholl SM. Tobacco dependence among intermittent smokers. Nicotine Tob Res
2012 Nov;14(11):1372-1381. [doi: 10.1093/ntr/nts097] [Medline: 22529224]

JMIR Serious Games 2024 | vol. 12 | e54220 | p.1037https://games.jmir.org/2024/1/e54220
(page number not for citation purposes)

Courtney et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1007/s00213-020-05733-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33263158&dopt=Abstract
http://dx.doi.org/10.3390/jcm10132972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34279455&dopt=Abstract
http://dx.doi.org/10.1037/a0015843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19586163&dopt=Abstract
http://dx.doi.org/10.1037//1064-1297.10.2.67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12022800&dopt=Abstract
http://dx.doi.org/10.1016/S0278-5846(03)00081-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12787841&dopt=Abstract
http://dx.doi.org/10.1016/j.pnpbp.2020.109861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31931091&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.22.4.378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12940394&dopt=Abstract
http://dx.doi.org/10.1007/s00213-010-1975-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703450&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2019.106117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31522132&dopt=Abstract
http://dx.doi.org/10.1037/adb0000084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25961149&dopt=Abstract
http://dx.doi.org/10.1111/add.12635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24894879&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2014.09.784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25456573&dopt=Abstract
http://dx.doi.org/10.1080/10826084.2018.1536716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30572780&dopt=Abstract
http://dx.doi.org/10.1037/pha0000157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29251979&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-9280.2009.02443.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19788532&dopt=Abstract
http://dx.doi.org/10.1093/brain/aww188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27452600&dopt=Abstract
http://dx.doi.org/10.3758/s13414-012-0348-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22810561&dopt=Abstract
http://dx.doi.org/10.1177/1745691611427305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26168419&dopt=Abstract
http://dx.doi.org/10.1007/s00213-018-5131-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30607476&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.08.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27555290&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.6218-10.2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21813686&dopt=Abstract
http://dx.doi.org/10.1016/j.euroneuro.2007.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18077142&dopt=Abstract
http://dx.doi.org/10.2196/32243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35166685&dopt=Abstract
http://dx.doi.org/10.1093/ntr/nts097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22529224&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Shiffman S, Tindle H, Li X, Scholl S, Dunbar M, Mitchell-Miland C. Characteristics and smoking patterns of intermittent
smokers. Exp Clin Psychopharmacol 2012 Aug;20(4):264-277. [doi: 10.1037/a0027546] [Medline: 22390208]

47. Shiffman S, Dunbar MS, Kirchner TR, et al. Cue reactivity in non-daily smokers: effects on craving and on smoking
behavior. Psychopharmacology (Berl) 2013 Mar;226(2):321-333. [doi: 10.1007/s00213-012-2909-4] [Medline: 23142992]

48. Jones A, Hogarth L, Christiansen P, Rose AK, Martinovic J, Field M. Reward expectancy promotes generalized increases
in attentional bias for rewarding stimuli. Q J Exp Psychol (Hove) 2012 May;65(12):2333-2342. [doi:
10.1080/17470218.2012.686513] [Medline: 22631033]

49. Le Houezec J. Role of nicotine pharmacokinetics in nicotine addiction and nicotine replacement therapy: a review. Int J
Tuberc Lung Dis 2003 Sep;7(9):811-819. [Medline: 12971663]

50. Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development
and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59 Suppl
20:22-33. [Medline: 9881538]

51. Sobell L, Sobell M. Timeline Followback: User’s Guide: Addiction Research Foundation; 1996.
52. Brown SA, Myers MG, Lippke L, Tapert SF, Stewart DG, Vik PW. Psychometric evaluation of the customary drinking

and drug use record (CDDR): a measure of adolescent alcohol and drug involvement. J Stud Alcohol 1998 Jul;59(4):427-438.
[doi: 10.15288/jsa.1998.59.427] [Medline: 9647425]

53. Robinson SM, Sobell LC, Sobell MB, Leo GI. Reliability of the timeline followback for cocaine, cannabis, and cigarette
use. Psychol Addict Behav 2014 Mar;28(1):154-162. [doi: 10.1037/a0030992] [Medline: 23276315]

54. Strong DR, Messer K, Hartman SJ, et al. Measurement of multiple nicotine dependence domains among cigarette,
non-cigarette and poly-tobacco users: insights from item response theory. Drug Alcohol Depend 2015 Jul 1;152:185-193.
[doi: 10.1016/j.drugalcdep.2015.03.040] [Medline: 26005043]

55. Heishman SJ, Singleton EG, Pickworth WB. Reliability and validity of a short form of the tobacco craving questionnaire.
Nicotine Tob Res 2008 Apr;10(4):643-651. [doi: 10.1080/14622200801908174] [Medline: 18418787]

56. Schubert T. The sense of presence in virtual environments: a three-component scale measuring spatial presence, involvement,
and realness. Z Medienpsychologie 2003 Apr;15:69-71. [doi: 10.1026//1617-6383.15.2.69]

57. Kennedy RS, Lane NE, Berbaum KS, Lilienthal MG. Simulator sickness questionnaire: an enhanced method for quantifying
simulator sickness. Int J Aerosp Psychol 1993 Nov;3(3):203-220. [doi: 10.1207/s15327108ijap0303_3]

58. Kim HK, Park J, Choi Y, Choe M. Virtual reality sickness questionnaire (VRSQ): motion sickness measurement index in
a virtual reality environment. Appl Ergon 2018 May;69:66-73. [doi: 10.1016/j.apergo.2017.12.016] [Medline: 29477332]

59. Eye and Facial Tracking SDK (legacy). VIVE. URL: https://developer-express.vive.com/resources/vive-sense/
eye-and-facial-tracking-sdk/ [accessed 2024-06-17]

60. Creative Commons. Attribution 40 International (CC BY 40). URL: http://www.w3.org/1999/xlink [accessed 2024-06-24]
61. Liu W, Andrade G, Schulze J, Courtney KE. Evaluation of gaze-to-object mapping algorithms for use in “real-world”

translatable neuropsychological paradigms. Psychol Neurosci 2023 Dec;16(4):339-348. [doi: 10.1037/pne0000324] [Medline:
38298524]

62. Caffier PP, Erdmann U, Ullsperger P. Experimental evaluation of eye-blink parameters as a drowsiness measure. Eur J
Appl Physiol 2003 May;89(3-4):319-325. [doi: 10.1007/s00421-003-0807-5] [Medline: 12736840]

63. Schleicher R, Galley N, Briest S, Galley L. Blinks and saccades as indicators of fatigue in sleepiness warnings: looking
tired? Ergonomics 2008 Jul;51(7):982-1010. [doi: 10.1080/00140130701817062] [Medline: 18568959]

64. Lochbuehler K, Wileyto EP, Tang KZ, Mercincavage M, Cappella JN, Strasser AA. Do current and former cigarette smokers
have an attentional bias for e-cigarette cues? J Psychopharmacol 2018 Mar;32(3):316-323. [doi: 10.1177/0269881117728418]
[Medline: 28927321]

65. Bollen Z, Masson N, Salvaggio S, D’Hondt F, Maurage P. Craving is everything: an eye-tracking exploration of attentional
bias in binge drinking. J Psychopharmacol 2020 Jun;34(6):636-647. [doi: 10.1177/0269881120913131] [Medline: 32202459]

66. Kvamme TL, Pedersen MU, Overgaard M, Thomsen KR, Voon V. Pilot study: improving attention bias modification of
alcohol cues through concealed gaze-contingent feedback in alcohol dependence. Addict Behav Rep 2019 Nov 6;10:100231.
[doi: 10.1016/j.abrep.2019.100231] [Medline: 31832536]

67. Mogg K, Field M, Bradley BP. Attentional and approach biases for smoking cues in smokers: an investigation of competing
theoretical views of addiction. Psychopharmacology (Berl) 2005 Jul;180(2):333-341. [doi: 10.1007/s00213-005-2158-x]
[Medline: 15696322]

68. Gass JC, Motschman CA, Tiffany ST. The relationship between craving and tobacco use behavior in laboratory studies: a
meta-analysis. Psychol Addict Behav 2014 Dec;28(4):1162-1176. [doi: 10.1037/a0036879] [Medline: 25134054]

69. Guillon M, Dumbleton K, Theodoratos P, Gobbe M, Wooley CB, Moody K. The effects of age, refractive status, and
luminance on pupil size. Optom Vis Sci 2016 Sep;93(9):1093-1100. [doi: 10.1097/OPX.0000000000000893] [Medline:
27232893]

70. Murphy FC, Klein RM. The effects of nicotine on spatial and non-spatial expectancies in a covert orienting task.
Neuropsychologia 1998 Nov;36(11):1103-1114. [doi: 10.1016/s0028-3932(98)00012-8] [Medline: 9842757]

71. de Souza ICW, de Barros VV, Gomide HP, et al. Mindfulness-based interventions for the treatment of smoking: a systematic
literature review. J Altern Complement Med 2015 Mar;21(3):129-140. [doi: 10.1089/acm.2013.0471] [Medline: 25710798]

JMIR Serious Games 2024 | vol. 12 | e54220 | p.1038https://games.jmir.org/2024/1/e54220
(page number not for citation purposes)

Courtney et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1037/a0027546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390208&dopt=Abstract
http://dx.doi.org/10.1007/s00213-012-2909-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23142992&dopt=Abstract
http://dx.doi.org/10.1080/17470218.2012.686513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22631033&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12971663&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9881538&dopt=Abstract
http://dx.doi.org/10.15288/jsa.1998.59.427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9647425&dopt=Abstract
http://dx.doi.org/10.1037/a0030992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23276315&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2015.03.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26005043&dopt=Abstract
http://dx.doi.org/10.1080/14622200801908174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18418787&dopt=Abstract
http://dx.doi.org/10.1026//1617-6383.15.2.69
http://dx.doi.org/10.1207/s15327108ijap0303_3
http://dx.doi.org/10.1016/j.apergo.2017.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29477332&dopt=Abstract
https://developer-express.vive.com/resources/vive-sense/eye-and-facial-tracking-sdk/
https://developer-express.vive.com/resources/vive-sense/eye-and-facial-tracking-sdk/
http://www.w3.org/1999/xlink
http://dx.doi.org/10.1037/pne0000324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38298524&dopt=Abstract
http://dx.doi.org/10.1007/s00421-003-0807-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12736840&dopt=Abstract
http://dx.doi.org/10.1080/00140130701817062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18568959&dopt=Abstract
http://dx.doi.org/10.1177/0269881117728418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28927321&dopt=Abstract
http://dx.doi.org/10.1177/0269881120913131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32202459&dopt=Abstract
http://dx.doi.org/10.1016/j.abrep.2019.100231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31832536&dopt=Abstract
http://dx.doi.org/10.1007/s00213-005-2158-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15696322&dopt=Abstract
http://dx.doi.org/10.1037/a0036879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25134054&dopt=Abstract
http://dx.doi.org/10.1097/OPX.0000000000000893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27232893&dopt=Abstract
http://dx.doi.org/10.1016/s0028-3932(98)00012-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9842757&dopt=Abstract
http://dx.doi.org/10.1089/acm.2013.0471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25710798&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
DSM-5: Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition)
EBR: spontaneous eyeblink rate
EMM: estimated marginal mean
G2OM: Gaze-to-Object-Mapping
IPQ: Igroup Presence Questionnaire
NTP: nicotine and tobacco product
PATH: Population Assessment of Tobacco and Health
SOA: stimulus onset asynchrony
SSQ: Simulator Sickness Questionnaire
TCQ-SF: Tobacco Craving Questionnaire–Short Form
TLFB: timeline follow-back
VR: virtual reality
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Abstract

Background: The COVID-19 pandemic has had a severe impact on students’ mental health. Interventions are needed to promote
their psychological well-being and prevent mental illnesses in the aftermath of this unprecedented situation. Digital escape games
can be an effective tool to support students’ mental health. A cocreation approach can improve the acceptability of these
interventions by involving different stakeholders (eg, end users, game designers, and health professionals) to obtain audience-specific
games.

Objective: This study aims to describe the process of testing and optimizing the game “EscapeCovid” on students’ mental
health, to serve as a model for the cocreation of future similar interventions.

Methods: The PRODUCES (Problem, Objective, Design, End Users, Cocreators, Evaluation, Scalability) framework was used.
Cocreation steps (test and optimization) were detailed for replicability. A total of 45 students tested a pilot version of the game,
with 10 undergoing a semistructured interview. Meetings with a group of stakeholders and brainwriting were organized to optimize
the game.

Results: We produced a new version of the game incorporating the suggestions provided by student testers and following the
stakeholders’ guidelines. Improvements were made to both the content and the form of the new version of the pilot game. The
storyline, including the protagonist and the scenes, was adapted to the student population.

Conclusions: Our results suggested that cocreation can contribute to the design of more widely accepted interventions aimed
at promoting mental health and preventing psychological disorders. Results also suggest that an end user–centered approach can
facilitate intervention tailoring. When conceiving a health-related escape game for students, we recommend using the cocreation
approach to enhance players’ experience, thus positively influencing their learning process and overall well-being.

(JMIR Serious Games 2024;12:e48545)   doi:10.2196/48545
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Introduction

University Students’Mental Health and the COVID-19
Pandemic
University students are often likely to experience serious mental
health problems during their studies because they are exposed
to several stressors including academic pressure, taking on more
adult-like responsibilities, or having limited financial resources
[1].

The COVID-19 pandemic has exacerbated students’ mental
health, as demonstrated by a skyrocketing incidence of mental
health disorders during the repeated lockdowns between 2020
and 2021 [2,3]. Shifting to online courses, uncertainty about
academic and professional future, and a dramatic reduction of
social interactions have largely contributed to compromising
the mental health of the student population [4]. Restrictive
measures, in particular, were associated with high levels of
depression, anxiety, and stress in students [5-7]. In 2020, nearly
one-fifth of students experienced suicidal ideation as a result
of COVID-19 [8]. The prevalence of these mental health
problems was more than 50% higher among students than in
the general population [9]. Students’ mental distress due to the
COVID-19 pandemic persisted in the aftermath of the peak of
the pandemic [10].

Against this background, there has been a high demand for
mental health prevention programs addressed to students during
and after the lockdowns [11]. Several studies have described
the development and application of interventions aimed at
supporting students during the health crisis. In particular, digital
psychological interventions have produced positive effects on
students by promoting resilience and well-being [12]. During
the lockdowns, when face-to-face contact was limited, digital
interventions had the advantage of reaching a larger audience
with no time or space limit. Examples of interventions were
video clips, online booklets, mobile applications, virtual doctor
appointments, etc. University students, in particular, actively
sought this type of online help and interventions, probably
because they are digital natives [13].

Gamification in Mental Health–Related Interventions
To optimize interventions, gamification is considered an
essential strategy, including in the mental health field [14].
Gamification relies on the full involvement of the player and
exploits several psychosocial determinants affecting the learning
process (eg, self-efficacy, social interaction, and a positive
learning environment) [15]. Enhancing these factors can
facilitate the recall of abstract concepts, such as the concept of
mental health [16]. Introducing gamified elements (eg,
step-by-step sequencing, rewarding systems, and puzzle-solving
activities) in a health promotion and prevention tool can
influence the aforementioned psychosocial determinants and,
consequently, stimulate participants’ learning loop and their
cognitive capacity [17].

Over the last few years, increasing attention has been paid to
the possibility of games improving well-being [18]. Games can
engage players, especially young target populations, in
understanding and retaining information in a more attractive

and acceptable way [19]. This means that they can increase their
mental health literacy and their knowledge of both the symptoms
of psychological problems and the different solutions to
overcome them. By providing tips and skills to face
psychological difficulties, games might also contribute to
positive changes in individuals’ behaviors and attitudes.

Escape Games as a Tool to Improve Psychological
Well-Being and Prevent Mental Disorders
Escape games are a type of digital intervention based on
gamification where players collaborate to find clues, complete
tasks, and solve puzzles with the aim of achieving a specific,
time-bound goal, which is usually to escape from a room.
Previous research corroborated the constructive impact of escape
games in improving health-related knowledge in players [20,21]
using a learning-by-doing approach [21].

Escape games can contribute to delivering health-related
messages by fostering motivation for behavioral change through
an enjoyable and playful approach, according to the PRIME
(Plan, Response, Impulses, Motives, and Evaluation) theory of
motivation [22]. Based on this theory, a decision to engage in
an activity will not result in action unless it generates the desire
and the impulse to do it at the relevant moment. Thus, the stimuli
generated from the act of playing a game—including different
tasks, lights, sounds, and colors—trigger feelings, ideas, and
brain activities for positive decision-making. In other words,
the game gives the input to change.

Additionally, gamification has the potential to increase
motivation, engagement, and self-awareness, and even diminish
symptoms of diseases such as depression and anxiety [23].
Indeed, gamification stimulates several components of good
mental health. As an example, achieving goals in a game can
result in a sense of satisfaction, accomplishment, and increased
self-esteem, all of which improve overall well-being.
Furthermore, game enjoyment is associated with positive
well-being and social and emotional support [24].

The Cocreation of Escape Games
Cocreation occurs when end users and service providers, often
along with other participants, work together in the early phases
of the development of an intervention cycle [25]. Cocreation is
a process facilitating the acceptability of an intervention because
it primarily considers the needs and preferences of end users
during the intervention development. Thus, the benefits of
gamification tend to increase when cocreation is used [26], and
cocreating an escape game can foster its adoption [27]. Based
on this approach, game producers and end users must first
exchange views to achieve a shared goal [28,29]. Indeed, when
developing a public health–related game, players’ experience
and needs are relevant for enhancing its effectiveness in
promoting health and prevention. Ideally, players work alongside
designers, health professionals, and researchers, to produce the
intervention. The cooperation of players and other stakeholders
is therefore essential to maximize end users’ acceptability and
adherence to the game. As a result, cocreation is usually
recommended to produce a successful game, including in the
mental health field. Accordingly, sensitive topics and taboos
should be addressed using players’ words and taking into

JMIR Serious Games 2024 | vol. 12 | e48545 | p.1041https://games.jmir.org/2024/1/e48545
(page number not for citation purposes)

Labrosse et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


account the levels of empathy and sympathy players display
during the cocreation process. Including end users with lived
experience of mental health disorders promotes a deeper
understanding of the game topic [30].

The PRODUCES Framework
PRODUCES (Problem, Objective, Design, End Users,
Cocreators, Evaluation, Scalability) is among the different
existing frameworks facilitating the cocreation of health-related
interventions [27]. It is well-known for using a systemic
approach to participatory methodology. According to this
framework, the problem is a narrowed-down behavioral issue
that the researchers and the designers wish to address. The
cocreation process has an objective (“what” and “how”) and
follows a specific predefined design, engaging cocreators who
represent end users (ie, a specified target population). For the
latter, all characteristics must be considered, from age to
socioeconomic status, to tailor the intervention coherently.
Cocreated interventions can also be evaluated and their
scalability can be assessed. The satisfaction of the end user as
well as the effectiveness of the intervention are elements to
consider for the final evaluation. A successful intervention can
be scaled up to reach a wider public. Thus, the PRODUCES
framework helps to guide the participatory methodology by
providing specific instructions.

Objective
The objective of this study was to describe the process of
cocreation of the escape game “EscapeCovid”. The end goal of
the game was to promote university students’ mental health
literacy, their beliefs about mental health, management of
emotions, and positive coping strategies during the COVID-19
pandemic. An applied methodology is presented here to be used
as a model for cocreating an acceptable gamified mental health

intervention addressed to young people. Providing this example
also has the aim to illustrate one cocreation process for the
benefit of other researchers and designers.

Methods

The First Pilot Version of “EscapeCovid”: The Escape
Game “Manage Your Emotions”
“EscapeCovid” was based on an existing escape game that was
used as the skeleton of the final game. “Manage Your Emotions”
was created in 2021 during the pandemic by a start-up based in
Bordeaux, France, specializing in producing both real-world
and online escape games. Creators were game designers,
programmers, and health care professionals aged under 35 years.

The game “Manage Your Emotions” is set in Tony’s room, a
fictional university student living in a shared flat and
experiencing the difficulties of the first lockdown. The goal of
the game is to collect several tools to disclose emotion cards
and combine them. The game session involves 4 players and a
game guide. The role of the game guide is to coordinate the
whole game, to give clues if the players are stuck, and to animate
the debriefing session. The game lasts in total 2 hours: 45
minutes of play and 1 hour and 15 minutes of debriefing. During
the debriefing, the game guide and the players discuss in more
detail the concept of emotions (ie, how to identify and manage
them). The game guide follows a predefined plot facilitating
the interactions between participants.

During the game, players follow Tony during a typical day
through 3 rooms of his apartment (his home office in the
bedroom, living room, and bedroom). By doing so, players
discover his emotions and their consequences on his daily life.
Figure 1 illustrates Tony’s home office in the bedroom with a
set of clues for the players.

Figure 1. Tony's office in the escape game "Manage Your Emotions."

Players solve puzzles by clicking on the elements on the screen
to uncover emotion cards. The definition of the different

emotions is based on Plutchik’s wheel of emotions [31] (Figure
2) which is the theoretical framework of the game.
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Figure 2. Plutchik's wheel of emotions.

Plutchik’s wheel of emotions covers 8 primary emotions: joy,
trust, fear, surprise, sadness, anticipation, anger, and disgust.
They can be combined into more complex secondary
emotions—for example, the combination of joy and trust can
result in love. In the wheel, darker colors correspond to more
intense emotions. All combinations and intensities are explained
in the cards. Plutchik’s theory posits that the more we know
about emotions, the better we understand how various emotions
are interlinked and how they can change over time. Plutchik’s
wheel of emotions has been used in several studies as a scientific
instrument to interpret emotions [32,33]. In this escape game,
playing cards had to be associated to identify Plutchik’s
emotions.

As the name suggests, the game “Manage Your Emotions”
exclusively focused on emotions and therefore did not cover
the full range of features of mental health (eg, mental health
literacy and positive coping strategies). Furthermore, the
software presented several bugs and the scenarios did not reflect
the real-life conditions of a student during the pandemic.

Cocreating “EscapeCovid”: Test and Optimization
Our cocreation process followed the PRODUCES framework
[27]. The problem we chose was students’ mental health during
the COVID-19 pandemic. We particularly focused on mental
health literacy, beliefs about mental health, management of
emotions, and positive coping strategies as the levers to act
upon for increasing students’ psychological well-being. We

addressed all types of mental health problems, but specifically
anxiety and depression, among the most common troubles in
young people [34]. These problems were exacerbated during
the repeated COVID-19–related lockdowns [35].

Our objective was to develop the “EscapeCovid” game. The
project was born during the third lockdown in France (from
April 3 to May 3, 2021 [not included], ie, 29 days), where
students were especially penalized because all educational
institutions, but universities, were open. At that time, the plight
of university students was prominently featured in the French
media, which in turn heightened the pressure on French
politicians [36].

As for the design aspect, we used a 2-step participatory
methodology approach (test and optimization), as described
below. Both steps involved students as players of the game
before and during its improvement. Thus, through direct
experimentation, cocreators were a sample of students
representing all university students referred to as end users.

The evaluation was performed through questionnaires and
semistructured interviews using a mixed methods approach.
Students reported their opinions on the game allowing for an
assessment of its qualities and defaults. In this sense, the design
and the evaluation were strictly related.
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In terms of scalability, our objective was to distribute the new
game among additional universities catering to French-speaking
students (eg, France, Africa, and Québec).

Table 1 reports the components of our study corresponding to
the PRODUCES framework, including the phases and steps of
the project.

Table 1. The PRODUCESa framework applied to the “EscapeCovid” study.

Corresponding element/phaseApplication in "EscapeCovid"PRODUCES framework

N/AbTo address students’mental health during the COVID-19 pandemicProblem

N/ATo develop the “EscapeCovid” gameObjective

Cocreation (test + optimization)Participatory methodology approachDesign

OptimizationStudentsEnd users

Cocreation (test + optimization)45 health care students + 2 game guides + 1 developer + 1 project
manager + 1 student intern + 1 designer+ 1 developer + 1 medical
doctor + 1 researcher

Cocreators

Test45 questionnaires and 10 semistructured interviews (mixed meth-
ods)

Evaluation

OptimizationDisseminate the new game to other French studentsScalability

aPRODUCES: Problem, Objective, Design, End Users, Cocreators, Evaluation, Scalability.
bN/A: not applicable.

In practice, referring more specifically to design, cocreation
was implemented following 2 steps: the test and the
optimization. In the first step, the escape game “Manage Your
Emotions” was tested by a sample of health care students, 2
game guides (both public health experts), and 1 developer (a
computer scientist). Game guides trained with colleagues and
friends to annotate their first impressions of the game flow.
They commented on the difficulties encountered while animating
the game, including interactions with players and technical
issues. The collected information was used to improve the
debriefing and to solve bugs in collaboration with the developer.

Then, the official test was launched. Health care students played
the game in groups of 3 or 4, each group supervised by 1 game
guide. At the end of the game session, health care students were
asked to complete an online questionnaire to rate their
experience and provide feedback for improvement.
Semistructured interviews were conducted with some voluntary
respondents to obtain more in-depth advice (for improving the
game).

In the second step, the game was optimized using the data
collected from the test with the collaboration of a group of
stakeholders. The latter included 1 project manager from a
public health research center, 1 student intern completing a
degree in cognitive engineering, 1 game designer, the developer
of the test step specialized in computer science, 1 medical
doctor, and 1 psychology researcher. Meetings were organized
to reshape the pilot game and brainwriting techniques were used
to collect ideas and pass them on to stakeholders. The
brainwriting technique involves the written generation of ideas
by different individuals on separate sheets, which are then
collated by the project manager in the same shared file. Ideas
are categorized and synthetized in the shared document where
stakeholders can discuss them with written comments and
paragraphs. Then, the team meets in person to agree on a
common solution. Meetings and brainwriting were done in an
iterative loop [37]. Figure 3 illustrates the cocreation process
we adopted.
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Figure 3. The cocreation process.

The Testers of “EscapeCovid”
The students testing the game were included exclusively if they
were health care students registered at the University of
Bordeaux (France). We accepted all specific health-related fields
of study (eg, medicine, midwifery, speech therapy), genders,
and ages. We opted for health care students to assess the
relevance of the contents of the game given their expertise in
medical and paramedical care. Furthermore, previous studies
have shown that health care students are a population at risk of
mental illness [38] and, as a consequence, tend to be more

sensitive to this topic. Recruitment was conducted from April
27 to May 17, 2022. We used a snowball sampling approach
starting with health care students doing their internship at the
public health research center where the study was based.
Additionally, health care–related student associations were
asked to post a recruitment announcement on their social media
pages. We aimed to recruit between 30 and 50 health care
students, as this number would guarantee the feasibility of the
study and the interactions required during the game. Thus, the
recruitment was stopped when we reached a sample of 45 health
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care students and the recruitment strategies seemed to be no
longer efficient (ie, no further responses). The final number of
health care students who took part in the study was 45.

Through an email or by clicking on a link on the association’s
social media posts, participants in the study were directed to a
form to schedule the game session and then randomly allocated
to a session including 4 players each.

All 45 health care students received a €20 (US $22) gift card.
Among them, 10 also volunteered to take part in a
semistructured interview and received a supplementary €20 (US
$22) gift card.

In addition to health care students, testers included 2 game
guides and 1 developer employed by the start-up producing the
game. No inclusion or exclusion criteria were considered for
these testers who were all females and aged between 25 and 30
years.

The overall aim of the project was to coproduce a game and not
to measure its impact on the mental health of health care students
playing the game. Students were in charge of testing the
intervention, as opposed to being on the receiving end. In other
words, they were not the research sample but were actively
engaged in designing and implementing the research process
[39]. Nonetheless, they were provided with a list of mental
health care services they could refer to if needed. The medical
doctor and the researcher in psychology from the stakeholders’
group were also available upon request. Finally, respondents
were asked to electronically sign a consent form stating that
their answers were completely anonymous without tracing.
Interviewees also signed a form assuring that the recording of
the interview would be deleted after 5 years until the final report
and the last published paper, according to the policy of the
involved research center.

Data Collection Instruments and Analysis During the
Test
A mixed methods approach was applied using both
questionnaires and semistructured interviews which were
administered to our sample. The satisfaction questionnaire was
sent by email to students 1 day after having played the game.
It was created ad hoc by IM for this study and tested with 3
public health interns at the research center where the project
was conducted. The interns played the escape game and
answered the questions reporting to IM if they were adapted
and appropriate, and whether it was easy to answer them. Some
adjustments to the original items were made after this pilot
testing. The final satisfaction questionnaire included 12 items
on the degree of appreciation and relevance of the intervention.
On a visual analog scale from 0 (not at all) to 10 (a lot), students
had to rate the game in terms of how enjoyable it was, the
quality of its content, its level of difficulty, the graphics, and
the clarity and relevance of the objective. Students were also
asked to state to whom they would recommend the game,
whether they would pay to play it, whether they had understood
the importance of talking about mental health, whether the game
increased their knowledge about mental health, whether the
game helped them speak more freely about mental health, and
whether they felt the game destigmatized mental health.

Participants were also asked to rate the game from 1 (very bad)
to 5 (very good) stars. We included these specific questions
because they provided concrete hints for improving the game.
The start-up appraised the features with the lowest scores as the
most important to consider when reshaping the game. For
instance, they chose to work first and foremost on the graphics
if players rated them low (ie, <5 points). Some questions helped
understand if the game could have its own business model, with
players advising and paying for it. Finally, the questions were
aimed at assessing the impact the game had on students’ mental
health literacy, ranging from destigmatization to readiness to
seek help [40]. The items of the satisfaction questionnaire are
available in Multimedia Appendix 1. Sociodemographic
characteristics were also collected, including students’ gender,
age, and year of study. Variables were described as counts and
percentages. The questionnaire allowed us to obtain a large
number of answers in a short time from a young population that
is often difficult to reach [41].

Semistructured interviews were based on a grid composed of 3
macro themes and related 13 subthemes. The first macro theme,
called “General Description of the Participant” included the
following 3 subthemes: students’ profile (sociodemographic
characteristics), any previous experience with escape games,
and the reason for participating in this study. The second macro
theme was a “Brief Account of Participants’Experience” during
the game session of “Manage Your Emotions,” focusing on 5
subthemes: whether students enjoyed it, their satisfaction with
the design and scenarios, the feasibility of the game, the learning
outcomes, and any advice to improve the game. The last macro
theme, “The Impact of the Game,” included questions on the
effectiveness of the game in teaching 5 topics (each
corresponding to a specific subtheme): mental health,
stigmatization, understanding and managing emotions, the
importance of help-seeking, and techniques for mental health
promotion. All subthemes were applied deductively, meaning
they had been determined before the interviews.

Then, individual students’ speeches were generalized to obtain
an overall assessment of the game. Interviews were recorded,
fully transcribed, and analyzed through qualitative coding. The
framework method was used to cross-check results among
individuals and within individuals to report common and
consistent concepts [42]. This approach allowed us to list the
guidelines for the optimization step.

Ethics Considerations
As the goal of the project was to collect satisfaction data with
no repercussions on participants’ health, no ethical approval
was needed, in line with the French law for health-related
research (Délibération n° 2018-155 du 3 mai 2018).

Results

Sociodemographic Characteristics
The quantitative sample of 45 students was purposely limited
for a small-scale test. Among them, 34 were female students,
10 male, and 1 nonbinary. Their average age was 22 years (range
18-27 years). The years of study ranged from first-year students
to PhD candidates, with the majority attending their fourth year
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(n=16). The qualitative sample (n=10) was composed of 7
female students and 3 male students. In the qualitative study,
one-half of the sample declared having experienced a mental
health problem and having seen a mental health specialist.

Students’ Gaming Experience
The sample of 45 students who answered the questionnaire and
the sample of 10 students interviewed reported enjoying the
game session.

We discuss between us, why and how it is this emotion
and not another [...] it was really good. [B, female
PhD candidate, Public Health, first year]

Yeah, I really liked the associations of emotions [...]
frankly, we spoke with people we didn't know, so
frankly it went well, it was cool. [D, male students,
Pharmacy, fourth year]

The majority of the sample (30/45, 67%) gave a high score
(between 8 and 10) when asked whether they enjoyed the game.
For 34/45 (76%) it was interesting (scores from 8 to 10).
Twenty-one students considered that the game was easy. The
most frequent overall score given to the game was 4 out of 5
stars (25/45, 56%).

In line with this finding, 21/45 (47%) respondents gave a
positive score between 8 and 10 regarding the appeal of the
graphics. Concerning the visual staging of the game, 1 student
declared that the storyline was not coherent:

Tony’s apartment is too big for being a student flat.
[MA, female student, Speech Therapy, second year]

Tony’s character was also discussed, with some students
questioning his relatability:

When Tony was talking, I didn't really get into the
thing, in the end I found it very tricky, too tricky, a
bit like a fake student. [L, female student, Speech
Therapy, third year]

Regarding the overall content of the game, 27/45 (60%)
participants found the objective of the game clear (scores from
8 to 10) and 30/45 (67%) considered the content of the game
suitable for students (scores from 8 to 10).

Half of the sample (24/45, 53%) would recommend the game
to their close friends and family, especially their friends
attending university (43/45, 96%). However, the vast majority
of students (36/45, 80%) would not pay to play it.

The Knowledge Acquired During the Online Game
Session
For 27/45 (60%) of the respondents, the game made them
understand the importance of talking about mental health and
38/45 (84%) thought that the game was likely to increase their
knowledge about mental health. However, interviewed students
reported that knowledge about mental health was addressed in
an unsuitable way.

For students, the game enabled users to better understand and
identify different emotions, but the general concept of mental
health was missing:

It was really more about identifying emotions, and
self-reflection. [L, female student, Speech Therapy,
fourth year]

There would be a wealth of important information to
address on mental health. [A, female student, fourth
year of international health]

The Development of the “EscapeCovid” Game
Quantitative and qualitative data from the test (step 1) informed
the optimization of the game “Manage Your Emotions” (step
2) to produce the new game “EscapeCovid”. Data were collated
and analyzed by the stakeholders working on the development
of the game. All results were considered to reshape the new
escape game accordingly. The results of the mixed methods
analyses were shared among stakeholders. This group of experts
met 3 times to summarize the most important suggestions
provided by the testers. Each meeting lasted from 3 to 4 hours.
Then, 1 shared document was prepared and the stakeholders
were asked to provide solutions for each suggested change. This
was the beginning of the brainwriting process, where
stakeholders updated the document once per week and met
regularly every other week. Ideas were incorporated into a new
working document, which was the basis for a new round of
discussions (ie, five 2-hour meetings). Once consensus had been
reached, the web developer revised the game following the
guidelines written by the stakeholders on an online document
and Figma (Figma, Inc.), a collaborative web application for
interface design. Both the contents and the designs were
discussed and modified.

Table 2 reports the modifications made from the first version
of the game to the final one (also see Textboxes 1 and 2 for the
topics addressed and educational content of versions 1 and 2).
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Table 2. Comparison of features from the 2 versions of the game.

Version 2: “EscapeCovid”Version 1: “Manage Your Emotions”Features

Objectives •• To increase students’knowledge of mental health by famil-
iarizing them with a range of emotions and symptoms of
depression and anxiety.

To teach players to name, identify, and manage
their emotions.

Game flow •• Alternating game/debrief sessions in each room (home
office in the bedroom, living room, and bedroom) and
evaluation questions.

45-minute game session (3 rooms: home office
in the bedroom, living room, and bedroom) + 45-
minute debrief.

Topics addressed and educa-
tional content

•• See Textbox 2.See Textbox 1.

Character(s) •• Thomas, a confined student.Tony, a confined student.
• Thomas’ roommate, “Hana.”
• A researcher who appears on the screen to give instructions

and clues if the players need them.

Team competition •• Accumulation of points based on different criteria: speed
in solving a puzzle, number of clicks used, time spent in
each room and in the entire game, and correct answers to
evaluation questions. Teams can also lose points if they
choose to access clues to solve puzzles or if they answer
assessment questions incorrectly.

Accumulation of points assigned according to the
speed with which the player solves puzzles.

Storyline •• The same story plot as version 1. The presence of a new
character changes the transition from 1 room to the other.

Tony is a student living confined in his shared
flat during the first lockdown. Game users follow
him and the emotions he felt throughout lock-
down.

• Players must solve puzzles to access emotion cards.

• Players must solve puzzles to access emotion
cards.

Game setting •• A student flat share; instead of having a home office in the
bedroom and a separate 2-bedroom flat, the home office
in the bedroom is on one side of Thomas’ room.

The graphics of the game are similar to an apart-
ment of a young worker and not a student.

• The vocabulary used by Tony is not adapted to
the target audience. • Thomas’ voice and vocabulary have also been adapted to

meet the expectations/requests of the target audience.

Textbox 1. Topics addressed and educational content of version 1: “Manage Your Emotions.”

1. Game

• This involved knowledge, identification, and management of emotions.

2. Debriefing Session

• This involved tips and resources to identify and manage emotions.

• In addition, the emotions felt during the examination period were discussed.
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Textbox 2. Topics addressed and educational content of version 2: “EscapeCovid.”

1. Game (examining symptoms of depression through emotions):

• Stress and anxiety: other emotions, fear.

• Anhedonia: sadness.

• Self-devaluation: disgust.

• Other topics related to mental health that were addressed, including the following:

• Names of some mental health illnesses.

• Stigmatization of mental health and mental illness.

• Resources

2. Debriefing session

• Room 1: Home office in the bedroom within the bedroom

• Stress and anxiety: definitions and differences. Link with depression.

• Room 2: Living room

• Relationship between mental health and anhedonia. Link with depression.

• Room 3: Bedroom

• Relationship between mental health and self-devaluation. Association with depression.

3. Debriefing/end of the game

• Emotions not previously addressed during the game.

• Experienced symptoms and depression.

• Stress on the importance of having good mental health.

• Resources available in the case of a mental health problem.

In particular, substantial modifications concerned the
introduction of mental health–related information in the game.
Students had confirmed that the first version of the game was
exclusively oriented toward emotions and their management.
There were no specific elements of mental health described as
either mental diseases or psychological well-being. In
“EscapeCovid,” the terms “depression” and “anxiety” were used
by the main character. The symptoms and consequences of these
mental health diseases were presented in the story. Depression
and anxiety were selected because they are the most frequent
psychological issues among young adults [43]. Players were
supposed to learn more about mental health problems (mental

health literacy), to destigmatize them (positive beliefs about
mental health), and be able to tackle them (positive coping
strategies). Puzzles and enigmas were used to teach these
concepts with debriefing sessions to reinforce the learning
process. Given their expertise in the field of health care,
interviewees (health care students) helped with the writing of
the plot, from the enigmas to the summary sheets. An example
of a cocreated scenario within the story is available in
Multimedia Appendix 2. Thanks to a cocreation approach, the
game content could be revised by all public health stakeholders
who were experts in public health and psychology. The graphics
were also modified as shown in Figure 4.

JMIR Serious Games 2024 | vol. 12 | e48545 | p.1049https://games.jmir.org/2024/1/e48545
(page number not for citation purposes)

Labrosse et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Evolution of the graphics of the first room of "Manage Your Emotions" versus "EscapeCovid".

Playing the “EscapeCovid” Game
The escape game takes place in Thomas’ apartment which he
shares with another student, Hana, during the first COVID-19
lockdown. Thomas is a university student and is taking his
classes remotely. Throughout the game, we follow him during
a typical day in lockdown. There are 3 rooms in Thomas’
apartment—a home office in the bedroom, a living room, and
a bedroom. To move from 1 room to another, players must solve
all the puzzles by clicking on the objects spread out in Thomas’
room. When players click on an object, a riddle appears and
must be solved to move on to the following riddle. Players can
only move to another room if they have solved all of the enigmas
by uncovering clues or cracking the codes hidden in the sofa,
among books, on the floor, etc. There is a limited number of
clicks per participant.

At the end of each room scenario, a set of cards is shown, with
each card containing a mental health–related message linked to
the puzzles. For instance, in the living room, Hana is sleeping
on the sofa in the dark and the books around her have titles
containing the words “depression,” “pain,” etc. By solving clues
and clicking, players can switch the light on and tidy up the
room to make her recover strength. The cards synthesize the
messages transmitted through the puzzles in the room. In this
case, they explain the symptoms of depression and give tips for
coping with distress.

“EscapeCovid” can be played in groups of 4-6 players who help
each other and discuss using their computer cameras and
headphones. This encourages team spirit and mutual aid, which
can be the reflection of real life in the case of mental suffering.
All along the game, the group of players is guided by a game
guide who explains the rules and answers any questions. The
same guide concludes the game session with a final debrief
where all participants share their experiences. This final stage
is essential for understanding and retaining the mental
health–related takeaway messages.

Discussion

Principal Findings
We described the process we used to cocreate a digital game
promoting students’ mental health during the COVID-19
pandemic. We followed a 2-step procedure. First, we collected

quantitative and qualitative data from a manageable sample of
students testing a preexisting game. Second, a group of
stakeholders used these data to refine and optimize the game to
obtain the final user-centered version.

The cocreation approach was very informative for developing
the “EscapeCovid” game. In particular, during the test, students
felt free to express their opinions openly and give feedback.
They mostly appreciated the fact that they could support the
development of an intervention addressed directly to them and
their peers. Students were also motivated to cocreate the game
because it was in line with their values. Students’ contribution
to the design process nurtured new ideas following a collective
creative approach [44] from the testing phase to the final
optimization phase. Stakeholders’ work was facilitated by
students’ guidelines while being creative and innovative.

The Rationale and the Usefulness of “EscapeCovid”
During the COVID-19 crisis, several mental health diseases
emerged in the young, and digital games were among the most
accepted solutions to overcome psychological difficulties [45].
With this rationale, we conceived "EscapeCovid". This game
was designed to alleviate anxiety and depression by encouraging
interaction with peers and fostering empathy. Participants in
this study also confirmed the usefulness and appreciation of
digital games during and after the COVID-19 crisis. Previous
studies have shown that playing games is helpful in dealing
with trauma and improves well-being [46]. This has also been
observed in the context of the pandemic [47]. For this,
"EscapeCovid" combines the pleasure and the entertainment of
games, with a positive psychological effect. This might be due
to teamwork, engagement, learning of coping strategies, and
creativity, which are all at the root of our game. Indeed, the
objective of "EscapeCovid" was to trigger the need to speak out
about mental health after having experienced the psychological
difficulties of COVID-19. "EscapeCovid" pioneered the
discussion of mental health, making it a common topic, and
provided advice on how to improve one’s mental health,
especially in the aftermath of the crisis.

Guidelines for Successful Escape Games on Young’s
People’s Mental Health
First, we confirmed that students enjoy playing escape games,
which are linked to mental health. This was also found in other
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studies where health-related serious games were proven to
facilitate experiential learning through an entertaining approach
[21,48]. Thus, resorting to this type of intervention could be a
good strategy to convey messages aimed at improving players’
mental health. Engaging in playing games has been reported to
promote the potential to enhance life satisfaction and improve
individuals’ mental well-being [18].

We observed that the plot was essential in capturing players’
attention. During the game, testers were attracted by the
messages and the scenario, feeling interested in following
Thomas’story. They considered this aspect as crucial to transmit
educational content, helping to convey new health-related topics,
as shown in a previous study [21]. A meta-analysis on the
gamification of learning confirmed that the use of personified
narrative components is particularly effective in promoting
behavioral learning [49].

Playing in groups was also a strategy to make connections and
combat isolation, particularly experienced during the COVID-19
lockdown. The notion of interrelationship and mutual aid is a
component to consider when developing games, even if they
have a digital format.

According to testers, the “EscapeCovid” game had to be
user-friendly, fun, and pedagogical. It had to present
supplementary contents on mental health, with more specific
details on mental health disorders and advice for preventing or
treating them. We recommend that future game creators use
precise and detailed content, providing accurate and uncensored
mental health information and avoiding stigmatizing
psychological disorders.

The Challenges of Cocreating Mental Health–Related
Games With and For Young People
The involvement of end users entails a large proportion of
subjectivity. This is especially true when handling topics such
as mental health where feelings and emotions are at stake. End
users give their opinions without any specific framework [50].
To mitigate this issue, the sample answering the questionnaire
should be large enough to be representative of the target
population. However, for the sake of feasibility in terms of time
and financial efforts, it is not always possible to question more
than 50-100 people. Qualitative interviews are meant to provide
further information corroborating the quantitative data, but they
still imply subjectivity. Per se, interviews cannot be
representative [51]. The limited number of stakeholders has its
share of arbitrariness. Nonetheless, regardless of their number,
cocreators are the bridge between the whole target population
and the stakeholders [27].

Cocreation is time-consuming. The 2-step development demands
at least twice as long as the standard time to produce a game.
Data collection and analysis add work to the producers who
need to incorporate the results into their creative process.
Discussions among stakeholders and brainwriting also slow
down the production process. This is a limit of cocreation which
cannot be overcome while being the best solution for producing
an intervention that is well-tailored to the needs of the end user.
Qualitative interviews in particular require time and effort, but
they are a crucial tool for an in-depth analysis.

Technological issues should also be considered. Players’
expectations might not be easily met because of software
limitations. This could result in frustration from both parties
and decrease adherence to the game. Start-ups and game
industries should therefore keep up with new technologies and
continuously update their services.

The Advantages of Cocreation
Cocreation has the advantage of considering the viewpoint of
the end user, which might not be the case in classical processes
of game development using a top–down approach. Collecting
students’ opinions before the development of the game allowed
us to obtain several inputs and ideas that a limited number of
web developers and project managers could not provide. The
filter of expert health care professionals was also essential during
the process. New knowledge was produced through sharing
among parties.

The consultation with students having experienced mental health
disorders allowed us to address the escape game’s topic through
a different lens. By considering their opinion, the game could
be made more realistic and engaging. The disclosure of emotions
and opinions can be facilitated through anonymous
questionnaires and qualitative interviews, with students knowing
that they are contributing to an intervention beneficial to them
and their peers. The feeling of being useful to the community
is another added value in the cocreation process [52].

Two different teams—one from an academic environment and
the other from a start-up—collaborating to develop the game
was also an asset. Indeed, researchers’ scientific point of view
informed the business goal of the start-up with the common will
of creating an evidence-based marketable product.

Finally, cocreation provided useful information for the
improvement of both the content and the format of the game.
The latter was more contextually specific, adapted to a young
population, namely, students, and bridging the gap between the
preconceived ideas held by the start-up team and the real-world
implementation of the game.

Recommendations for Researchers and Designers
The “EscapeCovid” game is an example of a digital game on
mental health, which could be cocreated with young users. The
guidelines we present might be applied to other similar
interventions.

A 2-step approach is recommended with (1) an initial collection
and analysis of combined quantitative and qualitative data,
followed by (2) the integration of these data into the reflective
and creative work of a group of experts and stakeholders. This
approach, similar to a market survey, allows us to obtain clearer
game instructions and broader insights, resulting in a more
targeted and audience-specific final product.

We suggest basing the coconstruction process on an already
existing pilot version because it facilitates the development of
the final game. Although the game can be completely re-created,
preliminary mock-ups will allow to save time and money. In
our study, students were not required to design the game from
scratch, and working on the first version of the game was an
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advantage for providing relevant, concrete, and realistic
comments based on an existing version.

Stakeholders are also advised to take into account testers’
opinions seriously and implement them accordingly. Testers
represent the end users and their preferences must be carefully
considered to obtain a fully satisfactory end product. For this
reason, it is essential to collect as much information as possible
during the testing stage.

We suggest to try out the game again once it has been modified.
An iterative loop of test-optimization-test will increase the
quality of the game. However, it must be pointed out that this
process is expensive and time-consuming, despite being
extremely informative. It is therefore recommended to end the
loop once the comments are saturated, which effectively means
limiting the number of additional changes suggested by users
and resulting work for developers. This approach can serve as
a blueprint for future work on creating gamified interventions
on health-related topics addressed to students. Successfully
cocreated games can have a wide outreach and improved
scalability.

Study Limitations
Testers were mostly student interns at the research center where
the study was conducted. This might have biased the results
because participating students were already made aware of the
project and willing to contribute to its progress as members of
the same research laboratory. The test was performed by health
care students, meaning that the modifications of the game might
be relevant to them and not to students of other subjects. This
particular student population also faces specific forms of stress

not experienced by their peers. However, we considered their
opinion to be of paramount importance in terms of the contents
of the game, which benefited from their skills and experience
with stress. The game was more realistic and other students
could relate to Thomas’ story imagined by young people their
age.

Another limitation is that the students participating in the study
were rewarded with a gift card, which could have significantly
influenced the answers due to desirability bias. This
phenomenon was even more likely in the case of interviewees
who had received 2 gift cards. The gender balance among the
participants was skewed in favor of female students, which may
have influenced the results of the test.

Finally, we were not able to retest the game after its
modification. Because of money and time constraints, we only
produced a new version of the game without further refinement.

Conclusions
Our results suggest that cocreation contributes to improving the
suitability of a health promotion and disease prevention
intervention and that an end user–centered approach can
facilitate intervention tailoring. When conceiving a
health-related escape game, we recommend using a 2-step
approach, including an initial collection of quantitative and
qualitative data from end users testing the game (test), followed
by the integration of these data into the development of the
game by a restricted number of experts (optimization). This
approach can serve as a model for future work on creating
gamified interventions on health-related topics addressed to
students.
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Abstract

Background: Traditional serious game design methods often overlook stakeholder needs. This study integrates stakeholder
theory and enterprise architecture (EA), along with the Architecture Development Method, to propose a novel framework for
serious game design. Crafted to aid practitioners, researchers, and specialists in leveraging resources more effectively, the
framework is validated through a design science research methodology. Expert reviews have further refined its features, making
it a robust tool for enhancing serious game design and implementation.

Objective: This paper introduces a framework for designing serious games, covering stakeholder analysis, requirements gathering,
and design implementation planning. It highlights the importance of expert review in validating and refining the framework,
ensuring its effectiveness and reliability for use in serious game design. Through critical assessment by experts, the framework
is optimized for practical application by practitioners, researchers, and specialists in the field, ensuring its utility in enhancing
serious game development. The next step will be to validate the framework empirically by applying it to a serious game development
project.

Methods: We developed and validated a conceptual framework for serious game design by synthesizing stakeholder theory
and EA through literature review, concept mapping, and theory development by way of a design science research approach. The
framework is iteratively refined and validated via expert review, drawing on insights from professionals experienced in serious
games, stakeholder theory, and EA. This method ensures the framework’s practical relevance and effectiveness in addressing
real-world design challenges.

Results: An expert review by 29 serious game practitioners validated the framework’s success in stakeholder management,
confirming its stakeholder-centered effectiveness. Although the experts praised its structured approach, they suggested clearer
guidance for game design elements. In addition, the experts, while acknowledging the framework’s complexity, saw its depth as
valuable for efficient management. The consensus calls for a refined balance between detailed functionality and user-friendly
design, with the framework’s impact on stakeholder capabilities revealing a spectrum of professional needs.

Conclusions: This paper presents a framework for creating effective and organizationally aligned serious games. Evaluated
across execution, practical, and EA levels, it is logical but varies in ease of understanding, with experts calling for more accessibility
at the EA level. It enhances stakeholder efficiency and management but is criticized for rigidity and a need for flexibility.
Recommendations include streamlining the framework, enhancing clarity, reducing administrative tasks, and incorporating clear
guidelines on technology use, motivational elements, and operational tools. This aims to help stakeholders produce more targeted
and adaptable game designs. The next iteration will be developed after application to a project and team feedback.

(JMIR Serious Games 2024;12:e48099)   doi:10.2196/48099
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Introduction

Background
This paper articulates a stakeholder-centered framework for
serious game design in various stages before, during, and after
various methods have been applied to develop it. The research
presents the framework—informed by stakeholder theory and
enterprise architecture (EA)—as it evolved through various
stages of development. It underscores the need for a structured
approach that focuses on stakeholders throughout the design
process to enhance the success of serious game production
efforts. This research reflects 3 cycles of the design science
research (DSR) paradigm, aiming to balance domain-specific
needs with generalizable solutions. The framework emphasizes
alignment with stakeholder needs and effective communication
among different groups, recognizing the complexity of serious
games and the importance of their relevance to users.

This work also presents findings from an expert review
questionnaire that used a qualitative methodology to assess the
framework’s effectiveness. The review gathers feedback from
practitioners and specialists in the field, guiding enhancements
to the framework’s clarity, structure, and usability. The paper
concludes with insights into the framework’s current state of
development and recommendations for its refinement,
emphasizing the need to simplify its complexity and
communicate its components more effectively for real-world
application.

Framework Requirements
Several key requirements for the initial framework emerged
from a comprehensive integrative literature review. A conceptual
framework is indispensable for comprehending the complex
phenomena explored because it provides a structured and
systematic method for organizing, analyzing, and interpreting
data. Several essential components of a conceptual framework
contribute to its efficacy, including clarity, relevance, coherence,
simplicity, testability, and generalizability. As such, the
following characteristics of the framework that has been
developed serve as guiding principles. First, a conceptual
framework should be clear and straightforward for its intended
audience to comprehend. It should define its key concepts,
variables, and relationships as well as provide a thorough
overview of the subject under investigation. Second, the
framework should be pertinent to the research problem or
question being addressed. It must thus be tailored to the context
and objective of the study. Third, the framework must have
logical coherence, a clear structure, and internal consistency.
The framework’s concepts, assumptions, and relationships
should be logically connected and consistent with one another.
Fourth, a good conceptual framework should be as simple as
possible while capturing the essential characteristics of the
studied phenomenon. Fifth, the framework must be susceptible
to empirical testing, with testable hypotheses and predictions
that can be evaluated through observation and data analysis.
Sixth and last, such a framework should be applicable to other
settings or situations and be generalizable beyond the specific
context of the study. It should therefore serve as a foundation

for the development of broader theoretical insights and
generalizations about the subject of study.

Our framework prioritizes stakeholder engagement and
management within serious game design, addressing a gap often
overlooked in conventional design literature. While
incorporating established design elements—such as learning
objectives [1-4], game mechanics [5-9], narrative [10,11], user
interface and experience [12], and evaluation [13,14]—the
framework’s novelty lies in its stakeholder-centered approach.
It is tailored to align with educational or training standards,
drive engagement, and provide meaningful feedback. However,
the primary focus is not solely on game design; instead, the
framework is rooted in stakeholder theory and EA, which have
been the fulcrum of our extensive literature review. By doing
so, we address the intricacies of organizational and stakeholder
dynamics, ensuring that serious games are developed within a
context that appreciates the diverse roles and impacts of various
stakeholders.

Products of the Integrative Literature Review

Overview
The integrative literature review presents a taxonomy of serious
games; the phases of serious game production; the stakeholders
involved in serious game production; stakeholder identification,
analysis, and management procedures; and The Open Group
Architecture Framework (TOGAF) Architecture Development
Method (ADM). These concepts are briefly outlined in the
following subsections because they inform the construction of
the conceptual serious game framework.

What? Classifying Serious Games
Serious games are edifying artifacts, tools, and games created
by development teams that use ludic activity for a specific
purpose, format, genre, interaction style, and application area.
Serious game taxonomies classify games by purpose. This
classification can help identify the functions of a serious game
and guide the selection and development of educational and
training games. The following are some serious game categories:

• Simulation games simulate real-world situations to give
learners practical experience and practice in complex or
high-risk situations (eg, flight simulators for pilot training
and medical simulators for surgery [15]).

• Educational games teach specific knowledge or skills, such
as language, math, or history. Game mechanics such as
rewards and feedback encourage learning and participation
[16].

• Training games teach practical abilities such as customer
service, leadership, and teamwork. To track progress and
facilitate learning, they may include simulations or
role-playing scenarios as well as feedback and assessment
[17].

• Health games promote healthy behaviors such as exercise,
healthy eating, and disease management. Game mechanics
such as rewards and challenges may encourage behavior
modification and participation [18].

• Persuasive games aim to influence players to adopt certain
behaviors, such as environmental conservation, social
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justice, or political activism. Story elements often
emotionally engage and motivate players [19].

By classifying serious games by their intended function, a
functional taxonomy can help find the best games for learning
or training needs and guide their development. These serious
game classifications are relevant to this research and accepted
under the serious game banner.

Serious games, gamification, and game-based learning differ
greatly. These terms all refer to using games or game elements
in learning or training, but serious games are games with a
specific goal. They usually teach players a skill [20]. Serious
games differ from entertainment-focused commercial games.
Gamification, by contrast, uses game elements such as points,
badges, and leader boards to motivate and engage nongame
users [21]. A fitness app, such as Strava, that rewards users for
reaching fitness goals uses gamification. Game-based learning
uses games to teach or train, but, unlike serious games, its main
goal is not to achieve a learning outcome [22]. Civilization may
be used by a history teacher to teach about historical events and
civilizations, but it is not meant to teach history. Game-based
learning uses games to teach or train without a specific goal.

Who? Serious Game Production Stakeholders
Different stakeholders from varying fields are involved in
serious game production and development. Common
stakeholders include the following [16]:

• Game developers are responsible for designing and
developing the game. They create captivating game
mechanics, visuals, audio, and more.

• Subject matter experts (SMEs) are knowledgeable about
the serious game topic. They provide content and knowledge
for game accuracy and effectiveness.

• Teachers and trainers can use serious games as a teaching
or training tool for students or employees. They demonstrate
how the serious game can meet learning goals.

• Game publishers distribute serious games to a wider
audience. They market, distribute, and sell the game.

• Players are serious game consumers. They play the game
and give feedback to improve it.

• Funders and sponsors are individuals or organizations that
provide financial support for the development of the serious
game (eg, government agencies, private foundations, or
businesses).

When? Phases of Serious Game Production
Serious game production follows a similar process to traditional
game development but with educational or training goals. The
following are the five main serious game development phases:

1. The first step in serious game development is to identify
the game’s learning objectives, audience, and context. This
usually involves a needs assessment or curriculum analysis
to identify gaps or areas where game-based learning could
be beneficial [15].

2. A detailed plan for game mechanics, story, user interface,
and learning content is created during the design phase.
This phase may include storyboarding, prototyping, and

playtesting to ensure that the game is engaging and meets
learning objectives [16].

3. Development includes creating the serious game, including
programming, artwork, audio, and multimedia assets. Game
developers, instructional designers, SMEs, and other
stakeholders work together to ensure that the game meets
educational or training goals [23].

4. After creating the serious game, it is tested and evaluated
to ensure that it meets its learning objectives. User testing,
focus groups, and other student and stakeholder feedback
methods may be used [24].

5. The serious game can be deployed for use in educational
and training settings in the deployment and maintenance
phase and should be supported and updated to ensure that
it remains relevant and effective over time.

Serious game developers use the aforementioned steps to create
outcome-aligned educational and training games. Such a
framework supports agile game development and various
development methods.

Where? TOGAF ADM
Serious games can make use of TOGAF ADM. Serious games
with multiple stakeholders and complex systems require a
structured EA development process. TOGAF ADM can also be
customized for different industries and organizations. Such a
broad view ensures that the game aligns with organizational
goals, making it a good choice for serious game creators.
TOGAF ADM is a nine-phase, sequential process for EA [25]:

1. Architecture vision: the EA team creates a high-level vision
of the organization’s desired future architecture state. This
phase determines the architecture development’s business
drivers, stakeholders, and scope.

2. Business architecture: phase 2 involves understanding the
organization’s business processes, objectives, and strategies.
This phase produces business architecture artifacts that
describe the organization’s business capabilities, value
streams, and structure.

3. Information systems architecture: this phase focuses on
understanding the organization’s information systems and
technology infrastructure. This phase creates architecture
artifacts for the organization’s application, data, and
technology architecture.

4. Technology architecture: phase 4 focuses on selecting and
defining technology components for implementing the
organization’s architecture. This phase creates architecture
artifacts for the organization’s technology infrastructure’s
hardware, software, and networks.

5. Opportunities and solutions: phase 5 evaluates architecture
solutions that meet business goals and objectives. This
phase creates architecture artifacts that describe proposed
solutions and their organizational impact.

6. Migration planning: in this phase, a plan is created to
transition the organization’s architecture to its desired future
state. This phase produces architecture artifacts that describe
transition activity sequence and timing.

7. Implementation governance: phase 7 oversees the
implementation of architecture solutions and ensures
alignment with organizational objectives and goals.
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Governance framework architecture artifacts are produced
in this phase.

8. Architecture change management: this phase manages
ongoing changes to the organization’s architecture, aligning
them with its goals and objectives. This phase produces
architecture artifacts that describe change management.

9. Architecture evaluation: this phase evaluates the
effectiveness of the architecture solutions and ensures that
they meet the organization’s goals and objectives. This
phase creates architecture artifacts that describe the
evaluation process and results.

Interest groups can create EA solutions that meet their business
goals by following TOGAF ADM. Moreover, TOGAF
application to serious game development requires several crucial
steps. First, an architecture vision is created to describe the
game’s goals, objectives, target audience, and learning
outcomes. Stakeholder analysis is then performed to identify
the game development stakeholders and their needs and
expectations. This ensures that the game is designed with
stakeholders in mind. Architecture requirements describe the
game’s functional and nonfunctional needs. The architecture
development phase designs the game’s architecture based on
the previous step’s requirements. This includes game mechanics,
visual and audio assets, user interface, and layout design, that
is, build, code, integrate visual and audio assets, and test the
game’s usability and efficacy. To ensure stakeholder satisfaction,
the game is monitored and evaluated over time. This may
involve player feedback, game performance data analysis, and
adjustments. Specifically, this work references the application
of an ADM to serious game development and highlights how
it can assist organizations in creating the desired strategic
resource game. Doing so emphasizes that the ADM not only
assists in the development of the serious game but also identifies
organizational capabilities, methods, and processes that can be
leveraged in future projects, thereby enhancing the team’s
effectiveness.

Why? Stakeholder Identification, Analysis, and
Management
Serious game design requires a stakeholder-centered conceptual
framework for the following reasons:

• A stakeholder-centered approach considers various
stakeholders’ needs and expectations during design. This
may lead to more effective, engaging, and audience-relevant
games (Bopp, J, A, unpublished data, December 2020).

• A stakeholder-centered approach ensures that the game is
designed for the end user, improving usability and
effectiveness. This improves player engagement, learning,
and game performance [26].

• A stakeholder-centered approach can involve stakeholders
in the design process, facilitating participation and
acceptance. By increasing stakeholder confidence and
ownership, serious game adoption and implementation can
succeed [27].

• To improve serious game sustainability and scalability, a
stakeholder-centered approach can be used to design games
that meet the evolving needs of stakeholders. This can help

the serious game stay relevant and effective as stakeholders’
needs change [28].

Serious game development relies on stakeholder identification,
analysis, and management. This process begins with stakeholder
identification. Stakeholder analysis prioritizes their needs and
interests, while surveys, interviews, and focus groups help
understand them. Stakeholder management involves planning
how stakeholders will be engaged, their needs met, and their
feedback incorporated into the serious game. Serious game
development can use stakeholder management techniques such
as regular meetings, an engagement plan, a registry, the
prioritization of needs, feedback, and data analytics. Developers
can create more effective, engaging, and audience-relevant
games by managing stakeholder needs and expectations. A
stakeholder-centered framework is needed for serious game
design to ensure that stakeholders’needs are met and to improve
game effectiveness, usability, and sustainability.

How? Stakeholder Identification, Analysis, and
Management
Stakeholder identification, analysis, and management are crucial
to project success, including serious game development.
Stakeholders are people or groups who care about the project’s
outcomes and can influence them. Successful stakeholder
identification, analysis, and management follow these four steps:

1. Identify internal, external, primary, and secondary
stakeholders. Stakeholder analysis maps stakeholders and
identifies key players [29].

2. Analyze stakeholders’ interests, needs, expectations, and
influence on project outcomes. A matrix that maps
stakeholders by power and interest can do this [30].

3. The project team can develop strategies to manage
stakeholder relationships based on stakeholder analysis.
This involves prioritizing stakeholders by influence and
interest and creating stakeholder-specific engagement
strategies [31].

4. Implement stakeholder management strategies through
ongoing communication and engagement, such as project
updates, meetings, and consultations. Stakeholder interests
must be monitored and the stakeholder management plan
adjusted [32].

These steps for identifying, analyzing, and managing
stakeholders can help serious game developers maximize project
success and build long-term relationships. When a new serious
game project begins, the organization or team will already know
the relevant stakeholders from stakeholder management and
EA. Thus, each project improves the organization or team.

Methods

Framework Development

Overview
This section discusses how the integrative literature review
revealed relevant theories, determined its limits, found relevant
sources, collected terminology, defined its theoretical pillars,
and provided practical approaches to the stakeholder-centered
framework. Moreover, this section assesses the framework’s
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evolution over time; and it also theorizes future representations;
reviews design processes; suggests improvements; and states
the artifact design’s aggregate, iterative, and consistent impacts.

Variant 1: Informed by Literature
The preliminary snapshot of the stakeholder-centered framework
is a compilation of ideas for a flexible, general-purpose
framework to aid in the design of serious games. Initial concepts
included generating, developing, and visually communicating
the system’s fundamental elements, with a focus on user needs
and empathy for the target demographic of serious game design
stakeholders. Existing serious game literature, models, and
approaches inform the framework variant, and an early
exploration of these works provides a knowledge base for further
consideration. Understanding the methods used in previous
research on the same or similar issues assists in determining
which methods will be most beneficial to advancing the topic
and can aid in the evaluation of prior studies.

Various sources are represented in this formation because
serious games’ content, definition, sources, liminal works,
methods, and existing frameworks are investigated. As such, a
substantial portion of this work is theoretical in nature and
largely represents the efforts to seek and collect literature on
the nature of serious games.

Textbox 1 shows how theoretical and experiential exploration
shaped our initial project impression. First, because serious
game projects require people and management, stakeholder
theory was added to the framework. Second, early EA readings
may help organizations achieve their goals. The framework’s
third pillar, serious game design theory, positions the research
and establishes its context. From this early stage, the framework
must be applied and evaluated to determine its value for
practitioners in the given milieu. This variant was extensively
developer (self) reviewed. These steps close the DSR cycle loop
and indicate that each variation is evaluated, even if reflectively.
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Textbox 1. Sources that informed the first variant of the framework.

Sources and detail with explanation

• Deterding et al [21]

• The authors define “gamefulness” and “gamification.” This influential work examines the differences between full-fledged games, serious
games, pervasive games, extending games, game elements, and playful interaction. Even if not adopted, their definitions of “gamification”
and “gamefulness” in contrast to serious games and playful interaction refine discourse and enable researchers to better understand and
analyze the phenomena.

• Annetta [33]

• The author has presented a nested model of educational game design elements. Serious games have 6 elements, ranging from identity to
instruction. This paradigm is hierarchical, with identity as the foundation for serious game design.

• Garris et al [23]

• A model by the authors shows the learning approach used in educational game research and its results. First, the main goal of any instructional
content is to create a game-like educational program. Second, these qualities trigger a loop of user perceptions or responses such as interest
or delight, user behaviors such as perseverance or concentration, and system input. If designers can match educational content with game
elements, this cycle creates repeatable and self-motivated play. Third and last, game participation achieves training goals and learning
outcomes.

• Ferdig [34]

• The authors define the “heart of serious game design” as theory, content, and game design. Serious game success requires emergent theory,
content, and game design knowledge. Managing disciplinary conflicts and agreeing on serious game design is a major challenge for serious
game teams.

• Marne et al [35]

• The authors list 6 serious game design aspects. This serious game design methodology shows the importance and distinction of pedagogical
and game design expertise and their role in serious game development. This model’s main benefit is selecting the right experts for each
design area.

• Rooney [36]

• The author proposes a triadic serious game design framework that considers pedagogy, play, and fidelity to create media.

• Vanden Abeele et al [37]

• The authors advocate the player-centered, iterative, interdisciplinary, and integrated (P-III) serious game design framework. This prominent
framework provides a way for creating serious games that hinges on 4 conceptual pillars: player-centered design (from user testing during
development to participatory design workshops during the design phase, projects start with inquiries that are influenced by ethnographic
research), iterative development (the team establishes multiple milestones, and user testing culminates in a final prototype that can be
evaluated), interdisciplinary teamwork (collaboration between instructional and game designers), and integration of play and learning
(seamless blend between the game vision and core mechanics on the one hand and learning principles on the other hand).

• Yussof et al [38]

• The authors propose a serious game conceptual framework. The suggested outline combines gaming requirements with learning and pedagogy
theory to provide a conceptual framework for serious game designers and educators.

• Gee and Hayes [39]

• The authors adapted the mechanics, dynamics, and aesthetics (MDA) framework into the design, play, and experience (DPE) framework.
The extended DPE framework shows serious game layers for storytelling, learning, game play, and user experience. Every layer includes
design, play, and experience.

• Roungas and Dalpiaz [40]

• The authors created a conceptual model of serious games to reduce misconceptions in serious game design teams by specifying a standard
terminology that stakeholders can accept. The conceptual model also guides serious game design to address Game Design Document and
other record keeping and administrative process inconsistency. Combining educational and game elements is the main challenge. Completed
conceptual models are displayed in unified modeling language (UML) class diagrams.

• Breuer and Bente [41]

• The authors examine how serious games relate to e-learning and game-based learning. Serious games may use different learning strategies
than edutainment and e-learning, according to them. According to the authors, many serious game definitions and typologies are limited.

• Ferdig [34], Rooney [36], and Deci and Ryan [42].
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Our novel synthesis combines the DPE framework, the serious game design framework proposed by Rooney [36], and self-determination
theory (SDT). The idea emphasizes the importance of theory (pedagogy), content (fidelity), and game design (play) in serious game design.
Effective serious game development is said to be central to these elements. In the DPE framework, SDT principles such as relatedness (the
desire to connect with others), autonomy (the desire to choose one’s own paths), mastery (the desire to develop skills and master them), and
purpose (the desire to connect actions with greater reason) are proposed to clarify or distinguish the connections between human psychological
patterns and game features, mechanics, and dynamics to argue that gaming approaches and thinking can be successful. All 3 theories are
combined to create a new serious game development strategy. The final stakeholder-centered framework partially incorporates these theories,
but much of it leads the authors of this study to literature on game design.

•

Variant 2: Position, Activity, and Specialization
The next stakeholder-centered framework revisits unknowns
and defines user problems to generate problem statements for
subsequent design phases. Recordkeeping is stressed to avoid
future issues. Stakeholder theory is emphasized, and how to
identify and analyze serious game stakeholders is a key question.
These stakeholders include experts, developers, and consumers,
whose power and interest are analyzed using stakeholder
analysis methods such as the power-interest grid. In the initial
framework visualization, the EA pillar influences responsible,
accountable, consulted, and informed matrices; Gantt charts;
and business process model and notation swimlanes. In addition,
variant 2 introduces 2 phases, idea validation and
conceptualization, which continue in subsequent variants. We
also discuss the 4 main serious game stakeholders from a
previous stakeholder management approach: development team,
publishers, context-related staff, and supplemental staff.
Consumer stakeholders are consulted during development, but
only the 3 (or 4) main categories are relevant to core game
production.

As shown in Table 1, serious game production stakeholders
often play multiple roles in smaller teams due to constraints.
Variant 2 of the framework includes idea validation and
conceptualization. The former evaluates the team’s serious game
development prospects, while the latter starts project ideation.
The framework has 3 levels: execution, inquiry, and practical.
Serious game design stages include idea validation,
conceptualization, development, and iteration in the execution
level. Academic research and inquiry on serious game
manufacture, participatory design, and more occur at the inquiry
level. Stage-specific requirements and outcomes are listed in
the practical level checklist.

The 3 levels are necessary due to the complexity of serious
game development. The variant 2 framework shown in Figure
1 [43] also includes TOGAF ADM, DSR design, and the agile
software development life cycle. Collaboration, adaptability,
and rapid prototyping are hallmarks of agile software
development. Rapid prototyping, customer focus, flexibility,
and serious game development improvement are promoted by
this approach. Serious game development levels include TOGAF
ADM, DSR design, and the agile software development life
cycle.
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Table 1. Serious game stakeholder categories, positions, activities, and specializations.

SpecializationsActivitiesPositionsCategory

Over time, professionals specialize in 2D
or 3D graphics, physics, mathematics, parti-
cle systems, UI, AI, input devices, and
computer networking. Storyboard artist,
concept artist, 3D modeler, environmental
artist, texture artist, visual effects artist, UI
artist, animator, technical artist, art director,
level designer, game designer, system de-
signer, scripter, combat designer, creative
director, executive producer, associate pro-
ducers, and assistant producers can special-
ize. Some positions are hired later in the
development process and may be considered
freelance rather than full time.

The different tasks that game designers may
perform during game development include cod-

ing, developing AIa systems and camera systems,
drawing characters and environments, designing

UIb elements, populating levels, managing the
development team, managing schedules and re-
sources, testing the game for bugs, creating mu-
sic and sound effects, writing character dialogue,
and setting up game objective prompts. Design-
ers may also distinguish good from bad games
and explain why, as well as ensure that the game
achieves its goals and maintains its vision.

Programmer, artist, designer,
producer, tester, composer,
sound designer, and writer

Development team

These positions may or may not affect the
game’s content and aim to streamline devel-
opment and maintain quality within budget
and time constraints. Game designers or
writers in publishing usually fill these posi-
tions, which may vary in involvement de-
pending on the publisher. In addition to
programming, they may handle management
issues and work with media outlets and ad-
vertising firms with different needs and ca-
pabilities.

Publishing team members set priorities, review
project milestones, set and meet targets or
deadlines, provide feedback on improvements,
collaborate with marketing to develop packaging
and other visual assets, and promote the game.
They also mediate between the studio and the
publisher’s legal department, work with licensors

and the ESRBc to secure a rating, and provide
technical support. They may also cooperate with

marketing and PRd on press materials, co-design
the game, and improve its visual language.

Product manager, project
manager, creative manager,
art director, technical director,
marketer, and players and
users

Publishing team

In all serious game design projects, these
stakeholders must provide sufficient materi-
als to address serious issues and express
them through gameplay. Although they may
not be educators, they focus on game cur-
riculum and syllabus development. They
may be specialists in a research field or
pursuing specialization.

They consult with teams on game content and
requirements, provide educational material,
maintain educational aspects, investigate and
test game features, and manage or supervise
scholars and data collection. They also propose,
choose methods, supervise, budget, and report.

Subject matter expert, educa-
tional theorist, scholar, and
research director

Context-related team

Their responsibilities include building rela-
tionships with teams, reviewing game
demonstrations, negotiating contracts, gen-
erating marketing strategies, managing the
employment process, playing and reviewing
games, and securing funding for serious
game projects. Game producers run the test
department, organize press events, recruit
talent, and invest in serious game projects.
These people play games, write reviews,
and suggest improvements. In addition, they

license IPe and may work with licensors to
get ratings. Moreover, they financially sup-
port serious game projects and crowdfund.

They create business opportunities, secure
funding, and invest in games. They also provide
legal advice, review contracts, and handle licen-
sor negotiations. In addition, they maintain brand
representation in the game and work with mar-
keting on packaging, create marketing strategies,
contact gaming publications and blogs, and or-
ganize press events. Moreover, they manage the
test department, send developers bug sheets, and
ensure quality, as well as recruit, manage, and
train new hires.

Business developer, lawyer,
brand manager, PR manager,
quality assurance manager,
talent recruiter, human re-
source officer, game reviewer,
licensor, and funding entity

Supplementary team

aAI: artificial intelligence.
bUI: user interface.
cESRB: Entertainment Software Rating Board.
dPR: public relations.
eIP: intellectual property.
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Figure 1. Simplified variant 2 of the stakeholder-centered framework. ADM: Architecture Development Method; TOGAF: The Open Group Architecture
Framework; UI: user interface; UX: user experience. For a higher-resolution version of this figure, see Multimedia Appendix 1.

Variant 3: Refinement
Variant 3 of the framework emphasizes human-centeredness
and separates idea validation and evaluation (Table 2). The 3
levels are EA, execution, and practical. Each level combines
serious game and stakeholder theory literature, practices, and
methods, but only the EA level fully represents 1 of the 3
TOGAF ADM research pillars. The levels help practitioners

avoid not seeing the forest for the trees and understand the
framework’s many components, mechanisms, and prescriptions.
The composite nature of serious game development makes the
framework stratiform, and the levels isolate and aggregate all
interaction-based components, connectors, and relations for
every aspect of the system’s functionality into a single structural
model.
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Table 2. The third framework variant.

Practical levelExecution levelEAa level

It transitions the process from
strategic planning to the tangible
design and development phases,
detailing the game’s mechanics,
story, and technical requirements
to ensure alignment with the de-
fined objectives.

This level establishes the strategic
framework for serious game design,
aligning game objectives with orga-
nizational goals and stakeholder
needs through a comprehensive
stakeholder analysis.

• This final level focuses on the deployment, testing, and evaluation of
the game in real-world scenarios, emphasizing the adjustment of the
game design based on user feedback and the effectiveness of achieving
intended outcomes.

Core functions

At this level, the framework transi-
tions from strategic planning to
operational design and develop-
ment. It involves the detailed de-
sign of the game, including game-
play mechanics, narrative ele-
ments, and technical specifica-
tions. This level ensures that the
game’s design is feasible and
aligns with the strategic objectives
outlined at the EA level.

This level focuses on the
strategic aspects of serious
game design, aligning game
objectives with broader organi-
zational or project goals. It in-
corporates stakeholder analysis
to ensure that the game’s objec-
tives meet the needs and expec-
tations of all relevant parties.

• The practical level is where the game is deployed and assessed in real-
world settings. This involves testing, gathering feedback from end
users and stakeholders, and iterating on the design based on this feed-
back. The focus here is on practical application and the effectiveness
of the game in achieving its intended outcomes. The level offers options
for game developers:
• Prediscovery stage

• Basic: stakeholder team selection, assembled team, and game
design document

• Standard: basic outputs, selection of game mechanics, and
storyboards

• Advanced: standard outputs and detailed curriculum itemiza-
tion

• Production
• Basic: stakeholder prioritization, game synopsis, and charac-

ter bible
• Standard: basic outputs and mood boards
• Advanced: standard outputs, wireframes, and animatics

• Periphery
• Basic: Ongoing stakeholder prioritization, game art develop-

ment, and level design
• Standard: basic outputs and prototype development
• Advanced: standard outputs, deeper design practice, and

quality assurance

aEA: enterprise architecture.

Ethical Considerations
This study was approved by the Institutional Review Board of
North-West University, ensuring adherence to ethical standards
in research involving human participants (approval number:
NWU-01775-20-A9). Informed consent was obtained from all
participants prior to their inclusion in the study (in the expert
review questionnaire). Participants were informed of their right
to opt out at any time without any consequences. Data collected
during this study were anonymized to protect participant
confidentiality. Identifiable information was removed, and data
were stored securely in a password-protected database.
Participants were not compensated for their time and effort in
participating in the study. They were, however, promised a copy
of the academic work once published.

Results

Expert Review Analysis

Overview
The expert review questionnaire regarding the
stakeholder-centered framework was distributed to 220 serious
game practitioners and experts internationally, of whom 29
(13.2%) completed it. On average, questionnaire completion
took 57.2 (range 14.5-252) minutes. Considering the in-depth
nature of the research, a completion time of approximately 24
minutes (excluding the outlier) is acceptable, despite the
recommended 15-minute length for questionnaires. This study’s
niche focus on serious games results in a smaller expert pool;
thus, the response rate and data volume are considered
satisfactory. The questionnaire, designed for comprehensive
data collection on the stakeholder-centered framework, uses
both qualitative and inferential statistical analyses.

The research accounts for web-based survey challenges by
ensuring content validity and question clarity, balancing
open-ended and closed-ended questions, and maintaining
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reliability. Despite initial plans, level-specific explainer videos
were excluded to prevent extending the questionnaire’s length.
An introductory explainer video was provided [44], and
participants had full access to the framework for a thorough
review. To ensure depth and accuracy, participants were granted
access to all aspects of the framework to ensure that they could
perform a multifaceted expert review.

Section A: General Information
The questionnaire respondents predominantly skewed younger,
with 45% (13/29) aged 26 to 35 years and 38% (11/29) aged
36 to 45 years. Those aged 46 to 55 years constituted 10% (3/29)
of the sample, while those aged 18 to 25 years and ≥66 years
each represented 3% (1/29). White individuals made up 69%
(20/29) of the respondents, followed by 14% (4/29) of
individuals of other ethnic backgrounds including Hispanic
individuals, Latinx individuals, people of color, and others.
Asian respondents accounted for 7% (2/29) of the sample; and
African, Indian, and undisclosed categories each accounted for
3% (1/29). Gender distribution among the respondents was
fairly even, with 56% (16/29) identifying as man and 41%
(12/29) as woman; of the 29 respondents, 1 (3%) preferred not
to disclose their gender. In terms of geography, 45% (14/29) of
the participants were from South Africa, reflecting the study’s
origin and local interest. Thailand and Australia each contributed
7% (2/29) of the respondents, while the remaining countries
(11/13, 85%) each contributed 3% (1/29) of the respondents,
broadening the international representation.

Section B: Game Development Experience

Overview

The survey section on game design experience collected data
on qualifications, occupations, and development experience,
including roles and satisfaction in game development. The
respondents had high qualifications, with 55% (16/29) holding
doctoral degrees, 24% (7/29) master’s degrees, and 14% (4/29)
honors degrees. The occupational profile was academic-centric,
with 24% (7/29) being lecturers and 17% (5/29) senior lecturers.
Others (17/29, 59%) included professors, researchers, and
various roles in private industry. A significant proportion of the
respondents (16/29, 56%) had >5 years of game development
experience, showcasing their expertise in the field. Most (22/29,
76%) had also been involved in serious game development,
although a few (3/29, 10%) had not, and some (2/29, 7%) were
unsure or had projects in development. In terms of team
experience, the majority (22/29, 76%) affirmed involvement,
with a small percentage (3/29, 10%) either working
independently or not at all in serious game development.
Satisfaction across 11 development factors (DFs) was measured,
with the highest scores (out of 4) being for collaboration (3.54),
skills (3.56), vision (3.56), and educational aspects (3.7) and
the lowest for management (2.85). The DFs and their resulting
scores were as follows:

• DF1: collaboration, average score=3.54
• DF2: communication, average score=3.22
• DF3: resources, average score=3.19
• DF4: team composition, average score=3.3
• DF5: skills, average score=3.56

• DF6: management, average score=2.85 (this is the lowest
average score among the 11 DFs studied)

• DF7: vision, average score=3.56
• DF8: procedures and processes, average score=2.96
• DF9: outcomes, average score=3.12
• DF10: conflict, average score=3.31
• DF11: educational and edifying aspects, average score=3.7

(this is the highest average score among the 11 DFs
investigated)

Respondents expressed their views on various aspects of serious
game development in this section:

• Collaboration (DF1): respondents were largely satisfied
with their collaborative efforts in developing games.

• Communication (DF2): although rated slightly lower than
collaboration, communication during serious game design
was still positively regarded.

• Resources (DF3): the resources available for serious game
development, including educational materials, software
tools, and marketing aids, were deemed satisfactory.

• Team composition (DF4): the composition of serious game
teams was viewed favorably, with the right mix of skills
and expertise viewed as to the team’s goals and
performance.

• Skills (DF5): team members’ skills were rated as fitting for
serious game development tasks.

• Management (DF6): satisfaction with management was
moderate, indicating that some areas may require
improvement.

• Vision (DF7): respondents were content with the guiding
visions for serious game projects, which help in goal setting
and decision-making.

• Procedures and processes (DF8): there was some
dissatisfaction with the processes involved in transforming
ideas into final products.

• Outcomes (DF9): the outcomes of serious game projects
were generally met with approval, suggesting satisfaction
with the services or interventions provided.

• Conflict (DF10): opinions on conflict were mixed but leaned
toward satisfaction with handling disagreements during
serious game projects.

• Educational and edifying aspects (DF11): given the
respondents’ backgrounds in education and research, they
highly rated the educational value of the games produced.

The section B responses indicated that the experts were
well-versed in game development, with a specific focus on
serious game development. Their moderate satisfaction across
key production factors attested to their practical experience,
reinforcing the study’s credibility and reliability. Predominantly
researchers, these individuals engage deeply with the field, often
acting as SMEs in serious game projects. The most frequently
reported challenges were resource-related: time, budget, and
skills. Acknowledging these common hurdles faced by serious
game professionals helps refine the framework to address and
mitigate such issues more effectively.

Serious Game Development Roles

Researcher emerged as the most common role among serious
game professionals, accounting for 14% (4/29) of the
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respondents, highlighting their involvement in data collection,
analysis, and contribution to scholarly literature. The role of
educational theorist followed at 10% (3/29), underscoring
expertise in teaching methods. Content expert, designer, and
tester each constituted 9% (3/29) of the respondents. Additional
roles such as project manager, CEO (chief executive officer),
and UX (user experience)/UI (user interface) designer were
specified under Other. With education-related roles being
predominant, this reflects the survey’s findings on respondent
occupations. A total of 176 roles were reported, averaging 6
roles per person, indicating the multifaceted nature of serious
game stakeholder involvement. The diversity of roles suggests
that stakeholders often wear multiple hats in their projects.
Notably, lawyer and licensor were the only roles not represented
among the respondents.

Serious Game Development Activities

Respondents reported a broad spectrum of activities within
serious game development, categorized into preactivity stage,
development, postactivity stage, continuous, and unknown:

• Preactivities are preparatory steps such as topic research,
fundraising, context analysis, problem definition, game
scope determination, learning content creation, and initial
consultations.

• Development activities encompass the actual creation
process, including game design, iteration, implementation,
programming, artwork, and character design.

• Postactivities might consist of usability testing and game
evaluations, depending on the project’s goals.

• Continuous activities are ongoing tasks such as
management, research, education, administration, and
marketing that span the project’s life cycle.

• Unknown captures any unclear or undefined responses.

The bulk of the feedback pertained to the hands-on development
tasks—programming, art, writing, and design—aligning with
the framework’s emphasis on development processes. Game
research and evaluation were equally represented, each with 9
mentions, while learning content development received 7
mentions, reflecting the educational aspect of serious game
projects.

Serious Game Development Issues

Respondents were asked about common issues encountered
during game development, with the question focused on
resources and game-specific challenges.

Resource-related issues highlighted included the following:

• Time management, with 7 (24%) of the 29 respondents
noting the extensive duration needed for serious game
projects, often described as time consuming and unrealistic

• Budget constraints, also mentioned by 7 (24%) of the 29
respondents, indicating that limited funding, especially
within educational environments, affects the scope of
development

• Skills shortage, with responses pointing to a lack of
necessary expertise and experience among serious game
stakeholders

• Team-related factors, with, for example, size and
composition, tools for development, intellectual property
concerns, and marketing resources highlighted as challenges

Game-specific issues centered on the following aspects:

• The balance between educational content and entertainment
value, with respondents expressing difficulty in finding the
right mix

• Validation of serious game effectiveness, including
measuring the impact of serious games on players, which
was mentioned as a key concern

End-user considerations include player demographics, abilities,
and gaming background, along with their engagement levels
and ability to reach states of flow during gameplay.

Sections C, D, and E: Framework-Level Impressions
The 3 levels of the framework are EA, execution (process
oriented), and practical (outcomes). The following aspects of
the conceptual framework levels were examined in sections C,
D, and E of the expert review questionnaire:

• Comprehensibility: the degree to which the framework,
including its overall structure and key components, can be
understood and comprehended by its intended audience

• Fluency: the ease with which the framework can be applied
or implemented by its users, considering the clarity of
instructions and the usability of any associated tools and
resources

• Length: the appropriate duration or scope of the framework
to ensure that it is neither too long nor too short and
provides adequate guidance to achieve the desired results

• Accessibility: the extent to which the framework is
accessible to all potential users, including those with
physical or cognitive limitations, and the availability of the
resources required to implement the framework

• Applicability: the relevance and utility of the framework
in addressing the challenges or opportunities it is intended
to address

• Utility: the effectiveness of the framework in achieving its
intended outcomes, including its capacity to produce
measurable and quantifiable outcomes

• Contextuality: the extent to which the framework is tailored
to the context or situation in which it will be applied,
including cultural and social considerations

• Outputs: the tangible and measurable results or outcomes
produced by the application of the framework, such as
changes in behavior and performance enhancements, as
well as other demonstrable effects

The results from sections C, D, and E are presented in Table 3.
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Table 3. Questionnaire results for sections C, D, and E (n=29).

Overall comments5-point scale ratingsFramework aspect

Strongly dis-
agree, n (%)

Disagree, n
(%)

Neutral, n
(%)

Agree, n (%)Strongly
agree, n (%)

Comprehensibility (clarity of framework structure and components)

Needs more clarity7 (26)—11 (41)9 (33)—bEAa level

Clear to most respondents1 (4)—6 (21)21 (75)—Execution level

Rated highest for clarity————23 (81)Practical level

Fluency (ease of applying or implementing the framework)

Logical progression noted1 (4)—8 (29)—19 (68)EA level

Highly logical flow2 (7)—4 (14)—22 (79)Execution level

Streamlined progression————23 (81)Practical level

Length (adequacy of framework duration and scope)

Divided opinions—7 (27)13 (46)7 (27)—EA level

Some found it lengthy—4 (14)11 (39)—13 (46)Execution level

Most agreeable length————17 (62)Practical level

Accessibility (ease of access for all users, including those with limitations)

Complex for laypersons—10 (36)12 (44)5 (20)—EA level

Accessible to general users—3 (11)11 (41)13 (48)—Execution level

Most accessible level————13 (48)Practical level

Applicability (relevance and adaptability of the framework to different scenarios)

Requires more relevance—3 (11)13 (48)11 (39)—EA level

Pertinent to game design—2 (7)7 (25)—19 (68)Execution level

Highly relevant to practice————21 (74)Practical level

Utility (effectiveness in producing intended outcomes)

Utility is acknowledged—3 (11)15 (54)10 (36)—EA level

Comparable to EA level—3 (11)15 (54)10 (36)—Execution level

Divided on effectiveness——13 (46)—13 (46)Practical level

Contextuality (suitability of the framework for various cultural and social settings)

Needs more adaptability—3 (11)15 (52)10 (36)—EA level

Flexible across settings—3 (11)7 (26)—15 (52)Execution level

Well-tailored to contexts————13 (48)Practical level

Outputs (tangible results or benefits from using the framework)

Essential outputs produced—4 (15)13 (48)10 (37)—EA level

Effective in generating outcomes—3 (11)9 (32)—16 (57)Execution level

Highest positive review————19 (67)Practical level

aEA: enterprise architecture.
bNot applicable.

Section F: Overall Impressions
Expert feedback on the stakeholder-centered framework revealed
several key themes. Most of the participants agreed that the
framework is useful for facilitating serious game development,
highlighting its organized approach and detailed guidance.
However, worries about its intricacy indicate that it could be
overwhelming for smaller teams or individuals inexperienced

in serious game development. Some of the respondents proposed
that the framework should be used primarily as a diagnostic
tool rather than a prescriptive one, hinting at a possible
adjustment in its application to better suit serious game
developers’ varying levels of expertise.

Feedback on the framework’s features suggested the necessity
for additional refinement to improve its structure and
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comprehensibility. Respondents requested a clearer definition
of serious game design elements and a greater emphasis on the
gameplay experience. The relationship between the different
levels of the framework and how well they work together with
other frameworks were recognized as areas that require focus.
There was a clear desire for participatory processes, emphasizing
a preference for a stakeholder-centered approach that maximizes
production and team engagement.

The framework’s implementation elicited varied responses,
with a significant portion finding it easy to use, while a
noteworthy percentage encountered challenges. These
observations emphasize the significance of customized training
and emphasize the intricate nature of the framework. Providing
stakeholders with necessary tools and ensuring that the
framework is easily accessible can help alleviate these
challenges.

Opinions on the provision of necessary development instruments
were mostly positive, although some of the respondents noted
that the framework does not fully address all aspects of
information systems development or early serious game design
requirements. This indicates potential for growth and a more
detailed incorporation of serious game design mechanisms.
Many of the respondents viewed the motivation to excel while
using the framework positively because it offers clarity on roles
and progression through the serious game development stages.
However, some of the respondents doubted its impact on
motivation, citing the possibility of heightened demands because
of the framework’s procedural intricacy. Respondents had a
positive outlook on how the framework would affect stakeholder
efficiency and management, expecting enhancements in planning
and stakeholder engagement. However, some of them believed
that it might lead to increased resource demands and project
delays, highlighting the importance of finding a balance between
specific instructions and managing work efficiently.

Summary
Overall, the stakeholder-centered framework was acknowledged
as a valuable tool for serious game development, but it requires

simplification and more user-friendly adjustments. The feedback
is crucial for future improvements, guaranteeing that the
framework stays pertinent and efficient for various serious game
development scenarios.

Discussion

Principal Findings
The study highlights that serious game practitioners, researchers,
and specialists have varying knowledge needs and objectives;
for instance, a serious game practitioner in private industry may
seek financial information related to serious games for
profitability, while a researcher may focus on evaluating the
effectiveness of serious game media. Serious game specialists
may require a combination of knowledge needs to fulfil their
role. As indicated in Figure 2, it is crucial for managerial staff
to be aware of these differences and understand their team
members’knowledge needs and objectives to effectively manage
operating costs and stakeholder needs in a serious game project.

The neglect of elements such as threat assessment in serious
game practice can lead to increased risk, which can impact
revenue and project success. It is important for administrative
and managerial staff to consider different types of risks, such
as integrated, behavioral, strategic, financial, compliance, legal,
and operational risks before, during, and after serious game
production. Risk assessment has significant implications for
stakeholder management, uncertainty management, hazard
evaluation, control measures, and workplace safety and should
be considered in any framework aimed at supporting
stakeholders in creating effective serious game media.

The stakeholder-centered framework is mostly prescriptive and
lacks personalization, and stakeholder input is necessary for
improvement. The framework also lacks emphasis on game
design principles and evaluation. Future research can explore
ways to facilitate stakeholder participation and integrate serious
considerations such as learning analytics, knowledge
management systems, evaluation frameworks, and more.
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Figure 2. Overcoming variance in knowledge needs and objectives for serious game practitioners, researchers, and specialists.

Limitations
One limitation is the challenge of incorporating 3 different
theoretical pillars, which increases the complexity and can make
it difficult to achieve brevity in practical research. In addition,
the qualitative nature of the investigation means that the focus
is on a specific sample group with distinct demographic,
psychological, social, and cultural traits, making it difficult to
generalize the findings to all comparable groups or
circumstances. As a result, transferability is more relevant for
this qualitative research.

Time constraints are another limitation imposed on the study
because it is cross-sectional in nature, giving us a limited time
frame to deliver our work for examination. However, the DSR
approach allows the framework to undergo imminent
development and iteration.

The modest sample size of the study (n=29) could also be
considered a limitation because serious games are a niche field
that often require expertise in education, health, or public policy,
which may limit their developers. However, we contacted 220
people to take part in the study after extensive market research,
and additional data would have reduced random variation and
increased statistical power, making the research more accurate
and reliable.

Another limitation of the research is that the framework could
only be evaluated on a particular level of response assessment.
Future studies should be conducted with teams to see how the
framework functions in practice, according to all 4 levels of
artifact assessment: response (participant feelings), learning

(knowledge transfer), behavior (work performance), and
outcomes (effect over time).

Finally, the reliability of questionnaire data analysis is highly
dependent on several factors, such as the quality and depth of
the responses, the structure of the questionnaire, and the lack
of observations regarding alterations in the respondents’ states
of mind, feelings, and behaviors. Therefore, these factors should
be taken into consideration when interpreting the results of the
study.

Recommendations
We offer the following recommendations for future work:

• Forthcoming work on this topic should isolate each
theoretical domain, examine them discretely, and combine,
compare, and synthesize the results.

• A positivistic study that gathers quantitative data would
intensify the generalizability of the findings relating to the
stakeholder-centered framework. Quantitative research,
such as experimental studies, offers a good basis for
developing wide generalizability, given that generalizability
requires data from large populations.

• Longitudinal research over an extended period of time could
better assess the affects and effects of the framework. The
analysis could also be richer if the inquiry extends beyond
a single moment in time. DSR is typically carried out in
iterative cycles of design, implementation, and evaluation,
which enables researchers to refine and improve their
solutions over time, allowing for strong longitudinal studies.
This iterative approach also allows for data collection at
multiple points in time, which can provide insights into the
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effectiveness and long-term viability of the solutions being
developed. The framework becomes a living artifact in this
way.

• A larger sample population can feature in impending
studies. The greater the sample size, the more precise the
calculated mean values will be. Error margins are also
reduced if a bigger sample is used.

• More participants enable the facts to speak for themselves,
rather than depending on assumptions and the researcher’s
subjective relationships with the data. Additional data also
lead to more accurate and precise units of analysis.

• The stakeholder-centered framework can be assessed
according to all 4 levels of artifact assessment proposed by
Petri and von Wangenheim [45]. A longitudinal study of
this nature would be equipped to establish the effectiveness
of the framework regarding its learning potential, behavioral
impacts, and outcomes.

• The methods used to appraise the framework could be
expanded in future work. This would improve the reliability
of the data analysis carried out; for example, structured
interviews, semistructured interviews, in-depth interviews,
focus groups, field research, ethnography, and observation
could be used to strengthen analysis efforts.

Features for the Framework Going Forward
Now that that main recommendations for future research have
been presented, we need to consider the requisite features for
the framework going forward (Table 4).

Variant 4 of the stakeholder-centered framework reflects the
academic and investigative nature of serious games and their
development (Figure 3). It includes instructions, demonstrations,
descriptions, and definitions that facilitate game design and
development and focuses on procedural information rather than
technology, expertise, or resources. The length of the tool has
been reduced, and the framework is less prescriptive, providing
flexibility in project assumptions, goals, and processes. The
progressive web application version of the framework enables
users to take part in conversations with one another, categorizes
procedural information into subdivisions, and includes built-in
support mechanisms. The application affords the researcher
added control over the transmission, presentation, structure, and
extent of the intelligent system and can adapt to any changing
needs or patterns of its user base.

Variant 4 also integrates the 3 theoretical domains in a more
subtle manner than previous versions. It presents a terser
technical diagram for serious game design that omits some
information to improve accessibility and usability. The
procedures still begin with stakeholder analysis, categorizing
stakeholders by their impact and influence on value creation in
the development endeavors. The resulting stakeholder categories
are development, publishing, context-related, and supplementary
teams, which consist of stakeholder roles with their own
activities and specializations.

JMIR Serious Games 2024 | vol. 12 | e48099 | p.1071https://games.jmir.org/2024/1/e48099
(page number not for citation purposes)

Bunt et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. How desired framework traits correlate to improvement areas, as well as evidence for the intersection thereof in the progressive web artifact.

Artifact execu-
tion (within
the progres-
sive web appli-
cation)

Improvement areas (from expert review)Desired
framework
trait

Transmis-
sion

Simplifica-
tion

Seman-
tics

Prescrip-
tion

Mile-
stones

Ideal-
ism

Guid-
ance

Configura-
tion

Concentra-
tion

Abbrevia-
tion

Serious game
conventions

✓✓✓✓Concerned
with seri-
ous aspects built into the

artifact: princi-
ples, designs,
and evalua-
tions

Artifact uses
chunking to

✓✓✓✓✓Concise

boost content
processing

Artifact facili-
tates the

✓✓✓✓Diagnostic

achievement
of develop-
ment objec-
tives through
measurement

Artifact is
open to

✓✓✓✓✓✓Flexible

changes in as-
sumptions,
goals, and pro-
cess

Artifact in-
cludes instruc-

✓✓✓✓✓Informa-
tive

tions, demon-
strations, de-
scriptions, and
definitions on
serious game
design

Artifact makes
provision for

✓✓✓✓✓Invested in
work, not
technology technology

but focuses on
procedural in-
formation

Discussion is
facilitated in

✓✓✓✓Participato-
ry

the artifact by
way of private
and communi-
ty chat func-
tions

Various activi-
ties are divid-

✓✓✓✓✓✓Procedural

ed into practi-
cal sections
and directed at
various stake-
holders
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Artifact execu-
tion (within
the progres-
sive web appli-
cation)

Improvement areas (from expert review)Desired
framework
trait

Transmis-
sion

Simplifica-
tion

Seman-
tics

Prescrip-
tion

Mile-
stones

Ideal-
ism

Guid-
ance

Configura-
tion

Concentra-
tion

Abbrevia-
tion

Extraneous in-
formation is
removed using
filters, and
streams of ma-
terial are cate-
gorized

✓✓✓Relevant

Sets of actions
provided in
the artifact are
reusable and
easily duplicat-
ed

✓✓✓✓✓Repeatable

Sections of the
artifact are tar-
geted toward
specific stake-
holders

✓✓✓✓Stakehold-
er centered

Frequently
asked ques-
tions, data
protection,
and self or
continual sup-
port

✓✓✓✓✓Supportive

Scalable de-
sign is incorpo-
rated into the
artifact

✓✓✓✓Sustainable

User control,
consistency
standards,
minimalist de-
sign, and plat-
form compati-
bility

✓✓✓✓✓✓✓✓✓✓Usable

Artifact en-
courages good
design prac-
tice by encour-
aging users to
assess their
own practice

✓✓✓✓✓Vehicle for
good de-
sign
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Figure 3. Variant 4 (version 2.0) of the stakeholder-centered framework. HR: human resources; MVP: minimum viable product; PR: public relations;
QA: quality assurance; SME: subject matter expert; UI: user interface; UX: user experience. For a higher-resolution version of this figure, see Multimedia
Appendix 2.

Conclusions
The proliferation of serious games and game-assisted learning
in education and beyond requires keen awareness, careful
contemplation, and steady advancement [46-48]. As serious
games become more common in contexts aiming to edify in
innovative ways, scholars should not only consider methods to
improve the efficacy thereof but also think about how to
realistically and efficiently fabricate them as well. Serious game
project stakeholders need practical ways to align their interests
with those of the enterprise. Stakeholder roles, activities,
specializations, potential, competence, and capabilities all impact
these experts’productive capacity and labor prospects. However,
serious game initiatives vary significantly. To help future game

makers, this research inspects serious game design stakeholders
and techniques to produce a system capable of supporting these
individuals in a range of environments. A stakeholder-centered
framework, in this view, may help serious game developers
manage their teams and drive practice in beneficial and
sustainable ways. In the future, we hope that this investigation
will aid in a decrease in serious game project failure,
communication breakdown, and apathy regarding the genre of
games intending to do more than purely entertain. However,
additional research and innovation is needed in fields adjacent
to, and embedded in, serious games to support the growing need
for novel approaches to demonstrate, educate, simulate, and
inform.
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Abstract

Background: Arts engagement using virtual reality and serious games represent promising nonpharmacological self-management
treatment approaches to chronic pain. This study is the first randomized controlled trial to explore the impact of a web-based
serious game that simulated a visit to an art museum on pain and social disconnection among individuals living with chronic pain
and loneliness.

Objective: This study aimed to test the joint and separate effects of exposure to digital art and attachment figure priming on
pain and social disconnection among individuals living with chronic pain and loneliness.

Methods: This randomized controlled trial used a 2 (digital artwork present and absent) × 2 (secure attachment and avoidant
attachment prime) repeated measures factorial web-based experimental design with a hanging control condition. Mediation and
moderation analyses examined how feelings about the social world triggered by the artwork and frequency of museum visits
impacted the effects of the interventions on pain and social disconnection.

Results: The results are based on 308 participants. Mean age of the participants was 42.78 (SD 13.11; range 18-76) years, and
60.2% (n=186) were women. Posttest pain was lower than pretest pain for the artwork present (P=.001) and absent (P=.001)
conditions. Similarly, posttest pain was lower than pretest pain for the secure (P=.001) and avoidant (P=.001) attachment priming
conditions. Relative to the control group, artwork present (P=.001) and absent (P=.01) conditions had decreased posttest pain.
The secure (P=.001) and avoidant (P=.001) attachment priming conditions also had lower posttest pain scores relative to the
control group. Moreover, social disconnection decreased from pre- to posttest for both the artwork present (P=.04) and the secure
attachment priming (P=.002) conditions. Relative to the control group, posttest social disconnection was lower for the artwork
present (P=.02) and secure attachment priming condition (P=.03). The artwork-secure attachment (P=.001) and artwork-avoidant
attachment (P=.006) conditions had lower posttest pain scores compared with the control group. Social disconnection decreased
from pre- to posttest for the artwork-secure attachment (P=.01) and no artwork-secure attachment (P=.05) conditions. Posttest
social disconnection was lower for the artwork-secure attachment condition compared with the control group (P=.04). Positive
feelings about the social world triggered by artwork exposure and frequency of museum visits in the last year played a mediating
and moderating role in these effects. Positive feelings about the social world were associated with decreased pain (B=−.53) and
social disconnection (B=−.25), and these effects operated on individuals exposed to digital artwork at low, medium, and high
frequency of physical museum visits.

Conclusions: Relative to a control group, visiting a web-based art museum reliably decreased pain and social disconnection
among individuals living with chronic pain and loneliness. Engaging with digital artwork that triggers positive feelings about the
social world may mitigate the burden of chronic pain.

Trial Registration: ClinicalTrials.gov NCT05310747; https://clinicaltrials.gov/study/NCT05310747

(JMIR Serious Games 2024;12:e52294)   doi:10.2196/52294

KEYWORDS

pain; social disconnection; loneliness; randomized controlled trial; art; museums; virtual reality; serious games; virtual art; chronic
pain and loneliness; attachment; priming; mediation; intervention; cyberpsychology; mental health
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Introduction

Background
Chronic pain is a leading cause of disability globally [1]. In the
United States, the National Academy of Sciences estimates that
more than 100 million American people live with chronic pain,
at an annual cost between US $560 and US $635 billion in direct
medical expenses and lost productivity [2]. The International
Association for the Study of Pain classifies chronic pain as pain
that persists for more than 3 months, that is associated with
significant emotional distress or functional disability, and that
is not better accounted for by another condition [3].

Despite widespread acknowledgment of chronic pain’s
biopsychosocial nature, its dynamic interaction between the
social environment and the individual in whom pain is
experienced [4] is inadequately addressed within the biomedical
model of clinical medicine [5]. Chronic pain often reduces social
role functioning and increases the risk of social disconnection,
which can negatively impact both pain interference and pain
intensity over time [6,7]. The cultural and entertainment sector
in general and museums in particular may be valuable public
health partners in addressing the social burden of chronic pain
[8]. In particular, the arts can play a key role in promoting health
and managing illness across the life span [9], including evidence
that cultural engagement both reduces the risk of developing
[10] and mitigates the social disconnection associated with
chronic pain [11,12]. However, chronic pain may impede
individuals from physically visiting museums and decrease
cultural engagement in general. In this context, web-based
museum visits and serious games have additional features
favorable to public health programming: they are often free,
available 24 hours a day, unrestricted by geography, and more
accessible than in-person museum visits [8].

Technological and Psychological Factors
Virtual reality (VR) is a computer-generated environment
designed to modify an individual’s sensorial inputs and
experience [13]. Additionally, serious games are ludic
experiences designed to go beyond entertainment and intend to
increase health, learning, and social change [14]. These
technologies have been deployed as treatment approaches for
both acute [15-17] and chronic [18-21] pain across the lifecycle
[15,22] with promising albeit early results. VR and serious
games thus represent promising nonpharmacological
self-management treatment approaches for chronic pain [18,20].

Two psychological mechanisms articulate why engagement
with the arts enabled by a serious game may alleviate chronic
pain and its associated social disconnection. According to the
distraction hypothesis, exposure to an engaging stimulus can
draw an individual’s attention away from pain [23]. Therefore,
exposure to artworks within a web-based museum may decrease
pain by reducing the mental resources available to experience
it [24-27]. For instance, children who play commercial video
games report decreased pain intensity and resting pain and use
less pain relief medication relative to the day before playing
video games [28]. In addition, mood management theory
predicts that individuals use entertainment media and cultural
experiences to increase positive mood and diminish negative

mood [29]. For instance, digital art exposure may alleviate pain
and decrease social disconnection by inducing positive affect
[24,28,30] instead of by simply operating as a visual distractor.

Consider that 1-shot exposure to digital art (ie, a Monet painting)
decreases loneliness and anxiety primarily by improving positive
social affect relative to no art exposure [31]. However, these
studies raise placebo and Hawthorne effect concerns because
both digital art and no-art exposure had positive effects on
well-being [31,32]. Placebo effects refer to improvement
resulting from the administration of an inert treatment with no
specific therapeutic properties [33]. The Hawthorne effect refers
to a landmark study that found that dim or bright light intensity
manipulations invariably resulted in increased productivity,
suggesting that simply observing and paying attention to
intervention participants may result in improved outcomes [33].
Considering this, there is a need to further examine the effect
of digital art exposure on chronic pain and social disconnection.

Individual and Situational Factors
Further, individual differences may influence the exposure
effects of VR and serious games [34]. Aesthetic responsiveness
or trait differences in the capacity to savor art increases liking
and meaning triggered by exposure to a digital Monet painting,
which then boosts positive mood along with decreasing state
anxiety and negative mood [32]. Considering that repeated
engagement with museums, galleries, and concerts is linked to
increased well-being [35], we examine how individual
differences in the frequency of museum visits statistically
moderate the direction and strength of the effect of web-based
artwork exposure.

In addition, recent interventions have examined the effects of
situational factors, such as the pace and mindset of individuals
engaging with digital art. More specifically, a study compared
the effects of slow versus fast visits to a web-based art gallery
combined with mindset framing instructions given to individuals
(ie, to mindfully engage with art, to engage in social looking,
and to engage in curious looking) on outcomes including
engagement, meaning, and autonomy satisfaction [36]. The
study found no effects, which were attributed to variable
selection and the potential impact of unmeasured third factors,
such as positive emotion triggered by art engagement [36].

To obtain a more comprehensive picture of the situational factors
that affect the positive effects of digital art exposure, this study
explores the influence of attachment security or avoidance
priming. According to adult attachment theory, repeated
interactions allow individuals to develop mental models about
close relationships [37]. For instance, secure attachment is linked
to the belief that significant others are trustworthy [38]. In
comparison, attachment avoidance is linked to the belief that
significant others cannot be trusted [39]. The application of
priming techniques to trigger mental models of attachment
security or avoidance can lead to a temporary enhancement of
people’s sense of security or anxiety due to the activation of
pre-existing attachment-related memories [40,41]. Thus,
attachment security priming can increase individuals’ health
and well-being, as the contextual activation of a nurturing
attachment figure reduces stress and increases positive mood
[42]. For example, attachment security priming can reduce
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psychological pain (ie, hurt feelings) relative to neutral primes
[43]. Additionally, viewing photos of a significant other while
receiving painful stimuli reduces pain ratings and pain-related
neural activation and augments activity in safety signaling neural
regions [44]. Moreover, secure and avoidant attachment primes
increase or decrease pain threshold and tolerance relative to a
neutral prime, respectively [45]. According to a meta-analysis
[46], attachment security priming has larger effect sizes on
affect-related outcomes (eg, decreased pain, lower anxiety, and
positive affect) relative to its effects on behavior (eg, trust and
altruism) and cognition (eg, attitude change, reaction time, and
recall). Thus, secure attachment priming should enhance the
effects of digital art exposure, whereas avoidant attachment
priming should have the opposite effect.

Objectives and Hypotheses
This study is the first randomized controlled trial to explore the
impact of a web-based art museum serious game on pain and
social disconnection among individuals living with chronic pain
and loneliness, thereby responding to both the global need for
more research on how game design and behavior change
interventions impact health [47] and the specific need within
clinical pain management to develop nonpharmacological
self-management treatment approaches to chronic pain [48] that
target social disconnection [5,12]. This study tests the joint and
separate effects of exposure to digital art and attachment figure
priming on pain and social disconnection. The study also
examines how enhanced positive feelings about the social world
triggered by artwork exposure and frequency of past museum
visits mediate and moderate pain and social disconnection
effects, respectively. The study’s hypotheses are presented in
Multimedia Appendix 1.

Methods

Ethical Considerations
The University of California, Davis Institutional Review Board
approved this study (IRB# 1811205‐1). All participants were
presented with a detailed study description before providing
informed consent prior to randomization into the experimental
conditions detailed below. The study data are anonymous and
deidentified. The data are stored in a password-protected
computer with push authentication. Participants were
compensated with a US $25 electronic gift card.

Study Design
This randomized controlled trial used a 2 (digital artwork present
and absent) × 2 (secure attachment and avoidant attachment
prime) repeated measures factorial web-based experimental
design with a hanging control condition. The hanging control
group was not exposed to any level of the independent variables
and thus represented a strict no-exposure condition [49].

Based on a priori power analysis [50] for an ANOVA (analysis
of variance) design with repeated measures within-between
interaction and power estimated at 1−β=0.80, Cohen d=0.10, it
was estimated that the study required 305 participants to have
enough statistical power to test its hypotheses. Eligible
participants were randomized by StudyPages (Yuzu Labs), a
third-party Health Insurance Portability and Accountability

Act–compliant clinical trial management platform, using
computer-generated blocks of 5 to ensure balanced allocation
across study groups. This study was registered on
ClinicalTrials.gov (NCT05310747). The hypotheses and data
analysis plan were preregistered in the Open Science
Framework.

Recruitment and Sample
StudyPages conducted a social media campaign to recruit
participants for this study. Older adults living in the United
States were targeted with advertisements on Facebook and
Instagram inviting them to participate. Recruitment occurred
between October 9, 2022, and January 3, 2023. A total of 1789
participants were invited to the study: 398 accessed the study
from StudyPages’ Facebook and Instagram social media
campaign and 1391 accessed the study from direct and unknown
sources. Of the participants who accessed the study from known
sources, 65 were linked to StudyPages via SMS share, 28 via
email share, 7 through Facebook share, and 1 via Twitter share.

All invited participants were first directed to StudyPages’
website to respond to a 5-question eligibility screener. The
inclusion criteria stipulated (1) English language proficiency,
(2) adults ≥18 years of age, (3) chronic moderate to severe pain
(≥6 months in duration and ≥4 in response to the question, “on
average this week my pain intensity has been?” on a 0‐10
numeric rating scale) [51], (4) loneliness (≥4 on the 3-item
Loneliness Scale) [52], and (5) ownership of an electronic device
with internet connection. Individuals were excluded from this
study if they had dementia or were unable to consent.
Participants were not screened for analgesic use. In total, 382
participants failed a single or more criterion of the eligibility
screener and were thus excluded from the study. Participants’
self-reports were used for the eligibility screener and were not
independently verified. All participants who passed the
eligibility screener were enrolled into the study. Additional
information can be found in Multimedia Appendices 2 and 3.

Bot attacks occurred throughout data collection. Several safety
measures were used to eliminate any fraudulent data from the
final analysis. The clinical trial recruitment platform used bot
detection techniques, such as eliminating data that resulted from
large numbers of signups within a short period of time and
checking for fraudulent or duplicate IP addresses. Additionally,
the third author (WW) filtered all responses to ensure the
validity of all data, checking for duplicate responses and invalid
text entries.

Intervention Design and Procedures
The web-based art museum gallery ran on Unity (version
2020.3.21; Unity Technologies), a digital platform for creating
real-time 3D digital games. Participants used their computer’s
browser to complete all study surveys and explore a
custom-designed web-based serious game simulating a 3D art
museum gallery for 10 minutes. Participants filled out a pretest
survey measuring pain and social disconnection and then
responded to 3 writing prompts.

To prime secure or avoidant attachment, participants provided
the initials for a close person that had made them feel socially
connected or disconnected (ie, loved or valued and unloved and
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undervalued) [42,53]. Following this, they were given 5 minutes
to provide a minimum of 80 words (with a maximum of 500
words) in response to “Try to get a visual image in your mind
of this person. What is or was it like being with this person?
What is or was it about this person that made you feel seen,
heard, and valued?” Participants then wrote about a specific
occasion or anecdote in which the person in question had said
or done something that made the participant feel loved or
unloved, cared or uncared for, and valued or undervalued. For
the second and third prompts, participants were able to submit
their responses after providing at least 80 words or the onscreen
timer ran out. Participants then engaged with a tutorial to learn
how to move and explore objects of art in the gallery using their
keyboard and mouse or trackpad. The tutorial lasted until
participants completed a set of 8 simple movement and clicking
instructions. The tutorial could be completed in a minimum of
30 seconds. Thus, depending on writing speed and verbosity,
participants took 5‐10 minutes to complete attachment priming
manipulation and then enter the web-based museum.

For the artwork present condition, the principal investigators
(JP and IK) selected 18 artworks from the digitized Google Arts

& Culture collection pretested to elicit social connection and
positive affect, including intimate connection with friends or
family, calmness, wonder and awe, love, and liveliness [54].
The selection process attempted to sample artwork from
different continents. The gallery included artworks by Myoe
Thant Oung (Living Under Belief 1 and 2), Vera Bocaiuva
Mindlin (Figuras), Shoko Uemura (A Warm Winter Day),
William H Johnson (Jitterbugs II), Walter Ufer (Jim),
Hovhannes Aivazovsky (The Ninth Wave), Martin Ron (Pedro
Luján and His Dog), Georges Seurat (A Sunday on La Grande
Jatte), Filipp Malyavin (Whirlwind), Lee Sangwon (Aquarium),
Vincent Van Gogh (Portrait of Joseph Roulin), Claude Monet
(Woman With a Parasol), Prateep Kochabua (Luang Ta Ma),
Diego Rivera (The Grinder), Martin Djukin (Return From the
Field), Boris Kustodiev (Shrovetide), and Joaquín Sorolla (After
Bathing). This approach is consistent with Cotter et al [36], who
exposed participants to web-based art galleries with 30 artworks
each. For the artwork absent condition, the gallery was the same
except the 18 paintings were removed. Figures 1 and 2 depict
the artwork present versus absent conditions.

Figure 1. Web-based art museum (artwork present condition).

JMIR Serious Games 2024 | vol. 12 | e52294 | p.1081https://games.jmir.org/2024/1/e52294
(page number not for citation purposes)

Peña et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Web-based art museum (artwork absent condition).

Participants in the hanging control group filled out the
preintervention survey and then waited for 10 minutes before
completing the postintervention survey.

Dependent, Mediator, and Moderator Variables
This study’s dependent variables, perceived pain and social
disconnection, were measured immediately before and after the
assigned intervention. We measured several dimensions of pain
with pre- and posttest single-item 0‐10 Likert numeric rating
scales: pain intensity (“What is your pain intensity right now?”),
pain unpleasantness (“How unpleasant is your pain right now?”),
general pain interference (“What number best describes how,
at the moment, pain has interfered with your general activity?”),
and pain enjoyment interference (“What number best describes
how, at the moment, pain has interfered with your enjoyment
of life?”) [55]. These items showed significant positive
correlations (rpretest(310)=0.56, 0.61, 0.77, 0.83; P=.001 and
rposttest(308)=0.74, 0.77, 0.79, 0.91; P=.001, respectively). An
exploratory factor analysis indicated that the scales resolved in
a single pain factor that explained 85.6% of variance in the
responses. Thus, the pain-related items were averaged into 2
variables that represented pre- (mean 7.00, SD 1.63; Cronbach
α=0.89) and posttest perceived pain (mean 5.96, SD 2.13;
Cronbach α=0.94).

Perceived social disconnection was measured using a 12-item
social disconnection scale [56] on a 5-point Likert scale (1=not
at all and 5=very much). Sample items include “I feel
disconnected from others” and “I feel alone.” Social
disconnection scale scores were clustered around the average,
and both pre- and posttest scores demonstrated good reliability
(mean 3.02, SD 0.41; Cronbach α=0.89) and posttest (mean
2.96, SD 0.89; Cronbach α=0.92).

Feelings about the social world triggered by the artwork were
measured immediately after the intervention using the average
score across 4 items presented as 1‐7 Likert-type scale
(1=strongly disagree and 7=strongly agree). Items included

“The artwork in the museum made me feel (negative-positive
about the social world, disconnected-connected to the social
world, excluded-included from the social world, and
negative-positive about my social relationships).” The scale
was reliable (mean 4.80, SD 1.36; Cronbach α=0.91). This
variable was used as a statistical mediator to examine how
positive feelings triggered by the artwork would indirectly
influence the direct link between the manipulations and
outcomes such as pain and social disconnection.

The frequency of museum visits was measured with a single
item, which asked participants “How often did you visit an art
museum last year?” The response options were none, 1 time, 2
times, 3 times, and more than 4 times (mean 1.94, SD 1.20).
This variable was used to examine how pre-existing levels of
engagement with museums would moderate an indirect link
between artwork and attachment priming manipulations and
pain and social disconnection.

Data Analysis
The data were analyzed with repeated measures ANOVAs to
account for within and between subjects effects before and after
the experimental manipulations [51]. We used
Bonferroni-corrected tests for multiple comparisons to avoid
spurious results. The data were also analyzed with the Process
Macro Model 59 for multicategorical moderated mediation tests
to account for the effect of a single moderator on all 3 mediation
pathways [52]. Six multicategorical moderated mediation models
were constructed to assess the main and interaction effects of
the artwork and priming manipulations. The hanging control
condition was set as the reference group. Postexperiment pain
scores and social disconnection scores were the outcome
variables. Positive feelings about the social world prompted by
the artwork was the mediator variable. The frequency of
museum visits was used as the moderator variable. The mediator
and moderator variables were mean centered. The indirect
effects of the experimental conditions were bootstrapped with
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5000 samples with replacement. All tests were carried out with
SPSS (IBM Corp).

Results

Sample
In total, 1407 participants were randomized. Among them, 411
participants did not complete their randomly assigned condition,
and cases were removed following bot activity. The study
enrolled 308 participants. Participants’ mean age was 42.78
(SD 13.11; range 18-76) years. Among 308 participants, 185

(60.06%) were identified as women, 113 (36.69%) as men, 9
(2.92%) as nonbinary, and 1 (0.32%) selected other. A total of
67 of 308 (21.75%) participants were African American, 6
(1.95%) were American Indian or Alaska Native, 17 (5.52%)
were Asian, 212 (68.83%) participants were White, 3 (.94%)
selected unknown race, and 3 (.94%) preferred not to answer.
Of the participants who selected White, 14(6.6%) were Hispanic
or Latino. Two participants were removed from analysis through
the listwise deletion because of missing data. Thus, the analysis
below is based on 308 participants. Figure 3 summarizes
participant enrollment, allocation, and analysis.

Figure 3. CONSORT (Consolidated Standards of Reporting Trials) diagram.
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Main Effects of Art Exposure on Pain
There was a significant pre- to postintervention difference
between the artwork present and absent conditions (F2,305=14.90;
P=.001; r=0.22). As expected, there was no reliable pre- to
posttest pain difference for the hanging control group (P=.07).

Posttest pain was lower than pretest pain for the artwork present
(P=.001) and absent conditions (P=.001). Relative to the control
group, the artwork present (P=.001) and absent conditions
(P=.01) had decreased posttest pain scores. There were no
posttest pain differences between the artwork present and absent
conditions (P=.21). See Table 1 for descriptive statistics.

Table . Pain scores (n=308)a.

Number of partici-
pants, n (%)

Posttest pain, mean (SD)Pretest pain, mean (SD)

Conditions

107 (34.7)5.39 (2.11)6.96 (1.63)Artwork

115 (37.3)5.89 (2.15)6.99 (1.64)No artwork

86 (27.9)6.74 (1.88)7.06 (1.65)Control

308 (100)5.96 (2.13)7.00 (1.63)Total

Conditions

112 (36.3)5.66 (2.23)7.16 (1.55)Secure attachment

110 (35.7)5.64 (2.06)6.78 (1.69)Avoidant attachment

86 (27.9)6.74 (1.88)7.06 (1.65)Control

308 (100)5.96 (2.13)7.00 (1.63)Total

Conditions

52 (16.8)5.28 (2.34)7.08 (1.73)Art-secure attachment

55 (17.8)5.50 (1.88)6.84 (1.53)Art-avoidant attach-
ment

60 (19.4)5.99 (2.09)7.23 (1.40)No art-secure attach-
ment

55 (17.8)5.79 (2.23)6.72 (1.84)No art-avoidant attach-
ment

86 (27.9)6.74 (1.88)7.06 (1.65)Control

308 (100)5.96 (2.13)7.00 (1.63)Total

aPain score range 0-10, where 0=no pain and 10=worst pain imaginable.

Main Effects of Art Exposure on Social Disconnection
Though there were no reliable pre- to postintervention
differences between the artwork present and absent conditions
(F2,305=1.91; P=.15; r=0.08), social disconnection decreased
from pre- to posttest for the artwork present condition (P=.04).
There were no pre- to posttest social disconnection differences

for the artwork absent (P=.51) and control conditions (P=.45).
Posttest social disconnection was lower in the artwork present
condition relative to the control group (P=.02). Posttest social
disconnection scores did not differ between the artwork present
and absent conditions (P=.14). There were no posttest social
disconnection differences between the no artwork condition and
the control group (P=.96). See Table 2 for details.
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Table . Social disconnection scores (n=308)a.

Number of partici-
pants, n (%)

Posttest social disconnection, mean (SD)Pretest social disconnection, mean (SD)

Conditions

107 (34.7)2.77 (0.81)2.95 (0.47)Artwork

115 (37.3)3.01 (0.93)3.06 (0.38)No artwork

86 (27.9)3.13 (0.89)3.06 (0.38)Control

308 (100)2.96 (0.89)3.02 (0.42)Total

Conditions

112 (36.3)2.80 (0.91)3.06 (0.44)Secure attachment

110 (35.7)2.99 (0.84)2.95 (0.41)Avoidant attachment

86 (27.9)3.13 (0.89)3.06 (0.38)Control

308 (100)2.96 (0.89)3.02 (0.42)Total

Conditions

52 (16.8)2.69 (0.82)3.00 (0.50)Art-secure attachment

55 (17.8)2.85 (0.79)2.91 (0.43)Art-avoidant attach-
ment

60 (19.4)2.89 (0.98)3.12 (0.38)No art-secure attach-
ment

55 (17.8)3.13 (0.87)3.00 (0.38)No art-avoidant attach-
ment

86 (27.9)3.13 (0.89)3.06 (0.38)Control

308 (100)2.96 (0.89)3.02 (0.42)Total

aSocial disconnection score range 1-5, where 1=not at all and 5=very much.

Main Effects of Attachment Priming on Pain
There was a reliable pre- to posttest difference between the
attachment security priming conditions (F2,305=13.80; P=.001;
r=0.21). More specifically, there was a pre- to posttest pain
decrease for the secure (P=.001) and avoidant priming
conditions (P=.001). There were no pre- to posttest pain
differences for the control group (P=.07). The secure (P=.001)
and avoidant attachment conditions (P=.001) had decreased
posttest pain scores relative to the control group. There was no
posttest pain difference between the secure and avoidant
attachment priming conditions (P>.99).

Main Effects of Attachment Priming on Social
Disconnection
There was a significant pre- to posttest social disconnection
score decrease for the secure and avoidant attachment priming
conditions (F2,305=4.66; P=.01; r=0.12). Closer inspection
revealed a pre- to posttest social disconnection decrease for the
secure attachment condition (P=.002) but no pre- to posttest
differences for the avoidant priming (P=.65) and control
conditions (P=.45). There were no postsocial disconnection
differences between the secure and avoidant attachment
conditions (P=.30) and no posttest social disconnection
differences between the avoidant attachment condition and the
control group (P=.81), though posttest social disconnection was
lower for the secure attachment condition relative to the control
group (P=.03).

Interaction Effects

Pain
There was a reliable pre- to posttest difference between the 5
experimental conditions (F4, 303=8.30; P=.001; r=0.16). We
found a pre- to posttest pain decrease for the artwork-secure
attachment (P=.001), artwork-avoidant attachment (P=.001),
no artwork-secure attachment (P=.001), and no artwork-avoidant
attachment conditions (P=.001). There were no significant pre-
to posttest pain differences for the control group (P=.06).
Compared with the control group, the artwork-secure (P=.001)
and artwork-avoidant attachment conditions (P=.006) had lower
posttest pain scores. The no artwork-avoidant attachment
(P=.08) and no artwork-secure attachment (P=.32) showed no
posttest pain differences compared with the control group.

Social Disconnection
There was a reliable pre- to postscore difference between the 5
experimental conditions (F4,303=2.70; P=.03; r=0.09). The
artwork-secure attachment (P=.01) and the no artwork-secure
attachment conditions (P=.05) had lower postrelative to pretest
social disconnection scores. Posttest social disconnection was
lower for the artwork-secure attachment condition compared
with the control group (P=.04). No posttest social disconnection
differences were found between the artwork-avoidant attachment
(P=.66), no artwork-secure attachment (P>.99), and no
artwork-avoidant attachment conditions (P>.99) compared with
the control group.
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Mediation Effects of Feelings About the Social World
Triggered by Artwork Exposure and Moderation
Analyses of Frequency of Museum Visits on Pain and
Social Disconnection

Artwork Exposure Effects
Relative to the control group, the artwork present condition
reported more positive feelings about the social world triggered
by the artworks (B=.69; SE 0.14; t308=3.63; P=.001; 95% CI
0.31-1.06). There was no difference between the no artwork
condition and the control group regarding positive feelings
(B=.01; SE 0.19; t308=0.03; P=.98; 95% CI −0.03 to 0.42).

Additionally, increased positive feelings were linked to
decreased posttest pain (B=−.53; SE 0.09; t308=−6.17; P=.001;
95% CI −0.70 to −0.36) and lower posttest social disconnection
(B=−.25; SE 0.04; t308=−7.17; P=.001; 95% CI −0.32 to −0.18).
Increased positive feelings were not linked to more frequent
museum visits (B=.20; SE 0.11; t308=1.71; P=.09; 95% CI −0.03
to 0.42) and decreased social disconnection (B=−0.12; SE 0.07;
t308=−1.67; P=.10; 95% CI −0.26 to 0.02).

Participants in the artwork present condition at average (B=−.98;
SE 0.29; t308=−3.38; P=.001; 95% CI −1.56 to −0.41) and above
average frequency of museum visits (B=−1.36; SE 0.40;
t308=−3.40; P=.001; 95% CI −2.15 to −0.57) reported decreased
posttest pain. Participants in the artwork absent condition at
average (B=−.81; SE 0.28; t308=−2.89; P=.001; 95% CI −1.36
to −0.26) and above average museum visit frequency (B=−.99;
SE 0.38; t308=−2.60; P=.01; 95% CI −1.76 to −0.24) had
decreased posttest pain.

The average frequency of museum visits moderated the indirect
effect of positive feelings on the link between artwork exposure
and pain. Participants in the artwork present condition at above
average (B=−.37; SE 0.15; 95% CI −0.70 to −0.10), average
(B=−.37; SE 0.07; 95% CI −0.61 to −0.16), and below average
museum visit frequency showed decreased posttest pain
(B=−.37; SE 0.09; 95% CI −0.72 to −0.10).

Moreover, the mediation effect of positive feelings on the link
between artwork exposure and social disconnection was
moderated by the average frequency of museum visits.
Participants below the average of frequency of museum visits
in the artwork present condition reported decreased posttest
social disconnection (B=−.32; SE 0.15; t308=−2.12; P=.03; 95%
CI −0.62 to −0.02). Participants in the artwork present condition
at above average (B=−.22; SE 0.08; 95% CI −0.38 to −0.06),
average (B=−.17; SE 0.05; 95% CI −0.28 to −0.08), and below
the average frequency of museum visits also showed decreased
posttest social disconnection (B=−.14; SE 0.06; 95% CI −0.27
to −0.04).

Attachment Priming Effects
There was no difference between the control group and the
secure attachment priming condition regarding positive feelings
about the social world (B=.34; SE 0.19; t308=1.76; P=.08; 95%
CI −0.04 to 0.71). There was also no difference between the
control group and the avoidant attachment priming condition

regarding positive feelings (B=.31; SE 0.19; t308=1.60; P=.11;
95% CI −0.07 to 0.69).

The manipulations operated equally among participants at
multiple levels of museum visit frequency. Participants in the
secure attachment condition below average (B=−.73; SE 0.37;
t308=−1.96; P=.05; 95% CI −1.46 to −0.01), at average (B=−.88;
SE 0.28; t308=−3.08; P=.001; 95% CI −1.44 to −0.32), and above
the average of frequency of museum visits reported decreased
posttest pain (B=−1.07; SE 0.39; t308=−2.75; P=.006; 95% CI
−1.83 to −0.30).

Participants in the avoidant attachment condition at average
(B=−.91; SE 0.29; t308=−3.18; P=.001; 95% CI −1.47 to −0.35)
and above the average of frequency of museum visits reported
decreased posttest pain (B=−1.27; SE 0.40; t308=−3.21; P=.001;
95% CI −2.05 to −0.49). Secure attachment priming reduced
posttest social disconnection compared with the control
condition (B=−.27; SE 0.11; t308=−2.33; P=.02; 95% CI −0.49
to −0.04).

Interaction Effects
Participants in the artwork-secure attachment condition had
increased positive feelings about the social world relative to the
control condition (B=.80; SE 0.23; t308=3.47; P=.001; 95% CI
0.34-1.25). In addition, participants in the artwork-avoidant
attachment condition had increased positive feelings compared
with the control condition (B=.57; SE 0.23; t308=2.52; P=.01;
95% CI 0.12-1.02). However, compared with the control
condition, the no artwork-secure attachment condition and the
no artwork-avoidant attachment condition did not influence
positive feelings (B=−.06; SE 0.22; t308=−0.28; P=.78; 95% CI
−0.49 to 0.37 and B=.05; SE 0.23; t308=0.22; P=.83; 95% CI
−0.39 to 0.49).

Participants in the artwork-secure attachment condition above
the average (B=−.36; SE 0.20; 95% CI −0.80 to −0.02), at
average level (B=−.43; SE 0.14; 95% CI −0.74 to −0.18), and
below the average of frequency of museum visits showed
decreased posttest pain (B=−.51; SE 0.19; 95% CI −0.92 to
−0.17). In addition, participants in the artwork-avoidant
attachment condition below the average and those at average
frequency of museum visits had decreased posttest pain
(B=−.35; SE 0.17; 95% CI −0.71 to −0.06 and B=−.31; SE 0.13;
95% CI −0.57 to −0.07, respectively).

The average frequency of museum visits moderated the indirect
effect of positive feelings on the link between artwork-secure
attachment manipulations and social disconnection. Participants
above the average (B=−.14; SE 0.08; 95% CI −0.32 to −0.01),
at the average (B=−.20; SE 0.06; 95% CI −0.33 to −0.08), and
below the average frequency of museum visits showed lower
posttest social disconnection (B=−.29; SE 0.09; 95% CI −0.48
to −0.12).

The indirect effect of positive feelings on the link between
artwork-avoidant attachment manipulations and social
disconnection was moderated by the average frequency of
museum visits. Participants below the average frequency of
museum visits (B=−.09; SE 0.04; 95% CI −0.18 to −0.01)
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reported decreased posttest social disconnection. See Table 3 for additional details.

Table . Scores for positive feelings about the social world triggered by artwork and frequency of museum visits in the last year (N=308)a.

Number of participants, n
(%)

Score, mean (SD)Condition

Positive feelings about the social world triggered by artwork

Artwork

52 (16.8)5.36 (1.33)Secure attachment

55 (17.8)5.12 (1.23)Avoidant attachment

No artwork

60 (19.4)4.51 (1.48)Secure attachment

56 (18.1)4.60 (1.38)Avoidant attachment

86 (27.8)4.60 (1.22)Control

Attachment priming

112 (36.2)4.91 (1.47)Secure attachment

111 (35.9)4.86 (1.33)Avoidant attachment

Frequency of museum visits in the last year

Artwork

52 (16.8)1.94 (1.16)Secure attachment

55 (17.8)1.80 (1.24)Avoidant attachment

No artwork

60 (19.4)1.97 (1.22)Secure attachment

56 (18.1)1.79 (1.14)Avoidant attachment

86 (27.8)2.10 (1.23)Control

Attachment priming

112 (36.2)1.96 (1.19)Secure attachment

111 (35.9)1.79 (1.18)Avoidant attachment

aFrequency of museum visits in the last year score range 1-5, where 1=none and 5=more than 3 times.

Discussion

Principal Findings
This randomized controlled trial found evidence that digital art
exposure using a serious game simulating a visit to an art
museum reduced pain and social disconnection among
individuals experiencing chronic pain and loneliness. These
findings were especially relevant, considering how similar
interventions had not examined the effects of digital art
engagement on pain [31,32].

In support of the prediction that digital art exposure exerts its
salutogenic effects by increasing positive affect [24,28,30], we
found that more positive feelings about the social world
triggered by the artworks mediated the effects of artwork
exposure on pain and social disconnection.

Comparisons to Prior Work and Future Directions
The findings resonated with how digital art engagement
decreased negative mood [31] and increased feelings of pleasure
[32]. Future research should compare the effects of exposure
length and temporal contiguity between digital art exposure and

data collection. This study exposed participants to a gallery with
18 artworks for 10 minutes, whereas Trupp et al [31,32] exposed
participants to a single artwork for 1.5 to 2 minutes. Outcome
measures remained unaffected after four 15-minute gallery visits
when the data were collected 1 week after exposure [36], but
reliable effects of digital art exposure were obtained when
measured right after a digital gallery visit [57].

The selected artwork was effective at bolstering positive social
feelings. Though engagement with the arts in the physical world
can reduce loneliness [11,35], by showing that short-term
exposure to artwork in a web-based serious game alleviated
pain and social disconnection, our study stresses how
experiences with digital art can have positive effects even when
people are isolated from others and did not physically visit an
exhibition.

In addition, the effect of positive feelings triggered by artwork
exposure on decreasing pain and social disconnection was
effective across individuals who engage with museums at low,
average, and high frequency. Individual differences still deserve
further exploration. In prior work, individuals’ aesthetic
responsiveness increased liking and meaning triggered by a
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digital Monet painting, which in turn augmented positive mood,
decreased negative mood, and alleviated state anxiety [32]. It
is possible that ingrained aesthetic sensitivities are more
predictive than actual physical visits to museums.

The artwork and the secure attachment prime had only a few
direct effects, implying that feelings about the social world
triggered by artwork exposure significantly explained the
observed palliative effects on pain and social disconnection. In
addition, attachment security priming manipulations did not
influence positive feelings about the social world. It is possible
that priming and mindset framing techniques do not reliably
enhance well-being above and beyond digital art exposure. In
prior work, there were no differences between visitors of a
digital art gallery instructed to mindfully engage with artwork,
relate the art to important personal relationships, or consider
the art and the artist [36]. Future research should test whether
exposure to digital art overrides the effect of an observer’s
situational mindset.

Contrary to our predictions, all conditions combining the
presence or absence of artwork with attachment security priming
reliably reduced pain compared with a control condition. These
results on their own could have implied placebo and Hawthorne
effects at play. Such effects have appeared in clinical trials
studying pain [33] and in a recent test of the effects of digital
art exposure [31,32]. Though placebo and Hawthorne effects
may have been at play, the strongest palliative effects on pain
and social disconnection were driven by feelings about the social
world triggered by artwork exposure. Furthermore, the no
artwork exposure condition did not affect positive feelings about
the social world and thus, as one would expect, positive feelings
did not mediate the effects on pain and social disconnection in
this condition. The control group did not experience significant
pre- to posttest changes, even though participants in this
condition underwent the same procedure as participants in the

remaining conditions save for the manipulations. This further
disconfirmed the placebo and Hawthorne effects.

Limitations
Participants were recruited using a social media campaign. Thus,
non–social media users were not represented in the sample. Bot
attacks affected the integrity of random allocation.

The web-based serious game ran on a desktop browser so only
individuals who owned PCs had access to the study. Future
research should replicate these findings using mobile phone,
and VR game builds to account for how different gaming
platforms may influence the results. For instance, digital art
exposure on smartphone had smaller effects relative to laptop
or desktop computer viewing [32]. This effect was driven by a
decrease in liking of art when viewed through smartphones
relative to desktops and laptops [32]. The results of this study
represent single exposure effects so future research should
investigate potential longitudinal effects and the influence of
repeated web-based museum visits. Additionally, though the
social media campaign targeted a diverse pool of potential
participants, the eligible sample overrepresented middle-aged
White women relative to other social groups, which may affect
its generalizability. The study only focused on self-reported
data. The data were collected through winter months and, thus,
seasonality may have affected the responses.

Conclusions
Playing a web-based serious game that allowed individuals
living with chronic pain and loneliness to visit a digital art
museum reliably decreased pain and social disconnection. This
clinical trial highlighted how exposure to digital art reduces the
burden of chronic pain and social disconnection chiefly through
elevating positive social affect. As such, this study contributed
to the evidence that VR is an effective nonpharmacological
self-management treatment approach for chronic pain
management.
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Abstract

Background: Neck pain is a common condition that leads to neck motor dysfunction and subsequent disability, with a significant
global health care burden. As a newly emerging tool, virtual reality (VR) technology has been employed to address pain and
reduce disability among patients with neck pain. However, there is still a lack of high-quality studies evaluating the efficacy of
VR therapy combined with conventional rehabilitation for patients with chronic neck pain, particularly in terms of kinematic
function.

Objective: This study aims to investigate the effect of VR therapy combined with conventional rehabilitation on pain, kinematic
function, and disability in patients with chronic neck pain.

Methods: We conducted an assessor-blinded, allocation-concealed randomized controlled trial. Sixty-four participants experiencing
chronic neck pain were randomly allocated into the experimental group that underwent VR rehabilitation plus conventional
rehabilitation or the control group receiving the same amount of conventional rehabilitation alone for 10 sessions over 4 weeks.
Pain intensity, disability, kinematic function (cervical range of motion, proprioception, and mean and peak velocity), degree of
satisfaction, and relief of symptoms were evaluated at 3 timepoints (baseline, postintervention, and at 3 months follow-up). A
2*3 mixed repeated measures analysis of variance was utilized for analyzing the difference across indicators, with a significant
difference level of .05.

Results: Both groups demonstrated significant improvements in pain, disability, and kinematic functions (P<.05) at
postintervention and at 3-month follow-up. The experimental group showed superior therapeutic outcomes compared to the
control group in pain reduction (mean difference from the baseline: 5.50 vs 1.81 at posttreatment; 5.21 vs 1.91 at the 3-month
follow-up, respectively; P<.001), disability improvement (mean difference from baseline: 3.04 vs 0.50 at posttreatment; 3.20 vs
0.85 at the 3-month follow-up, respectively; P<.001), and enhanced kinematic functions (P<.05). Moreover, participants in the
experimental group reported better satisfaction and relief of symptoms than the control group (P<.05), with better initiative for
exercising during the follow-up period. However, there was no between-group difference of improvement in proprioception. No
adverse events were reported or observed in our research.
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Conclusions: The findings of our study support the efficacy of combining VR therapy with conventional rehabilitation in
alleviating pain, enhancing kinematic function, and reducing disability of patients with chronic neck pain. Future research should
focus on refining the therapeutic protocols and dosages for VR therapy as well as on optimizing its application in clinical settings
for improved convenience and effectiveness.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000040132; http://www.chictr.org.cn/showproj.aspx?proj=64346

(JMIR Serious Games 2024;12:e42829)   doi:10.2196/42829

KEYWORDS

virtual reality; neck pain; disability; kinematic function; rehabilitation; physiotherapy; neck; pain; chronic; therapy; kinematic;
efficacy; patient; effect

Introduction

Chronic neck pain is a prevalent global health issue, with
reported prevalence rates ranging from 10% to 24% [1,2]. This
condition is closely associated with motor dysfunction in the
cervical region, characterized by deficits in various kinematic
functions of the neck [3-5]. Cervical kinematic functions can
be operationally defined as the capacity of the neck muscles to
generate and regulate movement of the head and neck, including
range of motion (ROM), which is the degree of movement that
can be achieved in various directions of the cervical spine,
velocity, coordination, strength, and endurance. These
parameters can be quantified through specific evaluations and
measurements such as ROM assessments, manual muscle
testing, and functional movement tests. Prior studies have proven
that motor dysfunction occurs commonly in patients with neck
pain [6-8], and these dysfunctions are highly correlated with
the level of pain and disability. That is because weakness in
neck muscle strength and coordination will provide more
unstable support of the neck segments and additional stress on
the neck structure, which restricts the patient’s neck movement
and results in pain [9]. These diminished motor dysfunctions
as well as worse pain and disability undoubtedly impair a
patient’s work performance and quality of life, leading to large
economic losses [10]. Given the abovementioned pivotal role
of cervical kinematics in neck pain, interventions aimed at
improving motor function hold promise in managing this
condition.

To date, active exercise is recommended to be a valid therapy
for patients with chronic neck pain based on the current clinical
guidelines [11,12]. Virtual reality (VR) is a unique form of
exercise established by Morton Heiling in 1962 and has been
evolving over the past 60 years [13,14]. VR technology
commonly generates virtual environments resembling the real
world through devices such as computers or head-mounted
displays and interacts with patients to enable them to accomplish
the targeted therapeutic goals [15,16]. Regarding the economics
of VR treatment, studies [17,18] have reported low costs in
VR-based treatments. The hardware devices involved in VR
therapy are readily available and inexpensive. Additionally, the
one-time cost of patient-specific VR software allows for
repeated use, making VR applications relatively less expensive
in medical settings. VR serves as a valuable assessment and
intervention tool in rehabilitation due to its clinical benefits
supported by ongoing research [19], and orthopedic and
neurological rehabilitation are the common areas where VR

therapy is utilized in clinical practice [20,21]. The potential
therapeutic mechanisms of VR include task-oriented repetition,
positive feedback, and embodied simulation [22].

As a noninvasive method of pain reduction, VR therapy, both
independently and in combination with other interventions, has
been investigated in numerous studies. Prior research [23-25]
has demonstrated the potential of VR therapy to alleviate pain
and disability in patients with orthopedic conditions such as
rheumatoid arthritis, shoulder impingement syndrome, and low
back pain. However, to date, there is still less research exploring
the effects of VR therapy or combined treatment on individuals
with chronic neck pain, particularly in terms of improving the
cervical motor function [26,27]. Mukherjee et al [28]
investigated the efficacy of VR therapy in the treatment of
cervical spondylosis. Their findings revealed that patients who
underwent VR therapy along with conventional physiotherapy
demonstrated notable improvements in pain intensity and active
cervical ROM (CROM) compared to those who underwent
conventional therapy alone in the short-term period (P<.05).
However, another study [29] reported that after receiving 4
weeks of VR training, patients with neck pain exhibited
significant improvement in mean and maximal velocity, with
no observed improvement in CROM indicators compared with
the control group. A recent meta-analysis [30] consisting of 2
randomized controlled trials (RCTs) suggested that VR therapy
combined with kinematic training could enhance the global
perceived effect, patient satisfaction, and general health of
patients with neck pain compared to treatment with kinematic
training alone. However, evidence supporting the efficacy of
VR therapy in strengthening cervical kinematic function remains
inconclusive. Given the current gaps in research and the
conflicting findings, further high-quality studies are warranted
to ascertain the therapeutic effectiveness of VR therapy or
combined treatments for individuals with chronic neck pain.
Therefore, this RCT aims to evaluate the effects of VR therapy
combined with conventional rehabilitation on pain, kinematic
functions, and disability in patients with chronic neck pain.

Methods

Study Design and Ethics Approval
This study was designed as an assessor-blinded,
allocation-concealed RCT (Multimedia Appendix 1). Ethics
approval for this study was obtained from the West China
Hospital Clinical Trials and Biomedical Ethics Committee of
Sichuan University (approval: HX-IRB-AF-18-2021-1102).
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This trial was registered in the Chinese Clinical Trial Registry
(ChiCTR2000040132) on November 22, 2020. This study
conformed to the Declaration of Helsinki, and all patients
provided written consent after recruitment.

Participants
This study was conducted at the Department of Rehabilitation
Medicine in West China Hospital. Patients were recruited
through various channels such as social networks, posters, and
brochures from October to December 2021. Inclusion criteria
included age of 18 years and older, a diagnosis of chronic neck
pain (>3 months) by a physician, reported pain intensity ≥3 on
the numeric rating scale (NRS), and disability ≥6 on the neck
disability index. Exclusion criteria included existing vestibular
pathology, cervical fracture/dislocation, whiplash injuries,
neurological/cardiovascular/respiratory disorders affecting
patients’ physical performance, inability to provide informed
consent, and pregnancy.

Randomization
Randomization was performed using a computer-generated
sequence from Randomization.com, with a researcher not
involved in treatment overseeing the process. Patients were
allocated to either the experimental group or control group based
on the odd or even nature of the assigned number within sealed
opaque envelopes to ensure blind allocation. Although a blinded
researcher assessed the patients during the trial, blinding was
not feasible for participants or therapists due to the layout of
the VR therapy.

Intervention

VR Treatment
The VR equipment that we used included several hardware and
software (Chengdu Feiming Technology Co, Ltd). Hardware

included a Pico G2 4k head-mounted VR glass, monitor screen,
and optical motion capture camera. Patients wearing VR glasses
sat at a distance of 100 cm from the front of the monitor screen.
The monitor will display the real-time virtual images that
patients see during the experimental process. Therapists can
assess the patient's real-time treatment stage by looking at the
monitor screen and provide corresponding assistance. During
treatment, the optical motion capture camera and customized
software collected and analyzed the cervical movement
trajectories. Meanwhile, considering the requirement of fully
immersive VR therapy, a specific shoulder strap was designed
for patient safety during treatment.

In VR therapy, 3 modules (ROM, proprioception, and velocity
modules) were designed to enhance the specific kinematic
functions of individuals experiencing chronic neck pain. These
modules involved patients engaging in targeted cervical
movements to attain therapeutic objectives through visual cues.
Prior to the beginning of the treatment, each patient underwent
a practice trial to mitigate any potential learning biases.
Throughout the VR session, patients were fully immersed in a
virtual setting resembling a living room, where they could
manipulate virtual objects to interact with designated targets.
The VR equipment incorporated visual and auditory feedback
to augment the interactive and engaging nature of the therapy.
The detailed descriptions of the 3 modules are provided below.

In the ROM module, a virtual flying bird is manipulated by the
patients’cervical movement. Patients could move birds by neck
flexion, extension, lateral flexion, and rotation movement to
catch gold or avoid the fire rings appearing in the scene. The
placement of the gold items and fire rings was based on baseline
kinematic data, with the game’s difficulty adjusted continuously
to facilitate gradual improvements in CROM across all
movement directions (Figure 1).

Figure 1. Range of motion module. The bird in the picture is manipulated by the patient’s cervical movement (flexion, extension, lateral flexion, and
rotation) to catch the gold and avoid obstacles appearing in all directions.

In the proprioception module, patients engage in tasks requiring
them to control a virtual bow and arrow by using cervical
movements to aim and shoot at a bull’s-eye target with closed

eyes. Initially, patients face the screen to align the arrow with
the bull’s-eye, memorizing this starting position. Subsequently,
patients close their eyes and follow instructions from the VR
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system to move their necks to a specific position. They then
have to return their neck to the initial position (representing the
bull’s-eye location) and shoot the arrow. The relocation error,

indicating the angular deviation between the shot point and the
bull’s-eye, serves as a measure of patients’ proprioceptive
abilities (Figure 2).

Figure 2. Proprioception module. The patient was asked to remember the initial bull’s-eye position and then close the eyes. Thereafter, the computer
would guide the neck of the patient with the eyes closed to a specific position. The patient needs to move the neck back to the original position based
on memory and manipulate the bow and arrow to shoot the bull’s-eye.

In the velocity module, participants were tasked with hitting
randomly appearing mushrooms within the virtual scene by
manipulating virtual stones with cervical movements. Upon
mushroom appearance, patients adjusted the slingshot position
by moving their neck and launched a stone to hit the mushroom
before it disappeared after 5 seconds. Subsequent mushrooms

would appear sequentially, prompting patients to swiftly target
and strike them. Patient performance was scored based on the
success rate of hitting the mushrooms, thereby fostering patient
engagement and compliance with the virtual therapy protocol
(Figure 3).

Figure 3. Velocity module. Patients were asked to manipulate stones at maximum neck movement speed to hit randomly appearing virtual mushrooms
and obtain the corresponding scores.

Conventional Rehabilitation
Patients in the experimental group received a 10-minute
conventional rehabilitation session consisting of 5 minutes of
active exercise (eg, muscle stretching exercise, strengthening
exercise, sling exercise therapy), supported by established

guidelines [11,31]. Additionally, patients underwent a 5-minute
transcutaneous electrical nerve stimulation for analgesia, which
was validated for efficacy in prior studies [2]. Patients in the
control group were treated with 30 minutes of conventional
rehabilitation, including 15 minutes of active exercise modalities
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same as the experimental group and an additional 15 minutes
of transcutaneous electrical nerve stimulation therapy. The
prescription of conventional rehabilitation was tailored based
on each patient’s motor dysfunction and the clinical expertise
of the rehabilitation therapists.

Procedure
Sixty-four patients were randomly allocated into the
experimental group or control group, and they underwent 10
treatment sessions over 4 weeks. In the experimental group,
interventions included 20 minutes of VR therapy and 10 minutes
of conventional rehabilitation per session, while the control
group received 30 minutes of only conventional rehabilitation
per session. Throughout the treatment, patient safety was closely
monitored, and sessions were halted if any adverse events (eg,
motion sickness, headache, falls) occurred. Patients were
allowed to resume training once the symptoms subsided;
otherwise, they were advised to discontinue participation in the
study. Following the intervention, both groups were encouraged
to continue neck exercises at home for 3 months after treatment.
On completion of the follow-up period, each patient was asked
to rate their frequency of neck exercise within the 3-month
interval to represent their adherence to continued neck exercise.
The rating scale ranged from 0 to 4 (0 = no training; 1 = 0-1
hours of training per week; 2 = 1-2 hours of training per week;
3 = 2-3 hours of training per week, ≥4 = >3 hours of training
per week). A comparison of the data sets from both groups was
conducted to observe the patients’ initiative in training at
unsupervised situations.

Outcome Measures
All outcome measures were evaluated at 3 timepoints:
preintervention, immediately postintervention, and 3-month
follow-up. The primary outcomes focused on pain and disability
(key concerns for individuals seeking medical help for neck
pain). These outcomes were evaluated using offline scales.
Secondary outcomes included kinematic indicators (eg, CROM,
proprioception, mean and peak velocity), patient satisfaction,
and relief of symptoms, which are all crucial aspects in the
rehabilitation process for chronic neck pain. These secondary
outcomes were assessed using a combination of web-based VR
equipment and offline scales.

Primary Outcomes

NRS
The NRS was used to measure the current neck pain intensity.
NRS graded the pain intensity from 0 (no pain) to 10 (worst
pain imaginable), with higher scores indicating worse pain. Pain
levels were categorized as mild (1-3), moderate (4-6), and severe
(≥7) based on the score range [32-34]. The NRS has shown
validity and reliability, with a minimum clinically important
difference (MCID) of 2.7 established in previous studies [35,36].

Neck Disability Index
The neck disability index was employed as a self-reported
questionnaire to measure neck pain–related disability. It
consisted of 10 items about activities of daily living, with each
item scored from 0 (absence of disability) to 5 (complete
disability). The neck disability index is recognized for its

validity and reliability, with an MCID of 3.5 points considered
significant [37,38].

Secondary Outcomes

CROM
CROM was measured using a VR device in 6 directions: flexion,
extension, left and right rotation, and left and right lateral
flexion. The results were calculated by taking the average of 3
measuring values. This VR equipment evaluation approach
demonstrates high repeatability and sensitivity on these cervical
kinematics parameters (ie, CROM, proprioception, mean and
peak velocity). The reliability and validity of VR devices to
measure CROM have been validated. The minimal detectable
change (MDC) of CROM in different directions has been
previously reported, while the value changed across the 6
movements ranging from 3.6° to 6.5° [39,40].

Proprioception
Proprioception was defined as the perception of change in
direction, position, or speed produced by motor organs (eg,
muscles, tendons, joints) in 6 directions. It was calculated as
the mean of the relocation difference in 3 tests. Prior studies
have reported the psychometric properties of VR equipment
evaluating proprioception [4,41] but not provided the MCID.

Mean and Peak Velocity
Mean and peak velocity are crucial indicators reflecting cervical
kinematic functions. The mean and peak velocity in 4 directions
(flexion, extension, left and right rotation) were obtained by
calculating the average values of 3 assessed data on angular
velocity during the trial. VR devices have shown good
repeatability in measuring cervical motion velocity. Although
the MDC for average speed is 14.31°/s, that for maximum speed
is 34.95°/s [4,42].

Global Perceived Effect
Global perceived effect is a self-administered questionnaire
applied to evaluate patient satisfaction and the relief of
symptoms in this study [43]. The satisfaction level ranges from
–5 (totally dissatisfied) to 5 (totally satisfied). Similarly, patients
could report their relief of symptoms by using the Global
Perceived Effect scale, with lower scores representing worse
therapeutic effects. These 2 indicators were only measured
immediately postintervention and at 3 months after intervention.

Sample Size Calculation
The NRS was chosen as the primary outcome measure in this
study. With reference to a previous study [44], the effect size
estimate for the NRS was medium (SE 0.25). The correlation
between repeated measures was assumed to be 0.5. Three
measurements were presumed to be performed (baseline,
postintervention, and 3-month follow-up) with a sphericity
correction of 0.5. Based on the statistical power of 0.85 and an
α level of .05, a total sample size of 50 patients was initially
estimated. To account for potential dropout rates that have been
observed to exceed 15% in similar studies [27,29,45], a
conservative dropout rate of 25% was chosen to ensure sufficient
patients for statistical analysis, resulting in a final inclusion of
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64 patients. The sample size calculation was conducted using
the G*Power software (version 3.1.7; University of Düsseldorf).

Statistical Analysis
Statistical analysis was conducted using the SPSS statistical
software (version 25.0; IBM Corp) by a blinded researcher.
Data analysis followed the intention-to-treat principle, while
the Shapiro-Wilk test was applied to check the normality of
various data. Descriptive statistics were used to reflect the
different types of results such as mean and standard deviation
for the parametric variables and median and quartiles for the
nonparametric variables. Group equivalence was assessed via
the 2-sided independent-sample t test or Pearson chi-squared
test by comparing the baseline data between the groups. For
most variables (all outcomes except the relief of symptoms),
which showed normal distribution, a 2*3 mixed repeated
measures analysis of variance (ANOVA) with 1 between-subject
factor (treatment) and 1 within-subject factor (time) was
performed to compare all variables. Post hoc comparisons were
conducted using the Bonferroni test, with P values for multiple
comparisons adjusted using SPSS software. To address
violations of the sphericity assumption, the Greenhouse-Geisser
correction was applied. With regard to the analysis of the relief
of symptoms, nonparametric statistics were used due to the
skewed distribution of data. To account for the dropouts,
multiple imputations were used to fill the missing data. To show
the effect sizes of observed between- or within-group change,
partial eta squared and rank correlation were calculated for the
parametric and nonparametric variables, respectively. Based on

the previous study [46], effect sizes were classified into small
(0.2-0.5), medium (0.5-0.8), and large effect sizes (≥0.8). P
values less than .05 were indicated to be statistically significant.

Results

Baseline Measures
A total of 120 patients underwent the initial screening for
eligibility, of which 56 participants were excluded. Following
screening, 64 participants were randomly allocated to either the
experimental group or the control group. In the 3-month
follow-up period, 3 (5%) participants dropped out of the study
due to time conflicts or personal reasons. The flow diagram of
participant recruitment and research is shown in Figure 4. The
baseline characteristics of the participants in both groups are
detailed in Table 1. As shown, there was no between-group
difference in age, gender, etiology, disability, pain, and other
kinematic indicators. No adverse events were reported during
treatment, except some discomfort (eg, complaints of heavy
helmets, slightly aggravated pain). No differences existed
between the 2 groups over the compliance of the patients
continuing neck exercise during the 3-month follow-up period
(experimental group 2.31, SD 1.25 vs control group 1.96, SD
1.19; P=.22). However, a higher proportion of experimental
group participants (16 out of 31) engaged in neck exercises for
an average of at least 2 hours per week during the follow-up
period compared to control group participants, where only 30%
(9/30) achieved this level of compliance, indicating the actual
differences between the 2 groups.
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Figure 4. Flow diagram showing participants’ flow and follow-up evaluation.
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Table 1. Baseline characteristics of the participants in the experimental and the control groups.

P valueControl group (n=32)Experimental group (n=32)Variables

.15a40.09 (11.97)35.94 (11.02)Age (years), mean (SD)

.40b22 (69)25 (78)Gender (female), n (%)

.43b21 (66)16 (50)Etiology (idiopathic neck pain), n (%)

.33a10.72 (2.32)11.34 (2.74)Disability (Neck Disability Index), mean (SD)

.54a5.16 (1.42)5.38 (1.39)Pain intensity (Numeric Rating Scale), mean (SD)

Range of motion, mean (SD)

.37a51.60 (9.99)53.96 (10.69)Flexion

.07a58.42 (12.85)63.55 (8.88)Extension

.71a38.42 (8.90)37.62 (7.78)Left flexion

.20a40.91 (8.47)38.16 (8.67)Right flexion

.47a70.21 (8.96)71.92 (9.8)Left rotation

.28a69.43 (9.55)71.86 (8.16)Right rotation

Proprioception, mean (SD)

.36a3.33 (1.80)2.96 (1.31)Flexion

.73a3.16 (1.65)3.03 (1.25)Extension

.67a3.00 (1.29)2.85 (1.45)Left flexion

.71a2.86 (1.57)2.73 (1.07)Right flexion

.08a2.53 (1.36)1.96 (0.70)Left rotation

.72a2.98 (1.64)2.85 (1.35)Right rotation

Mean velocity, mean (SD)

.07a11.02 (2.68)12.54 (2.80)Flexion

.28a14.90 (2.38)14.24 (2.52)Extension

.59a15.15 (3.80)15.64 (3.47)Left rotation

.29a16.59 (2.58)17.27 (2.51)Right rotation

Peak velocity, mean (SD)

.15a76.77 (26.13)68.63 (17.18)Flexion

.99a77.71 (17.05)77.62 (21.63)Extension

.96a88.97 (18.72)88.71 (18.46)Left rotation

.17a100.66 (22.47)94.15 (14.24)Right rotation

aIndependent sample t test.
bPearson chi-squared test.

Primary Variables Measure

Neck Disability
As presented in Table 2 and Figure 5, a repeated measures
ANOVA showed a main effect of group (F1,3=12.738; P=.001;

ηp
2=0.291), time (F2,62=124.140; P<.001; ηp

2=0.800), and the

group*time interaction (F2,62=31.620; P<.001; ηp
2=0.505) on

neck disability. Compared with those in the control group,
participants in the experimental group showed a significant
alleviation in neck disability at postintervention (P<.001;

ηp
2=0.517) and 3-month follow-up (P<.001; ηp

2=0.438).
Furthermore, therapies in both groups were shown to improve
disability in patients with chronic neck pain after intervention
or 3-month follow-up in comparison with the baseline (P<.01).
Further, the extent of disability alleviation in the experimental
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group exceeded the MCID at both measurement timepoints
(5.50 at posttreatment; 5.21 at the 3-month follow-up), while
the controls showed a reduction in the disability score by 1.81
and 1.91 points compared to baseline. A higher percentage of
experimental group participants experienced disability score

reductions exceeding the MCID compared to the control group
at both timepoints (experimental group: 29/32, 91% vs control
group: 9/32, 28% at posttreatment; experimental group: 25/31,
81% vs control group 6/30, 20% at the 3-month follow-up).

Figure 5. Rehabilitation effect of virtual reality therapy on disability and pain intensity. NDI: neck disability index; NRS: numeric rating scale; *: a
statistically significant difference (P<0.05) between the two groups at that timepoint (postintervention or 3-month follow-up).
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Table 2. Within- and between-group differences in outcome measures.

Group*time, F
test (df)Cohen d

3-month follow-up, mean
(SD)Cohen daPostintervention, mean (SD)

Preintervention, mean
(SD)Variables

Control
group

Experimental
group

Control
group

Experimental
group

Control
group

Experimental
group

31.62 (2, 62)d0.4388.81

(1.96)b
6.13 (2.66)b,c0.5178.91

(1.92)c
5.84 (2.38)b,c10.72

(2.32)
11.34 (2.74)Disability

27.28 (2, 62)d0.5874.31
(1.20)

2.18 (1.38)b,c0.5824.66
(1.31)

2.34 (1.31)b,c5.16
(1.42)

5.38 (1.39)Pain intensity

Range of motion

11.31 (1.592,

49.363)d
0.68053.76

(8.82)
67.96 (6.03)b,c0.58254.25

(8.25)
64.78 (9.01)b,c51.60

(9.99)
53.96 (10.69)Flexion

8.74 (2, 62)d0.60354.29
(8.48)

69.09 (8.97)b,c0.39559.78
(9.93)

70.89 (7.07)b,c58.42
(12.85)

63.55 (8.88)Extension

22.40 (2, 62)d0.57835.83
(8.69)

47.02 (4.02)b,c0.27738.11
(8.22)

44.23 (7.37)b,c38.42
(8.90)

37.62 (7.78)Left flexion

22.48 (2, 62)d0.51435.17

(6.50)b
45.42 (5.73)b,c0.19240.18

(7.55)
45.78 (7.43)b,c40.91

(8.47)
38.16 (8.67)Right flexion

21.97 (2, 62)b0.66067.86
(11.13)

84.92 (5.39)b,c0.30570.85
(10.09)

79.85 (6.47)b,c70.21
(8.96)

71.92 (9.8)Left rotation

26.72 (2, 62)d0.68265.77
(6.83)

82.23 (7.52)b,c0.23970.62
(8.10)

77.19 (7.34)b,c69.43
(9.55)

71.86 (8.16)Right rota-
tion

Proprioception

0.58 (2, 62)0.0071.55
(0.81)

1.66 (1.02)0.0072.71
(1.38)

2.55 (1.28)3.33
(1.80)

2.96 (1.31)Flexion

0.96 (2, 62)0.0262.24
(0.70)

2.53 (1.40)0.0352.67
(1.03)

2.43 (0.86)3.16
(1.65)

3.03 (1.25)Extension

0.62 (2, 62)0.0642.41
(1.02)

2.02 (1.28)0.0012.52
(1.38)

2.57 (1.13)3.00
(1.29)

2.85 (1.45)Left flexion

1.33 (2, 62)0.0032.66
(1.08)

2.56 (1.36)0.1822.98
(1.12)

2.28 (0.82)2.86
(1.57)

2.73 (1.07)Right flexion

6.28 (1.687,

52.289)d
0.2092.79

(0.97)
2.04 (1.31)0.0532.21

(0.92)
2.61 (1.38)2.53

(1.36)
1.96 (0.70)Left rotation

1.25 (2, 62)0.1202.47
(1.45)

1.81 (0.95)0.0022.29
(1.43)

2.36 (1.19)2.98
(1.64)

2.85 (1.35)Right rota-
tion

Mean velocity

1.28 (2, 62)0.21812.58
(2.27)

14.30 (2.59)0.27012.93
(3.12)

15.71 (2.74)11.02
(2.68)

12.54 (2.80)Flexion

6.53 (2, 62)d0.33713.14
(2.39)

15.22 (1.66)b,c0.08513.68
(2.97)

14.85 (2.00)14.90
(2.38)

14.24 (2.52)Extension

3.80 (1.609,

19.872)e
0.45216.99

(2.13)b
20.27 (3.46)b,c0.10516.44

(3.28)
18.13 (3.76)b15.15

(3.80)
15.64 (3.47)Left rotation

0.24 (2, 62)0.07916.63
(2.02)

17.50 (2.03)0.15617.56
(1.93)

18.75 (2.12)16.59
(2.58)

17.27 (2.51)Right rota-
tion

Peak velocity

14.69 (2, 62)d0.37691.55

(21.72)b
117.76

(31.10)b,c
0.09272.61

(21.01)
81.74 (20.69)b76.77

(26.13)
68.63 (17.18)Flexion

13.31 (2, 62)d0.53070.74
(14.55)

99.55 (25.10)b,c0.04971.71
(18.45)

76.17 (16.90)77.71
(17.05)

77.62 (21.63)Extension

13.75 (1.522,

47.174)d
0.365132.43

(29.69)b
173.00

(51.51)b,c
0.02298.71

(27.52)
93.97 (12.52)88.97

(18.72)
88.71 (18.46)Left rotation
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Group*time, F
test (df)Cohen d

3-month follow-up, mean
(SD)Cohen daPostintervention, mean (SD)

Preintervention, mean
(SD)Variables

Control
group

Experimental
group

Control
group

Experimental
group

Control
group

Experimental
group

13.29 (2, 62)d0.53493.26
(10.63)

124.33

(29.63)b,c
0.16789.02

(13.23)b
102.32 (24.37)100.66

(22.47)
94.15 (14.24)Right rota-

tion

N/A0.6931.81
(1.99)

2.97 (1.28)0.8601.66
(1.82)

3.03 (1.33)N/AN/AfSatisfaction

N/AN/A2.00
(2.00)

4.00 (1.00)N/A2.00
(3.00)

3.00 (2.00)N/AN/ARelief of

symptoms

aCohen d was calculated for the differences between postintervention or 3-month follow-up and preintervention in the experimental group compared
to the control group.
bIndicates P<.02 (0.05/3) for within-group comparisons by Bonferroni correction compared to the baseline.
cP<.05 statistically significant differences were found compared to the control group at the same measuring timepoint.
dP<0.01 significant main effects were revealed on the group*time interaction.
eP<.05 significant main effects were revealed on the group*time interaction.
fN/A: not applicable.

Neck Pain Intensity
For pain, ANOVA results revealed significant differences over

time (F1.744,54.077=87.369; P<.001; ηp
2=0.738), group

(F1,31=28.138; P<.001; ηp
2=0.476), and the group*time

interaction (F2,62=27.277; P<.001; ηp
2=0.468). The post hoc

analysis indicated a significant between-group difference at

postintervention (P<.001; ηp
2=0.582) and 3 months

postintervention (P<.001; ηp
2=0.587), with the experimental

group representing better enhancement. Compared with baseline,
patients in the experimental group experienced pain relief
immediately postintervention and at 3-month follow-up, while
control group participants did not exhibit significant pain
reduction throughout the study. Besides, pain intensity scores
decreased in both groups compared to baseline (experimental
group 3.04 vs control group 0.50 at posttreatment; experimental
group 3.20 vs control group 0.85 at the 3-month follow-up),
with patients in the experimental group exceeding the MCID
at 2 timepoints. The percentage of data exceeding the MCID
significantly differed between the 2 groups (experimental group:
21/32, 66% vs control group: 3/32, 9% at posttreatment;
experimental group: 20/31, 65% vs control group 4/30, 13% at
the 3-month follow-up).

Secondary Variables Measure

CROM
The results of ANOVA on CROM revealed a significant effect
of the group, time, and group*time interaction (P<.05).
Participants in the experimental group obtained greater ROM
improvement in 6 directions at postintervention and at 3-month
follow-up (P<.05) compared to the control group participants.
Notably, significant changes were observed after intervention
and follow-up in the experimental group from those at baseline
(P<.05), while no differences were observed in the control
group. The experimental group participants achieved ROM
improvements exceeding the MDC in all directions at both
timepoints, except for extension ROM at the 3-month follow-up,

highlighting the clinical effectiveness of the intervention in the
experimental group compared to the control group. Specific
data on this indicator can be found in Multimedia Appendix 2.

Proprioception
Regarding proprioception, the ANOVA results revealed no
significant difference in the group*time interaction for 6
directions, except for left rotation. For the proprioception of
left rotation, significant effects occurred in the group*time
interaction. The post hoc analysis showed that patients receiving
VR intervention attained lesser improvement after the 3-month
follow-up than the control group. However, no within-group
differences were reported. Upon further analysis of other
directions, proprioception in flexion, extension, and right
rotation directions was found to achieve improvement in both
groups after treatment and follow-up versus the baseline, and
proprioception of left flexion showed a noticeable improvement
after the follow-up in comparison with the baseline. However,
the between-group analysis showed no marked difference in all
directions. The detailed data regarding this parameter are
presented in Multimedia Appendix 2.

Mean and Peak Velocity
There were significant main effects for the interaction between
time and group (P<.05) for the mean velocity of extension and
left rotation. The post hoc analysis revealed significant gains
after the 3-month follow-up in the experimental group compared
to that in the control group or baseline for these 2 directions.
No significant effects for the interaction between time and group
were found in the mean velocity of flexion and right rotation.
For intergroup comparisons, patients receiving VR training
showed better improvement in the mean velocity of flexion than
the control group, which was not found in the right rotation
direction. As for the within-group comparison, both groups
showed superiority over baseline in the mean velocity of flexion
at posttreatment and the 3-month follow-up, and the mean
velocity of right rotation remained negative. However, the
magnitude of improvement in the mean velocity in both the
groups did not surpass the corresponding MDC in any direction.
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A repeated measures ANOVA showed a main effect for the
group*time interaction for the peak velocity in all 4 directions.
Compared with the baseline, the experimental group participants
gained significant enhancement (P<.05) at the 3-month
follow-up. Furthermore, the between-group comparisons
supported better therapeutic effects with VR devices than the
control after intervention and 3-month follow-up period (Table
2). Increased maximal velocity of flexion and left rotation
directions was significantly higher in the experimental group
over MDC after the follow-up, which did not occur in the other
directions or the control group. For specific data on the mean
and peak velocity, please refer to Multimedia Appendix 2.

Global Perceived Effect
Considering patient satisfaction, the results revealed a significant
between-group difference at postintervention and 3-month
follow-up (experimental group 3.03, SD 1.33 vs control group
1.66, SD 1.82) with an advantage to the experimental group.
The within-group analysis showed no significant effects among
different timepoints for the 2 groups. In the Mann-Whitney U
test, obvious between-group differences were found in the relief
of symptoms at postintervention (experimental group 3.00, SD
2.00 vs control group 2.00, SD 3.00) and 3-month follow-up
(experimental group 4.00, SD 1.00 vs control group 2.00, SD
2.00). Furthermore, significant improvements were observed
in the experimental group after the 3-month follow-up compared
to those at postintervention, while no differences were observed
in the control group (Table 2). The specific data related to these
indicators can be obtained in Multimedia Appendix 2.

Discussion

Overview
This RCT was intended to compare the benefits of combining
VR therapy and conventional rehabilitation with those of
conventional rehabilitation alone for treating chronic neck pain.
Overall, our results show that patients in both groups reported
reduced pain and disability and demonstrated improved
kinematic functions. Direct comparisons between the 2 groups
revealed that VR treatment in addition to conventional
rehabilitation was superior to conventional rehabilitation alone
for improvement in the pain, disability, and kinematic indicators,
and the effects of combined therapy could be maintained over
the 3-month follow-up period. Additionally, participants in the
VR therapy group reported higher satisfaction levels, better
symptom improvement, and greater willingness to engage in
exercises during the follow-up period.

Effects of VR Therapy Combined With Conventional
Rehabilitation on Pain and Disability
Although reduced pain and disability were found in both
treatment groups at 2 timepoints, these indicators were decreased
nearly 3 times more in the experimental group than in the control
group. Furthermore, the improvement of pain and disability
observed at 2 measuring timepoints in the experimental group
was higher than the MCID, which has been previously reported
as 2.7 and 3.5 points, respectively [37,38]. This finding indicates
the significant and clinical effectiveness of VR therapy in
addition to conventional rehabilitation in alleviating pain and

disability. The corresponding size effects were medium,
highlighting the notable differences between the 2 groups.

Multiple studies have shown that patients with neck pain
experienced significant improvements in pain intensity with
VR treatment compared to baseline [45,47] and markedly
superior to control groups receiving laser training [27] or
conventional rehabilitation [28]. Further, a recent meta-analysis
[48] incorporating 8 RCTs revealed that better analgesic effects
were found in the multimodal intervention (VR technique in
combination with other therapies) than in the other interventions
and in the patients treated in the clinic or research unit than the
controls. This also provides a new perspective on VR analgesia
research. However, some studies have reported conflicting
results. For instance, a study [44] investigating the efficacy of
a 120-minute VR therapy session for patients with chronic neck
pain indicated remarkable improvement in pain intensity at rest
or during motion compared to baseline as well as alleviation in
the disability level. However, no significant between-group
differences were observed in these metrics in the VR
intervention group as compared to the 2 control groups
undergoing conventional rehabilitation alone or general
sensorimotor training plus conventional rehabilitation. This
discrepancy may be attributed to the smaller sample size in that
study (17 individuals per group) [44], which lowered the
statistical power representation of between-group differences.
Similarly, the VR gaming scenario utilized in that study [44]
lacked sufficient visual and auditory feedback compared to the
VR design in our research, and this might have limited the
analgesic effect of VR treatment.

The potential efficacy of VR therapy in reducing neck pain and
disability may be attributed to its ability to enhance coordination
between the deep and superficial cervical muscles [49]. Poor
sensorimotor control by cervical muscles in patients with neck
pain has been indicated in previous research [5,9] and is
considered to trigger associated disability and kinematic
disorders. Although muscle activation was not evaluated in this
study, VR therapy appears to promote the function and
coordination of cervical muscles, thereby reducing the stress
on cervical segments and alleviating neck pain and disability.
Another possible reason could be the deep engagement required
by the virtual environment, blocking the transmission of sensory
information related to pain and achieving analgesic effects.

Effects of VR Therapy Combined With Conventional
Rehabilitation on Cervical Kinematic Function
The secondary outcomes yielded interesting findings that VR
therapy could increase the ROM, mean velocity, and peak
velocity at 2 timepoints compared to those in the baseline or
control group. This conclusion was consistent with that reported
in previous research [28,44,50]. Tejera et al [50] in 2021
reported the positive results of VR therapy on increasing CROM
in patients with chronic neck pain, which can be attributed to
the sufficient feedback provided by VR devices. The
visualization of images was widely perceived as useful in
activating the corticospinal system and enhancing the intensity
of muscle recruitment, thereby improving the overall neck
kinematic functions. Fowler et al [51] showed that VR might
encourage patients to turn their heads farther and faster by its
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effect on reducing fear of movement, which has been reported
in other studies [52-54]. Besides these, continuous progressive
VR treatment dosage based on real-time assessment data on
motor function assisted patients in restoring their motor function.

As can be observed from the mean and maximum velocity data
in various directions, the experimental group always showed
no between-group differences after training but showed
between-group differences after the 3 months follow-up
compared to the control group, suggesting that this may be
attributed to the insufficient training time during the
intervention. Upon analyzing the training length after the
intervention, we could see that the training frequency of patients
in the experimental group was higher than that of the control
group during the follow-up period, reaching an average of 1-2
hours of training per week, and more training time outside of
the experiment would probably promote further improvement
of motor function. These findings indicate that researchers as
well as clinical specialists should pay more attention to the
supervision and education of home-based active exercise in the
future.

Regarding proprioception, both groups showed significant
improvement in several directions after treatment or 3-month
follow-up; however, no between-group differences were found.
Prior studies [49,55] have confirmed that multiple exercise
programs, including head relocation practice, gaze stability,
eye-follow, and eye/head coordination, are effective in
improving proprioception. In this study, however, only head
relocation practice was used (the participant was instructed to
memorize the head-neck position and try to find the initial
position with eyes closed after moving), and satisfactory results
were obtained. Moreover, other studies [27,44] have utilized
alternative proprioceptive training with similarly favorable
outcomes. Some investigators noticed that eye-follow and
eye/head coordination training greatly enhanced patients’
accuracy, which was likely attributed to improved motor control
and coordination of the neck [47]. This suggests that more
consideration should be given to focus on all forms of
proprioceptive training in the clinical management of patients
with chronic neck pain.

Effects of VR Therapy Combined With Conventional
Rehabilitation on Satisfaction and Relief of Symptoms
Besides the indicators mentioned above, the marked
between-group difference was observed in patient satisfaction
and relief of symptoms at both timepoints, with some advantages
in the combined treatment. These 2 self-rating indicators are
considered important for recovering from chronic neck pain.
The enjoyment derived from VR equipment, multiple visual
and auditory feedback, personalized tasks, and adjustable
difficulty levels likely contributed to the higher satisfaction
levels and greater therapeutic efficacy in the experimental group.

Notably, no adverse events such as motion sickness were
reported during the research period.

Limitations
Several limitations of this study warrant consideration. The
absence of a placebo group receiving sham VR therapy raises
concerns about the potential overestimation of VR therapy’s
therapeutic effects. However, the substantial improvements in
pain, disability, and CROM surpassing the MCID suggest that
the effect may be due to the treatment itself other than the
placebo effect. Moreover, the impact of varying durations of
conventional rehabilitation (30 minutes vs 10 minutes) on
therapeutic outcomes remains uncertain, potentially influencing
the perceived efficacy of VR treatment. Additionally, the
inability to blind patients due to the experimental nature of this
study introduces a risk of bias. The lack of long-term follow-up
data further limits the generalizability of the findings. Lastly,
the absence of assessment indicators for mental function and
quality of life hinders the comprehensive evaluation of VR
therapy’s overall therapeutic efficacy.

Implications
This study provides support for the effectiveness of a combined
approach involving VR therapy and conventional rehabilitation
in managing chronic neck pain. However, uncertainties persist
regarding the optimal dosage, underlying mechanisms of VR
therapy, and the comparative effectiveness of different VR
equipment types (eg, semi-immersive, nonimmersive). Future
investigations should design specific trials to address these
knowledge gaps. Furthermore, exploring the synergistic benefits
of integrating VR training with other evidence-based
interventions such as manipulation and sensorimotor training
is warranted.

Conclusions
In conclusion, the integration of VR intervention with
conventional rehabilitation demonstrates significant
improvements in pain, disability, and kinematic function among
patients with chronic neck pain at both postintervention and
3-month follow-up assessments. Although patients can benefit
from conventional rehabilitation alone, the combination of VR
therapy and conventional rehabilitation is more effective for
improvement in the abovementioned indicators. Considering
the higher satisfaction as well as greater training initiative in
the experimental group and the absence of adverse events, this
feasible and effective intervention could be integrated into the
standard rehabilitation treatment plan for patients with chronic
neck pain. Future research endeavors should focus on refining
therapeutic regimens, determining optimal dosages for VR
therapy, and streamlining the implementation of this intervention
in clinical settings to enhance convenience and efficacy.
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NRS: numeric rating scale
RCT: randomized controlled trial
ROM: range of motion
VR: virtual reality
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Abstract

Background: Many people want to build good habits to become healthier, live longer, or become happier but struggle to change
their behavior. Gamification can make behavior change easier by awarding points for the desired behavior and deducting points
for its omission.

Objective: In this study, we introduced a principled mathematical method for determining how many points should be awarded
or deducted for the enactment or omission of the desired behavior, depending on when and how often the person has succeeded
versus failed to enact it in the past. We called this approach optimized gamification of behavior change.

Methods: As a proof of concept, we designed a chatbot that applies our optimized gamification method to help people build
healthy water-drinking habits. We evaluated the effectiveness of this gamified intervention in a 40-day field experiment with 1
experimental group (n=43) that used the chatbot with optimized gamification and 2 active control groups for which the chatbot’s
optimized gamification feature was disabled. For the first control group (n=48), all other features were available, including verbal
feedback. The second control group (n=51) received no feedback or reminders. We measured the strength of all participants’
water-drinking habits before, during, and after the intervention using the Self-Report Habit Index and by asking participants on
how many days of the previous week they enacted the desired habit. In addition, all participants provided daily reports on whether
they enacted their water-drinking intention that day.

Results: A Poisson regression analysis revealed that, during the intervention, users who received feedback based on optimized
gamification enacted the desired behavior more often (mean 14.71, SD 6.57 times) than the active (mean 11.64, SD 6.38 times;
P<.001; incidence rate ratio=0.80, 95% CI 0.71-0.91) or passive (mean 11.64, SD 5.43 times; P=.001; incidence rate ratio=0.78,
95% CI 0.69-0.89) control groups. The Self-Report Habit Index score significantly increased in all conditions (P<.001 in all
cases) but did not differ between the experimental and control conditions (P>.11 in all cases). After the intervention, the experimental
group performed the desired behavior as often as the 2 control groups (P≥.17 in all cases).

Conclusions: Our findings suggest that optimized gamification can be used to make digital behavior change interventions more
effective.

Trial Registration: Open Science Framework (OSF) H7JN8; https://osf.io/h7jn8

(JMIR Serious Games 2024;12:e43078)   doi:10.2196/43078
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Introduction

Background

Overview
People often struggle to change their behavior in ways that
would benefit them in the long run. For instance, many people
could improve their health and life expectancy by building
healthy habits such as exercising [1], healthy eating [2], or
drinking a glass of water before every meal [3,4]. People who
want to adopt healthy habits because they know about their
benefits nevertheless struggle to change their behavior
accordingly.

Building a good habit is especially difficult when the benefits
of the desired behavior cannot be felt immediately. One
approach to alleviate this challenge is to create apps that
encourage the desired behavior using incentives or immediate
positive feedback [5-7] or discourage unwanted behavior using
immediate negative feedback [8]. Doing so in a gameful way
can be a promising approach to improving people’s health
behaviors [5-7,9-12]. Using game elements to improve people’s
behavior in the real world is known as gamification [13]. One
of the most commonly used gamification methods is awarding
people points for specific behaviors [14,15]. The awarded points
are often used to provide feedback to the user, define levels,
award badges, or create leaderboards.

Despite the widespread use of points, levels, badges, and
leaderboards, there is currently no principled way to choose
precisely how many points a person should be awarded and
when. This is a problem as making those decisions based on
intuition can lead to point systems that inadvertently incentivize
counterproductive behaviors or undermine the users’motivation
[16-18]. For instance, a recent study found that the point system
of the popular gamified habit formation app Habitica is actively
harmful [17].

To help practitioners master the challenge of designing effective
point systems that reliably foster positive behavior change, we
introduced a mathematical principle for computing the number
of points a person should receive for engaging in the desired
behavior depending on their history of either engaging or not
engaging in this behavior and how many points they should
lose when they fail to do so. We called this principle optimized
gamification of behavior change. As a proof of concept, we
applied optimized gamification to design a chatbot that helps
people develop the healthy habit of drinking water before every
meal [3,4]. Our chatbot awards points for the desired behavior
and deducts points for its omission. Critically, the number of
points that the user gains or loses is computed using optimized
gamification. Our chatbot combines optimized gamification
with three established principles of behavior change: it (1)
guides the user to set an implementation intention, (2) reminds
them of their good intentions, and (3) supports self-monitoring.

We evaluated our chatbot in a longitudinal field experiment and
found that optimized gamification can make digital behavior
change interventions more effective. Our findings provide a
proof of concept for a very general and principled approach to
improving human behavior in the real world. In addition to this

theoretical contribution, we introduced a chatbot for helping
people develop a specific healthy habit (water drinking): the
Good Habit Bot. This chatbot can easily be adapted to other
health behaviors, including more critical health behaviors such
as exercising, healthy eating, and other good habits that people
want to establish.

The plan for this paper is as follows. We first introduce relevant
background information about behavior change and
gamification. We then present our theory of optimized
gamification for behavior change. Next, we present the chatbot
we designed as a proof of principle. After that, we present the
methods and results of our field experiment and discuss its
findings and implications.

Behavior Change Goals Versus Automatic Behavior
Human behavior is controlled by a combination of goal-directed
decision-making (eg, I will buy a gym membership because I
want to lose weight) and more automatic reactions to certain
stimuli (eg, always stopping by the gym on the way home from
work) [19]. Goal-directed decision-making derives choices from
the outcomes that people value (eg, health or money) or want
to avoid (eg, pain) according to their mental models of how
those outcomes can be obtained. In contrast, automatic reactions
do not consider the behavior’s likely consequences in the current
situation.

Obstacles to Behavior Change: Automaticity and
Temporal Discounting
Most of our behavior is not primarily controlled by goal-directed
decision-making but determined by people’s automatic reactions.
Therefore, automatic behavioral responses can interfere with
people’s ability to act in accordance with their behavior change
goals. This is the proverbial conflict between bad habits and
good intentions. People can inhibit and override their automatic
behavioral responses (bad habits), but their capacity to do so
is limited [20]. Therefore, the automaticity of human behavior
is a crucial obstacle to intentional behavior change.

A second obstacle to successful behavior change is that the
mechanisms of goal-directed decision-making are demonstrably
biased in favor of immediate outcomes [21]. People give too
much weight to their decision’s immediate consequences and
too little weight to its long-term consequences. This
phenomenon is known as present bias [22]. It has been proposed
that present bias occurs because the brain discounts delayed
benefits as if they become less valuable the later they occur
[23]. This phenomenon, which is known as temporal
discounting, is well established in research on economic
decisions and animal behavior.

Moreover, according to temporal motivation theory [24],
temporal discounting is one of the main reasons why people
fail to enact good intentions. Such failures of self-regulation
are a critical obstacle to health behavior change [25,26].
Consistent with this explanation, people who discount delayed
outcomes more strongly are likelier to engage in unhealthy
behaviors and experience poor health [26].
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Reinforcement Learning as a Mechanism of Behavior
Change
As automatic responses are powerful drivers of human behavior,
successful behavior change typically involves translating
behavior change goals into automatic behavioral responses [27].

Automatic behavioral responses, including exercise habits, can
be acquired through learning from experience. Model-free
reinforcement learning is a well-established mechanism of
learning automatic behavioral responses from experience [19].
This mechanism increases or decreases a person’s propensity
to engage in a specific behavior in a particular situation (eg,
going to the gym after work) according to whether they
experience the behavior’s overall consequences as positive or
negative. The vast literature on operant conditioning in animals
and humans underscores that learning from reward and
punishment is a powerful mechanism of behavior change
[28,29]. Another complementary learning mechanism involves
strengthening habits through mere repetition [30].

Supporting Behavior Change Through Incentives and
Reinforcement
The literature surveyed previously demonstrates that
goal-directed decision-making and automatic behavioral
responses are responsive to rewards and punishments.
Goal-directed decision-making is sensitive to anticipated future
rewards, and automatic behavioral responses are shaped by the
rewards or punishments that those behaviors have generated in
the past. These effects can be leveraged to support behavior
change. To foster behavior change via goal-directed
decision-making, behavior change interventions can create and
announce incentives for engaging in the desired behavior. To
foster behavior change via reinforcement learning, behavior
change interventions can reinforce the desired behavior with
rewards or positive feedback.

A highly effective behavior change intervention that leverages
both effects is contingency management [31]. Contingency
management incentivizes a desired behavior change and rewards
people when they enact it. Voucher-based reinforcement therapy
for treating addiction is a highly successful example of
contingency management [32]. This behavior change
intervention awards the patient a voucher every time they submit
a negative drug test. More recently, it has also been applied to
foster other types of behavior change, including physical
exercise [7,33] and treatment attendance [34]. Contingency
management appears to be more effective when the desired
behavior is reinforced more promptly, more frequently, and
with rewards that are larger or increase throughout the
intervention [35-37].

Digital Behavior Change Interventions
Developing digital behavior change interventions is a young
and booming field [38]. Mobile apps have shown potential for
fostering positive behavior change in domains such as physical
exercise and healthy eating [38,39]. However, the average effect
size of such interventions is still relatively small [40,41]. Most
behavior change interventions are not derived from any theory,
model, or framework [38]. Therefore, we suspect that there is
still room for improvement and that at least some of this

potential can be realized by adopting a more theory-driven
approach.

Goal setting and self-monitoring are the most commonly used
behavior change techniques [38]. A meta-analysis of studies on
digital interventions for promoting physical exercise found that
these 2 techniques are also the most effective ingredients of
current digital behavior change interventions [41]. Goal setting
entails guiding people to articulate their intent to perform certain
behaviors in certain situations (eg, drinking a glass of water
before every meal). Supporting self-monitoring often takes the
form of helping people check or record whether they have
enacted those intentions or track related outcomes (eg, their
weight). Goal setting is especially effective when people
formulate simple plans that specify the intended behavior and
the situation in which they want to perform it as concretely as
possible [42,43]. This approach is known as implementation
intentions. Moreover, reminding people of their intentions via
SMS text messages [44] and presenting them with positive
reinforcement when they enact their intentions [5,7,33] have
been found to be highly effective in promoting physical exercise.

Gamification
A recent meta-analysis found that approximately 1 in 5 digital
behavior change interventions are designed within the
gamification framework [38]. Gamification entails applying
principles from game design and game elements, such as
storytelling and rules for earning points and winning the game,
to address real-world problems [13]. The basic idea is to
motivate people to do things that benefit them or others, such
as exercising and studying, in a gameful way. Previous research
has found that gamification can improve people’s behavior,
achieve desired outcomes, and improve people’s subjective
experiences [45].

Gamification is already widely used in designing digital
behavior change interventions [5], and previous studies have
suggested that it can improve people’s health behaviors
[7,9-12,33]. One gamification strategy that is effective in digital
behavior change interventions is awarding the user points as
positive feedback for the desired behavior [5,7,33]. Such
extrinsic incentives can increase the frequency of the targeted
behaviors without affecting people’s intrinsic motivation
[46,47].

However, when gamification is not correctly designed, it can
backfire and have adverse effects [16,17,48]. This has also been
observed in the behavior change literature [12,49] and in
gamified habit formation apps [17]. Getting the incentives
exactly right can be crucial as points, levels, badges, and
leaderboards do not foster the user’s intrinsic motivation [46,47]
and might sometimes even undermine it when they are not
embedded in a compelling narrative [18]. Motivated by these
problems, many authors have called for a more theory-driven
approach to gamification in general [50] and gamifying digital
behavior change interventions in particular [12].

Optimized Gamification
Previous work has investigated how many points should be
awarded for which behavior to maximally benefit the user in
the context of to-do list apps that help the user achieve their
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own goals [51,52]. Building on temporal motivation theory [24],
this work assumed that people’s motivation is insufficiently
sensitive to long-term benefits such as good health in old age
and overly sensitive to immediate costs (eg, the effort of
exercising) and short-term pleasure (eg, from receiving
immediate positive feedback). To help people overcome the
resulting motivational problems (eg, procrastination) [53],
Lieder et al [51] developed a mathematical theory for designing
point systems that provide immediate positive feedback for
activities that are beneficial in the long run and immediate
negative feedback for activities that are not. The basic idea is
to align each action’s immediate and long-term consequences.
The action that is best in the long run should be made most
appealing in the short run, and actions with undesirable
long-term consequences should be made unappealing in the
short run.

Therefore, optimized gamification strives to incentivize each
of the available actions through a number of points proportional
to how much that action increases or decreases the sum total of
future happiness. This idea is implemented by modeling the
activities to be incentivized as steps that lead toward a valuable
goal or away from it. Actions that lead toward the goal increase
the time the person will spend in the more valuable state in
which the goal has been achieved. In contrast, actions that lead
away from the goal decrease the time the person will spend in
the more valuable state in which the goal has been achieved and
increase the effort required to achieve it afterward. On the basis
of this mathematical model, dynamic programming and
reinforcement learning methods can estimate how much a given
action improves or worsens the person’s situation. These
estimates are then translated into incentives that encourage good
choices and discourage bad ones. The resulting point values are
optimal in that they would enable even a purely myopic decision
maker who only cares about immediate outcomes to choose the
actions that are best for them in the long run [51].

Although optimized gamification construes points as incentives
and uses mathematical and computational methods from the
field of reinforcement learning, using it does not constitute a
commitment to behaviorism and is fully compatible with
cognitive theories of motivation [54].

Optimized gamification has been used to encourage users to
tackle the tasks on their to-do lists [32] and encourage students
to select the most valuable learning activities [55,56]. Optimized
gamification has also been applied to give people feedback on
how they think about what to do [57] and on whether they
succeeded in staying focused on a chosen task or got distracted
[58]. However, to date, this approach has never been applied to
support habit formation.

Objectives
The first goal of this study was to introduce a principled method
for computing feedback on the enactment or omission of the
desired behavior and experimentally test whether it can be used
to enhance digital behavior change interventions. The second
goal of this study was to introduce a chatbot that uses this
method to help people develop healthy water-drinking habits
and evaluate it in a longitudinal field experiment.

Methods

Optimized Gamification of Behavior Change

Overview
We conceptualized behavior change as a special case of
repeatedly choosing and learning when to do what. As reviewed
in the Background section, optimized gamification can
encourage desired behaviors and accelerate learning [57]. To
apply this method to promote the desired behavior and accelerate
the formation of healthy habits, we first have to model habit
formation as a Markov decision process (MDP) [59].

Modeling Habit Formation
An MDP is a scenario in which an agent faces a series of
choices. Each choice (a) has 2 effects. First, it yields an
immediate reward (r) that may be positive, negative, or zero.
Second, it may change the state (s) the agent finds itself in. In
an MDP, the agent’s goal is to maximize the sum of the rewards
it accumulates from its first decision to its last one.

We model behavior change problems as a straightforward MDP,
in which a person repeatedly chooses between 2 possible actions
when they find themselves in a particular situation: enacting
the desired behavior (a=1) or not enacting it (a=0). Our model
assumes that a given behavior change intervention aims to turn
the desired behavior into a habit. Therefore, we define the state
as the strength of the person’s healthy habit, measured using a
single number, shabit, which can range from 0 to 1. Following
standard habit formation models [30], we assume that enacting
the habit increases its strength from

shabit to shabit + α × (1 – shabit),

where α is a free parameter that describes how quickly habits
form. Conversely, our model assumes that failure to enact the
desired behavior decreases the strength of the habit to shabit ×
(1 – α). We assume that the habit has been cultivated when its
strength exceeds some threshold θ (eg, θ=0.9) and model the
health benefits conferred by achieving this goal as a reward
(rgoal) that is attained when the habit strength crosses this
threshold. Enacting the desired behavior is assumed to incur a
cost that decreases with the strength of the habit (r[shabit, 1]=–[1
– shabit]), whereas not performing the behavior is assumed to be
effortless (r[shabit, 0]=0).

Computing Optimal Feedback
The basic idea of optimized gamification is to reward each
action using a number of points that are proportional to its
long-term benefits. These long-term benefits are measured via
the decrease in future costs and the increase in future rewards
brought about by transitioning to a state in which the habit is
stronger. In situations in which the benefits of developing the
good habit outweigh its costs, the value of having a habit of
strength shabit and then following through with the process of
building the habit is as follows:
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where the number n(shabit; θ) specifies how often the behavior
must be enacted until the habit strength reaches its target value
θ. Therefore, for someone who will follow through with building
the habit, the long-term benefits of enacting the habit one more
time when its current strength is shabit are

f(shabit, 1) = V*(shabit + α × [1 – shabit]) – V*(shabit) =
1 – shabit.

Conversely, the long-term costs of failing to enact the desired
behavior in the situation in which it is supposed to become a
habit are

f(shabit, 0) = V*(shabit × [1 – α]) – V*(shabit).

Please note that, even though we are talking about a situation
in which it is rational for people to build the habit, this does not
mean that we assume people to be rational. For our method, it
does not matter why people follow through with building the
habit. In fact, we assume that some people will follow through
with building the habit only because they are (irrationally
strongly) motivated by the immediate rewards conferred by
feedback.

The lowest possible negative value of f is f(θ, 0), and the largest
possible positive value is f(0, 1). Although the exact values
depend on the model parameters, they are typically
approximately –1 and 1, respectively. Therefore, to transform
those values into points, it is desirable to scale them by the
desired maximum point value (M) that the application should
award to the user and then round the scaled values to the nearest
integer. This yields the following equation for the number of
points that the application should award when a user reports
that they have enacted their intention (a=1) or have not enacted
their intention (a=0):

points(shabit, a) = round(M × f(shabit, a)) (Equation 1).

Figure 1 illustrates the point values as a function of the user’s
habit strength in an example application with a learning rate of
α=0.1, a target habit strength of θ=0.9, and a maximal point
value of M=13. Multimedia Appendix 1 provides more details
on our mathematical model and the resulting optimal point
system.

Figure 1. Point values for enacting versus failing to enact the habit at different habit strengths for a learning rate of α=0.1 and a threshold of θ=0.9.

As illustrated in Figure 1, the number of points for enacting the
desired behavior is largest when the habit is weakest and
gradually decreases toward 0 as the habit strengthens. This is
intuitive as performing the desired behavior becomes easier the
more often one has already performed it. Conversely, the number
of points that should be deducted when the user fails to enact
the habit is smallest when the strength of the habit is 0 and then
increases as the habit becomes stronger. This is an intuitive
consequence of our model’s assumption that failing to enact
the desired behavior in the specified situation weakens the habit
strength by approximately 10%. The stronger the habit, the more
is lost when its strength is reduced by 10%. The number of
points awarded for enacting the desired behavior is a
monotonically decreasing function of the habit strength. In
contrast, the point value for failing to enact the desired behavior
changes more erratically. This is because the number of steps
required to reach the desired habit strength changes abruptly

with the current habit strength. For instance, failing to enact the
behavior at a habit strength of 0.09 increases the number of
times the behavior needs to be enacted to achieve the desired
habit strength from 21 to 22 times. However, if the habit strength
is 0.08 or 0.10, the number of times the desired behavior has to
be enacted remains 22 and 21 times, respectively. Individual
users rarely experience such irregular changes as the change in
their habit strength typically skips across those small areas in
which the point value changes nonmonotonically. Moreover,
our simulations suggest that the penalty for failing to enact the
desired behavior can be approximated using a linear function
with the same slope as the number of points for performing the
desired behavior.

Application to Supporting Positive Behavior Change
The optimized gamification method described previously can
be applied to help people form good habits. The equations for
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computing the number of points are easy to implement within
digital behavior change interventions such as chatbots and habit
trackers. All that is needed is to ask the user which habit they
want to develop and estimate its initial strength, set the learning
rate parameter and the habit’s target strength to reasonable
values (eg, α=0.1 and θ=0.9), and record when the user did
versus did not act in accordance with the desired habit. To define
the desired habit, the user has to specify the desired behavior
and the situation in which they want to perform it. The user’s
initial habit strength can be estimated through the desired
behavior’s relative frequency in that situation in the previous
weeks (eg, at 2 of the previous 7 lunches). The habit strength
can then be initialized using that proportion. Alternatively, when
it makes sense to assume that the user wants to build an entirely
new habit, the strength can be initialized as 0. Then, whenever
the user reports having or not having enacted their intention,
the optimized gamification equation can be applied to compute
how many points the user should gain or lose. Whenever the
user reports having performed the desired behavior, the estimate
of the habit strength should be increased to

shabit + α × (1 – shabit),

and whenever the user reports having missed an opportunity to
enact their intention, the estimate of their habit strength
decreases to shabit × (1 – α). Then, the same procedure repeats
when the user reports on their next opportunity to enact the
behavior.

This approach can be used to support many different types of
positive behavior change. It can help people build good habits
in areas such as exercise, sleep, taking medication, nutrition,
work, chores, and leisure activities. It can be used in
interventions focusing on specific habits and, in general, in habit
formation tools that let users choose any habit they want to
develop. Another possible application is helping people
overcome bad habits (eg, smoking cessation) [60]. It can support
applications that run on practically any device, from
smartwatches and wristbands to mobile phones, desktop
applications, web applications, and smart glasses.

Proof of Concept: A Chatbot for Building a Healthy
Water-Drinking Habit
As a proof of concept for the application of optimized
gamification to support behavior change, we implemented this
idea as a Telegram (Telegram FZ LLC) chatbot called the Good
Habit Bot. This chatbot helps the user develop a healthy
water-drinking habit by combining 4 behavior change
techniques: goal setting, reminders, support for self-monitoring,
and feedback. Concretely, the Good Habit Bot guides the user
to formulate an implementation intention that links a specific
desired behavior to a concrete daily event, reminds the user of
their intention on a daily basis, checks in with them on whether
they followed through on their intention every day, and then
gives them positive or negative feedback depending on whether
they did or did not follow through on their intention.

When the user starts their first conversation with the Good Habit
Bot, the chatbot introduces itself and says that its purpose is to

help the user form a healthy water-drinking habit. The Good
Habit Bot then asks the user to choose which of 8 concrete,
recurring moments in their day they want to use as the trigger
for their water-drinking habit (eg, when my wake-up alarm rings
or when I have the first bite of my lunch; for the complete list,
see Multimedia Appendix 2). Next, the Good Habit Bot asks
the user how much water they want to drink in that situation
(eg, 1 glass or 0.5 glasses) and how often they did so in the
previous 7 days. The chatbot then uses the number of days n of
the previous week in which the user acted in accordance with
the habit (eg, n=2) to initialize their habit strength by n/7 (eg,
shabit = 2/7). Then, in the evening of the first day (ie, at 9 PM),
the chatbot reminds the user of their intention to drink a specific
amount of water at a particular moment of the following day
(eg, Remember your intention: When I have the first bite of my
lunch, I will drink 1.5 glasses of water). Then, sometime after
the moment in which the user wanted to enact their intention,
the chatbot asks them whether they did so (ie, Did you
accomplish your goal today to drink 1.5 glasses of water). If
the user affirms that they followed through on their intention,
the chatbot gives them positive feedback (Figure 2). This
feedback comprises a congratulatory message (eg, That’s
wonderful!) whose text alternates among 5 possible phrases
(Multimedia Appendix 2) and a second message that awards
the user the number of points computed by our optimized
gamification method (eg, I am glad to grant you 5 points for
keeping a good habit! Your total score is 49 points). In contrast,
if the user responds that they missed their chance to enact their
water-drinking intention, the Good Habit Bot tells them Okay.
Keep going tomorrow! and informs them how many points they
lost and how many they have left (Multimedia Appendix 2).
Afterward, the chatbot updates the user’s habit strength. Later
that day, the Good Habit Bot reminds the user of their intention
for the next day, and then the cycle repeats.

Critically, the chatbot computes how many points to award or
take away from the user according to the optimized gamification
method described previously (equation 1). One can read the
number of points the chatbot we used in our experiment awarded
in different situations in Figure 1 as it used the same set of
parameters (ie, α=0.1; θ=0.9; M=13). For instance, if a user
who reported having performed the desired behavior twice in
the previous week enacted their intention on the first day, they
earned 9 points, and their habit strength increased from

Conversely, if they failed to enact their intention, they would
lose 4 points, and their habit strength would decrease to

The Good Habit Bot is freely available on the Telegram
messenger app, where it can be found by searching for its alias,
@learn_good_habits_bot.
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Figure 2. Screenshot of the feedback method with point values computed by our optimized gamification method.

Study Design
To evaluate the effectiveness of our intervention and assess the
relative contributions of reminders versus optimized
gamification, we ran a longitudinal between-subject experiment
with 1 experimental condition with optimized gamification
(optimized gamification condition), 1 baseline condition, and
1 control condition with reminders and feedback (Table 1). In
the optimized gamification condition, the chatbot delivered all
4 techniques described previously, including feedback messages
based on optimized gamification (Figure 1). Participants in the
other 2 conditions could not gain or lose any points (no
optimized gamification). They differed in whether they received
feedback messages for enacting versus failing to enact the
intended behavior. In the control condition with reminders and
feedback, participants received a positive feedback message

when they reported having enacted their intention (eg, That’s
wonderful!) and a more neutral message when they reported
not having done so (eg, Okay. Keep going tomorrow!). To create
the baseline condition, we replaced the first control group’s
positive and negative feedback message with a neutral message
(OK) and removed the daily reminders. Participants completed
the self-report measures of habit strength described in the
following sections before the intervention (pretest time point),
immediately after the intervention (posttest time point), and
approximately 3 weeks later (follow-up). Moreover, participants
reported how often they engaged in the desired behavior the
week before the intervention (pretest time point) and the week
after the intervention (posttest time point). Finally, participants
also completed daily reports of whether they enacted their
intention on each day of the intervention.

Table 1. Experimental conditions.

FeedbackRemindersSupport for self-
monitoring

Implementation
intentions

Experimental condition

Optimized gamification and positive vs neg-
ative text

YesYesYesOptimized gamification condition

Positive vs negative textYesYesYesControl condition with reminders and feedback

NoneNoYesYesBaseline condition

Ethical Consideration
This experiment was conducted according to study protocol
401/2020BO2 approved by the Independent Ethics Commission
at the Faculty of Medicine of the University of Tübingen. All
data was collected and handled according to the General Data
Protection Regulation of the European Union. All data has been
de-identified.

Recruitment and Reimbursement
We recruited 132 participants (n=41, 31.1% for the baseline
condition; n=43, 32.6% for the optimized gamification
condition; n=48, 36.4% for the control condition; n=93, 70.5%
female) on the web-based research platform Prolific. Based on
considerations about the cost of the study, the sample size was

determined a priori so that we would retain 3x40=120
participants after an anticipated 10% of participants dropped
out of the study. The requirements for participation were being
a native English speaker, not having interacted with our chatbot
before, and having previously completed at least 10 prolific
assignments with an approval rate of at least 95%. Moreover,
participants had to be aged ≥18 years. The average age of the
participants was 31.5 (SD 9.9; range 19-79) years.

The study description informed participants about the study’s
duration, activities, time commitment, and pay. Participants
were paid £1.95 (US $2.45) for completing the onboarding
survey. We informed them that the base pay for completing the
remainder of the 40-day study would be £7.80 (US $9.81) and
that they could earn an additional bonus of £8 (US $10.06). The
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description strongly recommended that only people who were
already using Telegram on their smartphones should participate.
Moreover, the study description informed potential participants
about the potential health benefits of regular water drinking.
Participants were then shown the consent form. Upon providing
informed consent, participants who already had the Telegram
app clicked on a link that started a conversation with the
Telegram chatbot for their corresponding experimental
condition. Participants who had not installed the Telegram app
yet were directed to download it first.

At the end of the 40-day study, the chatbot directed participants
to a second Prolific HIT where they received the announced
payments contingent on their sustained active participation. All
participants who completed the pretest, posttest, and follow-up
measures and continued to report their daily intention enactment
after the 10th day received a second payment of £15.80 (US
$19.86). Participants who did not meet these criteria did not
receive the second payment.

Outcome Measures and Procedure

Outcome Measures
We measured the outcome variables described in the following
sections.

Dropout

We measured whether a participant dropped out of our study
using a binary variable indicating whether the participant
stopped responding to all daily reports at least 3 days before
the end of the study.

Engagement

We measured each participant’s engagement with our digital
intervention based on the number of days on which they
interacted with the Good Habit Bot.

Self-Report Habit Index

The Self-Report Habit Index (SRHI) [61] is a 12-item self-report
measure of habit strength on a 7-point Likert scale. It comprises
3 subscales measuring the behavior’s history of repetition, its
automaticity, and the extent to which it is part of the person’s
identity. In this study, we administered the first 2 subscales.
The SRHI has been found to be a 1D construct. Therefore, we
averaged the scores of all items. The SRHI has been found to
have high validity and very high reliability (Cronbach α of
approximately 0.90; test-retest reliability: r=0.91).

Daily Intention Enactment

To measure how often each participant enacted their
water-drinking intention during the intervention, we asked them
the following question—Did you accomplish your goal to drink
1 glass of water?—on each day of the intervention. The question
was asked between 30 minutes and 2.5 hours after the time at
which the participant intended to drink water. Participants
responded by selecting between the responses Yes, I did! and
No, I didn’t. After the study, we calculated each participant’s
daily intention enactment score by counting on how many of
the 21 days of the intervention period they enacted their

intention. Therefore, the daily intention enactment score could
range from 0 to 21.

Retrospective Intention Enactment

To measure how regularly participants engaged in the intended
behavior (eg, drinking a glass of water before lunch) in the
weeks before and after the intervention, we asked them to
answer the following question—On how many days of the
previous week did you keep the habit of drinking water?—by
selecting one of the answer choices (0, 1, 2, 3, 4, 5, or 6 days).
We referred to the resulting number of days as the retroactive
intention enactment score.

Procedure
We created 3 separate Prolific HITs for each of the 3 conditions
of the experiment (Table 1), and each person was allowed to
participate in at most one of these HITs. The experiment ran
from November 11, 2021 to December 19, 2021. As illustrated
in Table 2, the experiment was divided into 3 phases: the
preintervention period (day 0), intervention period (days 1-21),
and postintervention period (days 22-40). In the preintervention
period, participants provided informed consent, completed the
onboarding process, and completed the pretest. We blinded
participants to the experimental manipulation by giving all
participants the same information about the chatbot they were
interacting with and the anticipated benefits of interacting with
it. During onboarding, participants were directed to start the
first conversation with the Good Habit Bot in the Telegram app
on their mobile phones. In this initial conversation, the chatbot
asked the participants to select a concrete daily situation in
which they wanted to drink water and how much water they
wanted to drink, as described previously. The pretest comprised
2 self-report measures: the SRHI and the retrospective intention
enactment measure for the week before the study.

During the intervention period, each participant interacted with
1 of the 3 versions of our chatbot according to the condition
they were in (Table 1). On each day of the intervention period,
all 3 groups reported whether they successfully enacted their
intention to drink water in the specific situation they had selected
(daily intention enactment). At the end of the intervention
period, all 3 groups completed the SRHI for the second time
(posttest time point).

The postintervention period started with a 1-week break during
which the chatbot did not communicate with the participants.
Then, on day 28 (follow-up 1) and day 35 (follow-up 2), the
chatbot asked participants from all 3 groups to report on how
many days of the previous week (ie, the first and second week
of the postintervention period, respectively) they had acted in
accordance with the desired habit (retroactive intention
enactment). Finally, on day 40, the chatbot asked all participants
to complete the SRHI questionnaire for the third time
(follow-up). Participants received 3 email reminders to resume
interacting with the chatbot on the day of the first follow-up
survey (day 28), the day of the second follow-up survey (day
35), and the day of the final follow-up survey (day 40).
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Table 2. Experimental procedure.

Baseline conditionControl condition with reminders and
feedback

Optimized gamification conditionExperimental phase and day

Before the intervention

Day 0 ••• OnboardingOnboardingOnboarding
••• Retrospective intention enact-

ment
Retrospective intention enact-
ment

Retrospective intention enact-
ment

••• SRHISRHISRHIa

Intervention

Days 1-21 ••• Daily intention enactmentReminder, report, and feedback
(text only)

Reminder, report, and feedback
(optimal points+text)

•• Daily intention enactmentDaily intention enactment

Day 21 ••• SRHISRHISRHI

After the intervention

Days 22-27 ••• No reportsNo reportsNo reports

Day 28 ••• Retrospective intention enact-
ment

Retrospective intention enact-
ment

Retrospective intention enact-
ment

Days 29-34 ••• No reportsNo reportsNo reports

Day 35 ••• Retrospective intention enact-
ment

Retrospective intention enact-
ment

Retrospective intention enact-
ment

Days 36-39 ••• No reportsNo reportsNo reports

Day 40 ••• SRHISRHISRHI

aSRHI: Self-Report Habit Index.

Data Analysis
The hypotheses and statistical analysis plan were preregistered
on the internet [62]. Participants who completed 0 daily water
consumption reports were excluded from all analyses apart from
the dropout analysis. Other than that, all analyses were
conducted on all available data from all participants who
completed at least one daily water consumption report. We
retained 37/41 participants from the baseline condition, 39/43
participants from the control condition with reminders and
feedback, and 42/48 participants from the optimized
gamification condition. All comparisons between conditions
were based on the originally assigned groups. We used Poisson
regression analyses for binary outcome variables. For continuous
outcome variables, we used linear multilevel modeling.

Results

There was no indication of failure of random assignment for
initial habit strength, automaticity, or history of repetition
(pairwise P>.14 in all cases).

Dropout
As an initial step, we examined whether there was a differential
dropout among the 3 conditions using a chi-square test of
independence. There was no effect of condition on dropout

(χ2
2=0.7; Cramer V=0.07; P=.72).

Engagement
The engagement variable was entered into a Poisson regression
model with 2 dummy variables for the effects of optimized
gamification and feedback and reminders. The automaticity and
history of repetition scores from the SRHI before the
intervention and the preintervention retrospective intention
enactment score were entered as control variables. As shown
in Table 3, optimized gamification did not increase engagement
compared with the baseline condition. However, it appears that
being in the control condition with reminders and feedback
without optimal points reduced engagement compared with the
optimized gamification condition (Table 3) and the baseline
condition (incidence rate ratio=0.84, 95% CI 0.75-0.94; P=.002).
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Table 3. Predicting the number of days on which participants engaged with the app (engagement) from their condition and time-1 habit-related control

variables (N=126)a.

P valueIncidence rate ratio (95% CI)Predictor

<.00118.88 (16.61-21.43)Intercept

.721.02 (0.91-1.14)Baseline vs optimized gamification

.0080.86 (0.76-0.96)Reminders and feedback vs optimized gamification

.071.03 (1.00-1.07)Preintervention habit strength

<.0010.85 (0.79-0.92)History of repetition

.031.08 (1.01-1.16)Automaticity

aNagelkerke R2=0.33. The treatment group with optimal points is the reference group.

Daily Intention Enactment
The outcome variable measuring participants’ daily enactment
of the desired behavior (ie, water drinking) was subjected to a
Poisson regression model with the same set of predictors as for
engagement. Critically, we found that participants in the
optimized gamification condition enacted the daily intention to

drink water more often (mean 14.71, SD 6.57 times) than either
the participants in the baseline condition (mean 11.64, SD 5.43
times) or the participants in the control condition with reminders
and feedback (mean 11.64, SD 6.38 times; Table 4).
Furthermore, reminders and feedback without points did not
result in more water drinking than the baseline condition
(incidence rate ratio=1.03, 95% CI 0.90-1.17; P=.70).

Table 4. Predicting the number of days on which participants drank water (daily intention enactment) from their condition and preintervention

measurements of habit-related control variables (n=118)a.

P valueIncidence rate ratio (95% CI)Predictor

<.00116.02 (13.93-18.41)Intercept

.0010.78 (0.69-0.89)Baseline vs optimized gamification

<.0010.80 (0.71-0.91)Reminders and feedback vs optimized gamification

.641.01 (0.97-1.05)Preintervention retrospective intention enactment

.020.91 (0.84-0.99)History of repetition

.101.07 (0.99-1.15)Automaticity

aNagelkerke R2=0.21. The treatment group with optimal points is the reference group.

Self-Reported Habit Strength
To test whether optimized gamification promoted habit
formation, we compared the change in the SRHI self-report
measures of automaticity and history of repetition from pretest
to posttest to follow-up time points among the 3 experimental
conditions (Figure S1 in Multimedia Appendix 3) using a
multilevel model with fixed-effects predictors for time point, 2
dummy codes for the experimental condition with the optimized
gamification condition as the reference, and all pairwise
time×condition interactions (Tables S1 and S2 in Multimedia
Appendix 3). We found that, compared with the pretest time
point, both measures of habit strength were significantly higher
immediately after the intervention (P<.001 in all cases) and at
follow-up (P<.001 in all cases). However, these effects were
no larger in the optimized gamification condition than in the
baseline condition (P≥.20 in all cases) or the control condition
with reminders and feedback (P≥.12 in all cases).

Behavior After the Intervention
As a further test of whether the behavior change we observed
during the intervention was maintained, we analyzed the number
of times participants reported having enacted their intention in
the week before the intervention versus the first week after the

intervention and the second week after the intervention
(retrospective intention enactment; Figure S2 in Multimedia
Appendix 3) using a multilevel model with fixed-effects
predictors for time point, 2 dummy codes for the experimental
condition with the optimized gamification condition as the
reference, and all pairwise time×condition interactions (Table
S3 in Multimedia Appendix 3). We found that, compared with
the week before the intervention (mean 1.8, SD 2.1 times),
participants enacted the desired behavior significantly more
often after the intervention (1-week follow-up: mean 5.2, SD
1.9 times, t299=15.21, and P<.001; 2-week follow-up: mean 5.1,
SD 2.1 times, t299=14.86, and P<.001). However, these effects
were no larger in the optimized gamification condition than
they were in the baseline condition (P≥.18 in all cases) or the
control condition with reminders and feedback (P≥.32 in all
cases).

Discussion

Principal Findings
In this study, we derived a mathematical principle for designing
the point systems of gamified behavior change interventions.
Our proof-of-concept study suggests that this principled
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approach to gamifying behavior change can be beneficial. We
found that our gamified behavior change chatbot fostered
positive behavior change during the intervention. This is
consistent with previous findings that goal setting,
reinforcement, reminders, and self-monitoring are effective
techniques for promoting behavior change [7,33,39,41,44].

Moreover, we found that the behavior change that occurred
during the intervention was maintained in all 3 conditions. The
elements that the behavior change interventions in all 3 groups
shared were goal setting and self-monitoring. Therefore, goal
setting and self-monitoring may be sufficient for sustained
behavior change. Adding reinforcement to goal setting and
self-monitoring was beneficial during the intervention, but the
additional benefits of reinforcement ceased to be statistically
significant (P≥.17 in all cases) in the week following the
intervention. However, as our study had a small sample size,
this apparent discrepancy could be an artifact of us having used
different methods to measure behavior change during versus
after the intervention. During the intervention, we measured
behavior change through daily self-reports. After the
intervention, we asked participants to retrospectively report on
their behavior in the previous week, which is less accurate
because of participants’ fallible memory, and complete
self-report questionnaires about their perceived habit strength,
which are less objective than reports on behavior. Consistent
with the interpretation that our study had insufficient statistical
power for detecting retention effects, the measures we used to
assess the maintenance of behavior change consistently showed
a nonsignificant trend in favor of optimized gamification
(Figures S1 and S2 in Multimedia Appendix 3). Moreover,
previous studies have found that gamification-induced behavior
change can persist over extended periods [63].

Limitations
From a theoretical perspective, the main limitation of our study
is that it did not compare the effectiveness of the points
computed by our optimized gamification method with alternative
point schemes. Previous work has found optimized gamification
to be more effective than several heuristic methods for designing
point systems in contexts in which people choose among several
activities [51]. However, the decisions that people face in
behavior change applications appear to be simpler. Therefore,
it remains unclear how much of the beneficial effects of
optimized gamification on behavior change are specific to
optimized gamification. Relatedly, it remains unclear which
property of the points generated through optimized gamification
is responsible for their effects on behavior change. Future work
could address these questions by comparing optimized
gamification of behavior change with simpler, alternative
feedback mechanisms such as always awarding the same number
of points or a streak-based point system.

However, we did evaluate optimized gamification against
rewarding each enactment of the desired behavior using the
same positive feedback message and punishing each failure to
enact the desired behavior using the same negative feedback
message (control condition with reminders and feedback). From
a reinforcement learning perspective, this condition is equivalent
to always awarding the same number of points when the

behavior is enacted and always deducting the same number of
points when the user fails to enact the behavior. We found that
optimized gamification is more effective than this alternative
feedback mechanism. This suggests that optimized gamification
might be more effective than awarding the same number of
points for each instance of the desired behavior. However,
whether this interpretation is correct remains to be tested.

We illustrated the application of the general framework of
optimized gamification to behavior change using a simple model
of habit formation, which assumes that the user will indefinitely
maintain the good habit once it has been established. This
assumption is highly simplistic. In reality, maintenance is far
from automatic. On the contrary, people may experience
backsliding, and the strength of the habit may continue to wax
and wane [64]. This could be captured by letting the process of
deciding whether to perform the behavior continue indefinitely
until the user dies. In this way, lapses could occur at any time
and weaken the habit no matter how strong it is. In such a model,
the health benefits of the behavior could be modeled explicitly
in terms of its effects on a state variable that models the user’s
health status. Refining our method’s model in this way would
reduce the reinforcement for engaging in the behavior when the
habit is weak and increase it when the habit is strong. This may
make our method even more effective.

From an empirical perspective, the main limitation of the work
presented in this paper is the relatively small sample size of our
field experiment. Given that we collected <30 complete data
sets per condition, the power of some of the statistical tests is
relatively low. Therefore, the absence of significant differences
in self-reported habit strength and retroactive intention
enactment after the intervention does not provide strong
evidence against the maintenance of the benefits of optimized
gamification. Moreover, given that habit formation can take a
very long time, our intervention may have been too short to
fully capture the effects of the 3 different interventions on habit
formation.

One flaw in our experiment was that some of the chatbot’s
messages were not worded in perfect, idiomatic English
(Multimedia Appendix 2). We think that it is unlikely that our
participants misunderstood any of the messages. However, it is
possible that participants would have taken the messages more
seriously if all of them had been written in perfect, idiomatic
English. Another minor limitation of our chatbot is that its users
started with a score of 0. Thus, if they failed to enact the desired
behavior, their score fell to negative values, which might be
demotivating. Therefore, future versions of our chatbot will
award users a number of points (eg, 20) for setting the intention
to build a good habit.

Finally, another weakness of our study design is that our
intervention sought to strengthen water drinking in healthy
people. Therefore, we cannot draw conclusions about the
potential utility of our chatbot for clinical populations for which
developing a healthy water-drinking habit might be crucial [3,4].
Moreover, it remains unclear whether our findings can be
generalized to other habits that are more vital to people’s health.
In addition, our study was not specifically about water drinking
as a weight loss strategy as only some participants tied water
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drinking to their meals. However, we introduced a general
method that can be used to improve digital interventions for
many critical behavior change applications.

Comparison With Prior Work
This study builds on previous work on optimized gamification
[51]. Optimized gamification has been previously applied to
help people decide what to work on [51] and which goals to set
[52,55,56,65]. Moreover, optimized gamification has also been
applied to help people stay focused on their work [58]. However,
the work presented in this paper is the first application of
optimized gamification to support habit formation. Moreover,
it is one of the first real-world applications of optimized
gamification as most previous work was confined to controlled
laboratory experiments.

As our chatbot combined 4 established behavior change
techniques (ie, goal setting, reminders, support for
self-monitoring, and reinforcement), its design and effectiveness
are therefore consistent with several extant theories of behavior
change [66]. In particular, our optimized gamification method
is consistent with behavior change methods that acknowledge
the importance of providing positive feedback on improvements
in behavior [28,66-69].

The most similar gamified digital intervention for behavior
change that we are aware of is the SMS text messaging–based
WalkIT intervention for promoting physical exercise [7,33,70].
Participants of the WalkIT trial received SMS text messages
with daily physical exercise goals. Physical exercise (walking)
was measured using the accelerometers of their smartphones
and reported to a server. Participants received feedback on
whether they met the exercise goal via an SMS text message
that included points that were converted into money. Depending
on the stage of the experiment, the number of points for
achieving a goal was either constant or determined at random.
The number of points awarded for failing to achieve a goal was
0. In contrast, our optimized gamification method provides a
principled way to choose the exact number of points that a
person should be awarded for meeting their daily goal or lose
for failing to meet that goal. Therefore, our method could be
used to enhance the WalkIT intervention with a more principled
way of choosing the number of points depending on the user’s
history of successful and unsuccessful goal achievement.
Conversely, WalkIT has many sophisticated features that go
beyond the chatbot we introduced here. This includes an
algorithm for adaptive goal setting, automatically delivered
financial incentives, and an evidence-based sequence of different
reward schedules that differ in the probability that goal
achievement will be rewarded and whether the magnitude of
the reward will be fixed or random. Consistent with our finding
that the more performance-contingent feedback of the optimized
gamification condition was more effective than less informative
feedback or no feedback, the WalkIT studies found that
immediate, behavior-contingent reinforcement was more
effective in promoting behavior change than delayed,
behavior-independent reinforcement.

Another gamified digital intervention for supporting behavior
change is Habitica. Habitica embeds working through one’s
to-do list into a role-playing game in which the user’s character

can earn points by completing their daily to-dos. The points
serve as an in-game currency that the player can use to buy
weapons and armor for their avatar. Conversely, when the user
does not complete a daily to-do, they lose points. As far as we
can tell, the developers of Habitica chose the number of points
the user gains for completing a to-do and the number of points
they lose for failing to complete a daily to-do somewhat
arbitrarily based on their intuitions. A recent study found that
only 49% of Habitica’s users rate its rewards as (rather)
appropriate and that most experience counterproductive effects
of Habitica’s approach to gamification [17]. Given that
optimized gamification was effective in our study and in
previous studies, it is possible that redesigning Habitica’s point
system according to optimized gamification could alleviate
some of the counterproductive effects of their users’experience.

The method introduced in this study mitigates the adverse effects
of temporal discounting on people’s health behavior [26]. Its
approach is to add immediate rewards that are aligned with the
behavior’s long-term consequences for the user’s health; that
is, optimized gamification redesigns the decision environment
so that people’s shortsighted biases lead to decisions that are
good for them in the long run [51]. Recent work on this topic
introduced a computational model of intertemporal choice and
applied it to compute personalized incentives for helping people
more patiently work toward obtaining a larger reward later
instead of abandoning the project in favor of a smaller
immediate reward [71,72]. Similar to optimized gamification,
their approach uses an MDP framework. However, their problem
formulation and solution are different. The main difference lies
in the application area. Sukumar et al [71] focused on canonical
delay-of-gratification tasks, whereas we modeled habit
formation. They tested their approach in online experiments in
which participants played a queue waiting game and found that
personalized incentives can increase people’s patience while
waiting in a simulated queue. In contrast, we conducted a field
experiment on behavior change in which the incentives
motivated people to act more farsightedly in the real world.
Despite this critical difference, investigating whether modeling
and measuring individual differences can be used to make
optimized gamification more effective is an exciting direction
for future work. Moreover, a computational model such as the
one proposed by Sukumar et al [71] could be used to simulate
the effects of alternative incentive schemes.

Previous work has found that drinking water before meals is an
effective weight loss strategy for adults with obesity [3,4]. In
the randomized controlled trial by Parretti et al [4], participants
were instructed to use the water-drinking strategy in a
face-to-face weight loss consultation. They did not receive any
additional support in implementing this strategy. The chatbot
we developed could be used to augment those weight loss
consultations with a digital tool that helps people follow through
on their resolutions. Alternatively, an appropriately adapted
version of our chatbot could be used as a highly scalable,
low-cost alternative to face-to-face weight loss consultations.

Conclusions
In conclusion, optimized gamification is a practically helpful
theoretical principle for designing the point systems of (digital)
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behavior change tools and interventions. It can be implemented
in just a few lines of code, and the point values can be computed
instantaneously. It can be applied to improve or augment many
existing (digital) behavior change interventions and can also be
used to create new ones. Thus, optimized gamification can help
tackle many challenging behavior change problems using
scalable digital interventions. Testing whether, when, and how

optimized gamification can make a positive difference in critical
practical applications is an exciting direction for future research.
A crucial next step will be to test our point system against
simpler heuristic point systems for supporting behavior change.
Moreover, our chatbot can be extended to support various health
behaviors and other forms of positive behavior change.
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Abstract

Physical activity is important for everyone to maintain and improve health, especially for people with chronic diseases. Mobile
exergaming has the potential to increase physical activity and to specifically reach people with poor activity levels. However,
commercial mobile exergames are not specially designed for older people with chronic illnesses such as heart failure. The primary
aim of this viewpoint is to describe the underlying reasoning guiding the design choices made in developing a mobile exergame,
Heart Farming, tailored specifically for sedentary older people diagnosed with heart failure. The goal of the exergame is to increase
physical activity levels by increasing the daily walking duration of patients with heart failure by at least 10 minutes. The rationale
guiding the design decisions of the mobile exergame is grounded in the thoughtful integration of gamification strategies tailored
for application in cardiovascular care. This integration is achieved through applying gamification components, gamification
elements, and gamification principles. The Heart Farming mobile exergame is about helping a farmer take care of and expand a
virtual farm, with these activities taking place while the patient walks in the real world. The exergame can be adapted to individual
preferences and physical condition regarding where, how, when, and how much to play and walk. The exergame is developed
using augmented reality so it can be played both indoors and outdoors. Augmented reality technology is used to track the patients’
movement in the real world and to interpret that movement into events in the exergame rather than to augment the mobile user
interface.

(JMIR Serious Games 2024;12:e50066)   doi:10.2196/50066

KEYWORDS

sedentary; exercise; exertion; exergames; technology; training; inactivity; eHealth application; heart disease; physical activity

Introduction

Background
Physical activity is important for everyone, especially for people
with chronic disease [1]. Low levels of physical activity are
commonly reported by patients with cardiac disease, which
raises the risk of both illness progression and death [2-4].
Patients with heart failure benefit from physical exercise, but
the activity must be tailored to the patient’s baseline condition
and the intensity of their symptoms [5]. A promising, innovative
way to motivate people to become more physically active is the
use of exergames. Exergames are games that combine gameplay
with physical activity, requiring people to move in the real world
[6]. They lead to an increase in physical activity [7] and have
the potential to reach people with poor activity levels [8].
Nintendo Wii and the X-Box Kinect are well-known commercial
exergames that have been tested for effectiveness in older people

and for patients in cardiac rehabilitation programs [9-11].
Although some exergame studies show benefits for physical
activity, a meta-analysis showed that exergaming, when
compared to conventional cardiac rehabilitation programs,
showed equal effects in terms of improving exercise capacity,
quality of life, and mental health [11]. Nevertheless,
commercially available exergames, using a “one size fits all”
approach, fail to cater adequately to the specific requirements
of the older adult population in general [12,13], and more
specifically, to individuals dealing with heart failure [14]. A
randomized controlled trial using a commercially available,
off-the-shelf product demonstrated ineffectiveness in enhancing
submaximal exercise capacity among patients with heart failure
[15]. Based on interview studies regarding mostly commercial
exergames, adult players perceived barriers to exergaming that
might be related to the fact that the exergames were initially
designed for children or young adults [14,16,17]. Barriers that
could hinder older peoples’ abilities to exergame were poor
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vision, physical function limitations, and other health conditions
[14,17].

For this reason, the design of exergames for older people should
focus on suitability, usability, and accessibility, as this will
increase acceptance. An important aspect to consider in
designing exergames for older people is that the location of play
should be flexible, for example, offering the potential to be
played both indoors and outdoors. This can be realized by
developing the exergame for a smartphone, instead of a
stationary computer. Another benefit is that smartphones are
accessible to the target group. Even though older people might
be interested in using mobile phones [18] and mobile health
applications can help older people in self-care of illnesses and
lifestyle improvement [19], there are no specific mobile
exergames designed for older people with heart failure.

The aim of this paper is to describe the principles and technology
used in Heart Farming, a mobile exergame designed with the
objective of increasing physical activity for inactive older people
with heart failure by increasing their walking time by at least
10 minutes each day, as this has been shown to reduce the risk
of death or hospitalization by 4% [20]. The Heart Farming
exergame was designed and developed using an adapted version
of the player-centered, iterative, interdisciplinary, and integrated
framework for serious games [21].

Mobile Exergames for Older People
A previous study shows that outdoor mobile exergames increase
older peoples’engagement, satisfaction, and interest in physical
activity [22]. Furthermore, previous research shows that the
quality of life for patients with heart conditions can be improved
by using mobile phones as health interventions to stimulate
physical activities, medication management, dermatology, fall
detection, and exercise monitoring [23]. Smartphones are
recommended for non–face-to-face physical activity
interventions for older people [24]. Smartphones contain built-in
technologies, for example, accelerometers, cameras, and sensors,
that measure users’ movement and can provide the users with
real-time monitoring and feedback on their physical activity
without the use of a separate device [25-28]. Furthermore,
smartphones provide connectivity, enabling users to get social
support that can impact individual motivation positively and
consequently improve goal attainment [26,29,30]. Flowie is one
of the first mobile exergames to promote increased physical
activity among older people and is designed to motivate them
to enhance levels of physical activity using a virtual coach [31].
During an 11-day exploratory intervention, participants
expressed positive feedback regarding the virtual coach,
highlighting increased motivation to engage in exercise.
However, quantitative data did not demonstrate a timely increase
in physical activity, possibly due to the prototype’s limited
activity-sensing capabilities and varying weather conditions
during the study. Another mobile exergame is Solitaire Fitness,
an asynchronous exergame designed to enhance cognitive and
physical ability for older people [32]. The exergame is built on
a well-established card game, solitaire, since familiarity can
impact the experience positively. The exergame gathers
gameplay data so researchers and health professionals can assess
project success by measuring user exercise levels and the

frequency of features used in the exergame. The authors argue
that the general attractiveness and engagement of the game
might be improved, while offering health advantages, if new
mechanisms are included while keeping it accessible and
familiar.

To provide older people with an exergame experience that is
perceived as meaningful play, it is important to understand their
needs and why they would want to play the exergame [33].
Exergames need to be both attractive to the players as well as
effective as an exercise [34]. There are several guidelines for
game design [35], exergame design [14,36], and fitness
applications [37], as well as motivational factors for mobile
games for older adult users [38], all of which need to be
considered when designing exergames for older people with
heart failure. For example, the benefits gained from playing the
exergame need to be clear since they will impact older adults’
use of the exergame [38]. Furthermore, the exergame topic
should be adjusted to the interests of older people [36,39,40],
and the players’ physical condition should be considered with
a suitable difficulty setting [36,39]. Furthermore, the user
interface should be adapted to older people [36,39] by, for
example, having an easy-to-use user interface and avoiding
small objects by, for example, using bigger game characters
[36]. Feedback should be both auditory and visual [36], and no
feedback should be provided about unachieved goals or
unperformed activities, since only positive reinforcement should
be used to improve behaviors in exergames for older people
[40].

Gamification Features in Exergames

Overview
Gamification can be used to enhance user motivation and
engagement with systems [41] by using game design to create
gamified experiences [42]. Therefore, gamification features can
be integrated in exergames [43]. Matallaoui et al [43] consider
exergames to consist of 3 gamification components [41,42] that
can be applied for people with heart failure together with
gamification principles and gamification elements [44].

Gamification Components
Gamification can be presented as a process with 3 main
components, and these components are the fundamental building
blocks that make up a gamified experience [41,44] (Figure 1):

1. Implemented motivational affordance: Objects in the user
interface of the exergame have properties that allow the
players to experience the satisfaction of their psychological,
internal, motivational needs. These are used to motivate
users to engage with a gamified experience and provide
users with a sense of challenge, accomplishment, and
reward.

2. Psychological outcomes: These are the psychological
experiences promoted by the exergame to motivate the user
to perform activities. These are the emotional or cognitive
effects that gamification can have on users. Examples of
psychological outcomes include increased engagement and
a sense of accomplishment.

3. Behavioral outcomes: These are the behaviors that the
exergame will change and that will affect the player’s
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health. These are the specific actions and behaviors that
users take as a result of engaging with a gamified
experience. Examples of behavioral outcomes include
increased participation, the completion of tasks, and
adherence to a desired behavior.

The gamification process starts with motivational affordances
that facilitate the psychological experiences that will, together
with the implemented affordances, in turn influence the
behavioral outcomes (ie, the physical activity for exergames).

Figure 1. Gamification components adapted from Berglund et al [44], which is published under Creative Commons Attribution 4.0 International License
[45].

Gamification Principles
Gamification principles are the underlying concepts and
strategies that guide the design and implementation of
gamification. These principles are the fundamental rules that
govern how a game is played and are used to create and extend
the player experience [46] and increase overall enjoyment. There
are 5 principles that impact the gamification process [47]:

1. Meaningful purpose: The goal of the game should align
with the users’ motivations [47].

2. Meaningful choice: Players have agency over how they
achieve their goals and make progress in the game [47] to
satisfy their motivational needs [48].

3. Supporting player archetypes: The game’s mechanics allow
for individual play styles and characteristics [47].

4. Feedback: Feedback on how actions performed in the game
affect the player’s progress is clearly communicated to the
player [47]. Instant feedback makes the game responsive
and helps maintain the game’s appeal [49]. Accumulated
feedback provides information about the progress of players,
which makes it suitable for comparison [49] and can be a
source of motivation when players evaluate how close their
current behavior is in relation to the goal, thus facilitating
self-monitoring [50].

5. Visibility: The player can see the status of their current
progress, including how much remains to meet their goals
or finish a task [47].

Gamification Elements
Gamification elements are the specific parts that make up the
game. The main difference between gamification principles and
gamification elements is that gamification principles define how
a game works, are used to create an engaging and fun gameplay

experience for players, and refer to the overarching design
concepts that guide the creation of a game, whereas gamification
elements are the specific implementations used to achieve the
principles. The 6 most common gamification elements used in
health care are as follows [51]:

1. Leaderboards: Leaderboards (or high score lists) present
the rank of players based on their experience points [51].
Leaderboards enable players to compare themselves with
others and evaluate their performance [52].

2. Levels of achievement or rank: These are sums of points or
credits associated with levels. Levels could evoke a feeling
of progression [51].

3. Digital rewards: Rewards for achievements in the game
can have a positive impact on interest and enjoyment [53]
and influence the player’s behavior in different ways [54].
There are 8 forms of rewards [49]:
• 3.1. Score systems: Numbers are used to mark player

performance.
• 3.2. Experience points reward systems: Experience

points are earned during gameplay and lead to “leveling
up” when specified goals are achieved.

• 3.3. Item-granting system rewards: These are virtual
items that can be used by players.

• 3.4. Resources: Virtual resources can be collected and
used in the game in a manner that affects gameplay.

• 3.5. Achievement systems: Players can collect
achievements by fulfilling clearly stated conditions.

• 3.6. Feedback messages for immediate rewards: Some
examples include text, sound effects, and animations.

• 3.7. Plot animations and pictures: These are provided
after important events in the game such as clearing a
new level.
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• 3.8. Unlocking mechanisms: Players are rewarded by
getting access to game content, for example, new levels
achieved when the required experience points are
gained.

4. Real-world prizes: Players can exchange credits or points
earned in the exergame for real-world prizes such as
vouchers, goods, or services.

5. Competitions: Competitions can be invoked through
comparisons with oneself or with peers [50]. Competition
appeals to the player’s social needs, which impacts their
intrinsic motivation [48].

6. Social or peer pressure: Cooperation appeals primarily to
the player’s psychological need for relatedness [48] and
can complement competition [50].

Exergames and Augmented Reality
Augmented reality (AR) is a technology that involves the use
of sensors and cameras to collect and interpret data from the
surrounding environment. AR combines virtual information
with the real world and can be used for intelligent displays, 3D
registration technology, or intelligent interaction technology
[55]. AR technology is usually used to present information (eg,
graphics, video, or sound) in a dynamic and interactive manner
by overlaying digital content onto the real-world environment
[56], and it is highly recommended for health applications that
bridge the virtual and real worlds [57]. Furthermore, AR has
been used for indoor navigation [28,58,59] by using the
technology to determine the user’s position in the physical
environment. AR can support localization, but for the technology
to work properly, users need to hold the smartphone device in
a specific orientation and position [59].

The application of AR in fitness is a novel approach for patient
intervention in clinical environments, promotes physical activity,
and protects the public from noncommunicable illnesses [60].
Furthermore, AR has the potential to play a role in encouraging
and sustaining an active lifestyle, fostering overall well-being
among the older adult population [61]. Since AR mobile
exergames have the potential to enhance cardiovascular health
and physical exercise, they are appropriate for person-centered
care interventions [62]. AR technologies have the potential to
complement physical interventions in altering human behaviors
and influencing physical activity [63]. However, there are
several challenges to successfully implement AR techniques in
exergames for older people, and usability is one of the
challenges. According to a study by Stamm et al [60], older
people found it challenging to use complex gestures and navigate
menus in AR exergames. Another challenge is safety, and the
danger of falling has been identified as a safety challenge that
impacts patients’ use of AR exergames [60]. The acceptance of
technology is another challenge that needs to be considered in
AR exergames [60,64].

To create exergames that are fun to play, the physical
environment needs to be considered, since it influences physical

activity [65] and the appropriate technology that needs to be
used. AR has been used for both outdoor [66] and indoor [67]
exergaming. GPS, a satellite-based radio navigation system, is
another technology used in many mobile location-based
exergames intended for outdoor use [8,68,69]. The error margin
of most mobile GPS trackers is in the 5‐ to 10-m range, which
means registering shorter distances when walking back and
forth (as people playing in smaller areas might have to do) is
not possible. However, GPS has a reduced signal strength or
lack of signals in indoors environments due to the fact that
physical obstructions such as buildings may weaken and even
block GPS signals [70,71]. Therefore, GPS is more suitable for
outdoors positioning while AR can be used both indoors [72,73]
and outdoors [74]. Using the camera for movement tracking
results in spatial movement detection nearly 10 times more
precise than that achieved by a GPS sensor [58]. AR and GPS
can be combined in exergaming. One of the most well-known
mobile exergames using both GPS and AR is Pokémon GO,
which was shown to increase physical activity [8,68]. Pokémon
GO increased user steps by an average of 1473 steps per day
over a period of 30 days [8]. However, Pokémon GO has been
criticized for the potential harm it could cause via traffic
accidents due to players’ distraction or through players placing
themselves in dangerous situations or environments while
playing [75,76].

In summary, older people with heart failure often lead sedentary
lifestyles. AR mobile exergames have the potential to encourage
increased physical activity, yet the current lack of mobile
exergames designed for both indoor and outdoor use,
incorporating gamification features to influence patient behavior,
presents a notable gap in the available solutions. In this
viewpoint, we describe the rationale behind the design decisions
in Heart Farming, a mobile exergame tailored for older people
with heart failure.

Heart Farming: A Mobile Exergame

Overview
The Heart Farming exergame uses a farming theme, which
involves helping a farmer take care of and expand a farm (Figure
2A and B). The players can plan activities in the exergame and
then walk in the physical world, indoors or outdoors, to perform
the activities they have planned without the need to look at the
screen while walking (Figure 2B and C). Available activities
are planting and collecting crops of various kinds (eg, sowing
carrots, watering strawberries, and harvesting oranges), buying
new fields, foraging in the forest, fishing, and selling crops to
neighbors on the farm (see Figure 2A-C). Fields and neighbors
are visible on a map (Figure 2A and B), and the player must
walk in the real world, both to perform the planned activities
and to move between locations. As players take care of the farm,
they gain experience points, which, over time, unlock new types
of crops to farm as well as new neighbors to sell to.
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Figure 2. Images from the Heart Farming exergame: (A) main view of the exergame showing the farm before any planning of activities, (B) farm scene
as the player plans activities, (C) planned activities are shown in a list view with a progress bar as the player walks, and (D) player statistics and progress
in the exergame.

Gamification Features in Heart Farming
The gamification components applied in Heart Farming are as
follows:

1. Implemented motivational affordance: The desired behavior
of being physically active is paired with rewards, for
example, numeric rewards such as walked distance and
experience points. Walked distance builds up to complete
the daily goal and is only earned while performing activities
in the Heart Farming exergame that require walking. Sums
of experience points are associated with levels, which evoke
a feeling of progression (Figure 2D). The player gets
experience points by performing activities in the exergame,
which are based on how many meters of movement the AR
system has registered, balanced to match the player’s own
physical activity levels. Experience points can be earned
from all activities, including sit-to-stand activities, and can
be given as a reward, for example, for reaching the daily
goal.

2. Psychological outcomes: The purpose is to increase players’
motivation and self-efficacy for physical activity, since
these factors are important for patients with heart failure
[77]. It is common for patients with low exercise capacity
to be motivated but lack the confidence to become more
physically active [77]. Achieving daily goals in the Heart
Farming exergame means that patients are following the
physical health recommendation, which might increase
their confidence in walking.

3. Behavioral outcomes: The goal is to increase physical
activity by walking for 10 minutes every day with the Heart
Farming exergame. To create a trigger for the player to help
create the habit of playing every day, the exergame logs
whether players have played or not and sends a reminder
at 12 PM if they have not yet played that day. A mission

book is also included to give players regular missions; the
missions trigger them to do specific activities in the
exergame and encourage curiosity about later content (see
Figure 3D).

The gamification principles applied in Heart Farming are as
follows:

1. Meaningful purpose: Real-life physical activity is used to
progress in Heart Farming. Players can do 2 types of
physical activities: walking in real life and doing sit-to-stand
activities. Both activities are performed using the
smartphone, which registers the movements and converts
them into virtual exergame progress and rewards. Walking
is required to meet the player’s daily goal.

2. Meaningful choice: Players can choose freely how, when,
and where to play. Players who are not interested in
optimizing the rewards can choose the automatic mode,
which only requires the press of a button before the patient
can begin to walk. Players who want more challenges and
to perform well in the exergame can instead use the strategic
gameplay mode to plan farming activities, which are chosen
freely with little or no real analysis of the exergame rules
and progress. How players choose to plan their tasks affects
the number of rewards they get. Players can also choose to
play to complete missions in a mission book. Completing
the missions is not obligatory to progress in the exergame,
and many tasks in the missions can be completed in more
than 1 way to give players choices in how to play the
exergame, while others are more specific to encourage
players to try new things or extend their farm further. An
optional sit-to-stand activity that gives the players
experience points or crops is also included to facilitate
players with varying degrees of mobility.
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3. Supporting player archetypes: The goal distance to walk
each day is adapted to the players’exercise capacity. Players
are represented in Heart Farming by an avatar in the form
of a hat seen from above. As players progress in the
exergame, new hats are unlocked, so players can choose a
hat that they can identify themselves with. The avatar
reflects in-game activities conducted by the player, such as
moving on the map when the player walks. Heart Farming
is also designed to be adaptable to the players’ exercise
capacity. The goal of 10 minutes of walking per day can
be based on the number of meters walked during a 6-minute
walk test [78]. When players walk their daily goal in the
exergame, they receive a trophy. When they have walked
twice or 3 times their daily goal, they are rewarded with a
smaller experience point boost and a flag animation. After
the player has walked 3 times their daily goal, the walking
distance is registered and displayed to the player, but in a

toned-down fashion without motivational components such
as rewards and with the progress bar completely filled.

4. Feedback: The players receive multiple types of immediate
feedback for performing actions in Heart Farming that
communicates clearly how their actions affect progress in
the exergame. Instant feedback is provided as visual and
auditory information about the behavior that is currently
being performed. For example, while walking with a plan
in motion, the player can see a progress bar fill up on the
current task and hear sounds corresponding to the action
being performed (eg, watering sounds while watering a
field; see Figure 2C).

5. Visibility: All progress in the form of number of meters
walked is displayed visually so players can see their overall
progress in the Heart Farming exergame as well as their
current progress on their daily goal at any time (see Figure
2B-D).

Figure 3. Digital rewards in Heart Farming: (A) score system, (B) experience points, (C) daily gifts, (D) achievement systems, and (E) crops that can
be sold to a neighbor.

The gamification elements applied in Heart Farming are as
follows (Figures 3 and 4):

1. Leaderboards: A leaderboard displays the in-game postal
codes of the players that gained the most experience points
the previous day (Figure 4A). Since low-performing players
can be demotivated by a leaderboard when they fall behind
and feel that they cannot catch up with others [79], our
leaderboard is designed so that players have the same
opportunity to be included in it every day, regardless of
their performance in the days prior to the current one.

2. Levels of achievement or rank: Sums of experience points
are associated with levels that evoke a feeling of progression
. Each level also unlocks a new type of crop to farm or
forage, a new tool that makes farming easier , a new
neighbor to whom the player can sell crops (), or a new
decorative hat for the farmer to use (Figure 4B). The actual
level is always displayed in the upper left corner (Figure
3).

3. Digital rewards: The following digital rewards are included
in Heart Farming exergame (Figure 3):

• 3.1. Score systems: The total distance walked adds up
to reach the daily goal. It is displayed as a progress bar
in the lower part of the screen (Figure 3A).

• 3.2. Experience points reward systems: Each activity
in the exergame is translated to experience points,
which are required for the player to level up over time.
A star symbol is used for experience points (Figure
3B).

• 3.3. Item-granting system rewards: Every day, players
get a gift of free crops to encourage them to come back
to the farm each day (Figure 3C). This incentive fosters
a daily habit of playing, which in turn promotes walking
every day.

• 3.4. Resources: Coins are needed to buy new fields and
are earned from selling crops (Figure 3A).

• 3.5. Achievement systems: Completing specific tasks
unlocks unique animals. Each neighbor has hearts that
are filled by selling them specific crops, and if all hearts
are filled before the end of the week, the player gets a
special decoration (Figure 3D).
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• 3.6. Feedback messages for immediate rewards: Both
animations and sound effects are used to provide
feedback when the players perform actions. When
players complete the daily goal, they get a reward in
the form of an animated trophy and a boost of extra
experience points.

• 3.7. Plot animations and pictures: These were not used.
• 3.8. Unlocking mechanisms: The players unlock new

tools and crops at higher levels (Figure 4B).

4. Real-world prizes: The exergame does not include any
real-world prizes.

5. Competitions: The exergame does not include any
competition.

6. Social or peer pressure: Each player has their own in-game
postal code that can be used to communicate with other
players by sending emojis (eg, smile messages) with
positive reinforcement and packages with crops to help
each other progress in the exergame (Figure 4C).

Figure 4. Gamification elements in Heart Farming: (A) leaderboards, (B) levels, and (C) social or peer pressure.

The Exergame Development
The game development engine Unity was used for the exergame
development. The player data are stored in an SQLite database
that is connected to a Flask server. The exergame was developed
for both the Android and the iOS smartphone operating systems
that support AR. The AR is only used to track the players’
movements when walking in the real world. AR enables
acceleration-independent tracking by analyzing visual
discrepancies among identified landmarks by calculating the
change through the AR program’s SLAM solution [80,81]. The
status of the AR program is displayed for the player using a
stop traffic light with 2 colors: a green light means that the AR
can track and register the player’s movement so the player can
walk, whereas a red light means that the AR is not working. A
red light may either indicate that the AR program is loading or

that it is unable to analyze the current camera feed for some
reason, for example, it is too dark, the player is moving too fast,
or the camera feed is covered. A warning pop-up is displayed
for the player and proposes a solution based on the problem. If
the camera feed is too dark, the player is prompted to relocate
to a brighter place, and if the movement speed is too high (biking
or driving speed), the player is prompted with 1 of the 3 different
messages: “bad camera image (dark/covered),” “too fast motions
for camera,” and “initializing/restarting tracking” (Figure 5).

To mitigate the risk of falling, the player does not need to look
at the screen while walking. The player creates a plan with
activities and can then walk to perform all activities in the plan
without the need to look at the screen. Each activity has a sound
to provide feedback for the player about what is happening on
the farm.
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Figure 5. (A) Green traffic light and (B-D) red traffic light with warning messages.

Discussion

Principal Findings
Research indicates that older people with heart failure can
potentially reduce the risk of death or hospitalization by 4%
simply by adding a daily 10-minute walk to their routine [20].
In response to this, we developed a mobile exergame, Heart
Farming, specifically designed to increase their physical activity
levels. The rationale that directed the design decisions of the
mobile exergame described in this work is based on
well-established game design methods to support behavioral
changes for inactive patients with heart failure in an enjoyable
way. Gamification components, gamification principles, and
gamification elements have been applied for designing the
exergame. Heart Farming is based on a farming theme, and to
play the game, players need to walk in the real world.

Exergames can persuade people to exercise more when they are
designed for exercising [82], but defining appropriate goals is
difficult, and therefore, official institutional guideline values
can be used appropriately as a starting reference point [64].
Since regular physical activity can help preserve health and
enhance the quality of life for the patient group, the exergame
is designed so that the patient comes back to the exergame and
plays every day, for example, using daily gifts with different
crops and daily reminders when the patient has not walked.

The gamification components in Heart Farming are provided
to increase the patients’ physical activity, which requires
behavioral changes. Since motivation drives humans to perform
and can arise from physiological or psychological needs,
thoughts, or emotions [83], the design and technical
implementation is applied to balance the patients’physical needs
with an elusive fun factor. To perform a behavior, a person must
be motivated, have sufficient ability, and have a trigger to
prompt the behavior [84]. Thus, the design of Heart Farming

aims to increase the motivation to engage in physical activity
and keep it at a level where the patients’ abilities are sufficient
to perform the activity. For the trigger, the exergame sends a
reminder at 12 PM if the player has not yet played that day. By
setting the reminder around lunch time, the patient can associate
playing the exergame with an existing habit of eating lunch,
making it easier to create a new habit either before or after
eating. According to Stawarz et al [85], reminders can, however,
hinder habit formation if the user gets reliant on the reminders,
which causes the habit to die out if the user stops using the app.
By only sending reminders to players who have not played yet,
only those who need the reminder get them, and as they start
connecting a trigger event in their lives to the new habit, the
reminders might phase out naturally over time. A potential
problem with having a set time for the reminders is that the time
might not work for some patients, as they might be busy or
might not have any trigger events such as having lunch around
that time. Allowing patients to set their own reminder time
might make it easier for them to form a habit.

The only way for players to customize their avatar is to change
the hat that is visible from above. Furthermore, the players only
unlock new hats after reaching higher levels and thus have very
limited choices in the beginning. This could make it harder to
relate to and identify with the avatar, which has been shown to
be important for games that aim to change behavior [82].
However, changing to a more human avatar could raise issues
regarding how much personalization is needed to ensure that
nobody feels alienated by the available choices. It may therefore
be better to stick to an avatar where the patient must imagine
what the farmer looks like on their own.

To avoid endangering the patients’ health and to avoid physical
overexertion, as demonstrated with Pokémon GO [86], players
will not be encouraged to walk after reaching 3 times their daily
goal, but they are not prohibited from continuing to walk if they
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wish to exercise further, and the data will still be collected and
stored by the game. This allows for individual play styles and
characteristics, which has been identified as an important
principle [44]. Players can also decide which play style they
want to use when playing the exergame (automatic plan or
strategic plan).

Players that wish to compare themselves to others as a way of
challenging themselves to do better can use the leaderboard to
see the scores from other players from the previous day and
work toward reaching the top of the board. By resetting scores
daily and collecting scores 1 day at a time, new players or those
who have not played the exergame in a while still have an
opportunity to top the leaderboard. Players can compare their
results by looking at the leaderboard or by talking to other
players about their scores and progress. Players can also interact
with other players in the exergame by sending messages. The
possibility to play with others has been identified as a desired
feature in exergaming for patients with heart failure [14,17].
The question of whether sending messages is an optimal format
for interaction should be further explored.

To not endanger the patients’ health, the AR technique is used
to track the players’ movements when walking rather than to
enhance the real world. The AR technology is used to detect
the players’ motion in the real world so players can choose to
be physically active indoors, outdoors, or both. Using AR
technology may have some practical constraints. When using
the AR as a tool for motion detection, it is important that the
players understand why and how the camera in the smartphone
is used, so they feel confident when they play and can interact
with the exergame as required. For Heart Farming, the players
can play the exergame by either holding the smartphone in front
of them or hanging the smartphone in a bag around the neck.
In both cases, the front-facing camera must have a clear view
of the surroundings. However, the player does not need to look
at the screen while walking, which mitigates the risk of falling.
The players get audio feedback informing them about the
performed activities. AR is not the only technique available for
tracking the players’ movement. GPS and step counting are 2
possible alternatives, both of which could be used even if the

smartphone is kept inside a pocket. Step counting is an offline
data stream that is reported occasionally, so it is not directly
accessible by the system for instant feedback. Step counting
also does not provide good data for users that move slowly or
generate little vibration from their steps and is therefore
unsuitable for the target patient group. Since GPS lacks precision
or fails entirely indoors, it is not suitable for indoor use.
However, GPS could be incorporated for outdoor use only, with
AR still used for indoor movement, although making the choice
between the technologies in an easy way could be challenging.

The effects of playing the Heart Farming exergame will be
investigated in a randomized control trial with patients with
heart failure, and the data are currently being collected. In the
study, the patients’ experiences from playing the exergame will
also be investigated.

Conclusion
Heart Farming is a mobile exergame tailored to increase physical
activity in inactive older people with heart failure by
encouraging them to walk for at least 10 minutes each day. The
Heart Farming exergame is about helping a farmer take care of
and expand a virtual farm. The advantages of the proposed
exergame can be summarized as follows:

• The Heart Farming exergame detects patients’ physical
activities by using AR technology to detect patients’
movements in the real world, both indoors and outdoors.

• The AR technology in the Heart Farming exergame
continuously registers patients’movements in the real world
and interprets them into events in the exergame, which then
generates both visual and auditory feedback.

• The Heart Farming exergame can support patients’ own
individual preferences and conditions regarding where
(indoors or outdoors), how (automatic or strategic
gameplay), how much (patients are rewarded for once,
twice, or 3 times their daily goal, and after that, progress
is registered and displayed without rewards), and when
(patients are remined at 12 PM if they have not played that
day) to play.
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Abstract

At the Worldwide Developers Conference in June 2023, Apple introduced the Vision Pro. The Apple Vision Pro (AVP) is a
mixed reality headset; more specifically, it is a virtual reality device with an additional video see-through capability. The video
see-through capability turns the AVP into an augmented reality (AR) device. The AR feature is enabled by streaming the real
world via cameras on the (virtual reality) screens in front of the user’s eyes. This is, of course, not unique and is similar to other
devices, such as the Varjo XR-3 (Varjo Technologies Oy). Nevertheless, the AVP has some interesting features, such as an
inside-out screen that can show the headset wearer’s eyes to “outsiders,” and a button on the top, called the “digital crown,” that
allows a seamless blend of digital content with the user’s physical space by turning it. In addition, it is untethered, except for the
cable to the battery, which makes the headset more agile, compared to the Varjo XR-3. This could actually come closer to “The
Ultimate Display,” which Ivan Sutherland had already sketched in 1965. After a great response from the media and social networks
to the release, we were able to test and review the new AVP ourselves in March 2024. Including an expert survey with 13 of our
colleagues after testing the AVP in our institute, this Viewpoint explores whether the AVP can overcome clinical challenges that
AR especially still faces in the medical domain; we also go beyond this and discuss whether the AVP could support clinicians in
essential tasks to allow them to spend more time with their patients.

(JMIR Serious Games 2024;12:e52785)   doi:10.2196/52785
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Introduction

In his highly influential paper “The Ultimate Display” [1], Ivan
Sutherland, the pioneer of computer graphics and creator of the
first augmented reality (AR) head-mounted display (HMD) in
the early 1960s, predating the advent of PCs, described aspects
that Apple’s Vision Pro aims to implement. The Apple Vision
Pro (AVP) can span the wide range of the reality-virtuality
continuum, as explained by Milgram et al [2], starting from
unaltered reality, achieved by streaming the real world without
additional information to the user; progressing through mixed
reality (MR) [3], involving the integration of digital information
into the real world (referred to as AR) and vice versa (augmented
virtuality); and extending to complete immersion, also known
as virtual reality (VR), where the user experiences only
computer-generated virtual content.

In the realm of VR, there is currently a broader selection of
headsets at various price points, including offerings from Meta,
Vive, Varjo, PlayStation, and Google (with the most economical
probably being the now-discontinued Google Cardboard or a
similar variant from another vendor), compared to AR. AR faces
a distinct challenge because of the need to analyze reality to
augment it at the right position with digital content for the user.
An exception is AR used for a pure simulation, where the AR
hologram is indeed shown in the real world but has no
meaningful relation to or interactions with real-world objects.
An example of such a scenario is a surgical simulation [4]. The
AR hologram is shown in front of the user to allow them to
inspect and interact with it. Still, the underlying hardware and
software need to capture and model the real world to anchor
the hologram within it so that the hologram does not drift away
from the user’s view.

In a medical scenario, AR can enable equips a physician with
x-ray vision into a patient [5]. This capability is a valuable
advancement from the current practice of viewing patient
information, such as preoperative imaging, on PC monitors,
contributing to the “switching focus problem,” where a physician
must divide their attention between the patient and the digital
information. Hansen et al [6] outlined that such a division leads
to an increased mental workload, disorientation, and deteriorated
hand-eye coordination. Instead, AR can display patient
information directly in the physician’s view of the patient,
additionally offering spatial perception even before any incisions
are made. A recent systematic review of the AR headset
HoloLens (Microsoft Corp) in medicine [7] showed its broad
applications and the massive research efforts during the recent
years in all these areas (medicine and health care with
applications for patients, physicians or surgeons and students,
which should ultimately lead to the development of an intelligent
health care metaverse [8,9]). Hence, we highlight the user groups
and applications targeted by AR in the next sections and discuss
how common challenges in AR can be overcome with the AVP’s
capabilities. Furthermore, we share our findings about the new
AVP gathered through a structured survey among ourselves and
colleagues who had the opportunity to try out the AVP.

Target Groups

Physicians and Health Care Professionals
Physicians and health care professionals comprise, by far, the
largest target group for AR applications [7]. The adoption and
use cases of AR within nursing departments are growing,
focusing on wound care, information retrieval, injections, and
education [10]. In this context, the accuracy of the visualization
is not of utmost importance, but having a wearable “sensing”
computer can increase time at the bedside through automatic
information retrieval and documentation. However, especially
for AR-supported image guidance and navigation, such as in
surgery, very high accuracy and reliability are needed [11].
Applications for which submillimeter precision is not necessary
are, for example, ablations, ventriculostomies [12-16], and
certain orthopedic interventions [17]. Here, the HoloLens is,
with its inside-out tracking, already a promising tool, but for
applications that need, for example, submillimeter precision, it
cannot be used reliably yet. An example is the deep brain
stimulation procedure used for treating essential tremors and
Parkinson disease, where millimeter-to-submillimeter accuracy
in deep brain stimulation targeting (an electrode placement
inside the brain) can be important [18]. Another study exploring
the clinical accuracy of the HoloLens for neuronavigation
concluded that it is currently not within clinically acceptable
levels [19]. The same holds true for some application scenarios
in orthopedic surgery [20], such as screw placement, where
there is still room for improvement [21]. This improvement can
be achieved through external tracking hardware [22,23], but it
may come at the cost of mobility and increased expenses. The
AVP is promising due to its superior sensing technology, as
discussed in the Accuracy and Reliability subsection. More
importantly, the powerful Apple M1 and R1 chipsets can handle
the sensor data appropriately to exploit them completely. This
technology comes at a high price, but the often-criticized
end-user price of US $3499 (without tax) for the AVP does not
seem to be an issue for health professionals who want to use it
in health care. The price is similar to that of the HoloLens and
much cheaper than (a fraction of) those of existing and clinically
used conventional medical navigation systems, for example,
those from Brainlab (Stefan Vilsmeier) or Medtronic (Earl
Bakken and Palmer Hermundslie). In this context, it is important
to mention that the use of AR HMDs with direct patient
reference, outside of research in the context of feasibility studies,
must obtain appropriate regulatory approval, and the AT HMDs
must be certified and classified as medical devices. The Magic
Leap 2 (Rony Abovitz), for example, received certification for
use in an operating room last year (2023). The requirements to
be met are still up to debate, for example, when it comes to
active or passive cooling. In contrast to the HoloLens 2, both
AVP and Magic Leap have active cooling, potentially
compromising the sterile airflow. Furthermore, sterilization is
a problem because Apple recommends not using isopropyl
alcohol or other solvents for cleaning. This should not be an
absolute impediment, given the approval of the Magic Leap 2
for use in the operating theater and the use of regular glasses in
the operating theater. We do, however, think that the time is
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coming when clinicians, technicians, and manufacturers should
come together to meet binding guidelines.

Another challenge for clinical adoption is the integration of the
device within the digital infrastructure of the hospital, for
example, to retrieve data from and transfer data to the electronic
health records. Moreover, and especially in a medical context,
the display may also require an image focus at surgical table
distance [24]. In combination with the outward sensors, this
would be ideal for medical scenarios.

Students
Students are the second most common intended target group
[7] for AR applications, for example, in educational training,
such as the HoloPointer, a virtual AR pointer for laparoscopic
surgery training [25]. Another example is the use of AR to teach
medical students catheter placement [26] and the use of AR for
training on central venous access [27]. Notably, the
aforementioned partially outward-oriented sensors, unlike those
in other headsets, allow for the accurate tracking of all “normal”
(hand) movements for interaction, regardless of (head) position.
This is also valuable for health care professionals when
practicing or working at the patient’s bedside. When combined
with speech commands and eye-controlled interactions,
physicians can expectantly implement the AVP easily and in a
sterile manner.

However, we found that the effects of HoloLens-based learning
compared to those of conventional learning, for example, using
cadavers or other computerized methods, seem to be rather small
[7]. A reason for this is that the learning tools usually used are
relatively simple, conventional 3D models, and more innovative
visualizations, including interactive, dynamic content, which
cannot be easily delivered through regular computerized
methods, have not been explored in depth yet [7]. Here, we
believe that the AVP can raise the bar because of its
high-resolution visualization (consisting of 2 micro-OLED
displays with 23 megapixels) that uses eye-tracking to make
the headset also usable as a desktop screen with its fine textual
details. In addition, the 3D user interface, using precise and
intuitive finger tracking in combination with eye interactions,
can be a game changer. Despite these advances, it remains to
be seen whether an AR headset has a major advantage over a
conventional screen. The cost of the AVP is also a concern,
especially for students with a limited financial budget, but the
“pro” might indicate that a “regular” version will also be
released. For medical simulation training, however, an
examination of costs [28] suggests that using the AVP is a
financially viable option. The AVP is, however, highly
personalized to the individual user to optimize the experience
and accuracy. Luckily for the student group, the AVP can be
shared, and the interpupillary distance setting (IDP) is adaptable,
compromising the experience minimally, but sharing greatly
reduces cost for simulation purposes.

Patients
Patients are currently the least frequented target group for
extended reality (XR) devices [7]. An example is the use of

MemHolo, which provides MR experiences for patients with
Alzheimer disease [29]. Other examples in this area include the
use of the HoloLens as an assistance and monitoring tool for
medication adherence [30] and the use of a HoloLens-based
system for functional mobility assessment [31]. We expect the
advanced eye-tracking to enhance the user experience because
visual cues will not merely exist within the user’s field of view
but can also be precisely situated in the user’s focal point.
However, many interesting assistance and monitoring
applications are limited by the restricted possible use time of
untethered AR headsets, primarily due to battery life, and this
problem seems to exist in the AVP, which has a similar battery
life to that of the HoloLens, approximately 2 hours. The only
consolation is the “external” battery pack of the AVP, which
can be swapped. Finally, the Apple M2 chip and the new R1
chip of the AVP could potentially boost the relatively small
number of applications that have been explored so far, for
example, by increasing the frames per second, minimizing
display latency, and thus reducing motion sickness, especially
useful for older patients, who are more susceptible to MR
sickness than younger users [32,33].

Differences Between Target Groups
An example of different use cases per user group is shown in
Textbox 1. The main target group is health care professionals,
which can be divided into several subgroups, such as surgeons,
physicians, and nurses. Unlike the other groups, price is not a
major issue for this group, but the use cases are different from
those of the other groups. For nurses, data retrieval,
documentation, and guidance without the need for high accuracy
are the estimated use cases, freeing up time at the bedside. The
AVP’s high data transfer rate and processing power are more
important. For a surgeon, however, accuracy is critical for
surgical navigation [34]. For the general practitioner, seamless
integration and unparalleled view during transport may be the
greatest values of the AVP. For other groups, price is an
important consideration, with the caveat that it could reduce
overall costs for medical simulation training. The average patient
is not expected to be able to afford this device on their own.
For now, it could be used for therapies in the clinic, where it
can be shared among several patients. However, this makes
cleaning the device more important than if there is a single user.
We expect to see silicon-replaceable parts for the device, which
would ultimately benefit all groups. The AVP has similar
challenges to other headsets in terms of battery life and motion
sickness, which affects all groups, especially nurses during long,
hectic shifts with movement and sometimes no breaks. The
integration of an external battery makes battery life easy to
address in future hardware updates. Regarding motion sickness,
we expect Apple to offer a lower resolution for a higher refresh
rate in combination with its foveated rendering to combat this.
In summary, the biggest differences between target groups are
in the need for high accuracy and the willingness to accept the
high price.
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Textbox 1. Possible health care scenarios with the Apple Vision Pro.

Health care professionals

• Patient record retrieval

• Automated documentation

• Guidance in medical procedures and equipment

• Surgical preoperative planning

• Surgical navigation

• Peerless public medical record viewer

Students

• Complex anatomy education

• Complex pathophysiology education

• Training simulators

• Automated skill evaluation

Patients

• Patient treatment preparation

• Patient education

• (Automated) diagnostics

• Rehabilitation

• Improved patient well-being

Challenges

Despite significant research efforts in medical AR, clinical
translation remains limited so far [35]. Several technical
challenges require ongoing multidisciplinary efforts among
software developers, hardware manufacturers, regulatory
entities, and clinical personnel to create safe, effective, and
seamlessly integrated AR solutions in health care. Some of these
challenges could be addressed by the AVP’s hardware and user
interface.

Accuracy and Reliability
The most significant challenge in medical AR systems is their
accuracy and reliability in registration and calibration, which
are critical for aligning virtual objects with real-world elements.
Failures in tracking or registration components can misguide
physicians, potentially leading to serious medical accidents.
Although recent developments in tracking technology are
encouraging [36,37], clinical settings pose additional challenges
with limited space, unconventional lighting, and dynamic
environments. A solution is to combine an AR device with
external tracking systems to increase precision [22]. On the
downside, such combinations require complicated setups and
the calibration of bulky (external) devices, diminishing the
simplicity and lightweight nature of purely head-worn systems.
The latest sensor technology, combined with state-of-the-art
tracking and registration algorithms, could eliminate the need
for external systems to meet clinical requirements. We expect
the AVP to move the needle in terms of accuracy because of its
strong inside-out tracking through 12 built-in cameras and light
detection and ranging sensing method, which is the key aspect

for increasing the accuracy of AR. We expect that enhanced
eye-tracking capabilities and the incorporation of multiple
outward-facing sensors will substantially enhance the reliability
and stability of user interactions. The increase in both the
quantity and range of sensors, coupled with a more potent
chipset, is bound to increase spatial resolution and visualization
accuracy significantly in comparison to untethered alternatives.
Future research should focus on exploiting this improved
hardware setup.

Usability and Human Factors
In complex clinical environments, a seamless integration of AR
systems into existing clinical processes is crucial. Existing AR
solutions often add undue complexity and disrupt established
workflows, requiring intricate hardware, many manual steps,
and elevated technical knowledge and understanding. Health
care professionals, who possess varying degrees of technical
background, or patients, who represent diverse demographics,
cannot be reasonably expected to meet these demands. Hence,
AR systems need to be intuitive and user-friendly. Apple
products are known for their user-centric design and seamless
integration of hardware and software. We expect that the AVP’s
user experience, in terms of interface, interaction, and feedback,
will be more intuitive for a diverse audience than existing HMDs
and VR glasses.

As a demonstration of this ease of use, the AVP connects
automatically to nearby Apple MacBooks, commonly used by
physicians, to display the screen and access files in real time
without any effort. An obvious use case is secure, peerless
access to patient files while using public transportation. This is
valuable for working with all medical records. Apple products
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work seamlessly with each other, but in a clinical setting, not
all products may come from Apple or its partners. A combined
challenge and focus should be to enable cross-manufacturer
integration.

In addition, as mentioned earlier, more natural and user-guided
interactions are possible with the outward and eye-tracking
sensors. This will allow developers to create more intuitive
applications. The improved hardware should not be
underestimated. For example, Gsaxner et al [38] developed
stand-alone marker-less image registration, which has potential
in many medical applications, but the setup of an additional
laptop is cumbersome and another potential risk for data breach.
With the AVP, this type of setup is most likely not needed.

Visualization and Perception
Current AR devices face limitations in terms of view, resolution,
and brightness, impacting visual fidelity [39]. In addition to
these hardware constraints, challenges include depth perception
and occlusion between virtual and real content [40]. Current
optical see-through (OST) displays, such as that of the popular
HoloLens, struggle to address these issues adequately, as they
cannot modify the reality presented. By contrast, the AVP’s
video see-through (VST) system provides significantly more
possibilities for seamlessly and adaptively integrating virtual
elements with the real environment. Visual accuracy is difficult
to achieve and user dependent, but eye-tracking and automatic
eye calibration, combined with the high-resolution displays
inside the headset, make us believe that the AVP could set new
standards in terms of the quality and perception of visualization.

In summary, hardware limitations are the main bottleneck in
developing AR applications suitable for the clinical translation
of AR that cannot be addressed by software developers. Another
bottleneck is the regulation and list of requirements for 3D smart
glasses in surgery. Combining hardware technology and
software from different companies, especially for data transfer,
is the final major issue, however, but it is not limited to 3D
smart glasses and has been a persistent obstacle in health care
[41].

We believe that the AVP can provide significant advancements
as the new state-of-the-art device, with much-needed
improvements in precision, reliability, usability, workflow, and
perception. The combination of AR and VR in an XR device
has the potential to transform health care by aiding in
diagnostics, improving surgical procedures, facilitating remote
patient care, and enhancing medical training. Many other novel
applications may emerge because of the advancements in AVP
hardware and software platform. Returning to our main question,
the AVP has the potential to enhance medical education and
therapy, medical record evaluation, data retrieval, and
documentation automation while improving patient outcomes
and freeing up clinicians to spend more time at the patient’s
bedside. Of course, this will require a collaborative effort among
engineers, researchers, and clinicians to develop or enhance
these applications and to prove cost-effectiveness to ensure
clinical adoption.

The New AVP

Highlighted Features
Apple announced some interesting (and still unique) features
of the AVP. In the upcoming sections, we introduce and discuss
these features in the context of medical MR with a focus on
AR.

Digital Crown
The digital crown is a turning button that allows the user to
blend digital content easily and seamlessly with the physical
environment surrounding them. The button is named the same
as that in the Apple Watch, but it serves a different function in
the AVP by providing an easy option to quickly escape VR
without the need to remove the headset. Depending on the
capabilities and accessibility of developers to exploit the digital
crown, it could also enable diminished reality (DR) [3,42]. This
feature would allow users, such as physicians, students, and
patients, to remove distracting real-world objects or
environments, thereby reducing visual overstimulation. Notably,
DR may even extend to diminishing or removing the headsets
of other users. To elaborate, the AVP can create realistic avatars
of its users. When using the FaceTime application, the
movement and direction of the eyes, tongue, and facial muscles
are correctly tracked and visualized for other users of the AVP
inside the same FaceTime application. This could be used to
give the wearer of the headset the ability to perform DR, that
is, to diminish the headset and in paint the face when
communicating with other AVP users in the real world but via
the pass-through mode. The idea of DR is not new, but its
implementation, especially in medicine, is a relatively novel
[43]. The AVP may be the first untethered device capable of
providing DR in a medically relevant and accurate context
without the need for external hardware.

Notably, DR needs, in general, a VST capability and cannot be
realized by OST displays, such as that in the HoloLens. The
medical HMD from VOSTARS has addressed this by combining
an OST display, that is, the view through a semitransparent
glass, with a VST function [44]. VOSTARS has realized this
with a semitransparent glass that can transition into a
nontransparent mode. The AVP, by contrast, does not conform
to the OST versus VST dichotomy but rather operates on the
VST versus VR HMD spectrum, aligning with the
reality-virtuality continuum, postulated by Milgram and Kishino
in 1994 [45].

Virtual Eyes
Spooky at first sight, the outward display reveals a user’s eyes
while wearing the AVP. According to Apple, this feature is
meant to let others know when the AVP wearer is using apps
or is completely immersed in a virtual world. This feature is
not needed in OST AR devices, such as the HoloLens, because
the headset wearer’s eyes can be seen through the transparent
display. This feature is particularly crucial when considering
patients who are dealing with serious illnesses. The transparency
ensures that medical professionals, while using the device, do
not create an additional layer of detachment by being obscured
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behind a screen, potentially alleviating concerns about the
impact on patient-physician interactions.

3D Camera
The AVP features a 3D camera, which allows a user to capture
spatial photos and spatial videos in 3D. This could hold
significant potential for the professional health care sector. The
ability to capture spatial photos and videos in 3D could prove
immensely valuable for documenting medical interventions.
This is certainly also of interest for medical training, allowing
residents to review and reenact treatments in 3D from different
viewpoints. It could also serve as a tool to uncover malpractice.
The 3D capabilities can also provide an alternative or an addition
to the 3D documentation of crime and crash scenes, which is
common practice during forensic and medicolegal investigations
[46].

Interaction
According to Apple, a user can interact with virtual content by
simply looking at an element, tapping the fingers together to
select it, and using the virtual keyboard or dictation to type.
There also seems to be a “visual search” function, which may
be similar to the “visual look up” feature found on iPhones and
iPads. “Visual search” will allow users to interact with items
and text for opening webpages and translating into other
languages in real time. Interestingly, this was already described
by Sutherland [1] as “the language of glances” to interact with
a computer, with an example where looking at a corner of a
triangle makes it become rounded. Looking something up is
definitely of interest, for example, to surgeons who have their
hands full with (surgical) instruments or nonverbal users.

Optic ID
The AVP is supposed to support the optical identification of a
user for authentication, such the iPhone’s face identification.
The biometric method is enabled by scanning the iris of the user
wearing the headset. This is not unique to the AVP because the
HoloLens 2 already supported an iris authentication. However,
this is also an important feature for the AVP in health care,
where you have sensitive patient data, and unlocking the device
and accessing the data should be permitted only for authorized
users. Furthermore, it enables hands-free log-in in a potentially
sterile environment.

ZEISS Optical Inserts
Carl Zeiss AG is working together with Apple to provide
precision optics for users who require vision correction. This
will improve the visual experience and provide greater comfort,
as users do not need to wear their prescription glasses and frames
inside the limited space within the AVP. In addition, it may
help avoid side effects such as “overheating,” headaches, and
light bleeding. The additional lenses can be attached
magnetically to the main lens, which makes insertion and
replacement easy.

Head Strap
The head strap of the AVP seems to be easily exchangeable,
and there are already several alternatives (in terms of materials,
colors, etc) available on the web. This will ultimately enable
more comfort in comparison to the HoloLens and the Varjo

XR-3, which are adjustable but still consist of quite stiff (plastic)
frames around the head. It will definitely be more comfortable
than the Sword of Damocles, developed by Ivan Sutherland and
his student Bob Sproull [47], where the user had to be strapped
into the AR or VR HMD device, which was suspended from
the ceiling because it was so heavy. The head strap also contains
the AVP’s speaker, which is placed directly over the user’s ears
and is supposed to virtualize surround sound. However, the
strap means that all main components are integrated with the
visor. The HoloLens 2, for example, distributes the weight more
evenly by integrating components in a plastic case located at
the rear, including the battery and system on a chip board. This
was done by Microsoft based on its experiences with the
HoloLens 1 to make the HoloLens 2 more comfortable. On the
contrary, the AVP seems to be worn more like a VR device that
fits tightly onto the face instead of partly hovering in front of
the user’s eyes, such as other AR devices that are more similar
to prescription glasses. The AVP has a similar weight range
(600-650 g) to other popular AR and VR headsets, even though
the battery is not integrated into the device and is separate. In
part, this could be attributed to the material, for example, the
aluminum alloy frame. Furthermore, in a medical context, it is
usually necessary to be able to easily disinfect the equipment
used. A special version with a disinfectable head strap could
meet this requirement.

3D Persona Avatars
During the setup of the AVP, the user’s face is scanned by the
headset to create a photorealistic avatar, which is then used by
the device’s operating system, called VisionOS. For better fitting
purposes, the user’s face can also be scanned with the TrueDepth
camera of an iPhone, as seen at a public demo at the Worldwide
Developers Conference in June 2023. Furthermore, the user’s
ears can be scanned to optimize the speakers that are inside of
the head strap because, aside from the shape and size of the
head, the ear sizes, positions, and distances can vary a lot
between users. All these user-specific options will make the
headset more comfortable to wear, and this will finally increase
the acceptability of the new device, not only in the health care
sector but also in other sectors.

Unity
The Unity engine already supports pretty much all common
headset devices, whether it be AR, VR, or MR, such as the
Oculus (Palmer Luckey), HoloLens, or Google VR (Google
LLC). Unity also supports the OpenVR application
programming interface that has already been used in medicine
[48]. Therefore, the support of the Unity engine of the AVP
makes the development and porting of apps much easier. This
also makes a comparison between and an evaluation of devices
with the “same” app easier. Notably, Unity currently already
allows the development of apps for iPhone, iPad, and Mac while
deployment occurs via the Apple app store or Xcode, suggesting
future development for the AVP. Overall, Unity support will
enable faster development of apps, hopefully fast enough to
reach a critical mass before end users may turn their backs,
which is needed for the long-term success of the new Apple
device.
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Medical Device
Talking about the health care sector, we need to mention that
the AVP is not certified as a medical device yet. We are not
aware of whether Apple has plans in this direction, at least not
publicly. Apple, however, promoted Complete HeartX as an
education app for medical students by providing hyperrealistic
3D models and animations of the heart and medical issues. In
comparison, Microsoft advertised the HoloLens 2 specifically
for medical scenarios, for example, with a plenary presentation
by Bernard Kress (who was at that time Principal Optical
Architect, HoloLens team, Microsoft Corp) at the International
Society for Optics and Photonics Medical Imaging in February
2020. Nevertheless, we are sure that the AVP will be used by
researchers and companies for medical applications, similar to
other devices, if Apple does not explicitly prohibit this
somehow, for example, by monitoring their devices and locking
them. The integration of the AVP with other software and

hardware commonly used in clinical settings, for example,
integration with electronic health records, will be interesting
[49,50].

First Experience
In March 2024, we had the opportunity to try out the AVP
ourselves for the first time (Figure 1). We, therefore, conducted
a standardized expert survey among colleagues (and ourselves)
at our institute (the Institute for Artificial Intelligence in
Medicine). The inclusion criterion was an experience of at least
10 minutes with the AVP. After obtaining written consent, we
conducted a structured survey on the AVP. We collected
baseline data from the respondents including experience with
HMDs (Table 1), as well as asked Likert questions on how far
the AVP corresponds to an “Ultimate Display” (Table 2). We
also administered the User Experience Questionnaire (UEQ;
Figure 2) as well as asked open-ended questions about what is
missing from an “Ultimate Display” (Textbox 2).

Figure 1. The illustration of a possible Apple Vision Pro scenario with one of the authors.
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Table 1. Characteristics of the experts interviewed (N=13).

ValueParameter

Sex

3 (23)Female

10 (77)Male

30.9 (6.5; 23-48)Age (y), mean (SD; range)

4.3 (5.6; 0-20)Work experience (y), mean (SD; range)

Previous experience with HMDsa

9 (69)Yes

4 (31)No

Previous experience with HMDs (hours)

213.3 (400.8)Mean (SD)

1.0 (0-1000)Median (range)

aHMD: head-mounted display.

Table 2. Likert questionnaire (N=13).

Value, mean (SD)Likert item (1=disagree; 7=agree)

5.5 (1.3)The Apple Vision Pro comes very close to an “Ultimate Display” in terms of realism.1.

5.0 (1.1)The Apple Vision Pro comes very close to an “Ultimate Display” in terms of interactivity.2.

4.9 (1.5)The Apple Vision Pro is more comfortable than other HMDsa.3.

5.1 (1.9)The Apple Vision Pro is more user-friendly than other HMDs.4.

5.4 (1.6)The Apple Vision Pro surpasses other HMDs in immersion and sense of presence.5.

5.7 (1.4)The Apple Vision Pro represents a significant technological advance.6.

aHMD: head-mounted display.

Figure 2. The results (means and SDs) of the User Experience Questionnaire (UEQ) regarding the attractiveness, perspicuity, efficiency, dependability,
stimulation, and novelty of the Apple Vision Pro compared to those of a benchmark (bar plot in the background).
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Textbox 2. Open questionnaire summary.

Negatives

• Suboptimal weight distribution

• Comparatively heavy among head-mounted display (HMDs)

• Detachable light seal cushion poses potential damage risks and necessitates screen touching before and after use

• Requirement for specialized prescription glasses

• Short battery life (2 hours under normal use)

• Forced interaction method with eyes and pinch

• Inconsistent functionality of eye navigation near the borders of the field of view

• The absence of intelligent automatic transition between real and virtual worlds via the crown button

• Limited field of view compared to other HMDs

• Blurry resolution of real-world pass-through, hindering text legibility

• Clear differentiation between virtual and real environmental components by users

Positives

• Lightweight compared to the currently used hardware and materials

• Natural interaction via outward sensors

• Effective eye-tracking for seamless user interaction

• Rapid and simple adjustment of glasses for user interpupillary distance

• Innovative crown button design with wheel and push functionalities

• Smooth transition between real and virtual worlds facilitated by the crown button

• High-resolution internal display for realistic virtual objects

• High-quality spatial sound experience

• Seamless visualization of the real world

• Minimal app start-up and file loading times

• Autofocus and person blending and unblending for safety precautions

• Simple and fast to learn

Responses to the Likert questions on whether the AVP comes
close to an “Ultimate Display” comprised values between 4.9
and 5.7 on a scale of 1 (disagree) to 7 (agree). The UEQ showed
good mean results for attractiveness (1.77, SD 0.65), efficiency
(1.58, SD 0.70), stimulation (1.56, SD 1.33), and novelty (1.29,
SD 1.11) but above average mean result for perspicuity (1.54,
SD 0.68) and below average mean result for dependability (1.10,
SD 0.46) compared to a benchmark. This fits in with the general
perception (Textbox 2) that the AVP is a significant
improvement over other HMDs but still behind the “Ultimate
Display.”

Discussion

To summarize, we see Apple entering the MR headset market
with its own device very positively. Another company’s

contribution can benefit the technical progress in this area, not
only from a hardware perspective but also from a software
perspective, by enabling new user input concepts and apps.
With the current hardware specifications and Apple’s history
of delivering cutting-edge devices and beyond, there is a very
good chance of another AR “evolution” or even “revolution”
(Table 3). This is a very important aspect because (1) AR
devices are sparse in comparison to VR devices, and (2) the
product life cycle to a possible successor is in the range of years,
which feels like ages when compared to the current pace of
technological developments, especially in (medical) computer
science [51]. For example, the first version of the HoloLens
was introduced by Microsoft in 2016, and it took Microsoft >3
years to introduce its successor, the HoloLens 2 (released in
limited numbers on November 7, 2019).
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Table 3. Side-by-side comparison of the specifications of several existing mixed reality headsets with those of the upcoming Apple Vision Pro [52].

Magic Leap 2HoloLens 2Varjo XR-3HTC Vive XR
Elite

Meta Quest 3Pico 4Apple Vision ProParameter

OSTOSTcVSTVSTVSTVSTVSTbARa

NoNoYesYesYesYesYesVRd

1440×17602048×10801920×1920 focus
and 2880 ×2720
peripheral

1920×19202064×22082160×21603800×3000Resolution (per
eye)

60120909012090100Refresh rate
(Hz)

44 horizontal
and 53 vertical

43 horizontal
and 29 vertical

115 horizontal
and 90 vertical

102.13 horizontal
and 91,27 vertical

110 horizontal
and 96 vertical

104 horizontal
and 103 vertical

Estimate 100 hori-
zontal

Visible field of
view

Native pass-
through 12.6

Native pass-
through 8 MP
camera 30 Hz

Dual 12 MP 90
Hz cameras

16 MP RGB
camera

Dual 18 PPDg

color pass-
through cameras

16 MP RGBf

camera
Dual 6.5 MPe pass-
through cameras

Camera

MP 60 fps
RGB camera

6 DoF inside-
out tracking

6 DoF inside-
out tracking via
4 integrated
cameras

6 DoF marker-
based tracking
and non–marker-
based tracking;
includes LiDAR
sensor

6 DoF inside-out
tracking via 4 in-
tegrated cameras;
includes depth
sensor

6 DoF inside-out
tracking via 4 in-
tegrated cameras;
includes depth
sensor

6 DoF inside-
out tracking

6 DoFh inside-out
tracking via 12 inte-
grated cameras; in-
cludes depth sensor

and LIDARi

Tracking type

Eyes and
hands

Eyes and handsEyes and handsHandsHands, upper
body, and leg po-
sition

HandsEyes, face, and
hands

Tracking

iToFk depthToFj depthLiDAR+RGB fu-
sion

Depth cameraDepth cameraDepth cameraLi-
DAR+TrueDepth

Depth sensing

Quad-core
Zen2

Qualcomm
Snapdragon 850

NoneQualcomm Snap-
dragon XR2 Gen
2

Qualcomm Snap-
dragon XR2 Gen
2

Qualcomm
Snapdragon
XR2

Apple M2 and Ap-
ple R1

CPUl

AMD
GFX10.2

Adreno 630NoneAdreno 650Adreno 740Adreno 650Apple M2 10-core
GPU

GPUm

16 GB4 GBNone12 GB8GB8 GBUp to 16 GBRAM

256 GB64 GBNone128 GB128, 256, and 512
GB

128 or 256 GB64 GBStorage

Lumin OSUniversal Win-
dows Platform

NoneAndroidAndroidPICO OS 5.0
(Android)

visionOSOSn

Magic Leap
and OpenXR

Windows
Mixed Reality
platform and
OpenXR

Varjo Native and
OpenXR

Wave an-
dOpenXR

Meta XR All-in-
One SDK and
OpenXR

PICO Unity In-
tegration SDK
and OpenXR

visionOSSDKo

3.5 hours3 hoursWired2 hours2 hours3 hours2 hoursBattery life

260 g566 g594 g + headband
386 g

625 g509 g295 g + head-
band 291 g

600 g + headband
50 g + external
battery 353 g

Weight

YesYesNoNoYesYesYesUntethered

32993500650011004994303499Price (US $)

aAR: augmented reality.
bVST: video see-through.
cOST: optical see-through.
dVR: virtual reality.
eMP: megapixel.
fRGB: red, green, blue.
gPPD: peak pixel density.
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hDoF: degrees of freedom.
iLIDAR: light detection and ranging.
jToF: time-of-flight.
kiToF: indirect time-of-flight.
lCPU: central processing unit.
mGPU: graphics processing unit.
nOS: operating system.
oSDK: software development kit.

Steve Jobs released the iPhone in 2007, creating a new category
of smartphones. What made it special was that Apple combined
existing technologies and software in a manner that made
previously unexpected things possible, which Apple repeated
with the iPad in 2010 and then with the Apple Watch in 2015.
Hence, the AVP could lead to the breakthrough of not only AR,
VR, or MR but also DR (because it is a pass-through technique)
due to its enormous technological progress. Moreover,
technological progress can not only enable more precise,
patient-specific treatments but also make these treatments more
efficient, for example, through hands-free, instant
authentications; documentation; and the visualization of search
queries and their results directly within the field of vision of
the HMD user. Further, well-engineered AR can help overcome
communication barriers in a face-to-face manner. Thus, it
supports clinicians in a range of essential tasks and reduces the
administrative burden on clinicians to allow them to spend more
time with their patients, which is a key challenge for upcoming
artificial intelligence (AI)-based foundation models [53].

Moreover, the recent rise of large language models [54], such
as ChatGPT, cannot be ignored in the context of the upcoming
AVP because it changed how we communicate with computers,
and the AVP can certainly be enhanced with the integration of
a ChatGPT-like bot. Even though ChatGPT is still in its infancy,
when it comes to hard facts, especially in health care [55,56],
it already enables a fluent, partly fact-based, conversation. This
will, in the short or long run, also completely enter the headset
market, where someone can discuss upcoming treatment steps
on a humanlike level based on a trained large language model.
However, we do not think that this will be specific to the AVP,
and with ChatGPT, Microsoft seems to currently have the edge.

Another application is the metaverse, which integrates physical
reality and VR [8]. The idea is that users and their avatars
interact in an environment with access to an unlimited amount
of health data. Metaverse applications focus primarily on
AI-based medical practice and medical image–guided diagnosis
and therapy [8]. The AVP could make an important contribution
as a hardware enabler that allows users to move and interact in
the metaverse in a more intuitive manner.

Nevertheless, digitization holds promise for making medical
care more efficient. But will screens come between doctors and
patients [57]? At the same time, for every hour doctors spend
with their patients, they spend 2 hours in front of the computer

[58]. The AVP’s untethered, external battery, and spooky-eye
design with improved sensor and computing hardware has the
potential to help health care professionals improve efficiency
and patient outcomes, allowing more time for patient care. The
improved hardware should allow the levels of accuracy and
computing needed for the device to truly function as a
stand-alone device for surgery or preoperative planning.
Integration with patient records combined with AI allows for
patient recognition and provides the health care professional
with accurate data retrieval and documentation. The provision
of guidance for devices and medical procedures can occur
naturally through its outward-facing sensors, making reading
books a thing of the past. The VST design opens up futuristic
possibilities for DR, while the ghostly eyes maintain a sense of
patient contact. We recognize that this is an optimistic outlook
and will require the combined efforts of experts in the field.

Whether the AVP will blur the line between patient encounters
and computer time also depends on patient and physician
acceptance. In ophthalmology, the AVP is seen as a breathtaking
application [59]. However, this must first be confirmed in
clinical trials with rigorous scientific methodology and hard
clinical end points. When the AVP is used for patient scenarios,
the focus must be on the patient, not the technology, which is
always a vehicle for existing problems.

Conclusions

To sum up, the AVP enriches the current headset market and
provides another alternative, especially in the limited AR
segment. The AVP will likely be at the technological forefront
in this sector, which puts pressure on other vendors to compete
by drawing level with and surpassing Apple. The price is
certainly a burden for entertainment consumers, but for
professionals, especially in the health care sector, with the
Microsoft HoloLens being in the same price range and the Varjo
XR-3 costing twice as much, it is not a deal-breaker. This
becomes even more irrelevant if seen in relation to the other
hardware costs in health care, such as those of navigation
systems and imaging equipment (computed tomography and
magnetic resonance imaging scanners), which can reach
millions. In Sutherland’s [1] sense and our experience, it is not
yet the Wonderland that Alice or the doctors (added by us)
walked into, but perhaps a bit closer.
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Abstract

Background: Health education games make health-related tasks enjoyable and interactive, thereby encouraging user participation.
Entrepreneurs and health educators can leverage online crowdfunding platforms, such as Kickstarter, to transform their innovative
ideas into funded projects.

Objective: This research focuses on health education game initiatives on Kickstarter. Through an online user survey, it aims
to understand user perceptions and evaluate the significance of 8 distinct components that may influence the success of such
crowdfunding initiatives.

Methods: A total of 75 participants evaluated games using 8 dimensions: game rules, learning objectives, narrative, content
organization, motivation, interactivity, skill building, and assessment and feedback. The survey data were analyzed using descriptive
statistical analysis, exploratory factor analysis, the Wilcoxon-Mann-Whitney test, and multivariate analysis.

Results: Exploratory data analysis showed that, among the 8 dimensions, skill building, content organization, and interactivity
were the top-ranking dimensions most closely associated with crowdfunding health education game. The 8 dimensions can be
grouped into 3 categories from the exploratory factor analysis: game content–, instruction-, and game design–related components.
Further statistical analysis confirmed the correlation between these dimensions with the successful crowdfunding of health
education games.

Conclusions: This empirical analysis identified critical factors for game proposal design that can increase the likelihood of
securing crowdfunding support.

(JMIR Serious Games 2024;12:e39587)   doi:10.2196/39587

KEYWORDS

game-based learning; rubrics; Kickstarter; learning game campaign; collaboration; user perception; design; health; learning;
gaming; game; evaluation; organization; user; engagement; skill; feedback; assessment; analysis; correlation; crowdfunding;
support

Introduction

Background
Digital strategies, particularly gamification, have introduced a
refreshing dynamic to health education [1,2]. Platforms, such
as Kickstarter [3], champion these tech-infused health games,
providing a unique avenue for their development. By leveraging
the power of crowdfunding, Kickstarter and similar platforms
facilitate the evolution of health education games. This allows
entrepreneurs, educators, game developers, and supporters to
access essential resources and connect with audiences eager for
meaningful health support and intervention.

Gamification in Health
Gamification in health integrates game-design elements into
nongame health scenarios, aiming to boost user engagement
and immersion in health solutions. This transforms routine
health tasks into enjoyable, competitive activities. This approach
leads to positive behavioral changes, improving overall health,
fitness, and adherence to medical treatments and programs
[1,2,4,5]. Gamification has been applied to a wide range of
medical fields, including health education, medical therapy,
obesity, and mental health [1,2,4,5].

Health education games are interactive digital tools specifically
designed to impart knowledge or skills related to health and
wellness [1,2]. These games transform traditional health-related
lessons into enjoyable and engaging tasks, aiming to enhance
retention and application of health information in daily life
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[1,2,4]. Serious health games, created primarily for specific
health objectives rather than solely for entertainment, use
gaming components to create an educational environment [1,2].
They use gaming components to facilitate a teaching
environment, enabling users to learn specific health skills or
gain valuable health-related information [1,2]. Especially
beneficial for long-term health and chronic-related applications,
these games foster positive emotional or empathetic connections
among users, leading to improved medical treatment plans and
behavior changes [1,2,4].

The Role of Crowdfunding in Promoting Health
Education Games
Given the modest initial investment required and the scale of
crowdfunding, it is advocated that crowdfunding serves as a
primary method to promote and support the development of
health education games. With the recent success of platforms
such as Kickstarter, researchers and health care advocates are
turning to these tools to fund their projects [6,7]. Through
crowdfunding, health educators, entrepreneurs, and other
stakeholders can conduct their work to meet community needs
while also achieving financial and community outreach goals.
This method attracts a varied group of participants who
contribute financially, participate in the development, and offer
social support [8-12].

Health education games, similar to other game-based learning
tools, motivate users by making health-related tasks more
enjoyable [1,13]. Online crowdfunding can assist entrepreneurs
and health educators with limited resources to translate their
innovative ideas into solid and appealing content and formats
[14,15]. Crowdfunding platforms help individuals transform
ideas into fundable and actionable projects [16,17].

Crowdfunding for health education games benefits users’
self-efficacy, well-being, chronic disease management, and
physical activity [9-11]. Rewards, feedback, and socialization
elements are frequently used to gamify eHealth in
crowdfunding-based health education games. Furthermore,
health education games can positively change their health
behaviors, benefiting their overall health and wellness [2].
Successful health education crowdfunding projects elicit both
intrinsic (altruistic) and extrinsic (rewards and feedback)
motivation in order to attract a diverse range of crowdfunding
donors, and they work by effortlessly facilitating online digital
health engagement [18]. This study aims to explore 8 critical
evaluation dimensions from the user’s perspective that influence
the success of crowdfunding campaigns for health education
games. The findings will guide practitioners and entrepreneurs
in strategizing and designing impactful crowdfunding campaigns
for health education games.

Related Works
To understand the intricacies of successful crowdfunding for
health education games, we performed a literature review to
acquire insights on the various dimensions related to the subject.
The literature review enabled us to systematically explore the
dynamics of crowdfunding, the principles of game-based
learning, and the factors that influence the success of health
education games.

Dynamics and Success Factors of Crowdfunding
Initiatives
To develop and promote content for successful crowdfunding
campaigns, extensive planning, outreach, and marketing are
required. Data suggest that the most popular crowdfunding
projects are those that are creative, participatory, or consumable,
such as games, technology, film and video, and art and design
[19]. In general, crowdfunding projects have small funding sizes
and offer various donor incentives, small gifts, or awards, which
leads to a higher success rate for the projects [19]. Such success
not only mirrors financial objectives but also nurtures the
emergence of communities with shared interests [20]. Numerous
game developers have used crowdfunding to fund the initial
investment in educational applications [21]. This then
encourages more entrepreneurs to participate in collaborative
crowdfunding platforms and launch their projects.

Unlike a traditional purchase, crowdfunding involves a high
level of social capital influence, particularly the status and reach
on social network sites [17]. Social capital creates an online
environment that combines collective knowledge, appeal, and
emotional responses, enabling investors to make well-informed
decisions [17]. This investment process shapes perception and
investment behavior. The interaction mechanism has a broader
and more pervasive contextual impact, and the crowdfunding
campaign design and features also influence decisions [21].

Crowdfunding initiatives require both content richness and
ownership diversity [22]. Several studies have explored
strategies to optimize the success of such crowdfunding efforts
[22,23]. Notably, during crowdfunding, potential investors often
evaluate founders based on their personal communication skills
and presentation, both of which influence investment decisions
[24]. In addition, the use of specific language, the length of
campaign text, the frequency of updates, and the inclusion of
video in campaign texts have all been correlated with the success
of crowdfunding campaigns [25,26]. Reducing the cognitive
effort needed to understand campaign content has been shown
to result in increased funding [15].

Researchers have also linked crowdfunding success to the
trustworthiness and reputation of developers, as well as their
experiences on social crowdfunding networks [27,28]. However,
the quality of the presented information also plays an important
role in determining crowdfunding success [9,29,30]. Factors
that contribute to successful crowdfunding factors include the
content of the campaign, audience participation, and the timing
of fundraising development [31].

Health Education Game Development and User
Experience
Gamification has been proven to enhance medication and
treatment adherence among patients with chronic disease [4,32].
Health serious games, on the other hand, have been praised for
their ability to help people with chronic illnesses improve their
behavior [2,33]. These games mirror real-life challenges,
allowing players to develop coping strategies [17]. They educate
players about their condition and the necessary lifestyle
alterations, with compelling storylines that ensure better
engagement [15,17]. Game interactivity allows players to make
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decisions, learn from outcomes, and receive feedback on health
implications [2,17].

When evaluating the feasibility of a game proposal, it is
important to consider both the organization and narrative of the
content, as well as the effectiveness of interactive games as a
learning tool [34]. A well-organized and clearly written proposal
can help the investor understand the purpose, goals, and potential
value of the project [31]. Interactive health games can educate
users with content and skills [34]. Users can also actively engage
with the material, explore and experiment with different
concepts and strategies, and receive immediate feedback on
their progress [35]. This can help them understand and retain
the content and skills being taught.

Game rules and interactivity stand as important components in
health game design. Game rules ensure alignment with
educational objectives, and the inherent challenge-reward system
in these games drives players to continue, thereby continuously
learning and adopting healthier behaviors [5,13]. Defining game
rules or challenges and delivering feedback can increase users’
self-concept, efficacy, knowledge skills, communication, and
social support, resulting in better health behaviors for self-care
and adherence, lowering health costs, and establishing a stronger
health system [18].

Health education game users are drawn to characters that
resemble them, experiencing validation when such characters
are featured in media [36]. Young role models, especially those
in media genres such as cartoons and video games, are
particularly valued by these users [37]. For example, the
motivation and design of the interactive health game series can
focus on using positive role models to inspire and motivate
players [37,38]. These role models are described as being
successful in their adventures while also managing their health,
which could help users, including children with chronic illnesses
such as asthma or diabetes, feel more positive about their own
abilities to manage their health and self-care [37,38].

Interestingly, health game players without specific medical
conditions are often less certain about in-game decisions
compared to their peers with those conditions [37]. Health
education games allow players to try new things, fail, learn, and
eventually win. Such games also motivate users to adopt a
healthier lifestyle, adhere to medical advice when unwell,
navigate life crises, and foster close social connections for
support [39].

Regarding assessments and feedback mechanisms, health
learners who receive personalized feedback and engage deeply
with medical content tend to experience great benefit. This
approach is especially effective in reaching younger individuals
who might not typically consult other media or seek expert
health advice [40]. Interactive health games not only foster
communication and social support but also empower users to
discuss their health with friends, family, and health care
professionals. They also motivate users to actively seek out
advice and support [37]. For instance, in a series of interactive
health games, players accessed factual details about the causes,
treatments, social contexts, and self-care options related to
specific health topics [37].

Game-Based Learning Principles
One of the game-based learning principles that allows users to
benefit from the game is the development of problem-solving
skills [41], and educational games can assist users in developing
these skills [41,42]. The modalities of game content
representation should be adjusted to boost motivation and
performance [43]. If learners cannot understand the app’s
content, no matter how rich and useful it is or how beautiful the
design is, the app’s entire instructional value is lost [44].
Learners can learn problem-solving, strategic and analytical
thinking, decision-making, and other 21st century skills in
narrative-centered learning environments [45].

Based on the constructivist learning theory, individuals gain
deeper insights about the world through direct experiences and
interactions [46,47]. Games offer a dynamic and interactive
environment that aligns with this theory, enabling learners to
actively explore, experiment, and tackle challenges [46,47]. The
appeal of a game’s narrative indicates its potential to captivate
users [48]. The game creators should focus more on the content,
storyline, and interaction components of the game to attract
individual users when determining whether it will be successful
or not [48].

The quality of a learning game is significantly influenced by
the effectiveness of user feedback [49,50]. Numerous studies
have shown that feedback enhances learning outcomes [51]. It
provides learners with clarity on their strengths and areas that
need improvement; it also serves as a motivational tool,
encouraging continuous learning even within the gaming context
[51].

Educational games can customize learning experiences by
gauging a student’s readiness, providing constructive feedback,
and modifying the level of challenge [52]. It is essential for an
educational game to have well-defined learning objectives that
detail the desired skills and knowledge [53]. Game rules
facilitate learning by allowing players to interact with their
environment [54]. Achieving these objectives depends on
adhering to specific rules, which may involve certain challenges
or conditions that the learner must satisfy [43].

A learner’s level of motivation can greatly influence their
enthusiasm or indifference toward a task [55,56]. Moreover,
there is substantial evidence suggesting that motivation enhances
cognitive functions, particularly influencing what learners focus
on and how they assimilate information [57-59].

Literature suggests that multiple factors influence the success
of crowdfunding campaigns, especially those related to health
education games [51,54]. These range from the trustworthiness
of the developers and the quality of information presented to
the design and content of the game itself. Although previous
studies have shed light on the general principles of game-based
learning and the dynamics of crowdfunding, there remains a
gap in understanding how these principles specifically apply to
health education games on platforms such as Kickstarter.
Moreover, the user’s perspective, which is crucial in determining
the success of such campaigns, has not been thoroughly
explored. We aim to bridge this knowledge gap by focusing on
the user’s perception and evaluating the critical components
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that resonate most with potential users, thereby influencing the
success of health education game initiatives on crowdfunding
platforms.

Objectives
This study aims to provide a comprehensive overview of 17
health education game projects launched on the crowdfunding
platform Kickstarter and to understand user perceptions
concerning the important factors that determine the success of
such health education game crowdfunding initiatives. To achieve
this, we conducted a user survey using a health education
assessment rubric specifically designed to evaluate the key
components contributing to the success of these projects on
Kickstarter.

Methods

Data Collection for Health Education Games
A comprehensive keyword search using “Health, Education,
Learning, Game” was conducted in August 2019 on Kickstarter,
which identified 17 online health education game projects (Table
1). On the Kickstarter site, the system marked a project as
“Successful” if it met or exceeded its financial goal within the
time set by the creators. Conversely, projects that failed to meet
their financial target within the designated period were labeled
as “Unsuccessful” (Table 1).
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Table . Descriptive data of health education game projects from the crowdfunding site Kickstarter. A project’s success on Kickstarter was determined
by its ability to achieve its financial goal within the set time frame.

SuccessfulaCountryBacker count, nGoal (US $)Pledge (US $)Health education game

YesUnited States22410,00011,011Playout: The Exercise
Card Game [60]

NoCanada81997328ACLS MegaCode Sim-
ulator for health care
professionals [61]

YesCanada8035005065Blush by Renaissance
[62]

NoUnited States4120,0001778Body Cycle Health Ed-
ucation App [63]

YesNorway925541199CHiLD - a psychologi-
cal 2D RPG [64]

YesCanada20930,00030,930Destiny’s Sword for
mental health [65]

NoCanada3471043361Facing Dragons: a
mixed-reality game to
unlock your purpose
[66]

YesUnited States185001145Freestyle Jam Camp
[67]

NoUnited States5450,000127Mobile games to quan-
tify symptoms of men-
tal health disorders
[68]

YesCanada178750030,420PRESCRIPTION Play-
ing Cards [69]

YesUnited States14644604977Talk to Me visual nov-
el: mental health [70]

NoUnited States3914,0001445TEN: a card game de-
signed to promote
brain health [71]

YesUnited States4113001682The Chakra Collectable
Coin [72]

NoUnited Kingdom3623641The Woosah Kit: a
mental health first aid
[73]

YesUnited States140500010,435Tournesol Kids Game:
activity cards to build
resilience [74]

YesUnited States7470007370Youth Run The World
5K [75]

NoUnited Kingdom237,21712Zombied: gamify
health and fitness activ-
ities [76]

a"Yes” refers to “Successful” projects that met or exceeded their financial goal, whereas “No” refers to “Unsuccessful” projects that did not.

Ethical Considerations
Before commencing this study, the researchers obtained
approval from the Institutional Review Board of the University
of South Florida (001588). The participants provided informed
consent, with the option to withdraw at any time without penalty.
The Institutional Review Board approval sufficiently covered
the secondary use of data. The study guaranteed that all collected
data were either anonymized or deidentified to protect personal

information, with stringent protective measures in place for any
data that could not be fully anonymized. The study was
voluntary, without any compensation for participation.

Online Survey Design
We use the Qualtrics online survey platform (Qualtrics) to create
an online survey based on health education game assessment
rubrics derived from the literature. This survey allowed
participants to evaluate and rank crowdfunding health education
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games on the Kickstarter website. The survey incorporated 8
dimensions—each essential for the evaluation of health

education games. These dimensions, along with their definitions
and cited literature, are presented in Table 2.

Table . Crowdfunding health education game evaluation dimensions and definitions.

Related literatureDefinitionDimensions

[42,77]The game’s ability to progressively impart and
reinforce health-related skills to players, ensuring
that learning is continuous and effective
throughout the game’s duration.

Skill building

[35,53,78]The clarity, structure, and logical flow of the
game’s health education content, ensuring that
it is presented in a manner that is both compre-
hensible and engaging for players.

Content organization

[25,48]The clarity and continuity of the game’s storyline
in relation to health education, ensuring that
players experience a coherent sense of progres-
sion and purpose as they navigate through the
game’s content.

Narrative

[35,77,79]The game’s ability to facilitate effective interac-
tions, the completion of health-related tasks, and
active participation through user-driven inputs
and actions.

Interactivity

[35,80-82]The game’s capability to immediately evaluate
and communicate a player’s progression and
provide timely and relevant feedback.

Assessment and feedback

[35,52,83,84]The game provides clear, concise, and easily
comprehensible rules to the players.

Game rules

[35,85-87]The game delineates specific, measurable out-
comes that players are anticipated to achieve
upon its completion.

Learning objectives

[88-90]The game’s elements are intriguing and appealing
enough to prompt user participation and action.

Motivation

Before the main survey was launched, a pilot test of the survey
instrument was conducted with 7 undergraduate students
majoring in health science. This pilot test aimed to assess the
validity and understandability of the survey questions. The
participants were asked to read through the survey and provide
feedback on its clarity and relevance. Based on their comments,
necessary revisions were made to the questions to enhance the
overall quality of the survey.

In the final version of the survey, participants rated the
dimensions on a 3-point Likert scale. The scoring system for
these dimensions ranged from 0 to 2, with the following
interpretations: 0=“Does not meet expectations” or “Poor,”
1=“Meets expectations” or “Fair,” and 2=“Exceeds
expectations” or “Good.” Participants could also select “Unable
to decide” or “Not applicable” if they felt unable to make a
judgment on a particular dimension. Additionally, an open-ended
question was incorporated: “Do you have any comments or
concerns (accuracy of terms, comprehensiveness, clarity of
questions, etc) for this question sets?” This allowed participants
to provide further feedback on the survey questions.

In November 2019, undergraduate students majoring in health
science were invited to participate in the online survey. Those
who agreed to participate were provided with a standardized
set of questions, accompanied by comprehensive instructions
and definitions for the 8 evaluation dimensions, as detailed in

Table 2. Each student was then randomly assigned 1 specific
crowdfunding health education game from a pool of 17 games,
referenced in Table 1. Their task was to evaluate their assigned
game based on these 8 dimensions. Ultimately, 75 undergraduate
students were recruited as participants.

Data Analysis
We used STATA 15 software (StataCorp) for statistical analyses.
We used several data analysis approaches to understand the
results.

Descriptive Statistical Analysis
This method provides a summary of the main aspects of the
data, offering a simple overview of the data. By calculating the
percentage of ranking types and the mean scores of the
dimensions, we can gain insights into the general behavior and
preferences of the survey participants.

Exploratory Factor Analysis
Exploratory factor analysis is used to reduce the data’s
dimensionality and identify the underlying relationships between
the measured variables [91]. It was used to group the 8
dimensions into meaningful categories, helping to decipher any
latent structures within the data set. This ensured that we could
identify which sets of dimensions tended to co-occur or were
rated similarly by participants.
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Wilcoxon-Mann-Whitney Test
The Wilcoxon-Mann-Whitney test [92] is a nonparametric
statistical hypothesis test used to compare 2 unrelated samples.
This test was used to determine if there were any significant
differences in the rankings given by participants to different
game dimensions.

Multivariate Analysis
The aim of this study extends beyond merely understanding the
dimensions. It also seeks to predict the success of crowdfunding
health education games based on these dimensions. We used
logistic regression with a binary variable—success of the
crowdfunding project—for prediction [91]. This model can
determine the odds of a game being successful based on the
rankings of its dimensions, offering insights into which
dimensions are the most influential predictors of success.

By using these methods, the study ensured a comprehensive
analysis of the data—from understanding the basic patterns and
deciphering underlying component structures to finally being
able to predict the success of crowdfunding health education
games based on their dimensions.

Results

A list of health education games launched on Kickstarter is
presented in Table 1. This table enumerates 17 distinct health
education games originating from various countries, namely
the United States, Canada, Norway, and the United Kingdom.
Some projects have exceeded their goals by a large margin,
whereas others have fallen substantially short. The diversity of
the sample provides a comprehensive foundation for our study.
This diversity enabled an exploration into users’ perceptions
regarding educational game assessment rubrics. Such an
investigation can discern potential factors that could influence
the success trajectory of health education games on
crowdfunding platforms such as Kickstarter.

Table 2 focuses on the various dimensions relevant to the design
and evaluation of games. These dimensions were based on
established literature, highlighting their credibility and validity.
When assessing potential predictors of crowdfunding success
based on feedback from 75 survey participants, certain
dimensions stood out as being more important (Table 3).

Table . Ranking of the 8 assessed dimensions for crowdfunding health education games (n=75).

Score, mean (SD)aDimensions

1.77 (0.54)Skill building

1.7 (0.52)Content organization

1.51 (0.69)Narrative

1.51 (0.75)Interactivity

1.49 (0.69)Assessment and feedback

1.47 (0.71)Game rules

1.39 (0.64)Learning objectives

1.29 (0.59)Motivation

aScoring system: 0=”Poor,” 1=”Fair,” and 2=”Good.”

Skill building was ranked first, followed by content organization
and then narrative. Skill building holds the top rank due to its
emphasis on continuous learning and engagement, ensuring that
players progressively acquire and refine their skills throughout
the game (Table 3). The importance of content organization is
highlighted by its role in enhancing user experience; a
well-organized game offers clear navigation, allowing players
to immerse themselves fully (Table 3). Narrative further
enhances the gaming experience by introducing an engaging
storyline that lends context and purpose, enriching the gameplay.
Interactivity is important for keeping players engaged. It gives
them a sense of belonging and influence within the game world.
Yet, intriguingly, motivation ranks the lowest among these
dimensions, even though its presence ensures that games are

compelling enough to retain players’ interest and drive
continuous participation (Table 3). Although skill building and
content organization seem to be the areas where these games
excel, motivation appears to be a challenging area for many
developers.

To identify the assessment structure for campaign initiatives’
quality reflected by 75 survey respondents’ rankings, the study
conducted an exploratory factor analysis using
principal-components analysis as the extraction method and
varimax with Kaiser normalization as the rotation method (Table
4). The cutoff size for criterion loadings was set to 0.45 [59].

Both the Bartlett (χ2=68.26, P<.001) and measure of sampling
adequacy (0.57) tests for the sample pointed to a significant
level of correlation among the dimensions.
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Table . Factor components for the 8 dimensions in crowdfunding health education games. Principal-components analysis served as the extraction
method, and varimax with Kaiser normalization served as the rotation method.

ComponentDimensions

321

0.843a−0.057−0.050Game rules

−0.0250.727a0.253Learning objectives

−0.3350.629a0.181Narrative

−0.0210.1020.665aMotivation

0.506a0.1850.489Interactivity

0.2660.727a−0.136Skill building

−0.019−0.0360.883aAssessment and feedback

0.0330.3700.490aContent organization

aValues above the cutoff size for criterion loadings (0.45).

The exploratory factor analysis indicated that these 8 dimensions
can be grouped into 3 components: game content (content
organization, motivation, and assessment and feedback),
instruction (learning objectives, narrative, and skill building),
and game design (game rules and interactivity; Table 4). The
game content–related components suggests that a well-organized
game with clear feedback mechanisms can effectively motivate
players. The instruction-related components reflect the
instructional journey of the player, from understanding the
objectives and engaging with narrative to building skills. The
game design–related components are fundamental to the

gameplay experience, ensuring that players are not just passive
observers but active participants.

To review the perception gaps among these dimensions for
successful or unsuccessful crowdfunding campaigns,
group-based comparison was conducted between these
dimensional means. Table 5 showed the gaps between successful
and unsuccessful games in dimension ratings. Among them,
motivation, interactivity, game rules, and learning objectives
demonstrated larger difference gaps in decreasing order, and
these were followed by assessment and feedback, skill building,
narrative, and content organization.

JMIR Serious Games 2024 | vol. 12 | e39587 | p.1162https://games.jmir.org/2024/1/e39587
(page number not for citation purposes)

Huang et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Wilcoxon-Mann-Whitney test of the 8 assessments based on successful or unsuccessful crowdfunding of health education games.

P valueU statisticScore, mean (SD)Answers, nDimensions and categories

.780.28Content organization

1.68 (0.55)53Success

1.67 (0.49)15Unsuccessful

.04a2.05Interactivity

1.57 (0.72)53Success

1.13 (0.83)15Unsuccessful

.350.94Skill building

1.79 (0.49)53Success

1.60 (0.74)15Unsuccessful

.04a2.03Learning objectives

1.43 (0.64)51Success

1.07 (0.59)15Unsuccessful

.37.09Narrative

1.53 (0.70)53Success

1.36 (0.74)14Unsuccessful

.004a2.91Motivation

1.38 (0.56)53Success

0.87 (0.52)15Unsuccessful

.03a2.14Game rules

1.55 (0.70)53Success

1.13 (0.74)15Unsuccessful

.321Assessment and feedback

1.49 (0.64)53Success

1.29 (0.73)14Unsuccessful

aSignificant level P<.05.

The Wilcoxon-Mann-Whitney test comparing distributions of
successful and unsuccessful games showed that motivation
(P=.004), game rules (P=.03), learning objectives (P=.04), and
interactivity (P=.04) showed statistically significant difference
among these 2 groups (Table 5). These dimensions showed
clear distinctions between successful and unsuccessful games,
suggesting that these dimensions might be crucial for the success
of such games. On the other hand, dimensions such as content
organization and skill building, while important, did not show

a significant difference between the 2 categories of games. This
could mean that both successful and unsuccessful games have
well implemented these dimensions, but they might not be the
distinguishing factors for success. The multivariate analysis
showed that learning objectives and motivation were 2
significant dimensions associated with successful health
education game crowdfunding campaigns (Table 6). This
suggests that these 2 dimensions might be especially important
for the success of health-related games.
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Table . Multivariate logistic regression predicting the success of the health educational games.

P valueOdds ratio (95% CI)Dimensions

.133.24 (0.68-18.40)Game rules

.02a3.55 (1.42-14.38)Learning objectives

.541.57 (0.37-6.61)Narrative

.090.07 (0.01-1.55)Content organization

.03a3.05 (1.46-9.36)Motivation

.421.70 (0.46-6.22)Interactivity

.771.31 (0.21-8.18)Skill building

.731.38 (0.21-8.88)Assessment and feedback

aSignificant level P<.05.

Figure 1 presents an empirical framework that outlines the key
components underpinning the success of health education game
crowdfunding. The model highlights the balance between
foundational structural components, such as game rules and
content organization, and experiential elements that enhance
the player’s immersion and engagement, such as motivation

and narrative. A successful educational game should seamlessly
integrate all these facets. This not only ensures the delivery of
educational content but also fosters an environment where
players are intrinsically driven to remain engaged and continue
their learning journey within the game.

Figure 1. Framework for successful crowdfunding of health education games.

Discussion

Principal Findings
The crowdfunding landscape for health education games is
diverse, with success determined by a myriad of factors beyond
just a funding goal. Factors such as the clarity of the project’s
purpose, its presentation, and its marketing likely play a
substantial role in attracting users [35,41]. It is also important
to have a reasonable and attainable goal, as this might increase
the likelihood of a project’s success.

Crowdfunding backers, especially on platforms such as
Kickstarter, often support projects that offer value beyond just
entertainment. Skill building in games implies that players will
acquire new abilities or knowledge, making them both fun and
beneficial. This dual-purpose might appeal to game players who
see an opportunity for a return on investment, not just in
potential product rewards but also in personal or societal skill
development.

The ranking of these dimensions sheds light on the preferences
and priorities of both backers and players. It is possible that
backers perceive tangible attributes such as skill building and
content organization as immediate indicators of game quality
and potential success. These elements can be readily
demonstrated in promotional materials, making them more
attractive to potential backers. On the other hand, motivation,
being more abstract and subjective, might be harder to convey
and measure, leading to its lower ranking. It is essential for
game developers to recognize these perceptions and strike a
balance in their design, ensuring a comprehensive and engaging
game experience that appeals to a broad audience.

For skill building, it is essential for players to acquire and build
skills as they progress in the game. This ensures continuous
learning and engagement. Well-structured game content helps
players navigate and understand the game better, thus enhancing
their experience. An engaging storyline provides context and
purpose, making gameplay more meaningful. Player interactivity
is vital for player engagement. Players should feel that they are
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part of the game world and can influence it. Immediate feedback
helps players understand their progression and areas of
improvement. Clear rules ensure that players can easily
understand how to play the games, leading to smoother game
experiences. For health education games, it is important to have
clear learning outcomes that guide the game design. The game
must be engaging enough to keep players interested and
motivated to continue.

The multivariate analysis identified learning objectives and
motivation as the 2 significant predictors of a health education
game’s crowdfunding success, as detailed in Table 6. This
indicates the emphasis users place on clear educational outcomes
and the motivation to engage with the game. Users prioritize
games that offer clear educational outcomes and that effectively
motivate players to engage. The significance of learning
objectives suggests that backers might prioritize games that
have a clear educational goal, ensuring that players gain tangible
knowledge or skills. Motivation, on the other hand, ensures that
players remain engaged and committed to the game’s objectives.
When combined, these dimensions can lead to a game that not
only educates but does so in a compelling manner, maximizing
player retention and learning outcomes.

Limitations and Future Work
The study has some limitations due to the examination of user
perception, which is based on a small number of user responses
in a small number of crowdfunding campaigns. The study
examined subjective opinions across 8 evaluation dimensions,
but the reasons for crowdfunding’s effectiveness in health
education games require further investigation. In addition, we
surveyed participants as potential backers. A more
comprehensive approach would involve surveying actual
backers, those who make real investments, to discern any
differences in perceptions. This could provide a richer
understanding of the dynamics at play. The impact of quality
on the campaign content and media aspects, as well as user
indicators of motivation and interactivity, was investigated in
this study. Through crowdfunding, health education games
improve engagements, learning components, and cultural
adaptability for user engagement [8-10].

Conclusion
Crowdfunding for health education games presents a unique
opportunity to bridge the gap between game developers and
potential users. There has been little research that has provided
empirical evidence for evaluating user perspectives on
crowdfunding health education games. Further empirical
evaluations are clearly beneficial to providing a rigorous
validation of gamification’s effectiveness in eHealth. This
research conducted an exploratory study and identified 3 major
components that matter for health game crowdfunding success.
These components are related to game design, instruction, and
game content. Interestingly, motivation and assessment and
feedback were grouped into game content categories, not into
game design categories. This indicates that the proposals for
health-related crowdfunding education games are
comprehensive, encompassing content that is engaging,
interesting, and attractive, with solid assessment and feedback
components. Among them, given the nature of health subjects,
entrepreneurs and educators should pay more attention to game
development factors such as motivation, interactivity, and game
rules, so that the health or scientific subjects can be easily
infused in the gaming process. Making health games look
playful and attractive enables users to easily grasp basic health
knowledge during the gaming process [93]. Interestingly, there
is little difference in content organization between successful
and unsuccessful games, which indicates that even if the game
content is easy to follow, it is still not enough. Backers and
potential funders or users mostly agree with the health content
itself, but they care more about the game development
components, using these dimensions to assess the crowdfunding
game proposal and determine if these game designs are
acceptable and make logical sense.

Our findings recognize the importance of aligning game design
with user preferences. The success of health education games
on crowdfunding platforms relies on a combination of clear
educational objectives, effective player engagement mechanism,
and well-structured game content. The study highlights the
significance of learning objectives and motivation as key
determinants of crowdfunding success for health education
games. Game developers aiming for success in this domain
should prioritize these dimensions, thus ensuring that their
games offer a clear educational outcome.
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Abstract

Background: Metacognitions about online gaming have been shown to be correlated with Internet Gaming Disorder (IGD).
Knowledge of metacognitions about online gaming can help to understand IGD. The Metacognitions about Online Gaming Scale
(MOGS) is a reliable and valid tool to measure specific metacognitions about online gaming in both adults and adolescents, which
is lacking in China.

Objective: This study was conducted to assess the psychometric properties of the Chinese version of the MOGS (C-MOGS)
and its relationship with IGD in the Chinese population.

Methods: A total of 772 Chinese individuals (age: mean 21.70, SD 8.81 years; age range: 13-57 years; 458/772, 59.3% male)
completed a web-based questionnaire survey, including the C-MOGS and a battery of validated scales measuring IGD, gaming
motives, depression, and anxiety.

Results: Through exploratory and confirmatory factor analyses, the 3-factor structure was confirmed to have adequate model
fit and internal consistency reliability (Cronbach α≥.799, Guttman split-half coefficients≥0.754). Concurrent validity of the
C-MOGS was supported by its correlations with IGD (P<.001), gaming motives (P<.001), depression (P<.001), and anxiety
(P<.001). Furthermore, the incremental validity analysis showed that the C-MOGS predicted 13% of the variance in IGD while
controlling for gender, age, weekly gaming hours, gaming motives, depression, and anxiety.

Conclusions: This study provides evidence that the psychometric properties of the C-MOGS are appropriate and emphasizes
its positive association with IGD. The C-MOGS is a reliable and valid instrument for mental health workers to assess metacognitions
about online gaming in the Chinese population.

(JMIR Serious Games 2024;12:e45985)   doi:10.2196/45985
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Introduction

Metacognition refers to the awareness of one’s own thoughts
and behaviors, as well as the ability to monitor and alter
behavior. It encompasses any cognitive process that receives
information from and exerts a controlling influence on another
cognitive process [1-4]. More specifically, it comprises
metacognitive knowledge and metacognitive regulation.
Metacognitive knowledge refers to information and beliefs
about one’s cognitive processes, while metacognitive regulation
pertains to skills to regulate thoughts, including planning,
supervision, and regulation [5]. Metacognition contributes to
effective decision-making across a variety of contexts [4]. For
instance, it facilitates the smooth operation of ongoing thought
and behavior by helping us recognize our errors [6], regulate
the deployment of executive function [7], and detect lapses of
attention [8]. Originating from cognitive psychology,
metacognition has been linked to psychological disturbances
[9,10].

In recent years, studies have highlighted the potential role of
metacognitions in the development of addictive behaviors, such
as problematic gaming behavior [11,12]. However, due to the
lack of suitable research instruments, conducting further
investigations in China has been challenging. To address this
issue, this study aimed to evaluate the validity of the
Metacognitions about Online Gaming Scale (MOGS) [13]
among the Chinese population and its association with gaming
behavior.

According to the self-regulatory executive function model,
metacognitions play a critical role in the occurrence and
development of psychological dysfunction [14]. In this model,
psychological dysfunction is activated and perpetuated by a
fixed thinking pattern called cognitive attentional syndrome
(CAS), which comprises several maladaptive coping strategies
(eg, rumination, threat-monitoring, and avoidance). The CAS
is driven and maintained by maladaptive metacognitions [15].
Maladaptive metacognitions mistakenly regard the CAS as an
effective coping style, resulting in a vicious cycle of ineffective
self-regulation [16]. Over the last 40 years, metacognitions have
been associated with several mental and psychological problems
[17], such as obsessive-compulsive disorder, schizophrenia,
addiction, anxiety, and depression [18-20].

In the domain of addictive behaviors, metacognitions are divided
into 2 subtypes: positive and negative [21]. The former refers
to the beliefs that engaging in specific addictive behaviors is a
strategy of affective and cognitive self-regulation, such as
“Drinking helps me think more clearly” and “Gambling can
improve my mood” [22,23]. The latter refers to the concerns
about the uncontrollability and danger of thoughts or
engagement with addictive behaviors. For example, “Drinking
will interfere with my thought” and “Once I start thinking about
drinking, I cannot stop” [24]. Previous studies have shown that
positive metacognitions can motivate addictive behaviors in the
early stage, while negative metacognitions contribute to their
perpetuation by activating negative emotional states as a
reinforcement [11,21]. In recent years, metacognition has been
correlated with many addictive behaviors, such as problematic

alcohol use [25-27], nicotine dependence [28,29], gambling
disorder [30-32], problematic Internet use [33-35], problematic
social media use [36-38], and Internet Gaming Disorder (IGD;
problematic online gaming) [39,40].

As an addictive behavior, IGD was first included in the research
appendix section of the Fifth Edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) in 2013 [41],
then it was officially included in the addiction disease unit of
the Eleventh Revision of the International Classification of
Diseases (ICD-11) in 2018 [42]. Its core characteristics include
losing control while gaming, prioritizing gaming over other
interests, and causing functional damage in daily life. Excessive
online gaming results in various problems, such as sacrificing
real-life relationships, sleep, work, and education, leading to
brain damage [43-46]. According to a recent review, the global
prevalence of IGD was 3.05%, and it was higher among Asians
(5.08%) than Europeans (2.72%) [47]. In China, the prevalence
ranges from 3.5% to 17%, which is higher than the global
average level [48-50].

In order to effectively prevent and treat this disorder, extensive
research has been conducted to investigate its etiology. These
studies have revealed a significant association between IGD
and various psychological factors, including negative affect,
gaming motives, and maladaptive cognition [51]. The Interaction
of Person-Affect-Cognition-Execution (I-PACE) model
proposed by Brand et al [52,53] suggests that the initiation of
addictive behaviors arise from the integration of emotional and
cognitive responses to internal or external stimuli along with
specific motivations. Motives are sets of knowledge that
represent the emotional preferences expressed in our thoughts
and concepts. Gaming motives could be considered as
stimulating factors of gaming behavior, which may play an
important role in the development of IGD [51]. Furthermore,
Spada et al [21] posited that the development and persistence
of addictive behaviors, including IGD, are strongly influenced
by particular metacognitions about addictive behaviors.

According to previous studies, metacognitions have been
associated with IGD [38,39]. However, these studies mainly
focused on generic metacognitions (eg, beliefs about worry,
cognitive monitoring, the need for thought suppression). To
assess specific metacognitions about online gaming, Spada and
Caselli [13] developed a self-rating instrument called the
Metacognitions about Online Gaming Scale (MOGS). In the
original validation of the MOGS, an exploratory factor analysis
(EFA) was performed with 225 adults in Study 1 that suggested
a 2-factor solution: Negative Metacognitions about Online
Gaming (N-MOG; 6 items) and Positive Metacognitions about
Online Gaming (P-MOG; 6 items) [13]. The N-MOG assesses
negative metacognitions about the uncontrollability and danger
of thoughts on gaming. The P-MOG measures positive
metacognitions in which online gaming helps individuals
regulate affect and thought. In Study 2, the confirmatory factor
analysis (CFA) with another sample of 348 individuals further
divided N-MOG into 2 factors and built a 3-factor structure:
Negative Metacognitions about the Uncontrollability of Online
Gaming (N-MOGU), Negative Metacognitions about the
Dangers of Online Gaming (N-MOGD), and P-MOG [13]. All
3 factors reported adequate internal reliability (Cronbach α≥.79).
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While exploring predictive validity, the study showed that
MOGS was positively related to gaming hours and Internet
addiction [13]. Overall, these findings demonstrated the
reliability and validity of the MOGS.

To extend the utility of the MOGS to adolescent populations
from other countries, Akbari et al [54] translated it into Persian
and evaluated its psychometric properties among 769 Iranian
adolescents. The results showed that the 3-factor structure had
appropriate construct validity and internal consistency
(Cronbach α≥.79). Furthermore, metacognitions about online
gaming were able to independently predict problematic gaming
behavior while controlling for personality traits, gaming motives,
gaming-related cognitions, and negative affect [54]. Another
study investigating the association between IGD and social
anxiety reported that metacognitions about online gaming were
significantly correlated with IGD and mediated the latter’s
relationship with social anxiety [55].

These studies indicated an association between specific
metacognitions about online gaming and IGD. Further
exploration could be beneficial for the treatment and prevention
of IGD, especially in countries with a higher prevalence, such
as China. However, it is difficult to conduct relevant research
in China because of the lack of instruments used to evaluate
specific metacognitions. Therefore, the primary objective of
this study was to translate the MOGS into Chinese and validate
its psychometric properties among Chinese adolescent and adult
gamers using online convenience sampling. Additionally, the
study aimed to investigate the unique influence of
metacognitions about online gaming on IGD while considering
variables such as anxiety, depression, and motivation. The
hypothesis was that, within the Chinese population, positive
and negative metacognitions about online gaming would serve
as independent risk factors for IGD, distinct from other
contributing factors.

Methods

Participants
We recruited all individuals online through convenience
sampling in June 2021. The inclusion criteria were as follows:
(1) age ≥13 years, (2) Chinese speakers who could understand
the questionnaires, (3) consent to participate (adolescents with
parental consent), and (4) played games at least one hour every
week (excluding online gambling) in the last 12 months.

In total, 996 individuals participated in this survey. We excluded
88 individuals whose answer was “No” to the item “Are your
answers to this questionnaire true and reliable?”, 37 who gave
the same answers to more than 50% of the questions and whose
time spent on the questionnaire was less than the mean minus
3 SD, and 99 who were younger than 13 years old. The final
sample included 772 participants.

Ethical Considerations
Before starting the anonymous online investigation, participants
were informed about the purpose and rights of the study and
signed an online informed consent form. Those younger than
18 years needed to inform their guardians and obtain consent
before filling out the questionnaire. The ethics committee of

the Second Xiangya Hospital of Central South University
approved this study (protocol code 2020004; dated March 1,
2020).

Measures

Basic Information
Basic information included sociodemographic information and
Internet gaming characteristics. The former included gender,
age, employment, years of education, and family structure (eg,
single-child family). For the latter, participants reported their
average time spent gaming (weekly gaming hours), gaming
devices (a multiple-choice question), the number of long-term
gaming partners, and self-evaluation of gaming addiction.

Metacognitions About Online Gaming
Metacognitions about online gaming were measured using the
MOGS [13], which contains 12 items rated on a 4-point Likert
scale (1=Do not agree to 4=Agree very much). The MOGS
comprises the following 3 factors: (1) N-MOGU (3 items, such
as “Once I start online gaming I cannot stop”), (2) N-MOGD
(3 items, such as “Online gaming makes me lose control”), and
(3) P-MOG (6 items, such as “Online gaming stops me from
worrying”). A higher score indicates a higher degree of specific
metacognition about online gaming.

IGD Symptoms
The severity of IGD symptoms was assessed using the Internet
Gaming Disorder Scale-Short Form (IGDS9-SF) [56,57]. The
IGDS9-SF is a 9-item scale developed from the core symptoms
of IGD proposed by the DSM-5 and assesses gaming activities
and their adverse effects in the past 12 months. All items are
rated on a 5-point Likert scale (1=never to 5=very often). The
scores range from 9 to 45. Higher scores represent more severe
IGD symptoms. With adequate reliability (Cronbach α≥.9), the
Chinese version of the IGDS9-SF was used in our research
[58,59]. The Cronbach α was .90 in this study.

Gaming Motives
We assessed gaming motives using the Motives for Online
Gaming Questionnaire (MOGQ) [60]. It includes 27 items
comprising the following 7 motivational dimensions (all rated
on a 4-point Likert scale): escape, skill development, recreation,
competition, coping, fantasy, and social. The Chinese version
of the MOGQ has excellent reliability (Cronbach α≥.83) and
validity [61]. Higher scores reflect stronger motives for online
gaming. In this study, the Cronbach α was .95 for the total scale
and ranged from 0.84 to 0.89 for each subscale.

Depression and Anxiety
The Patient Health Questionnaire-9 (PHQ-9) [62] was used to
measure depressive symptoms. It is a diagnostic screening tool
that monitors the severity of depression over the last 2 weeks.
All items are scored on a 4-point Likert scale (0=Not at all to
3=Nearly every day). The scores range from 0 to 27. Higher
scores denote worse depressive symptoms. The Chinese version
of the PHQ-9 [63] has suitable reliability (Cronbach α=.85).
The Cronbach α was .89 for this study.

The Generalized Anxiety Disorder-7 (GAD-7) [64] was used
to measure anxiety symptoms. It is a self-rated scale that
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assesses the severity of anxiety symptoms over the last 2 weeks.
All items are scored on a 4-point Likert scale (0=Not at all to
3=Nearly every day). The scores range from 0 to 21. Higher
scores represent worse anxiety symptoms. The Chinese version
of the GAD-7 [65] was used, with appropriate internal
consistency (Cronbach α=.90) and validity. The Cronbach α
was .92 for this study.

Procedures
The MOGS was translated into Chinese by 2 professional
translators using a standard translation and back-translation
method [66]. For some controversial items (eg, “Online gaming
makes me lose control,” “Online gaming makes my worries
more bearable”), we consulted the author of the original scale.
Considering the original scale, 2 bilingual psychologists revised
the translated version and checked its face validity. A pilot study
was conducted with 5 adults and 5 adolescents to test the
understandability. Based on their feedback, some descriptions
of items were modified, and the final Chinese version of the
MOGS (C-MOGS) was created.

We conducted this survey online using Questionnaire Star, a
professional online survey platform. By reading recruitment
advertisements posted on social networking sites (eg, WeChat,
Weibo, and other webcast platforms), individuals could open
the questionnaire link. On the first page, participants could read
the objectives and content of this research and confirm their
participation (minors, those younger than 18 years, had to obtain
the consent of their guardian). Each IP address can only be used
once to avoid repeated participation. After the questionnaire
was submitted, all the data were sent to the researcher's account,
and only the researcher could view the data.

Data Analyses
Data analyses were conducted using SPSS version 25.0 (IBM
Corp) and AMOS version 24.0 (IBM Corp). First, basic
statistical analyses (eg, descriptive analysis, independent
samples t tests, chi-square tests) were performed on
sociodemographic variables and Internet gaming characteristics.
To analyze the construct of the C-MOGS, the total sample was
randomly split into 2 subsamples. Sample-1 (n1=390; 229/390,
58.7% male; age: mean 22.25, SD 9.05 years) was used for
EFA, and sample-2 (n2=382; 229/382, 59.9% male; age: mean
21.14, SD 8.52 years) was used for CFA. Except for EFA and

CFA, all analyses were conducted on data from the entire
sample. Independent samples t tests and chi-square tests showed
that there were no significant differences between the 2
subsamples regarding age (t770=–1.754, P=.08), gender

(χ2
1=0.121, P=.73), average weekly gaming time (t770=0.775,

P=.44), gaming devices (χ2
1<1.012, P=.31), long-term gaming

partner (χ2
3=4.046, P=.26), and other demographic variables

(P=.33-.88). An EFA with principal component analysis (PCA)
and varimax-rotation method was conducted on the C-MOGS
items. To validate the models derived from the EFA, a CFA
was completed with AMOS 24.0 using the maximum likelihood
method. The model fit was appraised using multiple fit indexes,

including chi-squared:degree of freedom ratio (χ2/df<5),
goodness-of-fit index (GFI>0.90), Tucker-Lewis Index
(TLI>0.90), comparative fit index (CFI>0.90), standardized
root of the mean square residual (SRMR<0.08), root mean
square error of approximation (<0.05=close fit;
<0.08=acceptable fit; <0.1=mediocre fit) [67]. The reliability
of the C-MOGS was examined by assessing the internal
consistency of the scale and subscale. Acceptable values for the
Cronbach α and Guttman split-half coefficients are >0.70, while
values >0.80 are considered good [68]. Finally, to test the
concurrent and incremental validity, correlation analyses and
hierarchical multiple regression analyses were conducted
between the C-MOGS and Internet gaming characteristics
(gaming time, IGD, gaming motives) as well as anxiety and
depression.

Results

Sample Characteristics
In this study, analysis was conducted on data from 772
participants (458 men, 59.3%) aged between 13 years and 57
years (age: mean 21.70, SD 8.81 years; participants aged 13-17
years: 281/772, 36.4%). The majority of them were students
(555/772, 71.9%). Smartphones were the most popular device
for gaming (705/772, 91.3%). Of the sample, 69.4% (536/772)
had one or more long-term gaming partners. Participants spent
an average of 13.43 (SD 10.88) hours every week playing
games. More details on the sample characteristics are shown in
Table 1.
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Table 1. Sociodemographic and Internet gaming characteristics of the sample (n=772).

Participants’ resultsCharacteristic

Gender, n (%)

458 (59.3)Male

314 (40.7)Female

21.70 (8.81)Age (years), mean (SD)

Employment , n (%)

555 (71.9)Student

186 (24.1)Full-time employee

13 (1.7)Part-time employee

18 (2.3)Unemployed

Length of education (years), n (%)

339 (43.9)≤12

433 (56.1)>12

Single child, n (%)

289 (37.4)Yes

483 (62.6)No

Gaming devices, n (%)

705 (91.3)Smartphone

278 (36.1)Computer

125 (16.2)Tablet

51 (6.6)Game console

Long-term gaming partners, n (%)

236 (30.6)None

198 (25.6)≥1 and <3

159 (20.6)≥3 and <6

179 (23.2)≥6

Self-evaluation of gaming addiction, n (%)

129 (16.7)Yes

203 (26.3)No idea

440 (57.0)No

13.43 (10.88)Weekly gaming time (hours), mean (SD)

Factorial Structure of the C-MOGS

EFA
To identify the potential factorial structure of the C-MOGS, an
EFA was performed on data from sample-1 (n=390). First, we
used the Kaiser-Meyer-Olkin (KMO) and Bartlett tests of
sphericity to ensure that the sample was suitable for EFA. The
KMO value was 0.894, and the Bartlett test of sphericity was

significant (χ2
66=3159.742, P<.001), confirming the data were

sufficient.

The initial analysis extracted 2 factors using the criteria of an
eigenvalue>1 and factor loading>0.40. The 2-factor solution
(eigenvalues of 5.573 and 2.597) accounted for 68.08% of the

total variance, and the loading of all the items was >0.4
(0.646-0.918; Table 2). Factor 1 included items 1 through 6,
referred to as the N-MOG; factor 2 included items 7 through
12, which described the P-MOG.

Additionally, according to the dimension of the original scale
[13], we also conducted a PCA by setting 3 factors to be
extracted. The 3-factor solution (eigenvalues of 5.573, 2.597,
and 0.797) explained 74.73% of the total variance (37.44%,
19.31%, and 17.98%, respectively). Item-factor loadings are
presented in Table 2. The factors were as follows: factor 1 (items
1, 2, and 3) referred to the N-MOGU; factor 2 (items 4, 5, and
6) was related to the N-MOGD; and factor 3 (items 7, 8, 9, 10,
11, and 12) was related to the P-MOG [54].
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Table 2. Item-factor loadings of the Chinese version of the Metacognitions about Online Gaming Scale (C-MOGS) based on exploratory factor analyses
(sample-1, n=390).

3-factor model2-factor modelItems

CommunalityF3b,cF2b,eF1b,dCommunalityF2b,cF1a,b

0.6980.1780.1100.8090.4630.2150.646(1) I continue to play despite I think it would be better to stop

0.8130.1510.3700.8080.7210.1770.830(2) I have no control over how much time I play

0.7390.1570.4030.7430.6840.1780.808(3) Once I start online gaming, I cannot stop

0.7680.1340.8400.2130.5690.1080.746(4) Online gaming makes me lose control

0.7310.0320.8250.2220.5520.0070.743(5) Thoughts about online gaming interfere with my functioning

0.6430.1690.6240.4740.6300.1650.776(6) Thoughts about online gaming are becoming an obsession

0.6180.7350.2040.1900.6140.7340.275(7) Online gaming makes my worries more bearable

0.8010.8850.1040.0870.7960.8820.131(8) Online gaming reduces my negative feelings

0.8520.9150.0140.1250.8520.9180.093(9) Online gaming helps me to control my negative thoughts

0.7370.8500.0870.0830.7340.8490.116(10) Online gaming stops me from worrying

0.8560.9190.0760.0810.8530.9170.107(11) Online gaming reduces my anxious feelings

0.7100.8000.0640.2560.7030.8080.222(12) Online gaming distracts my mind from problems

aNegative Metacognitions about Online Gaming (N-MOG).
bFactor loadings present the factor matrix values.
cPositive Metacognitions about Online Gaming (P-MOG).
dNegative Metacognitions about the Uncontrollability of Online Gaming (N-MOGU).
eNegative Metacognitions about the Dangers of Online Gaming (N-MOGD).

Confirmatory Factor Analysis
To further evaluate the structural validity of the C-MOGS, we
conducted a CFA on sample-2 (n=382) using AMOS 25.0. We
compared the goodness of model fit between the 2
aforementioned models. We first tested the 2-factor model,

which had a substandard fit in some indexes: χ2/df=3.962 and
root mean squared error of approximation (RMSEA)=0.880. In
comparison, the 3-factor model showed an adequate model fit:

χ2/df=3.477, GFI=0.929, CFI=0.958, TLI=0.945, SRMR=0.065,
RMSEA=0.081 (Table 3). The correlations between P-MOG,

N-MOGU, and N-MOGD were moderate (r=0.389 and 0.377,
respectively) and were relatively strong between N-MOGU and
N-MOGD (r=0.905).

Due to the high correlation between the 2 negative metacognitive
factors, we also created a bifactor model (Figure 1), in which
N-MOGU and N-MOGD loaded on a second-order factor
(N-MOG) and P-MOG was a first-order factor. In this model,
the goodness of model fit was the same as that of the 3-factor
model (Table 3), and the correlation between N-MOG and
P-MOG was moderate (r=0.396).

Table 3. Model fit indices of the confirmatory factor analyses for the Chinese version of the Metacognitions about Online Gaming Scale (C-MOGS;
Sample 2, n=382).

RMSEAeSRMRdTLIcCFIbGFIaχ2/dfχ2 (df)Model

0.8800.0670.9350.9480.9173.962205.517 (52)2-factor model

0.8100.0650.9450.9580.9293.477173.867 (50)3-factor model

0.8100.0650.9450.9580.9293.477173.867 (50)Bifactor model

aGFI: goodness-of-fit index.
bCFI: comparative fit index.
cTLI: Tucker-Lewis Index.
dSRMR: standardized root of the mean square residual.
eRMSEA: root mean square error of approximation.
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Figure 1. The bifactor model of the Chinese version of the Metacognitions about Online Gaming Scale (C-MOGS), showing the latent factors as ovals,
the 12 items in the C-MOGS as rectangles, the error terms (e1-e14) as circles, and the standardized factor loading above the arrows. N-MOG: Negative
Metacognitions about Online Gaming; N-MOGD: Negative Metacognitions about the Dangers of Online Gaming; N-MOGU: Negative Metacognitions
about the Uncontrollability of Online Gaming; P-MOG: Positive Metacognitions about Online Gaming.

Reliability
The Cronbach α coefficient and split-half reliability were
calculated for the scale and its subscales in the total sample
(n=772). The α coefficient for the total scale was .894, and it
was .823 for the N-MOGU, .799 for the N-MOGD, and .925
for the P-MOG. No item deletion improved the internal
consistency. The Guttman split-half coefficient of the overall
scale was 0.942, and for each dimension, the coefficients were
0.776, 0.754, and 0.841. These findings confirmed that the
C-MOGS and its subscales exhibit adequate internal consistency.

Moreover, we calculated the correlation coefficient between
each item and its relative factor scores. The results showed that
the item-total correlations for all items were high (r≥0.551).

Concurrent Validity
We further analyzed the correlation between the 3 factors of
the C-MOGS and IGD, gaming motives, anxiety, and depression
to test the concurrent validity. Based on the Shapiro-Wilk test,
these variables did not follow a normal distribution (all Ps<.05).
Therefore, Spearman correlation analysis was chosen to explore
the relationships between the variables. Table 4 shows the
descriptive statistics (median and IQR), and Table 5 shows the
correlations between the variables. Each factor of the C-MOGS
showed positive correlations with the IGDS9-SF, weekly gaming
hours, every dimension of the MOGQ, the PHQ-9, and the
GAD-7 (r=0.153 to 0.759, all Ps<.01). Moreover, the correlation
matrix showed positive correlations between the IGDS9-SF and
the other variables (r=0.352 to 0.700, all Ps<.01).
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Table 4. Descriptive statistics for the variables (n=772).

RangeMedian (IQR)Variables

9-4517 (10)IGDS9-SFa

1-699 (11)WGHb

Motives for Online Gaming Questionnaire (MOGQ)

4-207 (6)Social

4-207 (5)Escape

4-207 (6)Competition

4-209 (6)Coping

4-207 (6)Skill

4-206 (5)Fantasy

3-159 (6)Recreation

0-276 (7)PHQ-9c

0-214 (6)GAD-7d

3-124 (3)N-MOGUe

3-124 (2)N-MOGDf

6-2411 (7)P-MOGg

aIGDS9-SF: Internet Gaming Disorder Scale-Short Form.
bWGH: weekly gaming hours (average time).
cPHQ-9: Patient Health Questionnaire-9.
dGAD-7: Generalized Anxiety Disorder-7.
eN-MOGU: Metacognitions about the Uncontrollability of Online Gaming.
fN-MOGD: Negative Metacognitions about the Dangers of Online Gaming.
gP-MOG: Positive Metacognitions about Online Gaming.

JMIR Serious Games 2024 | vol. 12 | e45985 | p.1177https://games.jmir.org/2024/1/e45985
(page number not for citation purposes)

Lin et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Spearman correlation coefficients among the variables (n=772).

P-

MOGh
N-

MOGDg
N-

MOGUf
GAD-

7e
PHQ-

9d
MOGQcWGHbIGDS9-

SFa
Variables

Recre-
ation

Fanta-
sy

SkillCop-
ing

Compe-
tition

Es-
cape

Social

IGDS9-SF

0.5110.5870.7000.4200.4660.4160.4880.3800.5420.4940.5890.3520.5011Correla-
tion

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001—iP value

WGH

0.3120.2800.3640.1930.2530.3860.2900.1900.3530.2880.3260.19610.501Correla-
tion

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001—<.001P value

MOGQ: Social

0.3980.1740.2460.1180.1080.3780.5230.6060.5440.5210.47310.1960.352Correla-
tion

<.001<.001<.001.001.003<.001<.001<.001<.001<.001<.001—<.001<.001P value

MOGQ: Escape

0.6740.3520.4350.4120.4120.4580.6580.5630.7860.50310.4730.3260.589Correla-
tion

<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001—<.001<.001<.001P value

MOGQ: Competition

0.4120.3160.3720.1960.1880.4670.5520.6150.54410.5030.5210.2880.494Correla-
tion

<.001<.001<.001<.001<.001<.001<.001<.001<.001—<.001<.001<.001<.001P value

MOGQ: Coping

0.7590.2450.3960.2970.2840.6170.6360.68410.5440.7860.5440.3530.542Correla-
tion

<.001<.001<.001<.001<.001<.001<.001<.001—<.001<.001<.001<.001<.001P value

MOGQ: Skill

0.5310.1530.2490.1510.1210.4030.58910.6840.6150.5630.6060.1900.380Correla-
tion

<.001<.001<.001<.001.001<.001<.001—<.001<.001<.001<.001<.001<.001P value

MOGQ: Fantasy

0.4760.3220.3700.2950.2890.44210.5890.6360.5520.6580.5230.2900.488Correla-
tion

<.001<.001<.001<.001<.001<.001—<.001<.001<.001<.001<.001<.001<.001P value

MOGQ: Recreation

0.4300.1570.3480.2260.23410.4420.4030.6170.4670.4580.3780.3860.416Correla-
tion

<.001<.001<.001<.001<.001—<.001<.001<.001<.001<.001<.001<.001<.001P value

PHQ-9

0.2700.4110.4110.78910.2340.2890.1210.2840.1880.4120.1080.2530.466Correla-
tion

<.001<.001<.001<.001—<.001<.001.001<.001<.001<.001.003<.001<.001P value

GAD-7

0.2800.3760.38310.7890.2260.2950.1510.2970.1960.4120.1180.1930.420Correla-
tion
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P-

MOGh
N-

MOGDg
N-

MOGUf
GAD-

7e
PHQ-

9d
MOGQcWGHbIGDS9-

SFa
Variables

Recre-
ation

Fanta-
sy

SkillCop-
ing

Compe-
tition

Es-
cape

Social

<.001<.001<.001—<.001<.001<.001<.001<.001<.001<.001.001<.001<.001P value

N-MOGU

0.3590.53010.3830.4110.3480.3700.2490.3960.3720.4350.2460.3640.700Correla-
tion

<.001<.001—<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

N-MOGD

0.25710.5300.3760.4110.1570.3220.1530.2450.3160.3520.1740.2800.587Correla-
tion

<.001—<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

P-MOG

10.2570.3590.2800.2700.4300.4760.5310.7590.4120.6740.3980.3120.511Correla-
tion

—<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001<.001P value

aIGDS9-SF: Internet Gaming Disorder Scale-Short Form.
bWGH: weekly gaming hours (average time).
cMotives for Online Gaming Questionnaire.
dPHQ-9: Patient Health Questionnaire-9.
eGAD-7: Generalized Anxiety Disorder-7.
fN-MOGU: Metacognitions about the Uncontrollability of Online Gaming.
gN-MOGD: Negative Metacognitions about the Dangers of Online Gaming.
hP-MOG: Positive Metacognitions about Online Gaming.
iNot applicable.

Incremental Validity
We conducted a hierarchical multiple linear regression analysis
to identify the incremental effect of metacognitions about online
gaming on IGD. The IGDS9-SF was the outcome variable, and
the 3 factors of the C-MOGS were predictor variables, along
with other variables related to the IGDS9-SF (gender, weekly
gaming hours, the 7 factors of the MOGQ, and the total PHQ-9
and GAD-7 scores). Each variable was input in the following
order: step 1: age and gender (0=female, 1=male); step 2: weekly
gaming hours; step 3: the 7 factors of the MOGQ; step 4:
GAD-7, PHQ-9; step 5: the 3 dimensions of the C-MOGS.

The Durbin-Watson statistic showed that the observed values
were independent of each other (D-W=2.077). All tolerance
values were above 0.1 (0.180-0.878), indicating no
multicollinearity. The results are presented in Table 6. The 3
factors of the C-MOGS accounted for 13.0% of the variance in
the IGDS9-SF (P<.001). In step 5, the final model indicated
that gender, weekly gaming hours, the PHQ-9 score, the
MOGQ-Escape score, the MOGQ-Competition score, and the
factors of the C-MOGS were significant positive predictors of

the IGDS9-SF (R2=0.729, P<.001, adjusted R2=0.724), and the
most important predictor was the N-MOGU (β=0.326, P<.001).
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Table 6. Hierarchical multiple regression analyses with the Internet Gaming Disorder Scale-Short Form (IGDS9-SF) as the outcome variable and the
Chinese version of the Metacognitions about Online Gaming Scale (C-MOGS) factors as predictor variables, together with gender, weekly gaming
hours, motives related to online gaming, depression, and anxiety (n=772).

Step 5eStep 4dStep 3cStep 2bStep 1aVariable

P val-
ue

TβP val-
ue

TβP val-
ue

TβP val-
ue

TβP val-
ue

Tβ

.840.2060.004.04–2.044–0.050.008–2.640–0.068<.001–3.633–0.110.12–1.551–0.056Age

<.0013.7120.076<.0014.5880.114.0023.1700.084<.0013.6030.110<.0015.6940.204Gender

<.0016.7050.155<.00110.3090.277<.00111.1370.315<.00117.9710.540———gWGHf

Motives for Online Gaming Questionnaire

.700.3870.010.810.2410.008.57–0.567–0.019——————Social

<.0013.7430.132<.0016.3280.265<.0018.8050.381——————Escape

.012.4580.066<.0014.6320.149<.0014.7400.163——————Competi-
tion

.62–0.493–0.022.740.3330.016.670.4250.022——————Coping

.450.7610.024.13–1.529–0.058.009–2.607–0.106——————Skill

.490.6880.020.0561.9160.068.0092.6010.098——————Fantasy

.540.6180.016.770.2990.009.610.5150.017——————Recre-
ation

.0023.0910.104<.0015.5530.224—————————PHQ-9h

.430.7840.025.071.8470.073—————————GAD-7i

<.00111.2860.326————————————N-MOGUj

<.0017.2480.206————————————N-MOGDk

.0032.9690.089————————————P-MOGl

aR2=0.049; adjusted R2=0.047; ΔR2=0.049; P<.001.
bR2=0.331; adjusted R2=0.328; ΔR2=0.281; P<.001.
cR2=0.539; adjusted R2=0.533; ΔR2=0.208; P<.001.
dR2=0.599; adjusted R2=0.593; ΔR2=0.061; P<.001.
eR2=0.729; adjusted R2=0.724; ΔR2=0.130; P<.001.
fWGH: weekly gaming hours (average time).
gNot applicable.
hPHQ-9: Patient Health Questionnaire-9.
iGAD-7: Generalized Anxiety Disorder-7.
jN-MOGU: Metacognitions about the Uncontrollability of Online Gaming.
kN-MOGD: Negative Metacognitions about the Dangers of Online Gaming.
lP-MOG: Positive Metacognitions about Online Gaming.

Discussion

Principal Findings
To investigate the psychometric properties of the Chinese
MOGS and its association with IGD, this study translated and
tested it in China for the first time. In general, the results
suggested that the C-MOGS could potentially serve as a valid
and reliable tool to assess specific metacognitions about online
gaming and it may have the capacity to predict IGD
independently.

First, factor analyses were used to explore the structural validity
of the scale. The EFA suggested a 2-factor solution (N-MOG
and P-MOG), which was consistent with the first assumption

of the original scale [13]. By setting 3 factors to be extracted,
the EFA also obtained the same 3-factor solution as the final
version of the original scale (N-MOGU, N-MOGD, and
P-MOG) [13,54]. Through CFA, the 3-factor model was later
proved to have the best data fit. Moreover, we attempted to
build a bifactor model that included a first-order factor (P-MOG)
and a second-order factor (N-MOG: N-MOGU and N-MOGD).
This model had the same goodness of model fit as the 3-factor
structure. To maintain consistency with the original scale, the
3-factor structure is recommended for measuring specific online
gaming metacognitions in the Chinese population. For studies
that compare N-MOG and P-MOG, the bifactor model can be
considered.
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The 3-factor structure of the C-MOGS demonstrated adequate
internal consistency, with Cronbach α coefficients ranging from
.799 to .925 for each factor and the full scale, along with
Guttman split-half coefficients ranging from 0.754 to 0.942.
The current findings also provide evidence for the concurrent
and incremental validity of the C-MOGS. Each subscale was
significantly positively correlated with IGD, weekly gaming
hours, gaming motives, depression, and anxiety. Moreover, the
C-MOGS accounted for 13.0% of the variance in IGD while
controlling for other variables. These findings highlight the
utility of the C-MOGS as a reliable and valid tool to assess
metacognitions about online gaming among the Chinese
population.

Furthermore, this study explored the effects of metacognitions
about online gaming, gaming motives, anxiety, and depression
on IGD using hierarchical multiple linear regression analysis.
After adding metacognitions about online gaming to the
regression equations, the final model accounted for 72.9% of
the variance in IGD. In addition to metacognitions, gender,
weekly gaming hours, escapism motives, competition motives,
and depression significantly predicted IGD, suggesting that
these factors collectively contribute to the development and
maintenance of IGD [69-71]. Importantly, the inclusion of
metacognitions led to a reduction in the standardized regression
coefficients of these variables, and the predictive effect of
anxiety on IGD became nonsignificant. This indicates that
metacognition may partially mediate or explain the impact of
these factors on IGD. This finding is consistent with previous
research, suggesting that metacognitions about online gaming
may mediate the influence of other psychological factors, such
as psychological dependence, anxiety, and depression, on IGD
[55,72-75]. These results indicate that specific metacognitions
about online gaming are important predictors of IGD, which is
consistent with previous studies [13,54,55]. However, the
mechanisms underlying the role of metacognitions in IGD seem
to be interrelated with other psychological factors, which
remains inconclusive.

In a hypothesized model, metacognitions about online gaming
may promote problematic gaming engagement by increasing
gaming time and disrupting normal emotion and cognition [76].
Consistent with this view, our study found that people with
more metacognitions about online gaming would spend more
time playing games and feel more anxious and depressed.
P-MOG increases gaming time by promoting online gaming as
a self-regulation method for emotion and cognition [13,21].
N-MOGU will maintain problematic gaming engagement by
destroying one’s confidence in self-control, while N-MOGD
can induce negative reinforcement and compulsive gaming
engagement by triggering negative emotions such as anxiety
and depression [21,76]. Furthermore, gaming motives may be
an intermediate factor, as our study found: Gaming motives
were simultaneously significantly correlated with MOGS and
IGD. Dysfunctional metacognition activates maladaptive coping
strategies and motivation, which causes negative emotions to
persist and eventually leads to IGD [77]. Moreover, other studies

have different views. For example, metacognitions have a
mediating effect on the association between emotional
dysregulation and problematic Internet use [78], and online
gaming thought suppression and impulsiveness mediate the
relationship between metacognition and IGD [79]. Therefore,
the association between metacognition and IGD cannot be
summarized by simple causality. Other psychological variables,
such as motives, coping style, impulsiveness, and emotional
regulation, should be considered in future research.

Since maladaptive metacognitions are an important predictor
of IGD, interventions specifically addressing maladaptive
metacognitions, such as metacognition therapy (MCT), may be
beneficial for the prevention and treatment of IGD. MCT, an
intervention aimed at modifying dysfunctional metacognition,
is effective for treating psychiatric and psychological diseases
such as anxiety, depression, and schizophrenia [80-84].
Although MCT is not widely used in the treatment of addictive
behaviors, researchers are attempting to prove its efficacy [11].
In some pilot studies, MCT was used to effectively treat alcohol
abuse and gambling disorder [85,86]. However, the specific
efficacy of MCT for treating IGD needs to be further verified
in clinical research. This study provides evidence for the
potential value of MCT in the clinical treatment of IGD and
offers an effective tool for conducting MCT for IGD specifically
in the Chinese population.

Limitations
Although this study has the advantages of a large sample size
with people of different ages, it has several limitations that
should be considered. First, this study adopted convenience
sampling instead of random sampling, and only gamers were
included. Therefore, it does not sufficiently represent all Chinese
people. Second, collecting data using an online self-report
questionnaire may increase the probability of participants giving
false answers. However, this procedure is reported to be as
reliable as pencil-and-paper surveys [87], which is likely to
reduce social desirability and increase levels of honesty [88].
Third, this study lacked test-retest reliability of the C-MOGS;
further research is required to test its stability. Finally, as a
cross-sectional study, we could not infer the causality of the
studied variables. Thus, longitudinal research is needed to
further explore the relationship between metacognition and
IGD.

Conclusion
In summary, this study offers some evidence that supports the
satisfactory psychometric properties of the C-MOGS and
highlights the possibility of metacognition as an independent
risk factor in gaming behavior. It may be a useful and
prospective tool for exploring psychological mechanisms of
IGD and helping health professionals identify risky gamers (eg,
individuals with more metacognitions about online gaming,
specifically negative metacognitions about the uncontrollability
of online gaming). Additionally, MCT may be beneficial for
the prevention and treatment of IGD. This study may support
more attention for metacognitive beliefs in addictive behaviors.
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Abstract

Background: School climate and school identification are important features of the school environment and potential determinants
of adolescent internet gaming disorder (IGD).

Objective: This novel study investigated their joint effects on IGD and related mediation mechanisms via the interpersonal
factor of teacher-student relationship and the individual factors of academic stress and anxiety.

Methods: A large-scale cross-sectional study was conducted among adolescent internet gamers of junior, senior, and vocational
middle schools in Taizhou City, China, from February to March 2022 (N=5778). Participants self-administered an anonymous,
structured questionnaire in classrooms. Adjusted logistic regression and structural equation modeling (SEM) were used for data
analysis.

Results: Among all participants, the prevalence of IGD was 8% (461/5778). The 4 school climate subscales (student-student
relationship subscale: adjusted odds ratio [ORa] 0.88, 95% CI 0.85-0.91; student-staff relations subscale: ORa 0.87, 95% CI
0.84-0.90; academic emphasis subscale: ORa 0.88, 95% CI 0.85-0.91; shared values approach: ORa 0.88, 95% CI 0.85-0.90),
the school identification subscale (ORa 0.85, 95% CI 0.83-0.88), and teacher-student relationship (ORa 0.80, 95% CI 0.76-0.84)
were significant protective factors against IGD, while academic stress (ORa 1.18, 95% CI 1.14-1.23) and anxiety (ORa 1.16,
95% CI 1.14-1.18) were risk factors of IGD. The SEM showed that the negative associations between school climate and IGD
and between school identification and IGD were mediated via (1) three 2-step paths, each involving a single
mediator—teacher-student relationship, academic stress, and anxiety, respectively—and (2) two 3-step paths involving 2
mediators—teacher-student relationship and academic stress first, respectively, and then anxiety. The direct effect of school
climate on IGD was statistically nonsignificant (ie, full mediation with effect size ranging from 4.2% to 20.4%), while that of
school identification was statistically significant (ie, partial mediation with effect size ranging from 4.5% to 38.2%).

Conclusions: The relatively high prevalence of IGD among Chinese adolescents may be reduced through school-based
interventions to improve school climate and school identification. Such improvements may reduce the levels of risk factors of
IGD (poor teacher-student relationship, academic stress, and anxiety) and hence the risk of IGD. Future longitudinal and intervention
studies are needed to confirm the findings.

(JMIR Serious Games 2024;12:e50418)   doi:10.2196/50418
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Introduction

Internet gaming disorder (IGD) was included in the International
Classification of Diseases, 11th Revision (ICD-11) as a subtype
of gaming disorder by the World Health Organization [1]. Extant
literature has documented the detrimental effects of adolescent
IGD, including various psychological problems (eg, depression)
[2-4], physical problems (eg, sleep problems) [2,5,6],
interpersonal problems (eg, social anxiety) [4,7], and behavioral
problems (eg, physical violence) [8]. The prevalence of
adolescent IGD ranged from 0.7% to 27.5% globally [9,10] and
from 13.0% to 23.8% in China [6,11,12]. Notably, these studies
used different measurement tools.

The Social Cognitive Theory (SCT) postulates that
environmental factors, personal characteristics, and
health-related behaviors would interact with each other, a
concept known as reciprocal determinism [13]. School is an
important social environment and a setting for the effective
promotion of adolescent health [14]. School climate reflects a
salient aspect of the social environment shaping the schools’
psychosocial atmospheres and interpersonal relationships [15].
Favorable school climate was negatively associated with IGD
[16-18] and problematic internet use [19,20] among Chinese
adolescents. School identification refers to the important sense
of belonging to the school and caring about the school’s goals
[21]; it was developed via an internalization process from
extrinsic motivations (eg, acknowledgment from teachers and
peers) to intrinsic drives fostering belongingness [21]. School
identification was associated with academic achievement [15],
delinquent behaviors (eg, bullying) [22], and IGD [23] among
adolescents. While school climate reflects a “group concept,”
school identification represents a “me concept” [24].
Investigating these 2 indicators simultaneously could understand
better how the environmental (school climate) and
individual-level (school identification) factors embedded in the
school environment affect adolescents’addictive behaviors (eg,
IGD).

The present study used the socioecological model [25] as the
conceptual framework. It postulates that factors at
environmental, interpersonal, and individual levels are all
important determinants of health-related behaviors and outcomes
[25]. In school settings, school climate, teacher-student
relationships, school identification, and perceived academic
stress and anxiety are salient examples of factors at such 3
levels, respectively. Perceived academic stress is an important
risk factor of mental health (eg, depression) [26] and addictive
behaviors including IGD [27]. This construct has special
relevance to the Chinese culture and some Asian cultures, as
academic achievement is often seen by parents as the most
important ladder for upward social mobility [28]. Parental
pressure for academic success among adolescents has been
phenomenal and has become a common and strong stressor
among adolescents [29]. Regarding the importance of the
teacher-student relationship, adolescents need their significant
others’ positive appraisals and recognition when developing
their self-image and self-affirmation [30]. To adolescents,
teachers are certainly one of the most influential sources of
stress, support, and recognition [30]. A poor teacher-student

relationship was common and associated with IGD [18,27].
Previous studies found a high prevalence of general anxiety
disorder among adolescents in China (16%-35%) [31]. Anxiety
is a predictor of IGD [32,33]. Perceived academic stress, poor
teacher-student relationships, and anxiety are, hence, risk factors
of IGD.

More research is needed to understand how the school
environment may affect IGD. Specifically, it is important to
examine the potential mechanisms in order to understand the
relationships between school climate or school identification
and IGD. To our knowledge, only 3 studies have looked at such
mechanisms; the significant mediators included deviant peer
affiliation [18], weakened cognitive function [27], and
psychological insecurity [20]. No studies have looked at
mediations between school identification and IGD. In this study,
it was contended that perceived academic stress, teacher-student
relationships, and anxiety were potential mediators, with
empirical support. Favorable school climate was negatively
associated with perceived academic stress [34-36]. School
attachment, which is closely related to school identification
[37], was positively associated with the teacher-student
relationship [38]. Poor school climate and poor school
identification may elevate anxiety among adolescents [39,40].
As aforementioned, these 3 potential mediators were associated
with IGD.

It is plausible that anxiety would further mediate between
perceived academic stress and IGD, as a review demonstrated
a consistently positive association between academic stress and
anxiety among Chinese students [41], and as mentioned, anxiety
predicted IGD. As indirect support to this claim, a previous
study found that psychological insecurity, which may cause
anxiety, mediated between school climate and problematic
internet use [20]. Similarly, a good teacher-student relationship
may reduce anxiety [19,42]. Thus, some serial mediations may
exist between school climate or school identification and IGD.

This study investigated the prevalence of IGD and its associated
factors, including (1) school climate (an environmental factor)
and school identification (an individual-level factor), (2)
perceived academic stress and anxiety (individual-level factors),
and (3) the teacher-student relationship (interpersonal factors)
among middle school students who were internet gamers in a
Chinese city. First, it was hypothesized that a good school
climate, school identification, and teacher-student relationship
would be negatively associated with IGD, while academic stress
and anxiety would be positively associated with IGD. Second,
some mediation hypotheses were tested: (1) three paths, each
involving a single mediator (ie, perceived academic stress,
teacher-student relationship, and anxiety, respectively) between
school climate and IGD; (2) two serial mediation paths between
school climate and IGD (good school climate → less academic
stress → lower anxiety → lower IGD and good school climate
→ better teacher-student relationship → lower anxiety → lower
IGD); (3) 5 identical paths (the three single-mediator mediations
and the 2 serial mediations) between school identification and
IGD, with school climate being replaced by school
identification.
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Methods

Study Design, Participants, and Setting
This cross-sectional survey was conducted among students of
5 junior middle schools, 3 senior middle schools, and 1
vocational school from February to March 2022 in Taizhou
City, Zhejiang Province, China. The city has a population size
of 6.1 million. Only those having played internet games in the
past 12 months were included in this study. The 9 participating
schools were selected conveniently. All grade 1 and grade 2
students of these schools were invited to participate in this study.
With the assistance of well-trained field-workers, students
self-administered a structured questionnaire in classrooms; the
survey was anonymous in nature, and schoolteachers were
absent to reduce external influences for students. The
field-workers briefed the students about the content and
objectives of this study and mentioned that completion of the
questionnaire would imply informed consent. It was guaranteed
that the students had the right to quit the survey at any time
without facing any negative consequences. Such information
was also included in the introductory statements of the
questionnaire. Parents were informed about this survey, and
parental opt-out was exercised, although no opt-out form was
returned to the teachers. No incentives were given to the
participants.

A total of 8285 students returned their completed questionnaires
to the research team; 114 (1.4%) were excluded due to low
quality (ie, over 20% of the questions involved missing
responses), 615 (7.4%) were excluded due to logical
inconsistencies between some item responses, and 1778 (23.5%)
were removed from data analysis as the participants had not
played internet games in the past 12 months. The final sample
size for data analysis was 5778 (76.5%).

Ethical Considerations
In this study, parents were informed about the survey, and
parental opt-out was exercised. In addition, students were clearly
prebriefed by the field-workers about the anonymous and
voluntary nature of this study and that the submission of a
completed questionnaire would indicate informed consent; such
information was also printed on the cover page of the
questionnaire. No written informed consent was obtained to
maintain anonymity. No incentive was provided to the students.
This project and the above informed consent procedures were
approved by the Survey and Behavioural Research Ethics
Committee of the corresponding author’s affiliated institution
in 2021 (No. KNLL-20211011002).

Studied Variables and Measurements

Background Information
Such information included age, school type (junior middle
school, senior middle school, and vocational high school),
gender, hometown outside Taizhou, whether living with both
parents, and father’s and mother’s educational levels.

IGD Classification
The 9-item Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) checklist [43] assessed 9

cognitive (eg, preoccupation), affective (eg, withdrawal), and
behavioral (eg, deception) symptoms of IGD that occurred in
the past 12 months. The items were rated with binary yes/no
response options. The endorsement of at least 5 symptoms was
classified as an IGD case, which was used as a binary dependent
variable in this study. The Chinese version has been validated
among adolescents with satisfactory psychometric properties
[44]. In this study, the Cronbach α of the checklist was 0.70.

School Climate and School Identification
The 15-item Abbreviated Version of the Dual School Climate
and School Identification Measure—Student (SCASIM-St15)
was used for assessment [45]. Validation of its Chinese version
among Chinese adolescents found satisfactory psychometric
properties [23]. School climate has 4 first-order factors
(student-student relations, staff-student relations, academic
emphasis, and shared values and approach), while school
identification has another single factor. Sample items were
“Student treat each other with respect” for the factor of
student-student relations, “Staff goes out of their way to help
students” for the factor of staff-student relations, “Teachers
challenge students to do better” for the factor of academic
emphasis, “There is a sense that we are all on the same team”
for the factor of shared values and approach, and “I am happy
to be a part of this school” for the factors of school
identification. All the subscales were rated by using 5-point
Likert scales, ranging from 1=strongly disagree to 5=strongly
agree; higher scores indicated higher levels of corresponding
constructs of school climate and school identification
(continuous variables). In this study, the Cronbach α of the 5
subscales ranged from 0.89 to 0.96.

Teacher-Student Relationship
The scale item was “In general, how are your relationships with
schoolteachers?” It was rated by using 11-point Likert scales,
ranging from 0=extremely poor to 10=extremely good; a higher
score indicated a better teacher-student relationship (a
continuous variable).

Academic Stress
The scale item was “How much stress do you perceive in the
academic domain?” It was rated by using 11-point Likert scales,
ranging from 0=none at all to 10=extremely high; a higher score
indicated a higher level of academic stress (a continuous
variable).

Anxiety
The 7-item Generalized Anxiety Disorder Questionnaire
assessed the frequency of occurrence of anxiety symptoms in
the past 2 weeks [46]. Its Chinese version has been validated
among adolescents in China; the psychometric properties were
satisfactory [47]. A sample item was “Not being able to stop or
control worrying.” The items were rated by using 4-point Likert
scales, ranging from 0=not at all to 3=nearly every day; higher
scores indicated higher levels of anxiety (a continuous variable).
In this study, the Cronbach α of the scale was 0.93.

Sample Size Planning
The sample size planning was conducted by using the module
of Tests of Mediation Effect in Logistic Regression in PASS
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2021 (NCSS LLC). Assuming a power of 0.80, an α of 0.05, a
regression coefficient of 0.20 (small effect size) for the
mediators, correlations of 0.20 (small effect size) for both the
independent variable and the mediator, an SD of 1 for the
mediator, and a marginal prevalence of IGD of 0.10, the required
sample size was estimated to be 2274. The sample size of this
study (n=5578) was hence deemed to be adequate.

Statistical Analysis
Pearson correlation coefficients were generated to assess the
correlations among the studied variables. Univariate logistic
regression analyses were conducted to test the individual
associations between each background factor or independent
variable and IGD. Multivariable logistic regression analyses
which adjusted for the background factors were then conducted
to test the significance of the associations between the potential
factors and IGD. The structural equation modeling (SEM)
method using the weighted least square mean and variance
adjusted estimation was performed to test potential
single-mediator mediations and serial mediations involving
school climate or school identification, the teacher-student
relationship, academic stress, anxiety, and IGD, after adjusting
for the background factors. A latent variable of school climate
was created from the subscale scores of the 4 factors of school
climate according to the SCASIM-St15. Recommended

goodness-of-fit statistics and cutoff criteria of SEM were both
a comparative fit index (CFI) and Tucker-Lewis index (TLI) of
≥0.90 [48]. The SEM was conducted by using Mplus 7.0
(Muthén & Muthén), while the other tests were analyzed by
SPSS 23.0 (IBM Corp). Statistical significance was defined as
P<.05 (2-tailed tests).

Results

Descriptive Statistics
Of all 5778 participants, the mean (SD; range) age was 14.9
(1.5; 10‐20) years; the proportions of students of junior middle
schools, senior middle schools, and vocational high schools
were 59.6% (n=3445), 32.7% (n=1890), and 7.7% (n=443),
respectively. Over half were male (n=3606, 62.4%), 16.9%
(n=977) had their hometowns outside Taizhou, and over
one-quarter did not live with both parents (n=1607, 27.8%).
About one-tenth of the participants’ fathers (n=526, 9.1%) and
mothers (n=529, 9.2%) had attained education in college or
above. The prevalence of IGD was 8% (n=461; see Table 1).
The mean (SD; range) scores of the scales and subscales
regarding school climate, school identification, the
teacher-student relationship, academic stress, and anxiety are
presented in Table 2.
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Table . Participant characteristics.

%n

1005778Overall

Background factors

School type

59.63445Junior middle school

32.71890Senior middle school

7.7443Vocational high school

Gender

36.92133Female

62.43606Male

0.739Missing data

Living at the studied city constantly

82.24752Yes

16.9977No

0.849Missing data

Living with both parents

71.74145Yes

27.81607No

0.426Missing data

Father’s educational level

65.23766Junior middle school or below

23.31345Senior middle school/vocational high school

9.1526College or above

2.4141Missing data

Mother’s educational level

69.34006Junior middle school or below

18.41066Senior middle school/vocational high school

9.2529College or above

3.1177Missing data

Internet gaming disorder

92.05317No

8.0461Yes
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Table . Descriptive statistics and correlationa.

Academic
stress, r

Teacher-stu-
dent relation-
ship, r

School identi-
fication, r

Shared val-
ues ap-
proach, r

Academic
emphasis, r

Student-staff
relations, r

Student-stu-
dent relation-
ship, r

Mean (SD)Range

School climate

111.7 (3.1)3‐15Student-stu-
dent relation-
ship

10.5511.8 (2.9)3‐15Student-staff
relations

10.830.5111.8 (2.8)3‐15Academic
emphasis

10.770.740.5911.2 (3.2)3‐15Shared val-
ues approach

10.840.700.680.5511.0 (3.3)3‐15School identi-
fication

10.380.350.380.420.236.2 (1.9)0‐10Teacher-stu-
dent relation-
ship

1−0.15−0.26−0.25−0.19−0.22−0.195.6 (2.9)0‐10Academic
stress

0.41−0.21−0.36−0.33−0.26−0.31−0.284.0 (4.6)0‐21Anxiety

aAll correlation coefficients were of P<.001.

Correlations
The 4 school climate subscales and the school identification
subscale were positively correlated with teacher-student
relationship (r ranged from 0.23 to 0.42) and negatively
correlated with academic stress (r ranged from −0.26 to −0.19)
and anxiety (r ranged from −0.36 to −0.26). Teacher-student
relationship was negatively correlated with academic stress
(r=−0.15) and anxiety (r=−0.21). Academic stress and anxiety
were positively correlated with each other (r=0.41). All
correlations among the 4 subscales of school climate and the
school identification subscale were positive and of statistical
significance (r ranged from 0.51 to 0.84) (see Table 2).

Factors Associated With IGD
In the univariate analysis shown in Table 3, older students (crude
odds ratio [ORc] 1.11, 95% CI 1.04-1.18), senior middle school
students (vs junior middle school students, ORc 1.30, 95% CI
1.06-1.60), male students (vs female, ORc 2.63, 95% CI
2.07-3.34), and students not living with both parents (ORc 1.47,
95% CI 1.21-1.80) were more likely than others to have IGD.
The associations involving hometown outside Taizhou, father’s
educational level, and mother’s educational level were
statistically nonsignificant.
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Table . Background factors of internet gaming disorder.a

ORcb (95% CI)

1.11 (1.04-1.18)cAge

School type

Reference=1.0Junior middle school

1.30 (1.06-1.60)dSenior middle school

1.40 (1.00-1.96)Vocational high school

Gender

Reference=1.0Female

2.63 (2.07-3.34)eMale

Living at the studied city constantly

Reference=1.0Yes

1.09 (0.85-1.40)No

Living with both parents

Reference=1.0Yes

1.47 (1.21-1.80)eNo

Father’s educational level

Reference=1.0Junior middle school or below

0.85 (0.67-1.08)Senior middle school/vocational high school

0.70 (0.48-1.02)College or above

Mother’s educational level

Reference=1.0Junior middle school or below

0.97 (0.76-1.24)Senior middle school/vocational high school

0.70 (0.48-1.02)College or above

aMissing data were excluded from the analysis.
bORc: crude odds ratio.
c P<.01.
d P<.05.
e P<.001.

Similarly, the adjusted analysis presented in Table 4 showed
that the 4 subscales of school climate (adjusted odds ratio [ORa]
ranged from 0.87 to 0.88), school identification (ORa 0.85, 95%
CI 0.83-0.88), and teacher-student relationship (ORa 0.80, 95%

CI 0.76-0.84) were all negatively associated with IGD.
Academic stress (ORa 1.18, 95% CI 1.14-1.23) and anxiety
(ORa 1.16, 95% CI 1.14-1.18) were positively associated with
IGD.
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Table . Environmental, interpersonal, and individual factors of internet gaming disorder.a

ORac (95% CI)ORcb (95% CI)

School climate

0.88 (0.85-0.91)d0.88 (0.86-0.91)dStudent-student relationship

0.87 (0.84-0.90)d0.87 (0.85-0.90)dStudent-staff relations

0.88 (0.85-0.91)d0.89 (0.86-0.92)dAcademic emphasis

0.88 (0.85-0.90)d0.88 (0.85-0.90)dShared values approach

0.85 (0.83-0.88)d0.86 (0.83-0.88)dSchool identification

0.80 (0.76-0.84)d0.81 (0.77-0.85)dTeacher-student relationship

1.18 (1.14-1.23)d1.18 (1.14-1.23)dAcademic stress

1.16 (1.14-1.18)d1.14 (1.12-1.16)dAnxiety

aThe models were adjusted for background factors, including age, school types, gender, whether living in the studied city constantly, whether living
with both parents, and father’s and mother’s educational level.
bORc: crude odds ratio.
cORa: adjusted odds ratio.
dP<.001.

Testing Mediation Mechanisms by SEM
In the measurement model, the latent variable of school climate
generated from the 4 subscales showed satisfactory
goodness-of-fit indices (CFI=0.97; TLI=0.91; factor loadings
ranged from 0.61 to 0.91, all P<.001), indicating that the latent
variable was suitable for conducting SEM. Figure 1 presents

the model testing the mediation effects of teacher-student
relationship, academic stress, and anxiety between school
climate or school identification and IGD, which also showed
satisfactory goodness-of-fit indices (CFI=0.97; TLI=0.95; factor
loadings of the latent variable ranged from 0.64 to 0.90, all
P<.001).

Figure 1. Structural equation modeling. Standardized coefficients were reported. The models were adjusted for background factors, including age,
school types, gender, whether living in the studied city constantly, whether living with both parents, and father’s and mother’s educational level. IGD:
internet gaming disorder. *P<.05, ***P<.001.

In Figure 1, 3 single-mediator paths significantly mediated
between school climate and IGD. (1) The significant mediation
via perceived academic stress (β=−0.01; P=.004; mediation
effect size=12.4%) indicated that school climate was negatively
associated with perceived academic stress (β=−0.12; P<.001),
which was in turn positively associated with IGD (β=0.10;
P<.001). (2) The significant mediation via teacher-student
relationship (β=−0.03; P<.001; mediation effect size=38.2%)
indicated that school climate was positively associated with
teacher-student relationship (β=0.35; P<.001), which was in

turn negatively associated with IGD (β=−0.10; P<.001). (3)
The significant mediation via anxiety (β=−0.03; P<.001;
mediation effect size=29.2%) indicated that school climate was
negatively associated with anxiety (β=−0.11; P<.001), which
was in turn positively associated with IGD (β=0.24; P<.001).
The 2 serial mediation paths between school climate and IGD
were also statistically significant, indicating (1) mediations first
via teacher-student and then via anxiety (β=−0.01; P<.001;
mediation effect size=4.5%) and (2) mediations first via
perceived academic stress and then via anxiety (β=−0.01;
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P<.001; mediation effect size=10.1%). All corresponding
single-mediator paths and the serial mediation paths between
school identification and IGD were also of statistical
significance; the mediation effect sizes of the 5 paths were 7.2%
(β=−0.01; P=.002), 4.2% (β=−0.01; P=.008), 20.4% (β=−0.03;
P<.001), 0.6% (β=−0.01; P<.001), and 6.0% (β=−0.10; P<.001),
respectively. In sum, a full mediation was found between school
climate and IGD, as the direct path from school climate to IGD
was statistically nonsignificant (β=−0.01; P=.91). Partial
mediations were found between school identification and IGD,
as the direct path was of statistical significance (β=−0.11;
P=.03).

Discussion

This study revealed the positive associations between both
indicators of school environment (school climate at the
environmental level and school identification at the individual
level) and IGD among Chinese adolescents. Other
individual-level (perceived academic stress and anxiety) and
interpersonal (teacher-student relationship) factors were also
determinants of IGD and significantly mediated the associations
between school climate or school identification and IGD. These
results support the multifaceted benefits of improving school
climate and school identification and are implicative for future
interventions reducing adolescent IGD.

This study found a prevalence of IGD of 8% (461/5778), which
was slightly lower than that of 13% among junior middle school
students in four Chinese cities in 2018 [12,49]. Geographical
differences might exist. Since August 2021, China has enforced
a policy confining adolescents’ access to online games only
from 8 PM to 9 PM on Friday, Saturday, and Sunday [50]. It
might have resulted in the lower IGD prevalence. The impact
of this new policy has not been investigated; the speculation
requires confirmation in future studies. IGD prevention in China
is still needed, as the observed prevalence was higher than the
3.1% found among Australian adolescents aged 12 years or
older [51] and the 3.5% among German adolescents aged
12‐17 years [52]. Such interventions should pay attention to
the sociodemographic groups showing higher IGD prevalence
in the present and previous studies, such as adolescents of the
male sex [53,54] and those not living with both parents [54].

Corroborating previous studies [16-18], the adjusted logistic
regression results showed that good school climate in terms of
student-student relations, student-staff relations, academic
emphasis, and shared values and approach were all significantly
and negatively associated with IGD. Moreover, this study was
the first one to reveal a negative association between school
identification and IGD. The effect sizes (ORa) of the 5 subscales
were comparable. Improvements in school climate and school
identification are hence potentially useful for IGD prevention.
Some researchers have given suggestions on how to improve
school climate [55,56]. First, students should be given
opportunities to participate actively in improving the learning
and school environment. Second, parents need to understand,
support, and engage in school activities, which would increase
students’ emotional support for and engagement in schoolwork
and build up stronger family-school connections addressing

challenges related to academic performance and interpersonal
relationships within the school environment. These would help
enrich the school climate. Third, students should be provided
with a wide range of opportunities and options to learn and put
their learning into practice. Fourth, schools need to be a safe
and caring social-emotional environment. Such orientations
may also improve school identification. A higher level of
participation in school activities was positively associated with
school identification [57].

In general, the present study supports the socioecological model
[25] inferring that IGD is determined by factors at
environmental, interpersonal, and individual levels. Apart from
school climate and school identification, significant
individual-level factors (ie, perceived academic stress and
anxiety) and an interpersonal factor (ie, teacher-student
relationship) were identified. These findings corroborate the
extant literature [18,27].

According to the Self Determination Theory, relatedness, along
with autonomy and competence, is a determinant of
health-related behaviors [58]. Students’emotional connectedness
with teachers is protective against risk behaviors in general [59]
and IGD in particular [60]. To establish emotional
connectedness, teachers need to create a helpful, caring,
encouraging, and supportive learning environment [61]. Stress
and anxiety could result in maladaptive behaviors, such as
substance use and IGD [32,33]. Stress management skills should
be introduced to students to reduce their academic stress and
anxiety. Examples include guided imagery, mindfulness and
meditation, support networking, and cognitive behavioral
therapy. Notably, adolescents often use internet gaming as a
means of stress reduction [62]; nonexcessive gaming could also
be beneficial [63]. Yet, the intensity of gaming is a risk factor
of IGD [64], and the gaming industry has instilled elements
prolonging gaming that might induce addiction [65]. Thus, while
academic stress and anxiety may lead to more intensive gaming
for the purpose of stress reduction, the elevated intensity may
result in IGD. In addition, although academic stress and anxiety
may result in IGD, IGD may lead to poor academic performance
and hence academic stress and anxiety [66]; bidirectional
relationships between mental distress (eg, depression) and IGD
have been reported [67]. A vicious cycle between anxiety, stress,
and IGD might hence exist. Considering a poor teacher-student
relationship is also a stressor, this “vicious cycle” perspective
may also apply to understanding its relationship with IGD.
However, this cross-sectional study could not discern causalities.
Nonetheless, this study suggests that improvements in school
climate or school identification would reduce all these 3 risk
factors and IGD directly and indirectly and offers an insight
that school-based interventions may break the potential vicious
cycles.

The mediation analysis provides insights into how good school
climate and school identification may protect adolescents from
developing IGD via improvements in academic stress,
teacher-student relationships, and anxiety. Given the relatively
large sample size, some statistically significant mediations
showed relatively small mediation effect sizes. Only 3 of the
10 paths had a mediation effect size exceeding 12%: (1) the 2
single-mediator paths involving teacher-student relationship
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(38.2%) and anxiety (29.5%) between school climate and IGD,
and (2) the 1 involving anxiety (20.4%) between school
identification and IGD. The mediation effect of academic stress
might be smaller than those of teacher-student relationship and
anxiety; the single-mediator effect and serial mediation effect
involving academic stress were 12.4% and 10.1% between
school climate and IGD, respectively, and only 7.2% and 6.0%
between school identification and IGD, respectively. Notably,
the mediation effects were stronger between school climate and
IGD than those between school identification and IGD; the
former involved full mediation while the latter involved partial
mediation. The partial mediation implied that other unstudied
mediators between school identification and IGD may exist and
need to be explored.

Interestingly, school climate and school identification had
independent effects on IGD, as both of them were significantly
associated with IGD in the adjusted logistic regression analysis
and the same model in SEM. A strength of this study is its use
of a validated tool to assess school climate and school
identification simultaneously. Both constructs need to be
considered in IGD interventions, as their improvements may
enhance the levels of the mediating protective factor (good
teacher-student relationship) and reduce the levels of the
mediating risk factors (perceived academic stress and anxiety),
hence reducing the risk of IGD. The three mediators may not
be easy to change and, as mentioned, some vicious cycles might
occur. This study suggests a relatively new approach to
modifying these factors by changing the school environment.
While such interventions may attempt to reduce academic stress
and anxiety directly, they may tackle the more fundamental
issues of school climate and school identification. As the three
mediators were associated with other mental health conditions
(eg, depression) [26] and substance use [68], it is contended
that the benefits of improvements in school climate and school
identification would be multifaceted and not limited to IGD;
the conjecture could be tested in future studies.

Apart from those mentioned, this study has several limitations.
First, causal or temporal relationships could not be inferred due
to the cross-sectional nature of the study design. Second, this
study was conducted during the COVID-19 pandemic (February
to March 2022), which might undermine the levels of school
climate and school identification due to school suspension and
online teaching. Notably, during the study period, zero new
COVID-19 cases were found in Taizhou, and life in most

Chinese cities, including Taizhou, was extremely normal without
school closures and lockdowns. We hence believe that the
impacts of the COVID-19 pandemic on school-related variables
might be limited in this study. Third, as the study sample was
conveniently selected from 9 schools in 1 Chinese city, the
generalization of the results to other regions in China needs to
be made cautiously. Efforts were made to reduce such selection
bias by recruiting middle school students of various types and
adjusting potential confounders in multivariable logistic
regression and SEM (including age, school types, gender,
whether living in the studied city constantly, whether living
with both parents, and father’s and mother’s educational levels).
Fourth, reporting bias may exist, including recall bias and social
desirability bias. Fifth, the prevalence of IGD assessed by the
9-item DSM-5 checklist might be overestimated when compared
with that assessed by the ICD-11 criteria of gaming disorder
[69]. Sixth, the variables of both teacher-student relationship
and academic stress were assessed by single-item scales.
Nevertheless, such single-item scales have demonstrated good
content validity and construct validity [70]. Last, the
student-student relations subscale of the SCASIM-St15
represents the overall peer relationships within the school
environment, but other peer variables associated with IGD (eg,
peer support and peer influences) were not included in this
study. Likely, the significance and direction of the association
between student-student relations and IGD would change when
taking into account other peer variables; future studies are
warranted to confirm this speculation.

This study identified joint protective effects of school climate
and school identification against IGD among Chinese
adolescents. In addition, this study revealed the mediation effects
of interpersonal factors of teacher-student relationship and
individual-level factors of perceived academic stress and anxiety
between school climate or school identification and IGD for
the first time. Such findings underscore the important roles of
the school environment in adolescent IGD. School-based
interventions establishing good school climate and school
identification might reduce the risk of IGD via improvements
in protective and risk factors, including teacher-student
relationships, academic stress, and anxiety. Interventions may
consider these mechanisms. Future longitudinal and intervention
studies are warranted to verify these findings and explore other
potential mediators between school identification and adolescent
IGD.
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Abstract

Background: The video game industry has introduced a new form of monetization through microtransactions. A controversial
example has been the so-called “loot boxes” (LBs) as virtual objects, which are randomized and bought with legal money. In
recent years, LBs have come to connect 2 distinct problem behaviors, namely internet gaming disorder (IGD) and online gambling
disorder (OGD). Many association studies have been conducted on the 3 constructs, but few have delved into the relationship of
problematic use of LBs (PU-LB) with IGD and OGD.

Objective: This study aims to explore the mediating role of the PU-LB between IGD and OGD.

Methods: This cross-sectional and analytical study used incidental sampling in 24 Spanish schools. The final sample consisted
of 542 participants (male: n=523, 96.5%; age: range 11‐30 y) who played video games, bought LBs, and had gambled online
in the last 12 months. Participants then completed the Spanish versions of the Internet Gaming Disorder Scale–Short Form, Online
Gambling Disorder Questionnaire, and PU-LB scale.

Results: IGD scores were found to be significantly associated with both PU-LB (r=0.473, P<.001) and OGD (r=0.209, P<.001).
Moreover, PU-LB was significantly associated with OGD (r=0.351, P<.001). The structural equation model results indicated
that IGD had no significant direct effect on OGD (P=.903). However, the indirect effect of IGD on OGD through PU-LB was
significant (P<.001). Therefore, PU-LB fully mediated the relationship between IGD and OGD. Furthermore, these results were
found in the subsamples of both minors (<18 y) and young adults (≥18 y).

Conclusions: It is suggested that there is a mediation effect of problematic LB use between internet gambling and online
gambling problems in both minors and young adults. This has potential practical implications by providing more evidence on
how LBs have become a hinge feature between 2 clinically relevant and independent issues. In this regard, adequate industry
self-regulation is needed, and effective legislation for the protection of minors is necessary.

(JMIR Serious Games 2024;12:e57304)   doi:10.2196/57304

KEYWORDS

loot boxes; loot box; gaming; gambling; problematic; video games; game; games; addict; addiction; addictions; addictive; internet;
virtual object; virtual objects; gamification; IGD; OGD; monetize; monetization; reward; rewards; incentive; incentives; internet
gaming disorder; online gambling disorder

Introduction

Video games are a form of interactive entertainment that has
gained enormous popularity around the world. Video games
can be seen even as a form of cultural expression because they

reflect the creativity, values, beliefs, and experiences of both
game developers and gamers alike [1].

According to a report by DFC Intelligence, 40% of the global
population plays video games, which represents an estimated
3.1 billion people playing video games as of 2022 [2]. In 2022,
the global video game industry reached a market size of
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approximately US $246 billion [3]. According to the Spanish
Video Game Association [4], in 2022, a total of 18.2 million
people in Spain were recorded as gamers (there will be more
than 48 million inhabitants in 2023), with 53% being male and
47% female. According to the report, Spaniards play video
games for 7.42 hours per week (8% less than in the previous
report), and turnover has risen to 2012 million euros (an increase
of 12% compared with the previous year). Furthermore, the age
profile of Spanish video game players is mainly young, with
79% between 6 and 11 years old, 84% between 11 and 14 years
old, and 71% between 15 and 24 years old [4]. In addition to
the increase in video game sales, one of the factors behind this
economic success lies in the incorporation of in-game purchases,
which represent an increasingly large revenue stream for the
industry [5,6]. In this regard, in 2023, a national study in Spain
showed that 17.7% of adolescents between 14 and 18 years of
age had gambled online. Of these, more than 50% claim to have
gambled in the context of video games [7].

There is an ever-increasing number of video games that offer
microtransactions (ie, the payment of a stipulated price for a
specific, well-known skin or perk) [8]. Each video game features
its own type of microtransactions, some of which are only of
an aesthetic nature, while others may influence the dynamics
of the game. Within the microtransactions, there is a special
modality that in recent years has attracted the attention of
researchers for its possible relation to random reward
mechanisms: loot boxes (LBs), which are also called crates,
cases, or chests. The acquisition of LBs involves the purchase
of a virtual object (which can be acquired in various
manifestations such as boxes, slot machines, chests, or in the
form of animals), which is randomized and paid for with legal
tender (this can be obtained from a prepaid card, a credit card
payment or by prepurchasing currency from a game or
environment to buy LBs) [9]. The fact that this virtual object is
the product of a random reward is what has made it similar to
gambling, as both share a random reward mechanism [9-11].
Paradigmatic examples of LBs in video games may be the case
analyzed by Lemmens [12] on FIFA Ultimate Team and those
analyzed by Xiao et al [13], with some of the top downloaded
games for Android, such as Game of Thrones: Conquest or
Pokemon GO, including LBs.

On the one hand, some primary studies have associated LB
purchases with clinical problems with video games (usually
assessed with questionnaires that follow the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition [DSM-5]
criteria for internet gaming disorder [IGD]). Supporting evidence
for this link has been found by authors in cross-sectional studies
[6,14,15], but there is hardly any longitudinal evidence [16].
On the other hand, there is more evidence of a direct relationship
between the purchase of LBs and problem gambling
[5,10,11,15,17-24]. However, only a few studies have related
the purchase of LBs to clinical problems of online gambling
(following the DSM-5 [25] and International Classification of
Diseases, 11th Revision [ICD-11] criteria) [26], and almost all
these have been cross-sectional studies. One of them is the
research with minors and adults by González-Cabrera et al [27]
carried out in Spain with a large sample of more than 6500
participants, where 3 out of every 10 participants purchased

LBs in the last 12 months. Although limited, there is also
evidence of the association of these problems over time in
minors, with over 50% of LB purchasers still buying after 6
months [16]. Studies have also already been conducted as adults
linking LBs to gambling over time [28].

Overall, we still need to answer the possible hypotheses raised
by Spicer et al [29] about LBs and gambling: either (1) users
who gamble in other environments buy more LBs; (2) buyers
of LBs are more likely to start gambling, through the “gateway
effect”; or (3) there is a complex and dynamic relationship
between both behaviors, where gambling is known to interact
with other risky behaviors. In line with the latter suggestion,
LBs have been related to gaming and gambling problems in
minors and mostly adults [19,27,29,30]. Nevertheless, the
possible mediating role of LBs between both clinical problems
has been much less addressed. LBs have been a novel and
relatively massive phenomenon over the past 5 years
(approximately). This phenomenon has become the hinge that
can bridge 2 clinical and nosological entities that appear
separately in the diagnostic manuals [25] and that have not been
modified in the current revision of the DSM-5-TR [31]. As such,
a pioneering study was conducted with adults in which the
mediation of microtransaction engagement between gaming
and gambling was analyzed [32]. This mediating construct was
assessed using the Risky Loot-Box Index (RLI) [17], which
captures cognitive concern about LB use, impulsive use, and
chasing losses, but it has limitations in terms of validity and
reliability. In addition, this study did not use a clinical
assessment tool for online gambling (and did not consider
research with minors).Despite these limitations, the results were
interesting as they did not achieve a complete mediation (ie,
the direct relationship between video game problems and betting
was also significant). Overall, the results indicate that
participants with IGD were more likely to purchase
microtransactions and to report more gambling-related problems.
It is also possible that there have been significant changes in
the consumption of LBs since the 2020 release (King et al [32]),
as this business model has become increasingly common and
has grown in recent years [13].

This study, based on the study by King et al [32], included 2
clinical measures of online gaming and gambling problems and
an instrument with adequate validity indicators of problematic
LB use. In addition, a large sample of adults and minors (often
less addressed in the literature) was included, with the latter
requiring special safeguards regarding the LB phenomenon as
covert gambling [9]. The authors posit the hypothesis that there
is no direct relationship between clinical problems with video
games and online gambling, unless there is a problematic use
of LBs (PU-LB) that mediates this relationship and therefore
generates a significant indirect effect between the 2 clinical
variables in the model. Thus, the aim was to perform a mediation
of the PU-LB scale between IGD and online gambling disorder
(OGD) in a sample of minors and young adults.
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Methods

Design and Recruitment
This study used a cross-sectional design. The sampling was
incidental and was carried out in 24 nonuniversity educational
centers in 8 Spanish regions (ie, Asturias, Cantabria, Castilla
la Mancha, Castilla y Leon, Comunidad de Madrid, Comunidad
Foral de Navarra, Comunidad Valenciana, and País Vasco). The
educational stages covered ranged from compulsory secondary
education (approximately between 11 and 16 y of age) to
baccalaureate education (approximately between 16 and 18 y
of age), with the addition of vocational training (where the ages
range between 15 and 30 y old). This sample is part of a larger
study on internet risks in adolescence. The final sample
consisted of participants (both younger and older than 18 years)
who had answered “yes” to the following 3 questions: have you
played video games in the last 12 months, have you bought any
video game LBs with money in the last 12 months, and have
you gambled online in any type of game in the last 12 months?

Assessment Instruments
Participants were initially asked sociodemographic questions
(gender, age, study center, and province).

IGD was assessed with the Spanish version of the Internet
Gaming Disorder Scale–Short Form (IGD9-SF) [33-35]. This
scale consists of 9 items based on the DSM-5 criteria for IGD
(eg, “Have you deceived any of your family, therapists, or
friends about the time you spend gaming?”) [25]. The scale
response options range from 0 (never) to 4 (very often). The
total score ranges between 0 and 36, with greater scores
suggesting higher symptom-severity of disordered gaming. In
terms of internal reliability, the Cronbach α coefficient and ω
coefficient in the present sample were 0.85 and 0.86,
respectively.

As for OGD, this construct was evaluated with the Online
Gambling Disorder Questionnaire (OGD-Q) [36]. This scale
consists of 11 items that assess OGD in adolescence (eg, “Do
you feel nervous, irritated, or angry when trying to reduce or
stop gambling online?”). The scale response options range from
0 (never) to 4 (every day), with greater scores suggesting higher
symptom-severity of disordered gambling. The total score ranges
between 0 and 45. The scale Cronbach α coefficient and ω
coefficient were 0.92 and 0.92, respectively.

The PU-LB scale [27], consists of 18 items assessing the
potentially problematic nature of engaging in LB purchasing
behavior (eg, “Loot boxes have caused problems in my life
(either social, economic, family, school, or work. etc” or “I
usually buy loot boxes to feel better or happier”). The scale
response options range from 0 (strongly disagree) to 5 (strongly
agree), with total scores ranging from 0 to 90, where higher
scores suggest a more PU-LB. In relation to its internal
reliability, the Cronbach α coefficient and ω coefficient in the
present sample were 0.92 and 0.87, respectively.

Procedure
The survey was conducted online through the Survey Monkey
platform on either a mobile device or computer. The participants

were given access to and supervised by their teachers. The
evaluation was carried out in educational centers (during the
school timetable). The researchers previously trained the
teachers in data collection. In addition, participant detection
mechanisms were enabled, such as those suggested by Niessen
et al [37], which included maximum response time “longstring”
and “person-fit statistics.” The time needed to complete the
questionnaires ranged between 5 and 15 minutes, depending on
students’ age and reading comprehension.

Ethical Considerations
The study was conducted with the authorization of all the
participants in the investigation and with the consent of the
school directors, students, and families. Students and families’
collaboration was voluntary, anonymous, and disinterested. The
project was approved by the Research Ethics Committee of
International University of La Rioja (Spain) (PI007-2020 y
PI001/2021), and the Juvenile Prosecutor’s Office was informed.
The study received consent from all participants and school
principals. Consent forms were sent to parents or guardians of
participants younger than 18 years, and the purpose of the study
was explained. About 0.8% of the participants did not want to
respond to the questionnaire, while less than 1% of parents or
guardians refused participation. Participants older than 18 years
provided informed consent when completing the survey.
Although there were no formal exclusion criteria, except for
refusal to participate by parents or guardians for the overall
sample, to be included in this study, participants had to answer
affirmatively to a dichotomous question (yes or no) on whether
they had played video games in the last 12 months, whether
they had gambled online in the last 12 months, and whether
they had bought LBs in the last 12 months. Only those who
answered “yes” to each of these questions were assessed and
included in the study.

Statistical Analysis
The SPSS (version 26; IBM Corp) program was used to (1)
explore and screen all data through descriptive statistics; (2)
test for reliability by Cronbach α, ω coefficient, and normality
through skewness and kurtosis; and (3) explore the relationships
between variables through bivariate correlations. The absolute
values of skewness and kurtosis are normal when they are below
±3 for skewness and ±10 for kurtosis [38].

MPLUS (version 8.0; Muthen & Muthen) [39] was used to test
(1) the factor structure of the PU-LB through confirmatory factor
analysis (CFA) and (2) the relationships between IGD, PU-LB,
and OGD through structural equation modeling analysis. The
Maximum Likelihood Robust Estimator was used, and the fit
of the model was estimated with the most reliable fit indices

[40]: the Satorra-Bentler chi-square (S-Bχ2), the root mean
square error of approximation (RMSEA), the comparative fit
index (CFI), the Tucker-Lewis index (TLI), and the standardized
root mean square residual (SRMR). A model was considered
to adequately fit the data at values ≥.90 for the CFI and TLI,
with values above .95 preferred, and values ≤.08 for the RMSEA
and SRMR [38]. The significance of mediational paths was
tested by means of bias-corrected bootstrapping with 5000
samples.
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Results

Participants, Descriptive Statistics, Normality, and
Reliability
The sample was composed of 542 participants (male: n=523,
96.5%) who played video games, purchased LBs, and gambled
online in the last 12 months. The average age of the sample was
17.78 (SD 2.78) years (age: range 11‐30 y), out of which
47.2% (n=256) were minors (meanage 15.3, SD 1.71 y) and the
remaining 56.3% (n=306) were young adults older than 18 years
(meanage 19.6, SD 1.88 y). There were also 107 (19.7%) students
in compulsory secondary education, 36 (6.6%) in baccalaureate
education, and 399 (73.7%) in vocational training.

Descriptives, segregated by age groups (minors and adults), for
all variables, including the means, SDs, and Pearson bivariate
correlations between the variables of the study, are presented
in Table 1. Moreover, for the total sample (minors and adults),
the descriptive statistics were as follows: for IGD, mean 8.216
(SD 0.301), skewness=1.023, and kurtosis=0.858; for PU-LB,
mean 12.583 (SD 14.890), skewness=1.590, and kurtosis=2.794;
and for OGD, mean 4.053 (SD 7.104), skewness=2.585, and
kurtosis=7.385.

IGD scores were found to be significantly associated with both
PU-LB (r=0.473, P<.001) and OGD (r=0.209, P<.001).
Additionally, PU-LB was significantly associated with OGD
(r=0.351, P<.001).

Table . Correlation matrix, descriptive statistics for internet gaming disorder (IGD), problematic use of loot boxes (PU-LB), and online gambling
disorder (OGD). The results for the minors (n=236) are shown below the diagonal. The results for adults (n=306) are shown above the diagonal.

Young adults (n=306)Minors (n=256)Variables

KurtSkewQuestionnaire Score,
mean (SD)

KurtbSkewaQuestionnaire Score,
mean (SD)

OGDPU-LBIGD

0.641.0258.2 (7.48)1.231.028.22 (7.07)0.229d0.477d—cIGD

6.022.20310.46 (14.6)0.120.9615.33 (14.83)0.354d—0.484dPU-LB

5.332.2824.62 (7.75)12.183.193.3 (6.09)—0.410d0.179dOGD

aSkew: skewness.
bKurt: kurtosis.
cNot applicable.
dAll correlations were significant at P<.001.

Structural Mediation Model
Before testing the structural mediation model, the CFA model
of PU-LB (which had been validated through exploratory factor
analysis but not through CFA) yielded some evidence for

satisfactory fit (S-Bχ2
125=300.207; RMSEA=.051, 90% CI

.044-.058; CFI=.929; TLI=.913; SRMR=.054). The IGDS9-SF
and OGD-Q had been previously validated and had shown good
structural properties in previous studies [33,36].

Figure 1 displays standardized path coefficients for the structural
equation modeling with the total sample and subsamples of
minors and young adults. The model for the overall sample had

an adequate fit (S-Bχ2
647=1156.821; RMSEA=.038, 90% CI

.035-.042; CFI=.924; TLI=.918; SRMR=.055). All items loading
onto latent variable were significant (P<.001) and ranged from
.45 to .86. Moreover, model for the subsample of young adults

(n=306) (S-Bχ2
647=1057.634; RMSEA=.046, 90% CI .041-.050;

CFI=.910; TLI=.908; SRMR=.064), and minors (n=236)

(S-Bχ2
647=980.688; RMSEA=.047, 90% CI .041-.052;

CFI=.892; TLI=.882; SRMR=.065), showed inconsistent indexes
for CFI and TLI, and while the RMSEA and SRMR values
remain acceptable, the values for the CFI fail to meet the cut-off
(≥.90). However, Raykov [41] defended that CFI is a measure
based on noncentrality and therefore, could be biased.

The results in the total sample indicated that IGD did not have
a significant direct effect on OGD (β=.004, P=.903). However,
the indirect effect of IGD on OGD by PU-LB was significant:
(β=.223, 95% CI .131-.338, P<.001). Therefore, PU-LB fully
mediated the relationship between IGD and OGD. In addition,
these results were also found in the subsamples of minors
(β=.327, 95% CI .177-.561, P<.001) and young adults (β=.187,
95% CI .072-.324, P<.001).
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Figure 1. Structural equation model for IGD, PU-LB, and OGD with standardized factorial loadings. **P<.001; the values provided are in the format
“total sample, (young adults), [minors].” IGD: internet gaming disorder; PU-LB: problematic use of loot boxes; OGD: online gambling disorder.

Discussion

The business model of many video game companies has been
linked to LBs; this is worrying for many sectors of society, and
this has generated wide interest in the academic and research
context. Moreover, LBs appear to be a hinge that links 2 problem
behaviors (IGD and OGD). In this regard, at an early stage in
the study of LBs, King et al [32] conducted a mediation of
microtransaction engagement between gaming and gambling
in adults. There is evidence of an increase in the number of
video games with LBs in recent years [13] and the difficulty
for laws restricting the use of LBs to be effective [42]. The aim
was of this study to perform a model that would allow us to
analyze whether there would be a direct relationship between
IGD and OGD in video game users who are LBs buyers and
online gamblers in the last year or if, on the contrary, there
would be an indirect effect thanks to the mediation of the
PU-LB. The results suggest that because of the significant
indirect effect (and the absence of direct effect), there is a total
mediation effect. This reinforces the idea that the PU-LB may
be a problem connecting 2 different problem behaviors (IGD
and OGD) and that LBs, as a random reward mechanism, can
be associated with gambling as a gateway or as a further
gambling mechanism [29]. Thus, LBs seem to have spurred and
connected 2 very pernicious issues to each other, adding a layer
of complexity to the problem. Furthermore, this phenomenon
is especially worrisome because minors are involved in these
mechanisms (the model adjusts for the total sample and for
minors and adults). From these data, important theoretical
implications are derived. On the one hand, problems with
gaming do not have a direct effect on gambling, and on the other
hand, PU-LB generates a full mediation, justifying that hinge
role. It should be noted that the entire study sample consisted
of buyers of LBs, so it is not only necessary to buy them but
also to present a problem with them. This is also related to the
emphasis of the ICD-11 [23] on the consequences that
behavioral disorders should have. With the above, it is clear

that industry mechanisms do not seem to be sufficient to regulate
this process [43], nor are the governmental measures taken in
some countries to curb the problem [44].

The study by King et al [32], as well as other studies, used the
RLI to assess the risk of LB use [10,28,32]. In general, the RLI
shows deficiencies in its psychometric validation process, as
well as drawbacks for not covering other key aspects related to
the problems that may arise due to the behavior of purchasing
LBs (eg, impulsivity to buy more LBs, personal consequences,
salience of play time or guilt, among others). For this reason,
we used the PU-LB [16], which presents adequate validity and
reliability indicators; its content includes validity indicators of
general problems about LBs and specific indicators regarding
the association among LBs, gaming, and gambling (mood
regulation through the purchase or opening of LBs, postponing
activities to get LBs, feeling the urge to buy them, thinking
about the purchase activity or feeling bad about the time or
money invested, etc). Furthermore, contributing to the
pioneering work of King et al [32] is the use of clinical
questionnaires (IGDS9-SF and OGD-Q) based on the diagnostic
criteria of the DSM-5 [25] and ICD-11 [45] (including minors
and adults). In this sense, there are no data to compare with, as
this study has a singular focus.

This study has some relevant limitations. First, only self-report
measures were used, which may generate response bias and
social desirability bias. Second, there may be a retrospective
recall bias, as participants were asked to think back to what they
did in the last 12 months. Third, although the sample of
participants was large and geographically dispersed, the
sampling was not random, so it is not representative of the
Spanish context. Fourth, there is an overrepresentation of male
participants in the study, which is a common issue in many
studies, since consumers of video games, gambling and LBs
are mostly male. However, these data also indicate that boys
require special attention regarding the LB problem (at least in
the Spanish context). Fifth, the OGD-Q questionnaire is
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validated in Spanish adolescents (up to the age of 19 years) and
not in adults. Although the reliability indicators are adequate,
this may be a limitation of the study. Sixth, all parameters, apart
from the OGD variable in the group of minors, exhibited
skewness and kurtosis values indicative of a normal distribution.
However, it is emphasized that the lack of normality does not
pose a methodological obstacle, as a robust approach was used
to effectively address the presence of nonnormal distributions
in the statistical analysis. Finally, the fit indices of the model
for minors are slightly below the thresholds considered good
(particularly the CFI and TLI). However, this may be due to
the nature of the constructs and the fact that online gambling is
an illegal activity for minors; therefore, the data related to the
OGD may have affected the model in general.

Given these potential limitations, future research should include
longitudinal designs that take into account the variables used
in this study and answer the questions posed by Spicer et al [29]
on the “gateway effect” of LBs or the relationship between who
opens and who purchases LBs, as opening is likely to focus
more on gaming problems and purchasing is likely to focus
more on gambling. As such, exploring the independent and
additive effect of both roles may be an area for future research.
However, this study has been able to address questions also
raised by these authors in relation to the relationship between
gaming and gambling problems. This study has potential
practical implications by providing more evidence on how LBs

have become a hinge feature between 2 clinically relevant and
independent issues. While there has been very strict legislation
on LBs in countries such as Belgium [42], it has not been
effective because it has not been properly enforced. Despite this
situation, there is still a need for politicians to properly regulate
the LB framework and prevent minors from purchasing LBs.
The key aspect is to enforce the law and provide resources to
do so. In the Spanish context, there has been a draft bill in place
since 2022 to regulate random reward mechanisms associated
with interactive software products [46]. This draft bill has basic
limitations such as a remarkably restrictive definition of a LB
(article 3, point C), which, if approved, will be clearly
insufficient. This is why, in the Spanish case, it is necessary to
improve legislative efforts and add other actions. In this sense,
it could help to make it a requirement for the video game
industry to include information on LBs (within the framework
of the Pan-European Gaming Information [PEGI] system), but
this must be clear, specific, and comprehensible [43]. Finally,
and perhaps most importantly, there is also a need for
psychoeducational actions aimed primarily at preventing the
purchase of LBs by minors. These actions should be
evidence-based. Education of minors and their families is key
and is the future course of action.

In conclusion, this study suggests that there is a mediation effect
of problematic LB use between IGD and OGD in both minors
and young adults.
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Abstract

Background: Adolescent internet gaming disorder (IGD) was associated with severe harm, including suicidal ideation. While
suicidal ideation was predictive of completed suicides, further research is required to clarify the association between IGD and
suicidal ideation among adolescents, as well as the mechanisms involved.

Objective: This study aimed to investigate the understudied association between IGD and suicidal ideation, as well as novel
mechanisms associated with it, among Chinese adolescent internet gamers through psychosocial coping resources and psychosocial
problems.

Methods: An anonymous, self-administered, cross-sectional survey was conducted among secondary school students who had
played internet games in the past year in Guangzhou and Chengdu, China (from October 2019 to January 2020). In total, 1693
adolescent internet gamers were included in this study; the mean age was 13.48 (SD 0.80) years, and 60% (n=1016) were males.
IGD was assessed by the 9-item Internet Gaming Disorder Checklist of the DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders [Fifth Edition]), while a single item assessed suicidal ideation: “Have you ever considered committing suicide in the
past 12 months?” Univariate and multivariate logistic regression associations were conducted to test the significance and directions
of the potential factors for suicidal ideation. The mediation mechanism was examined by structural equation modeling.

Results: Among all participants, the prevalence of IGD and suicidal ideation was 16.95% (287/1693) and 43.06% (729/1693),
respectively. IGD cases were 2.42 times more likely than non-IGD cases to report suicidal ideation (adjusted odds ratio [OR]
2.42, 95% CI 1.73-3.37). Other significant factors of suicidal ideation included psychosocial coping resources (resilience and
social support, both adjusted OR 0.97, 95% CI 0.96-0.98) and psychosocial problems (social anxiety: adjusted OR 1.07, 95% CI
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1.05-1.09; loneliness, adjusted OR 1.13, 95% CI 1.10-1.16). The association between IGD and suicidal ideation was partially
mediated by 3 indirect paths, including (1) the 2-step path that IGD reduced psychosocial coping resources, which in turn increased
suicidal ideation; (2) the 2-step path that IGD increased psychosocial problems, which in turn increased suicidal ideation; and
(3) the 3-step path that IGD reduced psychosocial coping resources which then increased psychosocial problems, which in turn
increased suicidal ideation, with effect sizes of 10.7% (indirect effect/total effect: 0.016/0.15), 30.0% (0.05/0.15), and 13.3%
(0.02/0.15), respectively. The direct path remained statistically significant.

Conclusions: IGD and suicidal ideation were alarmingly prevalent. Evidently and importantly, IGD was a significant risk factor
for suicidal ideation. The association was partially explained by psychosocial coping resources of resilience and social support
and psychosocial problems of social anxiety and loneliness. Longitudinal studies are needed to confirm the findings. Pilot
randomized controlled trials are recommended to evaluate the effectiveness of interventions in reducing suicidal ideation by
reducing IGD, improving psychosocial coping resources, and reducing psychosocial problems investigated in this study.

(JMIR Serious Games 2024;12:e48439)   doi:10.2196/48439

KEYWORDS

internet gaming disorder; suicidal ideation; adolescents; mediation; structural equation modelling; resilience; loneliness; social
support; social anxiety

Introduction

Adolescent suicide is the fourth leading cause of death among
adolescents aged 15-19 years [1]. A review including studies
conducted in 15 countries reported age-standardized suicide
rates among male and female youths aged 15-29 years ranging
from 2.4 to 51 per 100,000 and from 1.1 to 16.4 per 100,000,
respectively [2]. A national report showed the prevalence of
suicide ranging from 8 to 11.8 per 100,000 among adolescents
aged 15-20 years in China [3,4]. The spectrum of suicide
includes conditions ranging from suicidal ideation (having
thoughts of ending one’s own life), suicidal intent (having the
specific intention of ending one’s own life, often including
planning or preparation), suicidal attempt (having attempted to
end one’s own life but not resulting in death), to death [5].
Suicidal ideation increases the risk of suicidal behaviors [6]. A
better understanding of the risk factors of adolescent suicidal
ideation and related mechanisms is warranted.

Addictive behaviors (eg, substance use and internet addiction)
are well-documented risk factors for suicidal ideation [7,8].
Internet gaming disorder (IGD), which is a subtype of gaming
disorder, has been included as a mental disorder in the ICD-11
(International Classification of Diseases [11th Revision])
published by the World Health Organization in 2018 [9]. It was
associated with harmful behavioral and psychological
consequences, including suicidal ideation [10]. A review of 12
cross-sectional studies found moderate-to-strong positive
associations between problematic gaming and suicidal ideation
[11]. However, only 1 study targeted Chinese adolescents [12].
In addition, only 1 longitudinal study conducted among Swedish
adults looked at such a relationship and found that behavioral
addiction (including IGD) at age 25 years significantly predicted
suicidal ideation at age 28 years [13]. Understanding the
mechanisms between IGD and suicidal ideation would guide
the development of effective interventions. To our knowledge,
however, only 1 study conducted in China had investigated 1
such potential mechanism (ie, IGD was associated with
increased insomnia symptoms that led to a higher risk of
depression, which in turn elevated the risk of suicidal ideation)

among adolescents [12]. Research is greatly warranted to fill
this knowledge gap.

The psychosocial problems of social anxiety and loneliness are
potential mediators between IGD and suicidal ideation.
Loneliness refers to distressing feelings that arise when there
is a lack of intimate or satisfactory social connections [14]. In
contrast, social anxiety refers to the perceived fear of being
watched and judged by others in social situations [15].
Loneliness increases the risk of social anxiety and vice versa
[16]. Furthermore, they often come together and are positively
associated with mental problems, including thoughts of
self-harm and suicide [17-19]. In addition, there is further
support for the above-proposed mediation. First, pathological
internet use (including IGD) has been postulated to cause
deficient face-to-face social interactions that would lead to social
isolation [20,21]. Longitudinal studies have also reported that
adolescent IGD predicted social anxiety and loneliness [22,23].
Second, according to the Interpersonal-Psychological Theory
of Suicide, suicidal thoughts are determined by perceived
burdensomeness to others or society and thwarted belongingness
[24], which is potentially associated with social anxiety and
loneliness [24,25].

It is plausible that psychosocial coping resources (eg, resilience
and social support) will further mediate the association between
IGD and psychosocial problems (eg, social anxiety and
loneliness). In that case, a serial mediation between IGD and
suicidal ideation, first by psychosocial coping resources and
then by social anxiety and loneliness, would occur. Regarding
psychosocial coping resources, resilience is a personal resource
referring to the ability to withstand and bounce back from
difficult life events [26]. Social support is an interpersonal
resource referring to receiving assistance or comfort from
interpersonal relationships within an individual’s social network
[27,28]. A couple of theories support the proposed mediation
between IGD and psychosocial problems through psychosocial
coping resources. First, potential functional impairments of IGD
(eg, problems in personal life, social relationships, and academic
performance) can be seen as strong stressors [29]. According
to the Resource Deterioration Model, the presence of such
stressors (functional impairments of IGD in this case) would
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diminish coping resources (resilience and social support in this
case) [30,31]. Second, the Conversation of Resource theory
postulates that losses in personal and interpersonal resources
(those resulting from IGD in this case) would cause psychosocial
problems (social anxiety and loneliness in this case) and suicidal
ideation [32-35]. Thus, this study contended that IGD would
reduce both personal coping resources (resilience) and
interpersonal coping resources (social support), which would
then increase social anxiety and loneliness, which would, in
turn, increase suicidal ideation.

The proposed mechanisms of this study have further empirical
support. First, a study conducted in Taiwan reported that the
IGD group showed a higher level of stress and a lower level of
resilience than the non-IGD group [36], while a longitudinal
study found that IGD predicted a lower level of social support
among Chinese university students [37]. Second, resilience and
social support were negatively associated with social anxiety
[38,39], loneliness [40,41], and suicidal ideation [42,43]. Third,
social anxiety and loneliness were significantly associated with
suicidal ideation [17,44]. Furthermore, extant literature has
reported significant mediations between psychosocial resources
and mental disorders through psychosocial problems. For
instance, loneliness significantly mediated the association
between perceived social support and depression among Chinese
rural-to-urban migrants [45].

Given the background, this study investigated the prevalence
of IGD and suicidal ideation among adolescent internet gamers
in 2 Chinese cities. Factors of suicidal ideation were
investigated, including (1) IGD, (2) a total of 2 types of
psychosocial coping resources (resilience and social support),
and (3) a total of 2 types of psychosocial problems (social
anxiety and loneliness). The tested mediation model contains
3 mediation paths (indirect effects) between IGD and suicidal
ideation that are (1) a 2-step path, in which IGD would reduce
psychosocial resources (resilience and social support), which
would, in turn, increase suicidal ideation; (2) a 2-step path,
where IGD would increase psychosocial problems (social
anxiety and loneliness), which would, in turn, increase suicidal
ideation; and (3) a 3-step serial mediation path postulating that
IGD would reduce psychosocial resources (resilience and social
support), which would then increase psychosocial problems
(social anxiety and loneliness), which would, in turn, increase
suicidal ideation. In addition, the direct path from IGD to
suicidal ideation was tested.

Methods

Participants and Data Collection
A cross-sectional survey was conducted among junior middle
school students in 2 metropolises (Guangzhou and Chengdu)
in China from October 2019 to January 2020. Guangzhou and
Chengdu had population sizes of 15.3 and 16.3 million in 2019,
respectively. All eighth-grade students from 4 Guangzhou
schools and all seventh to ninth grade students from 3 Chengdu
schools were conveniently selected and invited to participate
in this survey. Notably, the Guangzhou sample has been used
in 2 previous publications whose topics were completely
different from this study; one investigated the impacts of the

medicalization of IGD [46], and the other validated an
assessment tool for potential resource losses related to gaming
time reduction [47]. The data collection procedure was, hence,
the same as those in these published studies and was briefly
introduced here.

In the absence of teachers, students self-administered an
anonymous, structured questionnaire using paper and pencil in
the classroom. Well-trained fieldworkers briefed the students
about the anonymous and voluntary nature and logistics of the
study, that there would be no consequences of refusing or
quitting this survey at any time if wished, and that the return of
the completed questionnaires would imply informed consent.
The questionnaire took 30 to 40 minutes to complete. The
fieldworkers also assisted with inquiries from the students if
needed and did the quality check when the students submitted
the questionnaire.

There were 3039 completed questionnaires (a response rate of
99.09%, 3039/3067), among which 74 participants (2.44%)
were removed from data analysis due to missing data in ≥20%
of the questionnaire items (n=60, 1.97%) or any missing data
in the key variables (eg, IGD and suicidal ideation; n=14,
0.46%). Out of the 2965 valid responses, 1272 (42.90%)
participants had not played internet games in the past 12 months
(nongamers) and were excluded from data analysis. The
effective sample size of this study was hence 1693 (Guangzhou:
55.46%, n=939; Chengdu: 44.54%, n=754).

Ethical Considerations
This study involved informed consent from 3 parties. First,
school consent was obtained from school principals before the
investigation. Second, parents were informed about the survey,
and the opt-out procedure was exercised. Third, students were
briefed by the fieldworkers about the anonymous and voluntary
nature of this study and that the submission of a completed
questionnaire would indicate informed consent, such information
was also printed on the cover page of the questionnaire; no
written informed consent was obtained to avoid disclosure of
personal identity. No incentive was provided to school
coordinators, school staff, parents, and students. This project
and the above-informed consent procedures were approved by
the Survey and Behavioral Research Ethics Committee of the
Chinese University of Hong Kong in 2019 (SBRE-18-430).

Measurements

Sociodemographics
Information was collected about age (years), sex, whether living
with both parents or a single-parent family, and self-rated
household financial situations relative to the participant’s
classmates (5 points: very poor, poor, moderate, good, or very
good). Notably, the relative financial situation had much greater
predictive validity for self-reported health and well-being than
the absolute financial situation [48].

Suicidal Ideation
Furthermore, 1 item assessed, “Have you ever considered
committing suicide in the past 12 months?” (yes or no were the
response options). The single-item assessment of suicidal
ideation has shown predictive validity for passive and active
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suicidal ideation as well as depression [49]. In addition, previous
studies have used the same or similar single items to assess
suicidal ideation [12,50,51].

IGD
It was assessed by the 9-item IGD Checklist of the DSM-5
(Diagnostic and Statistical Manual of Mental Disorders [Fifth
Edition]). IGD was defined as the endorsement of at least 5 of
the 9 types of DSM-5 symptoms (preoccupation, withdrawal,
tolerance, inability to control internet gaming, prioritization
over other activities, continuation of internet gaming despite
adverse consequences, deception of internet gaming time,
avoidance, and significant loss due to internet gaming) in the
past 12 months (yes or no response options) [52]. The Chinese
version of the checklist has been validated among Chinese
adolescents and yielded satisfactory psychometric properties
[53]. The Cronbach α of the scale was 0.79 in this study.

Resilience
It was assessed by the 10-item Connor-Davidson Resilience
Scale [26]; its Chinese version has been validated among
adolescents and showed satisfactory psychometric properties
[54]. A sample item is “I can adapt to change.” The items were
rated on a 5-point Likert scale (0=never to 4=always). The
Cronbach α of the scale was 0.93 in this study.

Social Support
It was assessed by 2 subscales of the Multidimensional Scale
of Perceived Social Support, which assessed perceived social
support from family members and friends [27]. Its Chinese
version has been validated among adolescents in China and
showed acceptable psychometric properties [55]. A sample item
is “My family members/friends really try to help me.” The items
were rated on a 7-point Likert scale (1=extremely disagree to
7=extremely agree). The Cronbach α of the scale was 0.93 in
this study.

Social Anxiety
It was assessed by using the 9-item social anxiety subscale of
the Multidimensional Anxiety Scale for Children [56]; the
Chinese version has been validated among adolescents in China
and showed good psychometric properties [57]. A sample item
is “I’m afraid other people will think I’m stupid.” The items
were rated on a 4-point Likert scale (0=disagree to 3=always
agree). The Cronbach α of the scale was 0.92 in this study.

Loneliness
It was assessed by using the 8-item short-form of the UCLA
(University of California, Los Angeles) Loneliness Scale; the
Chinese version has been validated among adolescents in China,
which showed acceptable psychometric properties [58]. A
sample item is “I feel isolation from others.” The items were
rated on a 4-point Likert scale (0=never to 3=always); higher
scores indicated higher levels of loneliness. The Cronbach α of
the scale was 0.78 in this study.

Probable Moderate or Above Depression
It was assessed by the 9-item Patient Health Questionnaire
(PHQ-9), which is a multipurpose instrument for screening,
diagnosing, and monitoring the severity of depression. Its
Chinese version has been validated in adolescents and showed
good psychometric properties [59,60]. A sample item is “Little
interest or pleasure in doing things.” The items were rated on
a 4-point Likert scale on the frequency of having potential
symptoms of depression in the past 2 weeks (0=not at all to
3=nearly every day). Probable moderate or above depression
was defined as a PHQ-9 score ≥10 in this study; it has been
used in several previous studies [61,62]. The Cronbach α of the
scale was 0.93 in this study.

Statistical Analysis
IGD status and probable moderate or above depression were
used in binary forms. Mean (SD, range) and frequency
(proportion) were used to statistically describe continuous and

categorical variables, respectively. The Chi-square (χ2) test and
independent-sample t test were performed to examine
between-group differences regarding categorical and continuous
variables, respectively. Pearson correlation coefficients (r) were
generated to assess correlations between variables. Univariate
and multivariate logistic regression analyses (adjusted for
sociodemographics and probable moderate or above depression)
were conducted to test the significant factors (IGD and
psychosocial factors) for suicidal ideation. Unadjusted odds
ratios (ORs) and adjusted ORs and their respective 95% CIs
were presented.

Structural equation modeling (SEM) was fit to test the
underlying mechanisms between IGD and suicidal ideation
through the 4 psychosocial variables. The estimator of weighted
least square mean and variance was used in SEM. A total of 2
latent variables were created: (1) the latent variable of
psychosocial resources was generated from the scale scores of
both resilience and social support, and (2) the latent variable of
psychosocial problems was generated from the scale scores of
both social anxiety and loneliness. The goodness-of-fit of the
SEM model was evaluated by comparative fit index (CFI) ≥0.90
and root-mean-square error of approximation (RMSEA) ≤0.08
[63,64]. Standardized path coefficients (β) were reported.

SPSS Statistics (version 23.0; IBM Corp) and Mplus (version
7.0; Muthen & Muthen) were used for statistical analyses; P<.05
was considered statistically significant.

Results

Descriptive Statistics: Sociodemographics
Among all participants, the mean age was 13.48 (SD 0.80; range
10-19) years. Over half of them were male (60%, 1016/1693);
about one-fifth did not live with both parents (20.08%,
340/1693) or lived in a single-parent family (15.95%, 270/1693);
12.52% (212/1693) considered their household financial
situation poorer or much poorer relative to their classmates
(Table 1).
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Table 1. Descriptive statistics.

IGDaOverall (N=1693), n (%)

P of χ2
No (n=1406,
83.05%), n (%)

Yes (n=287,
16.95%), n (%)

<.001Studied sites

837 (59.53)102 (35.54)939 (55.46)Guangzhou

569 (40.47)185 (64.46)754 (44.54)Chengdu

<.001Sex

588 (41.82)80 (27.87)668 (39.46)Female

813 (57.82)203 (70.73)1016 (60.0)Male

5 (0.36)4 (1.39)9 (0.54)Missing data

.001Living with both parents

1137 (80.87)205 (71.43)1342 (79.27)Yes

262 (18.63)78 (27.18)340 (20.08)No

7 (0.50)4 (1.39)11 (0.65)Missing data

0.17Single-parent family

1181 (84.00)229 (79.79)1410 (83.28)No

217 (15.43)53 (18.47)270 (15.95)Yes

8 (0.57)5 (1.74)13 (0.77)Missing data

<.001Self-rated household financial situation relative to classmates

359 (25.53)78 (27.18)437 (25.81)Good or very good

881 (62.66)147 (51.22)1028 (60.72)Average

155 (11.02)57 (19.86)212 (12.52)Poor or very poor

11 (0.78)5 (1.74)16 (0.95)Missing data

<.001Probable moderate or above depressionb

1056 (75.11)115 (40.07)1172 (69.23)No

349 (24.82)172 (59.93)521 (30.77)Yes

<.001Suicidal ideation

874 (62.16)90 (31.36)964 (56.94)No

532 (37.84)197 (68.64)729 (43.06)Yes

aIGD: internet gaming disorder; IGD was defined as the endorsement of 5 or more out of the 9-item IGD checklist of the DSM-5 (Diagnostic and
Statistical Manual of Mental Disorders [Fifth Edition]).
bProbable moderate or above depression was defined as the scale score of the Patient Health Questionnaire-9 score of ≥10.

Prevalence of IGD, Probable Moderate or Above
Depression, and Suicidal Ideation
The results are shown in Table 1. Over two-fifths (43.06%,
729/1693) reported suicidal ideation in the past year, and 16.95%
(287/1693) were classified as IGD cases. Compared with their
non-IGD counterparts (mean 13.46, SD 0.79), those with IGD
(mean 13.60, SD 0.81) were more likely to be older (P=.01),
belonging to the Chengdu sample (185/287, 64.46% vs
569/1406, 40.47%), and male (203/287, 70.73% vs 813/1406,
57.82%), and self-reported poor or very poor relative household
financial situation (57/287, 19.86% vs 155/1406, 11.02%). The
prevalence of probable moderate or above depression (PHQ-9
score≥10) was 30.77% (521/1693); the mean score of PHQ-9
was 7.29 (SD 6.82, range 0-27). IGD was significantly and

positively associated with both probable moderate or above
depression (172/287, 59.93% vs 349/1406, 24.82%; P<.001)
and suicidal ideation (197/287, 68.64% vs 532/1406, 37.84%;
P<.001).

Levels of Psychosocial Resources and Psychosocial
Problems
The mean scores of the resilience, social support, social anxiety,
and loneliness scales were 23.07 (SD 8.73, range 0-40), 38.30
(SD 11.73, range 8-56), 12.70 (SD 7.14, range 0-27), and 15.78
(SD 5.04, range 8-32), respectively. The IGD group had
significantly lower levels of psychosocial resources of resilience
and social support and higher levels of psychosocial problems
of social anxiety and loneliness than their counterparts (moderate
to strong effect sizes; Cohen d=0.49-0.79; Table 2).
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Table 2. Between-group differences in psychosocial resources and problems by IGD status (N=1693).

Cohen dP valueNon-IGD, mean (SD)IGDa, mean (SD)Overall, mean (SD)Range

Psychosocial resources

0.49<.00123.76 (8.75)19.68 (7.84)23.07 (8.74)0-40Resilience

0.53<.00139.34 (11.48)33.18 (11.63)38.30 (11.73)8-56Social support

Psychosocial problems

0.55<.00112.08 (7.13)15.80 (6.35)12.70 (7.14)0-27Social anxiety

0.79<.00115.16 (4.93)18.85 (4.44)15.78 (5.04)8-32Loneliness

aIGD: internet gaming disorder.

Correlations
Table 3 shows the significant positive correlations between
resilience and social support (psychosocial coping resources;

r=0.50) and between loneliness and social anxiety (psychosocial
problems; r=0.48). The 2 psychosocial resource variables were
negatively correlated with the 2 psychosocial problems (r=–0.40
to –0.13).

Table 3. Correlation analysis (n=1693).

Social anxietySocial supportResilience

Psychosocial resources

———aResilience

——0.50bSocial support

Psychosocial problems

—−0.13b−0.19bSocial anxiety

0.48b−0.40b−0.36bLoneliness

aNot applicable.
bP<.001.

Factors of Suicidal Ideation
Similar to the results of the univariate logistic regression
analysis, multivariate logistic regression adjusting for the
sociodemographics and probable moderate or above depression
reported that increases in psychosocial coping resources of
resilience (adjusted OR 0.97, 95% CI 0.96-0.98) and social

support (adjusted OR 0.97, 95% CI 0.96-0.98) were associated
with a lower risk of suicidal ideation while increases in IGD
(adjusted OR 2.42, 95% CI 1.73-3.37) and psychosocial
problems of social anxiety (adjusted OR 1.07, 95% CI 1.05-1.09)
and loneliness (adjusted OR 1.13, 95% CI 1.10-1.16) were
associated with a higher risk of suicidal ideation (Table 4).

Table 4. Univariate and multivariate logistic regression analysis on the individual associations between independent variables and suicidal ideation
(n=1693). There are 10 individual models in total, 5 for univariate logistic regression and the other 5 for multivariate logistic regression.

P valueAdjusted ORa (95% CI)P valueUnadjusted OR (95% CI)

Psychosocial resources

<.0010.97 (0.96-0.98)<.0010.95 (0.93-0.96)Resilience

<.0010.97 (0.96-0.98)<.0010.95 (0.94-0.96)Social support

Psychosocial problems

<.0011.07 (1.05-1.09)<.0011.10 (1.09-1.12)Social anxiety

<.0011.13 (1.10-1.16)<.0011.21 (1.18-1.24)Loneliness

Internet gaming disorder

—Reference=1.0—bReference=1.0No

<.0012.42 (1.73-3.37)<.0013.60 (2.74-4.72)Yes

aThe adjusted models were adjusted for background factors (ie, age, studied city, sex, living arrangement, single-parent family, and household financial
situation relative to classmates) and probable moderate or above depression (Patient Health Questionnaire-9 score≥10).
bNot applicable.
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Structural Equation Modeling
Figure 1 presents the results of SEM testing the proposed
mediation effects of psychosocial coping resources and
psychosocial problems between IGD and suicidal ideation. The

model showed satisfactory goodness-of-fit (χ2
21=176.21,

P<.001; CFI=0.92; RMSEA=0.07), with factor loadings of the
2 latent variables ranging from 0.54 to 0.87 (all P<.001). The
results showed that IGD had a significant direct effect on
suicidal ideation (β=.07, P=.02). In addition, IGD was linked
to suicidal ideation through 3 indirect paths: (1) a 2-step
mediation path involving a negative association between IGD
and the latent variable of psychosocial coping resources (β=–.18,
P<.001), which was negatively associated with suicidal ideation

(β=–.09, P=.02); (2) a 2-step mediation path involving a positive
association between IGD and the latent variable of psychosocial
problems (β=.13, P<.001), which was positively associated with
suicidal ideation (β=.35, P<.001); and (3) a 3-step serial path
involving a negative association between IGD and the latent
variable of psychosocial coping resources (β=–.18, P<.001) and
then a negative association between psychosocial coping
resources and psychosocial problems (β=–.32, P<.001), which
was in turn positively associated with suicidal ideation (β=.35,
P<.001). Partial mediations were found as the direct path from
IGD to suicidal ideation was of statistical significance. The
corresponding mediation effect size of the above 3 indirect paths
were 10.7% (indirect effect/total effect: 0.016/0.15), 30.0%
(0.05/0.15), and 13.3% (β=.02/0.15, P<.001), respectively.

Figure 1. Structural equation modeling testing the mediation effect of psychosocial coping resources and psychosocial problems between internet
gaming disorder (IGD) and suicidal ideation (standard coefficients were reported).

Discussion

Principal Findings
This survey was conducted among Chinese adolescents and
found that IGD increased the risk of suicidal ideation. Both
protective factors of psychosocial resources (resilience and
social support) and risk factors of psychosocial problems (social
anxiety and loneliness) for suicidal ideation were also identified.
Furthermore, this study was novel to reveal the serial mediation
mechanisms through psychosocial resources and psychosocial
problems between IGD and suicidal ideation, which provide
empirical evidence for future interventions targeting suicidal
ideation as a negative consequence of IGD.

Comparison With Previous Work
This study observed the alarmingly high prevalence of suicidal
ideation of 43.06% (729/1693) among junior middle school
students in 2 Chinese cities, which was higher than that of
studies previously conducted in adolescents of other Chinese
cities (18.2%-27.2%) [12,65], Poland (24.7%) [51], and Japan
(25.7%) [66] based on the same measurement of suicidal
ideation. Notably, this study was conducted before the
COVID-19 pandemic period. A study conducted on Canadian

adolescents reported that the prevalence of suicidal ideation has
tripled to 44% since the beginning of the COVID-19 pandemic
[67]. The prevalence of adolescent suicidal ideation during the
pandemic period in China might have also increased due to the
suspension of classes and interruptions of social interactions
and activities. As suicidal ideation predicts suicidal behavior,
early detection, together with timely and evidence-based
secondary interventions, are greatly warranted [68,69].

Corroborating previous cross-sectional and longitudinal findings
[11,13], this study found a strong association between adolescent
IGD and suicidal ideation. In addition, the high prevalence of
IGD of 16.95% (287/1693) was reported among adolescent
gamers in this study. Previous studies found a similarly high
prevalence among adolescents in China [12,70], which was
higher than the global prevalence estimate of 3.1% [71]. It was
suggested by some researchers that Asian adolescents tend to
have higher IGD prevalence than those in Western countries
[72]. Such findings highlight the importance of preventing and
treating adolescent IGD, which was associated with various
negative consequences, including depression, sleep problems,
and physical violence [10,23]. A review summarized several
efficacious intervention strategies for the purpose, including
psychotherapies such as mindfulness, gaming-specific cognitive
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behavioral therapy, basic counseling and support groups, family
therapy, gaming abstinence, self-discovery camp, and residential
camp and parent management [73].

A novel finding of this study is about the mediation mechanisms
between IGD and suicidal ideation through psychosocial coping
resources (resilience and social support) and psychosocial
problems (social anxiety and loneliness). As the direct effect of
IGD on suicidal ideation remained statistically significant, the
association between IGD and suicidal ideation was partially
mediated by 3 indirect paths. These findings add empirical
evidence to support the theoretical postulations of the
Interpersonal-Psychological Theory of Suicide [24], the
Resource Deterioration Model [30,31], and the Conservation
of Resource Theory [32-35] aforementioned in the Introduction
section. In comparison, the 2-step indirect path that IGD
increased psychosocial problems, which then increased suicidal
ideation, explained a larger proportion of the association
between IGD and suicidal ideation than the other 2-step path
and the 3-step path. Psychosocial problems might thus have
explained more harmful effects of IGD on suicidal ideation than
losses in psychosocial resources. Notably, as these 3 indirect
paths only showed an overall partial mediation effect, other
unstudied plausible mediators may exist. Examples include
health problems (eg, sleep quality), psychological well-being
(eg, life satisfaction and quality of life), and stress, which were
associated with both IGD and determinants of suicidal ideation
[74,75].

Notably, the multivariate logistic regression analyses and SEM
in this study were adjusted for depression in addition to
sociodemographics. As this study aimed to understand the
relationship between IGD and suicidal ideation, given the known
associations between depression and IGD [10], suicidal ideation
[43], and the 4 psychosocial mediators [45,76], the adjustment
for depression could ensure that the relationship of interest
would not have been confounded by depression. A similar
approach has been used in the extant literature investigating the
independent associations between both risk and protective
factors and suicidal ideation [43,77].

This study has added empirical evidence to the knowledge that
psychosocial coping resources of resilience and social support
are protective factors, while psychosocial problems are risk
factors for adolescent suicidal ideation. There are thus reasons
to believe that modification of these 4 psychosocial variables
would reduce suicidal ideation directly and indirectly by
reducing the harmful impact of IGD on suicidal ideation.
Enhancement of psychosocial resources would also reduce
psychosocial problems and the impact of IGD on psychosocial
problems. Furthermore, according to a meta-analysis,
interventions focusing on psychoeducation and social cognitions
were efficacious in reducing loneliness and social isolation.
Related interventions included guided social group participation,
psychological therapy sessions, self-management, and training
enhancing social and emotional skills, social interaction, and
social support [78]. Another meta-analysis reported that
resilience-improving interventions based on a combination of

cognitive behavioral therapy and mindfulness techniques were
able to improve resilience and overall well-being (eg, lower
levels of anxiety) [79]. Future interventions may consider these
approaches.

Strengths and Limitations
This study was novel to investigate the harmful effect of IGD
on suicidal ideation among Chinese adolescents and reveal the
serial mediation mechanism potentially explaining this
association through psychosocial resources and psychosocial
problems. The results are implicative for future interventions.
However, this study has other limitations. First, although using
a single item to assess suicidal ideation has been widely used
in the literature [67,68], such an assessment may be subject to
misclassification (ie, false negative cases are those having
suicidal ideation who were not screened out by the single-item
question) in comparison with the multi-item assessment [68].
It may lead to an underestimation of the prevalence of suicidal
ideation in this study and implies an alarmingly higher
prevalence of suicidal ideation in Chinese adolescents. Second,
social desirability bias may exist as the questions regarding IGD
symptoms and suicidal ideation are sensitive and socially
undesirable. Third, the cross-sectional study design precluded
inference of temporal or causal relationships; future longitudinal
and intervention studies are needed to confirm the findings.
Fourth, the study population was conveniently selected from 7
schools in 2 Chinese cities; generalization of the results to other
regions and populations in China and other countries should be
made cautiously. Fifth, the relationships among IGD,
psychosocial coping resources, and psychosocial problems may
be bidirectional, as the literature also reported that resilience,
social support, social anxiety, and loneliness were predictors
of IGD [22,80-83]. Finally, some potential mediators between
IGD and suicidal ideation (eg, sleep quality, psychological
well-being, and stress) had not been investigated in this study.

Conclusions
In conclusion, this study observed alarmingly high levels of
both IGD and suicidal ideation among adolescents in 2 Chinese
metropolises. Very importantly and corroborating previous
studies, a strong and positive association between IGD and
suicidal ideation was found in this study, indicating that IGD
may potentially lead to adolescent suicide. Adolescents and
stakeholders (parents, teachers, and health workers) need to be
made aware of the potential risk of IGD in elevating suicidal
ideation. Future studies should also investigate factors
moderating such a relationship. Furthermore, it is important and
novel that this study revealed the mechanism of such an
association, which included 3 indirect paths through
psychosocial resources (resilience and social support) and
psychosocial problems (social anxiety and loneliness) between
IGD and suicidal ideation. Longitudinal and intervention studies
are warranted to confirm these findings and explore other
mechanisms. Tailor-made modifications of these psychosocial
variables (especially psychosocial problems) may directly and
indirectly reduce the harmful impacts of IGD on suicidal
ideation.
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Abstract

Background: Words are a natural way to describe mental states in humans, while numerical values are a convenient and effective
way to carry out quantitative psychological research. With the growing interest of researchers in gaming disorder, the number of
screening tools is growing. However, they all require self-quantification of mental states. The rapid development of natural
language processing creates an opportunity to supplement traditional rating scales with a question-based computational language
assessment approach that gives a deeper understanding of the studied phenomenon without losing the rigor of quantitative data
analysis.

Objective: The aim of the study was to investigate whether transformer-based language model analysis of text responses from
active gamers is a potential supplement to traditional rating scales. We compared a tool consisting of 4 open-ended questions
formulated based on the clinician's intuition (not directly related to any existing rating scales for measuring gaming disorders)
with the results of one of the commonly used rating scales.

Methods: Participants recruited using an online panel were asked to answer the Word-Based Gaming Disorder Test, consisting
of 4 open-ended questions about gaming. Subsequently, they completed a closed-ended Gaming Disorders Test based on a
numerical scale. Of the initial 522 responses collected, we removed a total of 105 due to 1 of 3 criteria (suspiciously low survey
completion time, providing nonrelevant or incomplete responses). Final analyses were conducted on the responses of 417
participants. The responses to the open-ended questions were vectorized using HerBERT, a large language model based on
Google's Bidirectional Encoder Representations from Transformers (BERT). Last, a machine learning model, specifically ridge
regression, was used to predict the scores of the Gaming Disorder Test based on the features of the vectorized open-ended
responses.

Results: The Pearson correlation between the observable scores from the Gaming Disorder test and the predictions made by
the model was 0.476 when using the answers of the 4 respondents as features. When using only 1 of the 4 text responses, the
correlation ranged from 0.274 to 0.406.

Conclusions: Short open responses analyzed using natural language processing can contribute to a deeper understanding of
gaming disorder at no additional cost in time. The obtained results confirmed 2 of 3 preregistered hypotheses. The written
statements analyzed using the results of the model correlated with the rating scale. Furthermore, the inclusion in the model of
data from more responses that take into account different perspectives on gaming improved the performance of the model.
However, there is room for improvement, especially in terms of supplementing the questions with content that corresponds more
directly to the definition of gaming disorder.

Trial Registration: OSF Registries osf.io/957nz; https://osf.io/957nz
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Introduction

Rating Scale Method Domination in Gaming Disorder
Screening
Over the last decade, research on gaming disorder has been
intensively conducted. More than 30 different rating scale
measures have been suggested (see [1] for details), and new
scales are under development (see, eg, [2]). Gaming disorder
has recently been defined in the International Classification of
Diseases (ICD)-11 diagnostic manual as a pattern of persistent
or recurrent gaming behavior manifested by impaired control,
increasing priority, and continued use despite occurrence of
negative consequences [3]. This new definition is the result of
progress in understanding the concept of gaming disorder, as a
result of both gradually collected empirical data and a heated
debate around the concept of gaming disorder [4]. Newer tools
differ significantly from the earlier ones, as they correspond to
the World Health Organization (WHO) diagnostic criteria (see
[2] for more details). As the definition and methods of
assessment for gaming disorder have been debated, the current
aim was to present a new language-based approach that
complements the existing rating scales methods.

The natural way to communicate subjective states to another
person is to use words. However, for decades in the social
sciences, this response format has been replaced by instructions
requiring parameterization of one's state with numbers. For
example, the overwhelming majority of screening measures for
gaming disorder are based on closed questions with numerical
responses. King et al [1] reviewed 32 measures of gaming
disorder based on predefined test items, of which 23 used
multiple response scales and 9 used binary responses (yes/no).
Therefore, none of the gaming disorder measures allow the
respondents to freely express their mental states.

The rating scale approach has both advantages and
disadvantages. Undoubtedly, the main advantage of such
methods is that they save time while maintaining satisfactory
accuracy and reliability of the measurements. Assessment by
professional clinicians is, of course, an alternative method;
however, it has drawbacks as it is expensive, laborious, and
subjective. Even if a complete clinical diagnosis yields more
reliable results [5], it involves greater demands on both the
participant and researcher, which has resulted in social scientists,
for decades, frequently preferring evaluation based on rating
scales.

However, limiting research to rating scale data also has obvious
disadvantages; the most important limitations include the
unnatural necessity to quantify mental phenomena or the
susceptibility of the results to manipulation. The others are of
a general nature and have been presented before (see, eg, [6]).
Tausczik and Pennebaker [7] rightly noted that “Language is

the most common and reliable way for people to translate their
internal thoughts and emotions into a form that others can
understand. The words and language, then, are the very stuff of
psychology and communication.” As such, language fosters a
precise and clear expression of desires, motives, perceived
consequences, and the true intensity and nature of the gamer’s
behavior. This provides motivation to exploit words as a more
natural medium of communication during gaming disorder
screening.

Another limitation during the assessment of gaming disorder is
that rating scales are easy to manipulate. In their case, there is
no room to mask the intention of the question. A person
motivated to distort the assessment only has to underestimate
or overestimate the reported numbers accordingly. Such actions
can be reinforced by the desire to mislead others (eg, social
desirability bias; [8]) or the need to maintain high self-esteem
(eg, self-enhancement; [9]), which can play a significant role
in the case of gaming disorder. In fact, a very high percentage
(44%) of people with clinically diagnosed gaming disorder give
false negative results in numerical self-reports [5]. Providing
false information in the form of text is also possible but requires
more effort than simply ticking a lower number on the
questionnaire. In addition, natural language processing (NLP)
with a sufficiently large database can be used to detect lying
[10].

In summary, supplementing traditional screening methods with
the analysis of open-ended responses seems like a necessary
step to consider in the future, as describing mental states with
words is more natural, potentially carries more information,
and, in the future, may turn out to be resistant to manipulation.

Natural Language Processing as a Potential
Complement
Recent progress in NLP and artificial intelligence provides
unprecedented opportunities to analyze text data. Such an
analysis allows the respondent to freely choose words to describe
their mental state. Previous research has demonstrated the
effectiveness of this approach in the assessment of other areas
of mental health. The estimates made by artificial intelligence
on the basis of descriptive words provided results that were
highly consistent with questionnaires that examined the same
constructs. For example, in a series of 7 studies, the Pearson
correlation coefficients between estimates based on open
responses (processed using the context-free latent semantic
analysis model) and the actual scores for life satisfaction and
harmony on life scales ranged between r=0.47 and r=0.72 [11].
Importantly, the precision of the estimates turned out to be a
function of the sample size (N=64), which was sufficient to
obtain statistically significant results; however, with an
increasing number of respondents, the trained algorithm turned
out to be more effective.
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Even better results were obtained by using relatively new
transformer-based language representation models, such as
Bidirectional Encoder Representations from Transformers
(BERT [6]). The state-of-the-art precision comes from its
transformer-based architecture, which uses self-attention to
assign varying levels of importance to different components of
input data such as natural language [12]. Unlike earlier language
models, BERT is bidirectional, since it considers both preceding
and following words while processing contextual information.
The significance of such an approach can be illustrated with the
word “flies,” which varies in meaning in different contexts (eg,
“time flies” and “flies are annoying”); it is the accompanying
words that determine how “flies” should be understood.
Implementing BERT has improved the accuracy of estimates
by 11% to 13% in the context of well-being [6].

To our knowledge, NLP, including transformer-based language
representation models, has not previously been applied as a
method to support and extend the screening for the risk of
behavioral addictions. Particularly great potential lies in the
sensitivity of recent transformer-based models, which may prove
particularly important in the case of emotionally ambivalent
and cognitively incoherent states reported by participants at risk
of gaming disorder. Using NLP for gaming disorder diagnosis
may be considered innovative and creative as it pioneers a
transformative approach to mental health assessment. Traditional
diagnostic methods often rely on self-reported questionnaires
and clinical interviews, which can be subjective and limited in
scope. By integrating NLP, we tap into a vast and underutilized
resource: the natural, spontaneous language used by individuals
in various digital contexts. This allows the identification of
linguistic patterns and emotional signals that may be overlooked
in conventional assessments. Furthermore, the idea of adopting
NLP in the diagnosis of gaming disorder leverages the power
of machine learning to process and analyze large data sets,
uncovering insights with unprecedented depth and precision.
Therefore, we decided to adapt the transformer-based model to
assess gaming disorder. Our model was validated using the
correlation of model estimates with the results of a traditional
screening test.

Hypotheses
We hypothesized that language-based assessments correlate
significantly with rating scales (H1), the combined use of
multiple open responses improves the accuracy of predicting
gaming disorder compared with single open-ended questions
(H2), and, in line with the findings in [6], that language-based
assessments of gaming disorder will be as accurate as gaming
disorder scale test-retest (H3).

Methods

Recruitment
Participants were recruited from the Polish research portal
Ariadna [13] in November 2022.

A total of 522 individuals completed the questionnaire. After
removing answers for reasons explained in the “Data Preparation
and Cutoffs” section, the sample size was 417. All participants
responded positively to the screening question: “have you played
video games in the last 2 weeks (on your phone, computer,
tablet or any electronic device)?”

Open Practices
According to best practices, the data, code, and materials [14],
as well as the preregistration that was time-stamped for the
study protocol [15], are available for download on the Open
Science Framework. Please note that we preregistered 2
additional hypotheses regarding solely mental health and
well-being; the results are not reported here for the sake of
brevity.

Ethical Considerations

The research was conducted following the laws and ethical
principles for research and adhered to data protection under the
General Data Protection Regulation (GDPR). The study was
carried out in accordance with the Declaration of Helsinki and
was approved by the Institutional Research Ethics Committee
of Jagiellonian University (opinion number 133/2022). All of
the participants gave informed consent before the study began.
All of the study data were collected anonymously. We dedicated
Zl 8 (US $2) as compensation for each person surveyed, which
was given to them as part of a rewards program run by the data
provider.

Instruments and Methods

Gaming Disorder Self-Report
The Polish version of the Gaming Disorder Test (GDT, [16];
for the Polish version, see Multimedia Appendix 1) was used
to validate the word-based measure. GDT is a questionnaire
that contains 4 items rated on a 5-point Likert scale (ranging
from 1: never to 5: very often). The Cronbach alpha in our
sample was .898, which can be considered good, close to
excellent internal consistency. The English version of the GDT
is shown in Textbox 1.

Textbox 1. English version of the Gaming Disorder Test.

1. I have had difficulty controlling my gaming activity.

2. I have given increasing priority to playing games over other interests and daily activities.

3. I have continued gaming despite the occurrence of negative consequences.

4. I have experienced significant problems in life (eg, personal, family, social, education, occupational) due to the severity of my gaming behavior.
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Word-Based Gaming Disorder Test (WBGD-4)
We created the Word-Based Gaming Disorder Test (WBGD-4)
consisting of 4 open-ended questions on which to base NLP
predictions. The open-ended gaming-related questions were
designed to mimic a conversation that would be held during a
clinical diagnosis by a clinician. Therefore, all questions were
proposed by a clinician with knowledge of gaming disorder.
We deliberately did not interfere with the clinician suggestions
and avoided revealing the purpose of the study and the tool that
would be used as a reference point to determine the validity (ie,
GDT).

In addition to the WBGD-4 questions, we added 2 questions to
specifically measure and validate hypotheses related to
well-being rating scales, which are not included in this article,
as they are not the main focus of this study. For details, see the
preregistration.

The WBGD-4 questions had to be answered with a word, phrase,
or short sentence. There were 10 small text fields under each
question, and filling at least 5 of them was mandatory. The short
answer format was chosen based on previous studies that
demonstrated higher predictive accuracy for short responses
(ie, words) compared with completely free-text formats. The
requirement of at least 5 short responses was motivated by
previous data that indicated that predictive accuracy does not
increase with more response alternatives [11]. Questions were
asked and answered in Polish. The WBGD-4 questions were:
(1) How does playing affect your life? (2) How does playing
affect your emotions and thoughts when you are NOT playing?
(3) What needs do your activity related to games satisfy? (4)
How do you loved ones react to your playing?

Additional Measures
The 2 additional open-ended questions were related to mental
health and the extent to which the respondent was able to
achieve his life goals. The first was supposed to be answered
with a few phrases, and the latter was meant to be answered
with 5 to 10 words, phrases, or short sentences.

1. Describe whether and to what extent you can achieve your
life goals. If not, what is preventing you from doing so?

2. Describe your mental health.

The severity of depression was assessed with the Polish version
of the 9-item Patient Health Questionnaire (PHQ-9; [17]). This
questionnaire is intended to detect depression in the initial
psychological diagnosis. The PHQ-9 assesses the severity of
depression using 9 items on a 4-point rating scale ranging from
0 (Not at all) to 3 (Nearly every day). The Polish version used
in the study was created by the Mapi Research Institute [18]
(for the Polish version, see Multimedia Appendix 2).

Generalized anxiety was measured using the 7-item Generalized
Anxiety Disorder questionnaire [19], which has a 4-point scale
ranging from 0 (Not at all) to 3 (Nearly every day). The Polish
version used in the study was created by Mapi Research Institute
[18] (for the Polish version, see Multimedia Appendix 3).

Well-being was measured using 2 scales, both in Polish:
Harmony in Life Scale [20] and Satisfaction with Life Scale
[21,22] (for the Polish version, see Multimedia Appendix 4).

Both scales were used in the short 3-item form [11] using a
7-point rating scale ranging from 1 (Strongly disagree) to 7
(Strongly Agree). Additional measures are described in the
preregistration and are not analyzed here.

The final original instrument in the study measured gaming
involvement. This measure had 2 columns indicating the type
of day (“weekday” or “weekend”) and 6 rows indicating the
type of activity (such as “playing video games,” “thinking about
video games,” “reading about video games,” “watching material
about games,” “talking about games,” or “considering buying
gaming-related content”). Participants were asked to fill out the
table with the number of hours and minutes spent on each
activity on a specific type of day. For the Polish version, see
Multimedia Appendix 5.

Procedure
After initial consent, sociodemographic information, such as
age, gender, and educational level, was collected. In the next
step, participants were asked to answer 6 open questions
(WBGD-4 and 2 additional questions). Subsequently, they
completed the rating scale measures in the following order:
GDT, Satisfaction with Life Scale, Harmony in Life Scale,
PHQ-9, 7-item Generalized Anxiety Disorder questionnaire,
gaming involvement. All of the answers were collected during
1 online session.

Statistical Analysis
The analysis was carried out using the Python programming
language. The following libraries were implemented for
computational purposes: Pandas [23], Numpy [24], Transformers
[25], and Sklearn [26]. Moreover, the Matplotlib [27] library
was used for data visualization.

Data Preparation and Cutoffs
Some participants used the same word or even the same sign
as a placeholder in all required text fields, which also led to a
very short questionnaire completion time (below 5 minutes,
while the questionnaire took an average of 14 minutes to
complete). Hence, we decided to expand our exclusion criteria
beyond the preregistration guidelines, which relied on the
algorithms of the Ariadna (data provider) software and manual
deletion of irrelevant answers. Furthermore, sticking to the
initial criterion of at least 5 words used to answer each question
would have reduced our sample by 177. To avoid that, we
decided to lower the requirements to at least 3 words.

Consequently, participants who answered the survey in 5
minutes or less were excluded, resulting in the removal of 20
participants. The responses to the text fields for each open
question were then aggregated. Spelling errors and most
punctuation errors were corrected manually. All repeated words
were reduced to 1. We deleted 33 responses containing clearly
irrelevant answers. Another 52 were excluded due to not meeting
the word requirements, leaving us with a final sample of 417.

Feature Extraction
To extract numerical features for a predictive model, each text
answer on the WBGD-4 was transformed into embeddings (ie,
a numerical vector) using herBERT, a BERT-based model
dedicated to the Polish language [28]. The last layer was used
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as the predictor in the model, as it showed the best performance
on the data set.

The answers to each of the 4 open-ended WBGD-4 questions
were transformed into 768 numerical representations. The
embeddings of the 4 questions were then stacked together to
create an array consisting of 3072 (4 × 768) numbers. Therefore,
5 feature sets were used in the analysis: 4 containing
representations of answers to singular WBGD-4 questions and
the last 1 containing representations of answers to each question
stacked together.

Use of a Predictive Model
The ridge regression model was used to forecast the GDT scores
on the basis of text embeddings. First, the data were randomized
and partitioned using the k-fold cross-validation method with
k=10 [29]. Each feature set was then assessed accordingly. This
approach ensured that the data were effectively distributed
across the different folds, allowing for robust evaluation and
validation of the ridge regression model's performance.

Creation of Word Clouds
To identify which words most significantly drive the model’s
predictions, we collected all words used in the answers to the
individual questions then iteratively deleted each one from the
text features. This approach measures changes in model

performance in the absence of specific words. We calculated
performance metrics for predictions with each word omitted
using previously described methods and compared these with
a baseline model in which no words were removed. The impact
of each word was quantified using the z score of the change in
performance, identifying words with significant z scores (P<.05)
as key drivers of the predictions.

To visually illustrate the influence of specific words, we
generated a word cloud, with word size proportional to the z
score, indicating the extent of impact, and color coding based
on P values to reflect statistical significance. Polish words were
translated into English using the Google Translator application
programming interface then manually adjusted.

Results

Demographic Information
The age of the final sample ranged from 15 years to 50 years
(mean 33.9, SD 8.9 years). Of the 417 individuals, 228 (54.7%)
identified as female, and 189 (45.3%) identified as male. None
of the respondents chose the “other” option. As all participants
were Polish, it is important to note that the sample was not
representative of other nationalities. Detailed demographic data
can be found in Table 1.

Table 1. Demographic data of the respondents (N=417).

Results, n (%)Characteristics

Gender

189 (45.3)Male 

228 (54.7)Female 

Education level 

7 (1.7)Primary 

10 (2.4)Lower secondary education

22 (5.3)Vocational (without high school diploma)

9 (2.2)Incomplete secondary education

46 (11)General secondary education

74 (17.7)Vocational secondary education (with high school diploma)

9 (2.2)Incomplete higher education

37 (8.9)Postsecondary school (vocational)

50 (12)Higher, a bachelor's or engineering degree

145 (34.8)Higher, master’s degree

8 (1.9)Doctoral education

GDT Distribution
The results of the GDT were heavily skewed right (mean 7.4,
SD 3.68), with only 2.4% (10/417) of the participants classified
as suspected of having gaming disorder, as indicated by scores
of 4 or 5 in each response. Almost one-third (131/417, 31%)
achieved a minimal number of points, which means they marked

“1” in every question (Figure 1); in the data shown in the figure,
model predictions lower than 4 were increased to respond to
the minimum attainable GDT score. Men (mean 7.94, SD 3.91)
differed significantly from women (mean 6.96, SD 3.41; t415=
2.75, P=.007). The illustration can be found in Figure S1 in
Multimedia Appendix 6.
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Figure 1. Observable Gaming Disorder Test (GDT) scores and predictions made by the model using all questions as its feature.

Text Responses
The text responses varied in length and content. The mean
number of words and letters used (Table 2), as well as the words

that appeared the most frequently (Table 3) are presented in the
tables.

Table 2. Mean numbers of letters and words used in the answers to the 4 Word-Based Gaming Disorder Test (WBGD-4) questions.

Q4Q3Q2Q1Answers

54.95 (17.67)57.65 (15.84)57.6 (21.16)73.2 (27.09)Letters, mean (SD)

7.0 (2.68)6.56 (2.05)7.49 (3.3)8.7 (3.74)Words, mean (SD)
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Table 3. Most frequently used words in the answers to each Word-Based Gaming Disorder Test (WBGD-4) question.

Times used, nWords for each question

Q1

265time

119relax

59entertainment

56fun

52relaxes

Q2

212not

103lack

78affects

57oneself

53calmness

Q3

135relax

73entertainment

73time

56fun

49joy

Q4

162not

57oneself

52lack

45without

42anger

Predictive Model Performance: Hypothesis Testing
We evaluated 4 ridge regression models based on responses
from each WGBD-4 question separately and 1 model responding
to a combination of responses from the 4 questions. To test H1,
we calculated the correlations between the linguistic model
estimates and the scores obtained using the self-report scale,
and we also calculated the mean absolute error (MAE). The
estimations of all 5 models correlated positively with the results
obtained using the GDT. Question 1 had the lowest performance

on both validation metrics, while Questions 4 and 2 had the
most accurate predictions (Table 4). Using a combination of
features from all the questions had a significantly higher
correlation, compared with the most performing singular
question (z=–2.33, P=.01 [30]). In terms of MAE, comparing
the results of each model with the GDT results gave an average
error of less than 3 (on a scale of 4 to 20); again, the combination
of all 4 questions performed much better, giving an average
error of 2.59.
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Table 4. Ridge regression model performance on each feature set for the entire sample (general) and broken down by gender.

FemaleMaleGeneralFeatures

MAEP valuerMAEP valuerMAEaP valuer

2.47<.0010.4272.74<.0010.5272.59<.0010.476Q1, Q2, Q3, Q4

2.47<.0010.4292.83<.0010.4872.62<.0010.475Q2, Q3, Q4

2.49<.0010.4192.86<.0010.4732.65<.0010.456Q2, Q4

2.6<.0010.3412.96<.0010.4362.75<.0010.406Q4

2.57<.0010.3533.03<.0010.3622.77<.0010.369Q2

2.75.030.143.13<.0010.3082.91<.0010.288Q3

2.78.070.123.08<.0010.3982.93<.0010.274Q1

aMAE: mean absolute error.

Regardless of the relatively high correlations between the
prediction set and the observable data, the best performing
model did not predict GDT score values greater than 12,
although the maximum attainable score in the questionnaire
was 20 (Figure 1).

The reference point for the verification of H3 was the result of
the correlation test-retest (r=0.713; A Cudo, personal
communication via telephone, February 10, 2023), which turned
out to be statistically significantly higher than the correlation
between WBGD-4 and GDT (z=6.94, P<.001; [30]).

Word Clouds
Word clouds were created for each WBGD-4 question response
and translated into English using Google Translator (for details,
see the Methods section). Figures S2-S5 in Multimedia
Appendix 7 show the significant words that are indicative of
the GDT scores for each question. Color codes indicate the P
values, and the font size indicates the impact of the given word.

Discussion

Principal Findings
The main objective of this study was to investigate whether it
is feasible to use question-based computational language
assessment for the screening of gaming disorder as a supplement
to state-of-the-art rating scales. Short open-ended responses
analyzed through NLP offer a cost-effective way to deepen our
understanding of gaming disorder without additional time
investment. The results supported 2 out of the 3 preregistered
hypotheses. The written responses analyzed using the model
were correlated with the rating scale (H1). Moreover,
incorporating more responses that reflect diverse perspectives
on gaming further improved the model's performance (H2).
However, there is still room for refinement, particularly in
enhancing the questions to better align with the formal definition
of gaming disorder (H3).

Beyond the Rating Scales
Language-based assessments analyzed with transformer
language models yield satisfactory results. According to H1,
there were statistically significant positive correlations between
the estimates made using the model and the traditional rating
scale. The correlation coefficient obtained using ridge regression

analysis (r=0.476) turned out to be statistically significant and
moderate. We compared the performance of the model for
women and men separately. The results turned out to be
generally similar for both genders, with the male subsample
showing slightly higher correlation coefficients for each
combination of questions. However, the mean absolute errors
were consistently lower for the female subgroup. The sample
we studied was gender-balanced (with a slight predominance
of women), so there is no reason to believe that a slightly worse
model performance for women could result from an insufficient
amount of data from women used to train the model. Taking
into account the lower mean result of GDT and its standard
deviation among women, it can be concluded that the lower
MAE for women, despite weaker correlations, is due to the fact
that the results were more uniform. In the future, it may be
necessary to create separate models for women and men.

These results confirm that the analysis of the statements on the
risk of gaming disorder may provide important information and
potentially support more traditional screening methods. Taking
into account the potential benefits of supplementing traditional
methods, especially the possibility of precise determination of
their mental states by the examined person and increased
resistance to manipulation of the results, the collected results
encourage further exploration of this direction.

Optimizing the Accuracy
The questions we used to estimate the risk of gaming disorder
were intended to reflect the questions a clinician would ask to
estimate the risk of gaming disorder. Each of them touched on
the problem of gaming disorder from a different perspective,
and an experienced diagnostician may be able to synthesize the
answers and assess the risk of gaming disorder. Comparing the
prediction of the best GDT score from a single question
(r=0.406, Question 4) with the score from the 4 questions
(r=0.476) clearly demonstrates that applying more information
from the questions about the same phenomenon but from
different angles guarantees a significant improvement in
predictive accuracy, which is in line with H2. It is worth noting
that the combination of all 4 questions in comparison with only
3 questions (without Q1) worked similarly in the general sample.
Notable differences in performance appeared only for the male
subsample. Thus, in the future, one may consider reducing the
number of questions in the WGBD-4 to 3, especially in samples
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dominated by women. This would result in a reduction in the
time required to complete it by up to 25%. However, based on
the data obtained, we recommend using the 4-item version,
which may be more reliable.

Depending on the content of the questions, deeper and more
comprehensive reflections of the gaming contexts may be
revealed. This can be seen in our results, for example, in the
different words used for different questions (Table 4 and Figures
S3-S6 in Multimedia Appendix 7). There is room for
improvement in this case, because in the reported study, we did
not differentiate the response format, but it has been shown that
such a procedure can also improve the validity of the criterion
[6].

Ecological Versus Criterion Validity Trade-Off
In H3, we predicted that the criterion validity of the trained
model would approach the theoretical maximum limit as
measured by the rating scale's test-retest reliability. At the time
of the preregistration, this value was not known as the data
collection was not completed; however, later results showed a
test-retest correlation of r=0.713 for the Polish GDT (A Cudo,
personal communication via telephone, February 10, 2023).
This turned out to be a very high goal, but similar correlations
are achievable for comparable models in other areas of mental
well-being [6]. Our correlation coefficient was only r=0.476,
which is moderate to strong in terms of conventional rules but
statistically significantly lower than the reliability of the rating
scale. Therefore, H3 was rejected. In other words, we achieved
a satisfactory and promising result, but a comparison of the
precision of our model’s predictions with the test-retest
reliability of the current self-report tool shows that there is a lot
of room for development. It is also worth noting that rating
scales are only one of the ways of capturing mental phenomena;
therefore, in the future, the point of reference for WBGD-4
should be more direct sources of information about gaming
disorder. In retrospect, it can be said that H3, which we
preregistered, was overly optimistic.

Subsequent studies can significantly increase the level of validity
of the criterion by further improving the method or the validation
criteria. Attention should be paid to the strategy of formulating
open queries to encourage participants to write. In our study,
we decided to prioritize ecological validity, that is, to ask
questions in a way that would sound natural during an actual
therapeutic encounter. Thus, we deliberately avoided
formulating questions directly corresponding to items on the
scale used as a comparative measure (GDT; [2]), which also
allowed us to avoid criterion contamination [31]. As a result,
in our questions and thus in the answers we received, there were
aspects of gaming disorder that were not reflected in the rating
scale (eg, regarding the motivations for gaming in Q3 of the
WBGD-4). On the other hand, the rating scale directly asks
questions about aspects of gaming disorder that we have not
asked (eg, difficulty controlling playing time: Q3 from GDT).
In fact, only Q4 from GDT and Q4 from WGBD-4 overlap to
some extent. With this strategy in mind, a high correlation with
rating scales should not be expected, but a high correlation with
the diagnostician’s evaluation should. This issue requires further
research. In subsequent studies, the model estimates based on

the answers to the questions used in this study should be
compared with the results of extensive diagnostics. However,
it is worth emphasizing that the written statements of the
respondents, even collected in this way, gave a high correlation
score with the screening rating scales. In the future, adding
prompts directing respondents' attention to the criteria proposed
by WHO and that are reflected in the GDT should be considered.
This should increase the numerical value reflecting the validity
of the criterion without losing ecological validity.

Opportunity to Bypass the Risk of Distorted Responses
A commonly known limitation of the reliability of psychological
evaluation is the tendency of people to adapt their answers to
the standards they perceive as expected. As we showed in the
Introduction, simply supplementing self-descriptive data
collection based on rating scales with text statements can
contribute to a partial reduction of this problem. However, even
greater promise is demonstrated by the possibility of analyzing
behavior through the content of spontaneous statements by the
participants. Research shows that it is possible to estimate
mental states by processing samples of natural utterances on
social networks [32]. Undoubtedly, spontaneous statements are
different from answers to a direct prompt and, therefore, may
be less informative. However, social networks that are detected
suggest that identifying the risk of gaming disorder based on
content posted on the internet may also be feasible.

Limitations and Future Directions
This study focused on whether language-based risk assessments
of gaming disorder can be used in the screening of this
condition. However, the assumed reference point is not the
grounded truth of this construct; it is a somewhat indirect
measure. Thus, the first limitation is that, by showing even a
strong correlation between language-based assessments and the
traditional rating scale, we only indirectly proved that the former
correspond to the condition of interest. This concern is shared
with other developments in assessment tools where testing the
validity of psychometric tools is often limited to comparing
them with other previously validated tools. For example, Pontes
et al [2] correlated their tool with the older scale (Internet
Gaming Disorder Scale-Short-Form [33]) to verify the
concurrent validity. In the future, the validity of the criterion
should be on theoretically significant variables, such as
behaviors or clinical diagnoses. This is especially important
because WGBD-4 was optimized primarily to correspond to a
clinical assessment and only secondary to the gaming disorder
rating scales.

Second, as all subjects were Polish, it is important to note that
the sample was not representative of other nationalities. We did
not control the race of the participants. Taking into account the
homogeneity of the Polish society, where the overwhelming
majority are White people, the generalizability of the results is
limited. Furthermore, the study was conducted in Polish, which
is used almost exclusively by Polish citizens. In the future,
WGBD-4 should be validated in other languages and cultural
contexts due to the heterogeneity of the sample and the
generalizability of our findings. Third, the study was conducted
online. Even if the comfort associated with completing the
survey without witnesses may have fostered the openness and
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truthfulness of some respondents’ answers, it may also be
associated with less effort put into the answers by other
respondents and partly explains the fact that we needed to
remove almost one-fifth of the collected responses. From a
practical standpoint, the effort put into verifying the correctness
of responses or even correcting simple errors like typos could
be reduced by collecting data under more controlled and
mobilizing conditions. It is worth noting that decisions on how
to collect data in the future should also depend on the objectives
of a particular study. Data collected online may be more
appropriate if the goal is to develop screening methods based
on the analysis of text found online. On the other hand, if similar
language models were to support the process of diagnosis or
therapy, then data collected in person might be more useful.

Fourth, our study used HerBERT to create numerical
embeddings for WBGD-4 responses; however, there are also
other models available for the Polish language, such as
Polish-GPT2-XL or BERT-base-polish-cased-v1. It could also
be interesting to explore to what extent Polish-specific models
outperform more universal models (eg, for the English
language). Since the aim of our study was to explore the
feasibility of using such tools to support the process of
identifying people at risk of gaming disorder, we did not
compare the performance of different models. However, such
research would be advisable in the future.

Fifth, the distribution of gaming disorder in the population
turned out to be strongly skewed, and the percentage of people
with gaming disorder according to the GDT criterion (2.4%)
was small, but similar results have been observed in previous
studies (eg, [34]). This may have significantly lowered the
validation measure in our case, and a study based on an equal
number of people with gaming disorder and normal controls
may have benefited the NLP training process. Due to the nature
of the model training process, it is predisposed to give the most
likely answer not only in the light of the content of the answers
but also in terms of prior probability. In other words, in an
environment where extreme scores are rare, it “does not pay

off” for the model to indicate them. However, it is worth noting
that a similar phenomenon would also occur if the data on which
the model was trained came from numerical answers to the
rating scale questions. To minimize this limitation, it is
necessary to provide the model with more data from people
with gaming disorder in the future to help it distinguish those
at risk or impaired from healthy gamers.

Conclusion
We showed that prompted short text responses can be used to
assess the risk of gaming disorder. There is much room for
improvement here, which can be achieved if the prompts
correspond directly to the diagnostic guidelines and the content
of the rating scales. Furthermore, increasing the amount of
available data will have a beneficial effect on the reliability of
the estimates. The presented results are a strong indication that,
in the near future, language, the basic way of communicating
mental states of people in natural situations, can be used to
support the screening and diagnosis of gaming disorder. By
leveraging NLP, researchers and clinicians can analyze vast
amounts of unstructured text data from diverse sources such as
social media, gaming forums, and clinical notes, uncovering
nuanced patterns and sentiments associated with gaming
behaviors. This innovative approach enables the identification
of subtle linguistic markers that may indicate the presence of
gaming disorder, offering a more comprehensive and dynamic
understanding of the condition. We believe that using NLP can
not only enhance the accuracy of diagnoses but also enable
continuous, real-time monitoring and early detection, ultimately
paving the way for more effective and timely interventions in
the realm of gaming disorder. Any progress in this direction
will contribute to the development of existing methods and the
overcoming of their limitations. Analogous methods are already
being developed in other fields of psychology, medicine, or
neurosciences, and we anticipate that, in the near future, the use
of NLP will improve the screening process, making it more
multifaceted and natural for the benefit of diagnosticians and
patients.
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In “Efficacy of a Virtual 3D Simulation–Based Digital Training
Module for Building Dental Technology Students’ Long-Term
Competency in Removable Partial Denture Design: Prospective
Cohort Study” (JMIR Serious Games 2024;12:e46789) the
authors made one addition.

The “Acknowledgments” section has been amended within the
manuscript to read as follows:

KXL and YQX are co-first authors of this work, and
XHZ and MWP are co-corresponding authors (XHZ
can be reached at haoxiaohan_buaa@163.com for
correspondence).

The engineers’ group from Beijing Unidraw Virtual
Reality Technology Research Institute Co. Ltd., led
by XZ, helped develop the Objective Manipulative

Skill Examination of Dental Technicians system,
including the digital removable partial denture
module. The Zhaozhi student team assisted in the
early design and pre-experimental data collection for
the digital removable partial denture module. This
research was funded by the CQMU Program for
Youth Innovation in Future Medicine (W0002 for LJ),
and the Chongqing Municipal Teaching Reformation
Fund (193070 for XF).

The correction will appear in the online version of the paper on
the JMIR Publications website on August 19, 2024, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Effects of Virtual Reality Therapy for Patients With Breast
Cancer During Chemotherapy: Randomized Controlled Trial”
(JMIR Serious Games 2024;12: e53825) the authors noted two
errors.

Affiliation 2 was previously listed as:

National Cancer Center, National Clinical Research
Center for Cancer, Cancer Hospital & Shenzhen
Hospital

This has been changed to the following:

National Cancer Center, National Clinical Research
Center for Cancer, Cancer Hospital & Shenzhen
Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College

As this affiliation was also included in the corresponding
author’s address, the address has been modified in that location
as well.

Additionally, the authorship’s degrees were previously listed
as:

Mengdan Li, MD; Zhifu Yu, MD; Hui Li, MD; Li Cao,
BM; Huihui Yu, MD; Ning Deng, PhD; Yunyong Liu,
MD

These have been replaced as follows:

Mengdan Li, MPH; Zhifu Yu, MPH; Hui Li, MSN; Li
Cao, BSN; Huihui Yu, MPH; Ning Deng, MD;
Yunyong Liu, MM

The correction will appear in the online version of the paper on
the JMIR Publications website on November 6, 2024, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Effects of Electronic Serious Games on Older Adults With
Alzheimer’s Disease and Mild Cognitive Impairment:
Systematic Review With Meta-Analysis of Randomized
Controlled Trials” (JMIR Serious Games 2024;12:e55785) the
authors noted two errors.

In the “Search Strategy” section, the dates used for keyword
search were changed from:

The keywords were used to search for papers
published from January 1, 2017, to December 1, 2023.

To the following:

The keywords were used to search for papers
published from January 1, 2017, to December 31,
2023.

Additionally, in the “Data Extraction” section, the following
information appeared:

The first author (XZ) used the modified version of the
data extraction table in the Systematic Review Manual
of Cochrane Interventions to extract data.

This has been changed to read as:

The co-first author (XZ) used the modified version of
the data extraction table in the Systematic Review
Manual of Cochrane Interventions to extract data.

The correction will appear in the online version of the paper on
the JMIR Publications website on August 14, 2024, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In their exploratory study, Pine et al [1] unveil promising results
indicating the potential therapeutic benefits of using casual
video games. While caution is necessary, particularly concerning
the interpretation of student feedback, self-assessment
effectiveness, recruitment, pandemic effects, and the absence
of mental distress screening, the study demonstrates that video
games integrating brief mental health messages provide a
promising approach to merging digital intervention with the
accessibility of commercial gaming. Although a randomized
controlled trial is also required for precise clinical impact
assessment, these preliminary findings bolster the notion that
“gaming” (primarily commercial video games, serious games,
and exergames) within mental health services is validated as a
viable alternative or complement to conventional methods of
prevention, assessment, and treatment.

Gaming, in a broad sense, is one of the most popular leisure
activities globally, estimated to involve millions of gamers
worldwide [2], making it ubiquitous and omnipresent, regardless
of whether one has a mental illness or not. Considering the
growing disparity between demand and supply for mental health
assistance, combined with factors such as high disease burden,
treatment costs, and long waiting lists, new alternative solutions
must be explored. Coupled with accelerating technology-based
game development and popularity, it may just be a matter of
time before gaming truly disrupts several aspects of psychiatric
work.

At present, gaming research has been conducted in the context
of different psychiatric disorders such as anxiety, depression,

eating disorders, attention-deficit/hyperactivity disorder
(ADHD), stress symptoms, posttraumatic stress disorder
(PTSD), autism, phobias, and schizophrenia, as well as in
forensic psychiatry. The results vary, but reduced
symptomatology, improved social, executive, and cognitive
functions, as well as improved attention processes and
problem-solving, have been reported. Gaming has also proven
effective in offering temporary distraction from serious events,
and it fosters social communities [3].

However, there are several challenges to research and practical
application of gaming in mental health services. Moreover, there
are critical concerns regarding the limited number of
high-quality studies; weak research designs; methodological
issues; and questions about generalizability, causality,
mechanisms of action, control groups, effect sizes, definitions,
terminology, comparability, theoretical strength, harmful effects,
and transferability [2,3]. In addition, critics highlight concerns,
such as gaming disorders as outlined in the ICD-11
(International Classification of Diseases 11th Revision),
prolonged sedentary screen time, exposure to violence, and
instances of excessive or problematic gaming behavior [2,4].
Furthermore, critics argue that gaming encourages avoidance
tactics, hindering physical interactions within communities.
This challenge is compounded by distant communication,
escapism, isolation, loneliness, emotional detachment, addiction,
sleep disturbances, and physical inactivity, all posing risks of
worsening the individual’s condition. Critics argue gaming is
not a treatment strategy but rather a tool for enhancing
communication and presence among individuals.
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Research and applications of gaming in psychiatry are expanding
and proving beneficial for specific patient demographics, yet
there is a pressing need for a more robust knowledge base to
fully grasp both the potentials and challenges involved [5].
Capitalizing on these opportunities for clinical use will demand

innovative thinking within multidisciplinary research
environments [2]. In conclusion, it is evident that gaming, which
is deeply embedded in our culture, possesses promising yet
unexplored avenues to emerge as a vital component in
forthcoming treatments for mental disorders.

 

Conflicts of Interest
None declared.

Editorial Notice
The corresponding author of “A Novel Casual Video Game With Simple Mental Health and Well-Being Concepts (Match Emoji):
Mixed Methods Feasibility Study” declined to respond to this letter.

References
1. Pine R, Mbinta J, Te Morenga L, Fleming T. A novel casual video game with simple mental health and well-being concepts

(Match Emoji): mixed methods feasibility study. JMIR Serious Games 2024 Feb 12;12:e46697. [doi: 10.2196/46697]
[Medline: 38345848]

2. Colder Carras M, Van Rooij AJ, Spruijt-Metz D, Kvedar J, Griffiths MD, Carabas Y, et al. Commercial video games as
therapy: a new research agenda to unlock the potential of a global pastime. Front Psychiatry 2017 Jan 22;8:300. [doi:
10.3389/fpsyt.2017.00300] [Medline: 29403398]

3. Zayeni D, Raynaud J, Revet A. Therapeutic and preventive use of video games in child and adolescent psychiatry: a
systematic review. Front Psychiatry 2020;11:36. [doi: 10.3389/fpsyt.2020.00036] [Medline: 32116851]

4. Darvesh N, Radhakrishnan A, Lachance CC, Nincic V, Sharpe JP, Ghassemi M, et al. Exploring the prevalence of gaming
disorder and internet gaming disorder: a rapid scoping review. Syst Rev 2020 Apr 02;9(1):68. [doi:
10.1186/s13643-020-01329-2] [Medline: 32241295]

5. Poppelaars M, Lichtwarck-Aschoff A, Otten R, Granic I. Can a commercial video game prevent depression? null results
and whole sample action mechanisms in a randomized controlled trial. Front Psychol 2020 Jan 12;11:575962. [doi:
10.3389/fpsyg.2020.575962] [Medline: 33510666]

Abbreviations
ADHD: attention-deficit/hyperactivity disorder
ICD-11: International Classification of Diseases 11th Revision
PTSD: posttraumatic stress disorder

Edited by T Leung; submitted 24.02.24; this is a non–peer-reviewed article;accepted 16.04.24; published 25.04.24.

Please cite as:
Eckardt JP
Therapeutic Uses of Gaming in Mental Health: An Untapped Potential
JMIR Serious Games 2024;12:e57714
URL: https://games.jmir.org/2024/1/e57714 
doi:10.2196/57714
PMID:38662422

©Jens Peter Eckardt. Originally published in JMIR Serious Games (https://games.jmir.org), 25.04.2024. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Serious Games, is properly cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org,
as well as this copyright and license information must be included.

JMIR Serious Games 2024 | vol. 12 | e57714 | p.1243https://games.jmir.org/2024/1/e57714
(page number not for citation purposes)

EckardtJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.2196/46697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38345848&dopt=Abstract
http://dx.doi.org/10.3389/fpsyt.2017.00300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29403398&dopt=Abstract
http://dx.doi.org/10.3389/fpsyt.2020.00036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32116851&dopt=Abstract
http://dx.doi.org/10.1186/s13643-020-01329-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32241295&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2020.575962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33510666&dopt=Abstract
https://games.jmir.org/2024/1/e57714
http://dx.doi.org/10.2196/57714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38662422&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Effect of Virtual Reality Technology on Attention and Motor Ability
in Children With Attention-Deficit/Hyperactivity Disorder:
Systematic Review and Meta-Analysis

Chuanwen Yu1, PhD; Cheng Wang2, MD; Qi Xie2, MD; Chaoxin Wang1, MD
1School of Physical Education and Health, Heze University, Mudan District, Heze City, Shandong Province, China
2School of Physical Education, Baoji University of Arts and Sciences, Baoji City, China

Corresponding Author:
Chaoxin Wang, MD
School of Physical Education and Health, Heze University, , Mudan District, Heze City, Shandong Province, , China

Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is one of the common neurodevelopmental disorders in children
and virtual reality (VR) has been used in the diagnosis and treatment of ADHD.

Objective: This paper aims to systematically evaluate the effect of VR technology on the attention and motor ability of children
with ADHD.

Methods: The intervention method of the experimental group was VR technology, while the control group adopted non-VR
technology. The population was children with ADHD. The outcome indicators were attention and motor abilities. The experimental
design was randomized controlled trial. Two researchers independently searched PubMed, Cochrane Library, Web of Science,
and Embase for randomized controlled trials related to the effect of VR technology on ADHD children’s attention and motor
ability. The retrieval date was from the establishment of each database to January 4, 2023. The PEDro scale was used to evaluate
the quality of the included literature. Stata (version 17.0; StataCorp LLC) was used for effect size combination, forest map-making,
subgroup analyses, sensitivity analyses, and publication bias. GRADEpro (McMaster University and Evidence Prime Inc) was
used to evaluate the level of evidence quality.

Results: A total of 9 literature involving 370 children with ADHD were included. VR technology can improve ADHD children’s
attention (Cohen d=−0.68, 95% CI −1.12 to −0.24; P<.001) and motor ability (Cohen d=0.48, 95% CI 0.16-0.80; P<.001). The
intervention method and diagnosis type for VR technology had a moderating effect on the intervention’ impact on children’s
attention (P<.05). The improvement in children’s attention by “immersive” VR technology was statistically significant (Cohen
d=−1.05, 95% CI −1.76 to −0.34; P=.004). The improvement of children’s attention by “nonimmersive” VR technology was
statistically significant (Cohen d=−0.28, 95% CI −0.55 to −0.01; P=.04). VR technology had beneficial effects on both children
with an “informal diagnosis” (Cohen d=−1.47, 95% CI −2.35 to −0.59; P=.001) and those with a “formal diagnosis” (Cohen
d=−0.44, 95% CI −0.85 to −0.03; P=.03).

Conclusions: VR technology can improve attention and motor ability in children with ADHD. Immersive VR technology has
the best attention improvement effect for informally diagnosed children with ADHD.

T r i a l  R e g i s t r a t i o n :  P R O S P E R O  C R D 4 2 0 2 4 4 9 9 1 9 9 ;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=499199

(JMIR Serious Games 2024;12:e56918)   doi:10.2196/56918

KEYWORDS

virtual reality; VR; immersive technology; attention deficit hyperactivity disorder; ADHD; hyperactivity; attention deficit;
neurodevelopment; neurodevelopmental disorder; attention; motor ability; virtual reality technology

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of the
most common neurodevelopmental disorders in childhood,
featuring inattention, hyperactivity, or impulsivity that is not
commensurate with age and development level [1].
Epidemiology shows that 5% of children worldwide endure

ADHD, and the prevalence rate shows an upward trend. ADHD
has become one of the important problems in the field of
children’s mental health [2,3]. In addition, 45%‐70% of
children with ADHD still have motor ability problems. They
often show clumsiness and discordance in daily life, which
affects their performance in learning and motor activities, and
has adverse effects on their social ability, peer relationships,
and physical and mental health [4,5].
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As an integrated technology, virtual reality (VR) technology
can enable participants to interact with things in the virtual
world in real-time through realistic 3D vision, hearing, touch,
and other forms [6,7]. Serious games are a form of video games
that are not purely for entertainment but are often employed in
fields such as education and medicine for learning or
problem-solving purposes [8]. Serious games emphasize the
integration of educational elements, with the goal of specifically
enhancing certain abilities or skills. VR technology provides
dynamic and realistic new social contexts for serious games,
enriching their content. For instance, engaging in activities such
as role-playing as a dolphin trainer or learning a musical
instrument within a VR environment encourages patients to
actively explore and experience scenarios [9,10], thereby
improving attention and social motivation. VR technology has
many advantages in the field of children patients, such as
simulating their daily living environment, independently
evaluating the influence of interference factors, and promoting
the change of children’s cognition and behavior [11]. At present,
a multitude number of studies have shown that VR technology
can be used to evaluate children with ADHD [12-17]. In
addition, VR technology is also helpful for the rehabilitation of
children with ADHD [18-20]. Moreover, serious games based
on VR technology are also beneficial for the rehabilitation of
children with ADHD. Schena et al [21] conducted a VR game
intervention for children with ADHD for 6 months and found
that the hyperactivity, conflict, and executive function of
children were significantly improved. Weerdmeester et al [22]
conducted VR games for children with ADHD for 3 weeks. The
results also found that compared with the control group, VR
games had more advantages in improving ADHD children’s
attention and motor ability. In addition, Frolli et al [23] used
VR technology to learn the history of children with ADHD for
6 months, while the control group used traditional history
learning methods. The results showed that the learning
improvement of children with VR technology was more obvious.

By studying the previous literature, we found that there were
meta-analyses to explore the intervention effect of VR
technology on children with ADHD. Corrigan et al [24]
conducted a meta-analysis of seven studies and found that
immersive VR technology can improve ADHD children’s
attention, but did not further clarify the “dose-response
relationship” between intervention factors and attention
improvement effect. A meta-analysis by Romero-Ayuso et al
[25], which included 4 studies, found that VR technology had
selectivity and specificity in improving attention in children
with ADHD. In addition, there is no systematic study to evaluate
the effect of VR training on the motor ability of children with
ADHD. On this basis, this paper added new evidence to further
clarify the “dose-response relationship” between intervention
factors and attention improvement effect. Besides, we also
increased the outcome indicators of motor ability, and discussed
the impact of VR technology on children’s motor ability, to
provide evidence for clinical practice and theoretical reference
for researchers.

Methods

Research Framework
Based on the International Classification of Functioning,
Disability and Health classification system and framework, this
study followed the methods and requirements of the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement and Cochrane Workbook [26,27].
The research plan for systematically evaluating the impact of
VR technology on ADHD children’s attention and motor ability
has been registered on international system evaluation platform
PROSPERO [28] (crd42024499199). The PICO (Patient;
Intervention; Comparison, Control, or Comparator; and
Outcomes) framework of this study is shown in Multimedia
Appendix 1.

Literature Retrieval Strategy
Two researchers independently searched PubMed, Embase,
Cochrane Library, and Web of Science databases for randomized
controlled trials (RCTs) of VR technology on children with
ADHD. The retrieval date was from the establishment of each
database to January 4, 2023. The retrieval method adopted the
combination of subject words and free words, and used the
Boolean operation symbols “AND” and “OR” for combination
connection, which is determined after repeated preinspection.
If 2 researchers encountered disagreements, a third researcher
would join in the discussion and make joint decision. A
subsequent supplement was conducted to trace relevant
systematic reviews and references of included papers for those
not having been retrieved, and the specific retrieval strategy is
shown in Multimedia Appendix file. See Multimedia Appendix
2 for specific retrieval strategies.

Inclusion and Exclusion Criteria
Inclusion criteria were children (aged 5‐18 years) who were
formally diagnosed with ADHD and met the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V, DSM-IV, and
DSM-IV-TR) or ICD-10 (International Statistical Classification
of Diseases, Tenth Revision); people with ADHD diagnosed
without formal diagnosis, but showed ADHD symptoms, such
as inattention and hyperactivity disorder observed by outsiders.
The intervention group used VR technology, while the control
group did not use it. The outcome indicators meant the outcome
indicators of attention and motor ability. If there were two or
more data measuring attention at the same time in an included
article, we would select the data in the article that has the highest
use of frequency in other included articles. The outcome
indicators of attention include: continuous performance test,
Stroop color, Advanced Test of Attention, visual search task,
and Go-NoGo. Exercise capacity includes: graphomotor testing,
the Movement Assessment Battery for Children, and German
Motor Test.

Exclusion criteria were outcome indicators were inconsistent
or data could not be extracted, literature could not found;
nonrandomized controlled trial, or repeatedly published or
poorly evaluated literature.
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Literature Screening
Two researchers independently screened the literature according
to the inclusion and exclusion criteria. First, the retrieved
literature were imported into EndNote X9 (Clarivate) to
eliminate duplicate literature and read the titles and abstracts
of the literature for preliminary screening. Second, the full-text
reading of the screened literature was conducted for rescreening
to determine the final included literature. If two researchers
encountered disagreements, a third researcher would join in the
discussion and make joint decision.

Data Extraction
Two researchers extracted data independently. The extracted
information includes basic information (author, year of
publication, age, sample size, or diagnosis information),
intervention characteristics (intervention method, intervention
duration, intervention cycle, and intervention frequency), and
outcome indicators. If the data was missing or unclear, the
original author would be contacted through email. If 2
researchers extracted different information, a third researcher
would join in and made a joint decision.

Literature Quality Evaluation
Two researchers independently used PEDro scale to evaluate
the quality of literature [29]. In case of disagreement, a third
researcher would join in and made a joint decision. The scale
includes 10 items, such as “random allocation,” “allocation
concealment,” “baseline similarity,” “blinding of participants,”
“blinding of therapists,” “blinding of outcome assessment,”
“participation rate >85%,” “intention-to-treat (ITT) analysis,”
“intergroup analysis of statistical results,” and “point
measurement difference.” Score standard: 1 point for meeting
a certain standard; 0 point for not meeting the standard. The
total score of the scale was 10 points, <4 points meant low
quality, 4-5 points meant medium quality, 6-8 points meant
good quality, and 9-10 points meant high quality. This paper
only included literature with medium quality or above.

Evaluation of Outcome Evidence
GRADEPro software was used to evaluate the grade of outcome
evidence [30]. There are 5 evaluation items, including
limitations, inconsistencies, indirectness, imprecision, and
publication bias. Included literature were evaluated one by one
(none [not degraded], serious [1 grade reduced], very serious
[2 grades reduced]). Evidence was marked as 4 levels: high
quality, medium quality, low quality, and very low quality. The
results were presented in the evidence summary table. “High”:
very confident that the predicted value was close to the real
value; “Medium”: moderate confidence in the predicted value,
which may either be close to the real or differ greatly; “Low”:

the predicted value was limited, which may be very different
from the real value; “Extremely low”: the predicted value was
almost uncertain, and there was likely to be a big difference
between the predicted value and the real value. The level of
evidence is evaluated by two researchers independently. If two
researchers encountered disagreements, a third researcher would
join in the discussion and make joint decisions.

Statistical Analysis
The evaluation data extracted in this study were all change
values (posttest data minus pretest data or the data in the
intervention minus the pretest data), and the extraction form
was mean (SD). Stata (version 17.0) was used for effect size
combination, subgroup analysis, sensitivity analysis, and
publication bias. Due to the use of different evaluation tools,
standard mean difference was selected for effect size
combination, and point estimation and 95% CI were given.
When P<.05, the difference was statistically significant. Cohen
d was selected as the effect size, and Hedges [31] and Olkin
were used to correct the standard error to calculate the effect
size, P<.05 was statistically significant, <0.20 indicated a small
effect; 0.2‐0.49, a small-to-moderate effect; 0.50‐0.79, a
medium effect; and ≥0.80, a large effect [32]. If the
measurement unit included in the measurement tools had
different directions, multiply by −1 to ensure that the directions

of the units were consistent. Heterogeneity used Higgins’ I2

statistics [33]. It was divided into low (25%), medium (50%),
and high (75%) heterogeneity. If there was heterogeneity, the
random effect model would be used to merge the effect size,
and the source of heterogeneity would be discussed through
subgroup analysis and sensitivity analysis. Otherwise, the fixed
effects model would be adopted.

Results

Literature Search Results
The two researchers obtained 603 articles, among which 135
were from PubMed, 160 were from Cochrane, 50 were from
Web of Science, 255 were from Embase, and 3 were from other
sources. EndNote X9 has 415 articles remaining after removing
188 duplicate articles. Then, after reading the title and abstract,
351 irrelevant articles were excluded, thus leaving 64 articles.
Among them, 17 articles cannot be found. Therefore, full-text
reading was conducted on the final 47 articles, among which
there were 14 articles having inconsistent outcome indicators,
7 review articles, 5 other studies, 8 nonrandomized controlled
trial studies, and 4 articles that we were unable to obtain data
for. As a result, a total of 9 articles were included [22,34-41],
see Figure 1.
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Figure 1. Flowchart of literature screening. RCT: randomized controlled trial; WOS: Web of Science.

Characteristics of the Included Literature
A total of 9 articles were included (Table 1), published from
2001 to 2022, with a sample size of 201 in the intervention
group and 169 in the control group, aged 7‐15 years. The
authors of the literature come from France, China, Republic of
Korea, the Netherlands, Poland, and Switzerland. The
intervention methods of the intervention group included VR
games, VR cognitive training, and VR neural feedback training.
The intervention methods for the control group included drug
therapy, conventional therapy, and traditional neural feedback

training. The intervention duration lasted 10‐60 minutes, the
intervention cycle was 2‐12 weeks, and the intervention
frequency was not indicated in some studies, while in other
studies it was 1‐4 times per week. The outcome indicators of
attention were continuous performance test–omission, Advanced
Test of Attention–omission, visual search task–reaction time,
Go-NoGo false alarms and span backward task, and the outcome
indicators of motor ability were Movement Assessment Battery
for Children–Fine motor skills, German Motor Test–total and
graphomotor testing–mean stroke velocity.
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Table . Characteristics of included literature.

OutcomeIntervention
characteristics

Type of interven-
tion

Age (years),
mean (SD) (E/C)
or (E1/E2/C)

CountryDiagnostic typeSample size
(E/C) or

(E1/E2/C)a,b

Included

literature

CPT-omissionsd30 min, 2
times/wk, 6 wk

E: virtual class-
room cognitive
remediation

C:
methylphenidate

9.5 (1.2)/

8.4 (0.99)

FranceDSM-IV/c

formal diagnosis

16/16Bioulac et al

(2018) [20]

Stroop color,

GFT-meanf

stroke velocity

60 min, 3
times/wk, 12 wk

E: VRe games

C: conventional
therapy

8.38 (1.2)/

8.38 (1.31)

ChinaDSM-IV/

formal diagnosis

16/16Chang et al

(2022) [36]

VST-g reaction
time

30 min, 1
times/wk, 10 wk

E: Unlimited
neurofeedback
training in

13.29 (1.55)/

12.38 (1.70)/

12.60 (1.61)

PolandDSM-IV/

formal diagnosis

28/29/30Skalski et al

(2021) [37]

VR(A) environ-
ments or neuro-
feedback train-
ing in a limited
VR(B) environ-
ment:

C: Traditional
neural traditional
feedback train-
ing

CPT- omissions20 min, 4
times/wk, 2 wk

E: Neurofeed-
back training in
VR environ-

14‐18Republic of Ko-
rea

The participants

had ADHDh

symptoms; infor-
mal diagnosis

9/9Cho et al

(2004) [39]

ments; C: no in-
tervention

ATA-omissioni30 min, 6 wkE: VR games;

C: no interven-
tion

8‐10Republic of Ko-
rea

Psychological
diagnosis or for-
mal diagnosis

20/20Kim et al

(2020) [40]

CPT (omis-
sion）

20 min, 4
times/wk, 2 wk

E: VR cognitive
training; C: neu-
rofeedback train-
ing

13 (0.82)/14.67
(0.5)

Republic of Ko-
rea

The participants
had ADHD
symptoms; infor-
mal diagnosis

8/9Cho et al

(2002) [38]

CPT (omis-
sion）

10 min, 2 wkE: VR neurofeed-
back training;

C: no interven-
tion

—jRepublic of Ko-
rea

The participants
had ADHD
symptoms; infor-
mal diagnosis

10/10Lee et al

(2001) [41]

Go-NoGo- false
alarms, MABC-

15 min, 2
times/wk, 3 wk

E: VR games

C: conventional
therapy

9.84 (1.71)/9.69
(1.79)

NetherlandsVragenLijst; for-
mal diagnosis

37/36Weerdmeester et
al (2016) [22]

2-NL-k fine mo-
tor skill

Span backward
task or GMT-to-

talm

30 min, 3
times/wk, 8 wk

E: VR games

C: conventional
therapy

10.46 (1.30)/

10.39 (1.44)

SwitzerlandICD-10;l

formal diagnosis

28/23Benzing and
Schmidt

(2019) [34]

aE: experimental group.
bC: control group.
cDSM-IV: Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition).
dCPT: continuous performance test.
eVR: virtual reality.
fGFT: graphomotor function test.
gVST: visual search task.
hADHD: attention-deficit/hyperactivity disorder.
iATA: Advanced Test of Attention.
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jNot available.
kMABC-2-NL: Movement Assessment Battery for Children.
lICD-10: International Classification of Diseases, Tenth Revision.
mGMT: German Motor Test.

Literature Quality Evaluation
The 9 included literature all achieved “random allocation,”
“baseline similarity,” “withdrawal rate <15%,” “statistical
analysis between groups,” and “point measurement and variation
value.” Only 2 papers achieved “distribution hiding,” 2 papers
achieved “blinding of research objects,” 1 paper achieved

“blinding of evaluation,” 1 paper did not achieve
“intention-to-treat (ITT) analysis,” and all papers did not achieve
“blinding of therapists.” Further, 6 articles scored 6 points; 2
articles scored 7 points; 1 article scored 8 points. The average
score of the 9 articles was 6.44 (SD 0.68), showing relatively
good quality, as shown in Table 2.

Table . Methodological quality assessment of included literature.

TSk10j9i8h7g6f5e4d3c2b1aIncluded
literature

61111000101Bioulac et
al (2018)
[20]

81111100111Chang et
al (2022)
[36]

61111000101Skalski et
al (2021)
[37]

61111000101Cho et al
(2004)
[39]

61111000101Kim et al
(2020)
[40]

61111000101Cho et al
(2002)
[38]

61111000101Lee et al
(2001)
[41]

71101001111Weerd-
meester et
al (2016)
[22]

71111001101Benzing
and
Schmidt
(2019)
[34]

a1: allocation of randomization.
b2: allocation concealment.
c3: similarity baseline.
d4: participants were blinded.
e5: blinding of therapist.
f6: assessor blinding.
g7: more than 85% retention.
h8: intention-to-treat (ITT) analysis.
i9: between-group comparisons.
j10: point and variability measures.
kTS: total score.
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Meta-Analysis Results

Meta-Analysis of the Effect of VR Technology on
Attention in Children With ADHD
A total of 9 literature covering 10 study projects and 370 patients
discussed the intervention effect of VR technology on the
attention of patients with ADHD. Heterogeneity analysis

revealed an I2 value of 76.11%, indicating moderate
heterogeneity. Hence, the random effect model was used for
effect size combination. Meta results revealed a Cohen d of
−0.68 (95% CI −1.12 to −0.24, P<.001) and the difference was
statistically significant, indicating that VR technology could
improve the attention of patients with ADHD, as shown in
Figure 2.

To explore whether the heterogeneity between studies is caused
by a single study, sensitivity analysis was performed using Stata
(version 17.0). After eliminating each study one by one, the
estimated value of the effect size was still within the 95% CI
of the original effect size, so the result was relatively stable, as
shown in Figure 3.

To further explore the sources of heterogeneity, this study
conducted subgroup analysis on the intervention cycle,
intervention duration, and intervention methods that may cause
the sources of heterogeneity, as shown in Table 3.

The Begg test (Z=−1.25, Prob>| z |=.283) indicated no
publication bias, as shown in Figure 4.

Figure 2. Forest diagram of the effect of virtual reality technology on attention of patients with attention-deficit/hyperactivity disorder. REML: restricted
maximum likelihood.
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Figure 3. Sensitivity analysis of the effect of virtual reality technology on attention of patients with attention-deficit/hyperactivity disorder.

Table . Subgroup analysis of the impact of virtual reality technology on patients with attention-deficit/hyperactivity disorder.

P valueCohen d (95% CI)I 2Qa, P

1.59, .21Intervention cycle (wk）

.002–1.01 (–1.65 to –0.37)65.072‐6

.10–0.47 (–1.02 to 0.09)77.268‐12

1.90, .17Intervention duration
(min)

.01–1.13 (–1.96 to –0.31)71.6110‐20

.08–0.45 (–0.95 to –0.05)75.5130‐60

3.92, .05Intervention methods

.04–0.28 (–0.55 to –0.01)0Nonimmersive

.004–1.05 (–1.76 to –0.34)78.50Immersive

4.28, .04Diagnostic type

.03–0.44 (–0.85 to –0.03)70.92Formal diagnosis

.001–1.47 (–2.35 to –0.59)50.88Informal diagnosis

aQ: quotient effect size.
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Figure 4. Funnel diagram of the impact of virtual reality technology on patients with attention-deficit/hyperactivity disorder.

The intervention cycle did not affect the intervention effect
(Q=1.59, P=.21). The intervention cycle was divided into “2‐6
weeks” and “8‐12 weeks.” For “2-6 weeks” (Cohen d=−1.01,
95% CI −1.65 to −0.37; P=.002), the difference was statistically
significant; for “8‐12 weeks” (Cohen d=−0.47, 95% CI −1.02
to 0.09; P=.10), the difference was not statistically significant.

The intervention duration did not have a moderating effect on
the intervention’s effect (Q=1.90, P=.17). The intervention
duration was divided into “10‐20 minutes” and “30‐60
minutes.” A Cohen d of −1.13 (95% CI −1.96 to −0.31, P=.007)
indicated a statistically significant difference; a Cohen d of
−0.45 (95% CI −0.95 to −0.05, P=.08) indicated no statistically
significant difference.

The intervention methods had a moderating effect on the
intervention effect (Q=3.92, P=.048). The intervention methods
were divided into “nonimmersive” and “immersive” (Cohen
d=−0.28, 95% CI −0.55 to −0.01; P=.04), and the difference
was statistically significant (immersive: Cohen d=−1.05, 95%
CI −1.76 to −0.34; P=.004).

The diagnostic type had a moderating effect (Q=4.28, P=.04),
and was divided into “formal diagnosis” (Cohen d=−0.44, 95%
CI −0.85 to −0.032; P=.03) and “informal diagnosis” (Cohen
d=−1.47, 95% CI −2.35 to −0.59; P=.001), and the differences
were statistically significant.

Meta-Analysis of VR Technology on the Motor Ability
of Children With ADHD
A total of 3 study projects were conducted on 156 patients,
exploring the intervention effect of VR technology on the motor
ability of patients with ADHD. Heterogeneity results showed

that I2=20.82%, indicating no heterogeneity in our study.
Therefore, a fixed effects model was used for effect size
combinations. The meta-analysis revealed a Cohen d of 0.48
(95% CI 0.16-0.80, P<.001), and the difference was statistically
significant, indicating that VR technology could improve the
motor ability of patients with ADHD, as shown in Figure 5.

As only 3 studies included exercise ability analyses, not
exceeding 10 studies, no publication bias was conducted.

JMIR Serious Games 2024 | vol. 12 | e56918 | p.1252https://games.jmir.org/2024/1/e56918
(page number not for citation purposes)

Yu et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. Forest diagram of the impact of virtual reality technology on motor ability in patients with attention-deficit/hyperactivity disorder.

Evaluation of Outcome Quality Level
The GRADEpro software was adopted to evaluate the level of
outcome evidence. Since “limitations” and “inconsistency” were

downgraded, the quality of attention outcomes was rated as
“low.” Due to “limitations” and “imprecision,” the quality level
of motor ability outcomes is low, as shown in Table 4.

Table . Evaluation of outcome quality Level.

Quality of
evidence

Relative ef-
fect

(95% CI)

Number of participantsAssessment of evidence qualityRandom-
ized con-
trolled tri-
als

Outcome
indicators

Control
group

Experimen-
tal group

Publication
bias

Impreci-
sion

Indirect-
ness

Inconsisten-
cy

Limitations

Low–0.68,
(–1.12 to
−0.24)

169201NoNoNo1 grade re-

ducedb
1 grade re-

duceda
9Attention

Low0.48 to
(0.16 to
0.80)

7581No1 grade re-

ducedd
NoNo1 grade re-

ducedc
3Motor abili-

ty

aMost studies did not conduct allocation concealment and evaluation blinding, and all included studies were not blinded during conducting research.
bIntergroup homogeneity was high, and the included population was both formally diagnosed and informally diagnosed.
cAll included literature was not conducted evaluator blinding.
dThere are only three studies included, and the quantity is relatively small.

Discussion

Principal Findings
The meta-analysis revealed that VR technology can improve
the attention of children with ADHD. However, due to
limitations and inconsistencies, the outcome evidence level was
low. Moreover, VR technology can also improve the motor
ability of children with ADHD, and the level of outcome
evidence is also low due to limitations and inaccuracies.
Although all the literature included in this study were RCTs,
most of them were designed to achieve allocation concealment,
evaluation blinding, and researcher blinding, enhancing the
additional risk of misleading results and affecting the reliability
of the results. Moreover, the included participants may have
ADHD symptoms but have not been formally diagnosed, which
may lead to inconsistent results. In addition, there are only 3
studies on exercise ability, which also leads to insufficient
accuracy in the final results. In future research, on top of using
RCTs, efforts should be made to enhance allocation
concealment, researcher blinding, and evaluation blinding to
improve methodological quality.

The results of this study showed that compared to the control
group, VR technology can improve attention in children with
ADHD, with an effect size of 0.68. According to Cohen effect
size evaluation criteria, VR technology has a moderate effect,
which is consistent with previous reports [16,24,25]. This may
be due to the immersive, interactive, and imaginative
characteristics of VR technology, which allows children with
ADHD to attract their attention, maintain their concentration,
and improve their attention during long-term education and
training. In addition, we found that all 9 studies included serious
games, also known as educational games, which are digital
games designed to achieve educational, training, or therapeutic
goals in an engaging manner, thereby enhancing learners’ or
participants’ motivation and involvement [42]. Serious games
based on VR technology can improve patients’ perceptual
abnormalities and facilitate skill enhancement beyond the
intervention targets. For example, Weerdmeester et al [22]
designed a VR-based serious game where children role-play as
a small dragon through 3 levels: the first focuses on attention
and impulse control, the second on hyperactivity, and the third
on motor skills. However, this study found moderate
heterogeneity among the included literature, which may be
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caused by the intervention methods, intervention duration,
intervention cycle of VR technology, and the diagnostic type
of ADHD.

We found that the intervention methods of VR technology had
a regulatory effect on the attention of children with ADHD. The
“immersive” intervention method has the largest effect size
(Cohen d=−1.05), belonging to a large effect size, while the
“nonimmersive” intervention method has the smallest effect
size (Cohen d=−0.28), belonging to a small effect size. This
may be because “immersive” VR technology is a
computer-generated simulation world that needs to block the
user’s external environment [43], and typically participants are
brought into a virtual space using various head-mounted
displays. Due to the limitations of the external environment,
immersive VR technology can better replicate the cognitive
needs of the real world, and the training results obtained in these
environments are better than those obtained in nonimmersive
ones [44,45]. Meta-analysis also suggests that immersive VR
technology can improve attention in children with ADHD [24].
“Nonimmersive” VR technology, compared to “immersive”
intervention method, reduces the patient’s experience but leads
to decreased performance [46]. Nevertheless, it still provides
multisensory interactive experiences, such as the integration of
visual and auditory information, which aids in enhancing
pediatric patients’ overall sensory processing abilities and
attention control [47]. Goharinejad et al [17] also reported
similar results, in that VR and augmented reality can not only
effectively evaluate ADHD symptoms but also contribute to
the treatment of ADHD symptoms. The diagnostic type has a
moderating effect on attention in children with ADHD treated
with VR technology. The effect size of “informal diagnosis” is
the largest (Cohen d=−1.47), belonging to the large effect size
category, while the effect size of “formal diagnosis” is the
smallest (Cohen d=−0.44), belonging to small-to-moderate
effect size category. This is partially inconsistent with previous
research results. Corrigan et al [24] believed that immersive VR
technology had the best effect on improving the overall cognitive
function of children with formally diagnosed ADHD, while it
did not affect improvements in the cognitive function of children
without a formal diagnosis of ADHD. The reasons for the
different results may be as follows: (1) previous studies only
discussed immersive VR technology, while this study included
all types of VR technologies; and (2) previous subgroup analyses
focused on the overall cognitive function of children with
ADHD, while this study only focused on the subgroup analyses
of attention.

We also found that the intervention duration and intervention
cycle had no regulatory effect on ADHD children’s attention.
Previous studies have obtained similar results; for instance,
Corrigan et al [24] carried out a meta-regression analysis to
determine the association between the duration of a VR
intervention as a variable and the overall cognitive function of
ADHD, and found that the duration of intervention did not affect
the overall cognitive function of ADHD. Previous studies
conducted meta-analyses on children with cerebral palsy and
patients with depression, and the results also found that the
duration VR interventions did not adjust the effect size of upper
limb function and depression [48,49]. However, due to the

limited number of included literature, this result should be
treated with caution.

The results of this study show that compared with the control
group, VR technology can improve the motor ability of children
with ADHD, and the effect size was 0.48, which implies small
and medium effects. Although there is no systematic review to
explore the effect of VR on the motor ability of children with
ADHD, experimental studies have obtained similar results.
Shema-Shiratzky et al conducted a 6-week, three-times-a-week
VR cognitive and motor joint training for children with ADHD,
whose results showed that the gait of children with ADHD was
improved under the dual task [50]. Benzing and Schmidt [34]
conducted a VR game intervention for children with ADHD for
8 weeks, 3 times a week, and 30 minutes each time, and reported
that compared to the control group, VR game training could
improve the motor ability of children with ADHD. We found
that all the included studies on the evaluation of the motor ability
of children with ADHD used VR game training, and the
completion of VR game training required the participation of
children’s physical activities, which can change cerebral blood
flow, cause the release of serotonin and brain-derived
neurotrophic factor, promotes the increase of catecholamine
and proteinase, and then improve the core symptoms of children
with ADHD [51,52].

Strengths and Limitations

Strengths
This review followed highly recommended guidelines for
PRISMA [27]. Thus, it can be considered a transparent and
reproducible review. In comparison with other studies [48], this
research includes a greater number of RCTs and, for the first
time, uses GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) to assess the graded outcomes
of motor skills, thereby enabling researchers to draw more
precise conclusions. Furthermore, we explore factors regulating
attention in children with ADHD using VR (such as intervention
methods, duration, and diagnostic types), providing a theoretical
basis for developing VR interventions for children with ADHD.
Additionally, the attention outcomes of this study are not subject
to publication bias as we searched and included gray literature.

Limitations
The limitations of our study include the following. First, a small
number of publications was included, among which 9 articles
were about attention, and only 3 articles were about motor
ability. Second, the clinical heterogeneity mainly manifested
in age, and gender, while the heterogeneity in methodology
mainly manifested in the decision to conduct allocation
concealment, research blinding, and evaluation blinding, thus
reducing the reliability of the results. Finally, we did not conduct
publication bias due to the limited number of publications
included, and there may be small sample bias.

Implications for Future Research and Practices
In the future development of VR interventions for children with
ADHD, it is crucial to fully consider the diagnostic types and
intervention methods tailored to the individual characteristics
of children with ADHD. VR technology shows promise for both
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diagnosing and managing ADHD, but efforts should be made
to standardize assessment tools to enhance the reliability of
outcomes. The application of VR in ADHD is still exploratory
and developmental, and its economic costs warrant further
discussion. Additionally, large-scale RCTs should be conducted
with efforts toward achieving allocation concealment, researcher
blinding, and assessor blinding wherever possible, to substantiate
the impact of VR on attention and motor function in children
with ADHD.

Conclusions
VR technology can improve attention and motor ability in
children with ADHD. The immersive VR technology has the
best attention improvement effect for children with an informal
diagnosis of ADHD. Future studies should adopt a more rigorous
methodological design and include larger populations (eg,
multicenter clinical RCTs) to provide further evidence of the
beneficial effect of VR technology on children with ADHD.
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PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
VR: virtual reality
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Abstract

Background: With climate change, the number of natural disasters is increasing globally, and the resulting weather-related
events lead to increased loss of life and property. Meanwhile, the significance of disaster education is becoming increasingly
important. Despite natural disasters being hard to predict, people’s responses to such events can be improved by education and
training. Gamification, an innovative teaching method, has demonstrated great potential across various fields, including disaster
education.

Objective: We aimed to investigate the different application types of gamification in disaster education, focusing on nursing
staff, medical professionals, university students, and disaster relief workers. Specifically, the goal was to identify the types of
gamified teaching used in disaster education.

Methods: This scoping review was conducted according to the Joanna Briggs Institute methodology. The Participants, Concept,
Context (PCC) model was used to frame the inclusion criteria. We performed a systematic search of the relevant literature across
the Cochrane Library, PubMed, CINAHL, Embase, Web of Science, CNKI, Wanfang, VIPC, and SinoMed databases. Articles
published in Chinese and English were selected for the review. The search was conducted to identify literature published from
the establishment of the respective databases to April 21, 2024. Two researchers independently screened the literature according
to the inclusion and exclusion criteria and extracted the data.

Results: We included a total of 16 studies in this review, originating from 8 different countries. These studies involved 1744
participants: nursing students (n=451), medical students from other majors (n=420), college students (n=287), hospital decision
makers (n=264), hospital medical staff (n=262), and disaster relief workers (n=60). The gamification approaches for teaching
and learning encompassed the following 7 categories: tabletop games, serious games, scenario simulation games, virtual reality
and mobile games, theme games, board games, and escape room games. The objectives of the studies were diverse. Three studies
conducted randomized controlled trials, with only 1 performing a comparative analysis between different games. Two studies
carried out long-term outcome evaluations.

Conclusions: This scoping review explored 7 types of games for disaster education and provided evidence for future education
and training. Further research is needed to establish a long-term evaluation mechanism and a better game-based teaching program
to provide more insights into the future of disaster education.

(JMIR Serious Games 2024;12:e64939)   doi:10.2196/64939

KEYWORDS

disaster education; disaster; gamification teaching; scoping review; gamification

Introduction

Background
The changing climate has increased extreme weather events,
rendering global natural disasters more pronounced in terms of
frequency, intensity, and complexity. At the World Climate
Adaptation Summit 2021, UN Secretary-General Guterres
highlighted that over the past 50 years, weather, climate, and

water-related disasters have led to more than 110,000 incidents,
resulting in economic losses totaling up to US $3.6 trillion [1].
Various disasters present an unparalleled challenge to the
sustainable development of human societies. Comprehensive
solutions should be applied immediately to reduce economic
loss and guarantee the healthy development of human societies
[2]. Disaster education and training can help people partly solve
this problem by heightening disaster awareness and
preparedness, thereby strengthening their resilience to potential
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threats. Hence, disaster education is important in the face of a
global disaster crisis.

One study has noted that traditional disaster education methods
typically involve lectures or simulation exercises [3]. In recent
years, gamification teaching has gained increasing attention as
an innovative and interactive learning approach that has shown
great potential in various fields, such as driving skills training
and medical equipment operation [4]. This method effectively
reduces the cost and time of large-scale teaching by creating
teaching aids and gamified software that simulate real-life
scenarios and help beginners learn skills faster. Gamification
is simply defined as “the use of game design elements in
non-game environments to motivate learners by increasing
participation, granting autonomy, and allowing learners to
demonstrate competence, in line with self-determination theory”
[5-12]. Research has shown that gamification in medical
education has become popular due to its ability to enhance
cognitive abilities such as analytical thinking, spatial reasoning,
and memory retention [3]. Additionally, gamification is very
beneficial for learning knowledge [13].

Existing research has explored disaster education and training
for medical students, health care professionals, and university
students and found that most studies have incorporated gamified
teaching, which is undoubtedly a positive development.

However, these studies often focus on specific groups or types
of games, and a systematic understanding of the application
types and effectiveness of gamified teaching in disaster
education has not yet been discussed thoughtfully. Given the
limitations of the current research status, especially the lack of
a comprehensive literature review on the application types of
gamification in disaster education, this scoping review is
particularly important and urgent.

This review aims to collect and deeply analyze existing literature
by summarizing various types of games that have been adopted
in disaster education. Through this effort, we hope to provide
educators with a comprehensive perspective for understanding
the current application status of gamification in disaster
education.

Objective
The main objective of this scoping review is to map the different
application types and implementation of gamification in disaster
education. Thus, this review aims to conduct a statistical analysis
of recent research, which focuses on application types of
gamification teaching in disaster education, for nursing staff,
medical professionals, university students, and disaster relief
workers. Textbox 1 presents the review objective and questions
from scoping review protocols.

Textbox 1. Review objectives and questions from scoping review protocols.

Objectives

Identify the types of gamified teaching used in disaster education.

Review questions

What types of games are used in disaster education?

Participants

Nursing staff, medical professionals, university students, and disaster relief workers.

Concept

Game types for disaster education.

Context

Educational or clinical environments in any geographical location.

Methods

Design
The utilization of scoping reviews, which is the preferred
approach for synthesizing knowledge on the nature and scope
of the available evidence, may not be appropriate for a more
targeted and systematic review of the evidence due to its
inclusiveness [14]. Scoping reviews can be employed to
elucidate fundamental concepts and pinpoint knowledge gaps
in emerging areas of information [15]. As there is currently no
review discussing the types of gamification used in disaster
education, we aimed to perform a scoping review to answer our
research objectives. This review was conducted using the
rigorous procedures of the Joanna Briggs Institute (JBI)
methodology [16]. The report adhered to the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and

Meta-Analyses Extension for Scoping Reviews; Checklist 1)
[17].

Literature Search
The system conducted a comprehensive search of relevant
literature in reputable databases including the Cochrane Library,
PubMed, CINAHL, Embase, Web of Science, CNKI, Wanfang,
VIPC, and SinoMed databases. The selection of databases,
keywords, and relevant indexing (eg, Medical Subject Headings
[MeSH] and other database-specific search techniques) were
finalized in collaboration with the experienced librarian. The
full search strategy is presented in Multimedia Appendix 1. The
search was conducted to identify literature published from the
establishment of the respective databases to April 21, 2024.

Inclusion and Exclusion Criteria
This study utilized the 2020 JBI Australia’s updated scoping
review guidelines as a methodological framework [14]. The
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inclusion criteria were determined based on the principle of
Participants, Concept, Context (PCC; Table 1). Specifically,
the study focused on (1) participants, nursing staff, medical
professionals, university students, and disaster relief workers;
(2) concept, which was game-based instructional technology
interventions provided in various types of disaster teaching; (3)
context, which included game-based technology interventions

in schools, hospitals, and training institutions; (4) and literature
type, which was original research, including quantitative,
qualitative, and mixed studies. Some sources of evidence, such
as letters, conference abstracts, and news, were excluded because
they would not be appropriate or useful to answer the research
question.

Table . Inclusion and exclusion criteria.

Exclusion criteriaInclusion criteriaItem

All other professionsParticipant • Nursing services
• Medical professionals
• College Students
• Disaster relief workers

Not related to types of application of gamifica-
tion in disaster education

Context • Types of application of gamification

Not related to disaster educationConcept • Disaster education

Conference, abstracts, books, letters, news, etcType of studies • Original studies

Language issueLanguage • English, Chinese

Study Selection
The literature was imported into EndNote20 (Clarivate) for
organization and deduplication [18]. Two professionally trained
researchers defined the inclusion and exclusion criteria and
initially screened titles and abstracts for primary selection.
Full-text reviews for secondary screening were conducted
independently by one researcher, and any discrepancies were
resolved through discussion with a third party. Consensus for
the inclusion of articles was required from all researchers.
Information extracted was tailored to the research question,
including author, year, participants, sample size, concepts,
design/methodology, and key findings.

Data Charting
Before formally extracting the data, we completed two steps.
First, after discussions among the research group, a data
extraction table was formed according to the research purpose,
which was adapted from the JBI scoping review method [14].
Second, the form was pilot-tested by SB and HZ on three
randomly selected articles to ensure consistency. As the
percentage of agreement was over 90% for each pair, we
proceeded with data abstraction for the remaining articles and
resolved any conflicts through discussion. We extracted data
on the study’s first author, publication year, country of origin,
participants, context, concept, design/methodology, and key
findings.

Data Synthesis
After conducting search and selection processes, graphs and
tables were utilized to organize and summarize the study data.

First, the extracted data were analyzed using descriptive statistics
based on the characteristics of the study to report study
characteristics, participants, concepts, and findings. The
similarities and differences were then compared between the
different studies based on the extracted data. Second, the
Kirkpatrick model was used to evaluate the effectiveness of
using games in disaster education. The Kirkpatrick model for
evaluating training programs outlines four levels of evaluation
[19]. The first level assesses trainee satisfaction with the training
experience. The second level measures the trainee’s acquisition
of knowledge, skills, or experience resulting from the training.
The third level evaluates whether the trainee applies what they
have learned (behavioral change). The last level focuses on
outcomes to determine if the training positively impacts patient
outcomes [20]. The data in the evidence table were collected
based on the discussed topics. It is possible to synthesize any
data related to the type of gamified instruction used in disaster
education.

Results

Selection Process
A total of 1954 abstracts were sourced from the 9 databases.
First, the duplicates were removed, and 1640 records were
retained. Subsequently, 1515 documents were excluded based
on title and abstract screening. Full-text reviews were then
conducted, which narrowed down the selection to 125
documents. Finally, 102 articles were removed following the
study inclusion and exclusion criteria, and 16 articles were left
for the final review [21-36]. The study search and selection
process is shown in Figure 1.
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Figure 1. Literature screening process.

Study Characteristics
The author(s) name, participants, context, concept,
design/methodology, and key findings of the included studies
are summarized in Table 2. The examined articles were
published between 2010 and 2024. Out of 16 studies, the
majority of them (n=6) were conducted in China
[23-25,27,28,36]. The remaining studies were conducted in the
United States (n=2) [32,35], Germany (n=2) [22,34], Iran (n=2)
[29,31], Spain (n=1) [21], Korea (n=1) [30], the United Kingdom
(n=1) [26], and Malaysia (n=1) [33]. In total, 6 studies employed

a pretest and posttest design [21,23,30-33]: 3 studies used
randomized controlled trials [26,31,36]; 2 studies utilized a
pretest, posttest, and final test design [24,25]; and 1 study
adopted a single-group design [35]. The rest of the studies
presented education or training process reports [22,27,34,36].
Across the 16 studies, participants included nursing students
(n=451), medical students from other majors (n=420), college
students (n=287), hospital decision makers (n=264), hospital
medical staff (n=262), and disaster relief workers (n=60). The
number of participants per study ranged from 45 to 264,
resulting in a total of 1744 participants for this scoping review.

JMIR Serious Games 2024 | vol. 12 | e64939 | p.1262https://games.jmir.org/2024/1/e64939
(page number not for citation purposes)

Bai et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Basic characteristics of the included literature [21-36].

Key findingsDesign/MethodologyConceptContextParticipantsAuthors

Useful for medical
studies and high
knowledge retention

Knowledge pretest and
posttest

Tabletop gamesIn classFifth-year medical stu-
dents (n=108)

Castro Delgado et al
[21]

Positive participants
and good evaluation

Process report on train-
ing activities

Tabletop gamesIn classHospital decision mak-
ers (n=264)

Achatz et al [22]

An effective method
for disaster evacuation

Pretest and posttestTabletop gamesIn the emergency de-
partment

Emergency medical
staff (n=97)

Wang et al [23]

VR-MGBAs outper-
formed traditional lec-

Pretest, posttest, and
final test

VR-MGBAaIn the HELP and RES-
CUE curriculum

Nursing students
(n=167)

Hu et al [24]

tures in disaster evacu-
ation

An effective practice
tool for medical stu-

Pretest, posttest, and
final test

VR-MGBAIn disaster medicine
optional course

Third-year medical
students (n=131)

Hu et al [25]

dents to care for pa-
tients during natural
disaster

Serious game outper-
forms traditional meth-

Pragmatic controlled
trial

Serious gamesIn major incident medi-
cal management and
support courses

Doctors and nurses
(n=91)

Knight et al [26]

ods in enhancing learn-
ing and improving per-
formance

Innovative serious
games help to make

Questionnaire survey,
participant observation,
and interviews

Serious gamesIn counterfactual sce-
narios

Graduates majoring in
risk and disaster-relat-
ed fields (n=107)

Gao et al

[27]
disaster-reducing deci-
sions

Improved student disas-
ter prevention skills,

Posttest and question-
naire evaluation

Serious gamesIn-flood disaster educa-
tion class

Students (n=67)Tsai et al [28]

learning interest, self-
awareness, and civic
responsibility

An effective method
for nursing students to

A pretest and posttest
quasi-experimental
study

Theme gamesIn classThird-year nursing stu-
dents (n=60)

Masoumian Hosseini
et al [29]

improve their knowl-
edge and skills of crisis
management

Improved disaster re-
lief worker skills, self-

A single-blinded trialSimulation gamesIn classDisaster relief workers
(n=60)

Choi and Song [30]

efficacy, and problem-
solving

Enhanced learning sus-
tainability

Pretest and posttestScenario simulation
games

In classNursing students
(n=120)

Masoumian Hosseini
et al [31]

Improved learner
knowledge and confi-

Cross-sectional
prospective study,
pretest, and posttest

Scenario simulation
games

In emergency depart-
ment

Medical students and
emergency medicine
residents (n=68)

Gue et al [32]

dence in managing real
mass casualty incidents

Improves nursing stu-
dent disaster nursing

A randomized con-
trolled trial

Theme gamesIn classSophomore nursing
students (n=104)

Ma et al [36]

competence than sce-
nario simulation

A potential tool for in-
structional activities

Pretest and PosttestBoard gamesIn classMedical students
(n=113)

Chew et al

[33]

A high acceptance
method for disaster
medical education

Process report on train-
ing activities

Board gamesIn classDoctors and nurses
(n=74)

Drees et al

[34]

JMIR Serious Games 2024 | vol. 12 | e64939 | p.1263https://games.jmir.org/2024/1/e64939
(page number not for citation purposes)

Bai et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Key findingsDesign/MethodologyConceptContextParticipantsAuthors

A potential method to
increase student
knowledge of disaster
preparedness

Single group testingEscape room gamesIn classCollege students
(n=113)

Novak et al [35]

aVR-MGBA: virtual reality mobile game–based app.

Types of Gamification Instruction
All 16 studies presented either subjective or objective findings.
Table 3 lists the types of gamified teaching and the number of
articles for each type.

Table . Types of gamification.

ReferenceNumber of literatureGamification teaching type

[21-23]3Tabletop games

[25,26]3Serious games

[30-32]3Scenario simulation game

[24,25]2VR-MGBAa

[29,36]2Theme games

[33,34]2Board games

[35]1Escape room games

aVR-MGBA: virtual reality mobile game-based app.

Tabletop Games
Three studies have applied tabletop games to disaster education
practice and skill enhancement [21-23]. As a study found, for
fifth-year undergraduates majoring in public health and
preventive medicine, the use of tabletop games in large-scale
casualty events has a very high knowledge retention rate, and
students believe that this method is very useful for medical
research. For hospital decision makers, using tabletop games
in triage management can improve their triage and treatment
speed. Integrating tabletop games into disaster education for
emergency department medical staff can enhance their sense of
presence and realism, as well as improve their collaboration.
This reflects the transformation of disaster education from theory
to practice, as well as the educational philosophy of enhancing
disaster response capabilities through practice.

Serious Games
Three studies have employed serious games to enhance disaster
education awareness and develop decision-making abilities
[26-28]. For college students and medical undergraduates,
serious games can enhance their disaster awareness and sense
of civic responsibility as well as help them learn how to make
effective decisions to reduce disaster risks. A study suggests
that compared to traditional teaching, using serious games in
disaster education can improve the decision-making ability of
medical staff in large-scale casualty events [26].

Scenario Simulation Games
Three studies have applied scenario simulation games to enhance
practical skills and coping abilities in disaster education [30-32].
Different categories of staff (eg, disaster relief personnel,

emergency resident physicians, and nursing students) can
conduct practical exercises in simulated disaster environments,
enhancing their disaster response capabilities, confidence in
managing complex situations, and performance in disaster. This
method emphasizes enhancing practical skills and coping
abilities through simulating real scenarios, which is very
important for disaster education. However, researchers also
pointed out that gamification can improve cognitive load and
student performance, but it may increase extraneous cognitive
load [37]. Therefore, scenario simulation games should not be
considered stand-alone teaching methods, and games contribute
to learning when used in conjunction with instruction [31].

Virtual Reality Mobile Game-Based Apps
Two studies have used virtual reality mobile game-based apps
(VR-MGBAs) in disaster education technology to innovate and
explore new teaching modes [24,25]. By combining VR-MGBAs
with disaster education, a study was conducted to evaluate the
effectiveness of this teaching method [25]. VR-MGBAs provide
an immersive learning experience for nursing students,
becoming an effective tool for learning disaster medicine,
especially patient surge management. Moreover, the
effectiveness of this teaching model has also been proven to be
superior to traditional lectures in disaster evacuation
management education and training. These studies demonstrate
the potential of technological innovation in disaster education
and provide useful references for the innovation and exploration
of disaster education models.

Theme Games
Two studies have applied theme games to optimize teaching
methods and evaluate their effectiveness in disaster education
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[29,36]. One of the studies evaluated the effectiveness of
different teaching methods (theme games and scenario
simulations) in improving the disaster nursing abilities of
nursing students [36]. The results indicate that using theme
games for teaching can effectively improve behavioral fluency
and ability in crisis management, and it is even more effective
than scenario simulation to some extent. This reflects the
importance of optimizing teaching methods in disaster
education, that is, by constantly exploring and comparing
different teaching methods, we can find the most suitable
teaching mode for students’ needs and learning outcomes,
thereby improving the overall quality of disaster education.

Board Games
Two studies have employed board games to enhance the
interactivity of disaster education [33,34]. Researchers have
found that this form of game has a positive effect on enhancing
the participation and learning outcomes of medical staff and
students. For medical staff, board games are considered very
suitable for disaster education because they can convey complex
disaster response knowledge in a relaxed and interesting way.
For medical students, board games can enhance their sense of
participation in disaster classrooms, making the learning process
more vivid. This reflects the concept of integrating education
with entertainment, which increases the fun and interactivity of
learning through gamified teaching methods, thereby enhancing
students’ interest and enthusiasm for learning.

Escape Room Games
A study has used escape room games for specific disaster
categories in disaster education [35]. For college students,
escape room games in earthquake disaster teaching can enhance
students’ disaster preparedness knowledge.

Discussion

Principal Results
From the establishment of the database until April 21, 2024, 16
studies and 7 different types of games were identified,
highlighting the current lack of research on the application of
gamified teaching in disaster education.

A total of 3 articles utilized tabletop games for instruction
[21-23], 3 used situational simulation games [30-32], and 3
studies used serious games for teaching [26-28]. The remaining
studies covered VR-MGBAs, theme games, board games, and
escape room games [24,25,29,33-36]. The diverse purposes of
the studies resulted in varied content designs and evaluation
metrics. For instance, tabletop games teaching in mass casualty
incident (MCI) response scenarios enhances knowledge retention
and skill acquisition related to MCI response [21]. Situational
simulation games boost learners’ confidence in managing real
MCIs [32]. VR-MGBAs are effective in disaster medicine
education and training, particularly for evacuation management
scenarios [24,25]. Scenario-based simulation games improve
disaster response competencies, including response-ability and
knowledge [30]. Theme game instruction is more effective than
scenario-based simulation in enhancing nursing students’
disaster response competencies [36]. The escape room games
intervention has the potential to increase college students’

knowledge of disaster preparedness [35]. Additionally, board
games were as effective as tabletop games in promoting
interactive participation, suggesting their potential as an adjunct
to instructional activities [34].

These studies collectively demonstrate the potential of gamified
teaching in disaster education, emphasizing the importance of
enhancing students’practical skills and coping abilities through
practice and simulation of real-life scenarios. In addition, these
studies also indicate that by continuously exploring and
comparing different teaching methods, the most suitable
teaching mode for students’ needs and learning outcomes can
be found, thereby improving the overall quality of disaster
education. Researchers have also highlighted some challenges
of gamified teaching in disaster education, such as the excessive
number of students per group; the significant investment in
resources, time, and energy; the limitations of the game scene;
and its low potential for dissemination [21,22,27,32,36].

Establishment of a Long-Term Evaluation Mechanism
The 16 literature pieces reviewed in this study vary in their
description of the Kirkpatrick model levels. Four studies focused
on immediate participant responses to gamification instruction
[22,27,28,36], in line with the first level of the Kirkpatrick
evaluation model. These studies showed that participants
generally expressed high satisfaction with the gamification
disaster education experience, indicating their acceptance and
enjoyment of this type of instruction. Six studies utilized a
pretest-posttest design [21,23,30-33], in line with the second
level of the Kirkpatrick evaluation model. Additionally, only 2
studies utilized a pretest-posttest–final test design [24,25] to
evaluate long-term effects, including 1 month after the posttest
and the final test (6 weeks), in line with the fourth level of the
Kirkpatrick evaluation model. These results indicate that future
research should focus on the long-term effects of gamification
instruction in disaster education. In summary, future research
should comprehensively apply the Kirkpatrick model [19],
assessing not only participant satisfaction and short-term
learning outcomes but also behavioral change and long-term
effects to ensure the effectiveness and sustainability of
gamification instruction in disaster education. This will optimize
gamification teaching strategies and make them more useful in
disaster education.

Comparison of Different Games
Gamification teaching methods are widely utilized in disaster
education, including tabletop games, VR-MGBAs, serious
games, themed games, scenario-based simulations, escape
rooms, and board games, each offering unique benefits. These
findings align with previous studies on game-based education.
For example, VR-MGBAs provide immersive experiences [38],
serious games drive learning through stories [39], while scenario
simulations and escape rooms simulate real-life situations,
enhancing students’ practical abilities [40]. However, existing
studies have primarily focused on a single type of game, with
only one study utilizing a randomized design experiment to
compare the effectiveness of situational simulation games and
thematic games in enhancing nursing students’ disaster-coping
skills [30]. The rest of the studies did not compare these game
approaches. Therefore, future research should focus on
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conducting a systematic comparative analysis of these game
approaches to reveal differences in their actual effectiveness in
disaster education and provide more evidence for the use of
gamification in disaster education in the future.

Impact on Disaster Education
All of the included studies indicate that the application of
various types of games significantly improves learners’ retention
of knowledge, ability to cooperate, sense of presence, realism,
awareness of disasters, decision-making ability, practical skills,
and coping ability in disaster education. This demonstrates the
effectiveness and potential of gamified learning in disaster
education. From traditional tabletop games to modern virtual
reality technology, various forms of gamified teaching methods
not only enrich the teaching process but also enhance students’
interest and enthusiasm for learning. This diversity and
innovation provide novel ideas and directions for disaster
education. Although gamified learning has shown significant
advantages in disaster education, research suggests that it should
be combined with other teaching methods to achieve better
learning outcomes. For instance, scenario simulation games can
be integrated with lectures, and virtual reality mobile games
can be combined with group discussions or case studies. This
diversified teaching approach can fully leverage the advantages
of different teaching methods and provide students with a
comprehensive and in-depth learning experience.

Finally, it is worth noting that the majority (12/16, 76%) of
identified intervention studies did not have a control group,
which makes it challenging to draw clear conclusions about the
effectiveness of various gamified teaching methods.

Limitations
Despite this study’s strengths, some of its limitations must be
acknowledged. First, its scope was limited to peer-reviewed

literature, excluding gray literature and non-original research
omitted for practical reasons. In addition, only 5 English
databases and 4 Chinese databases were searched, and 7 articles
were not accessible in full text due to payment reasons, which
may lead to missing relevant research results published in other
databases. However, we have made efforts to minimize this
limitation by using comprehensive search strings and utilizing
literature-sharing platforms. For future reviews, a more
comprehensive approach should be taken to assess more
outcomes that may not be included in publications. Second, the
quality of the included literature was not assessed, which
precludes any conclusions on the effectiveness of gamification
instruction. Third, language constraints also limited the search
to Chinese and English literature, potentially resulting in relevant
sources being missed. The purpose of this study was to provide
a broad overview of the existing literature on the types of games
used in disaster education, which can be a precursor to a
systematic review. Future studies can narrow their focus to
enable the use of the meta-analysis method. Despite these
limitations, this review provides insight into the types of games
used in disaster education that may be useful for future disaster
education.

Conclusion
This scoping review explores 7 game types used in disaster
education and provides evidence for future disaster education
and training, which will help to improve the ability and
knowledge of nursing staff, medical professionals, university
students, and disaster relief workers to cope with different types
of disaster situations. Further research is needed to determine
the evaluation of the long-term effectiveness of games in disaster
education, conduct comparative analyses between different
games, and develop more accurate training programs for more
insights into future disaster education.
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Abstract

Background: Artificial intelligence (AI) and game-based methods such as serious games or gamification are both emerging
technologies and methodologies in health care. The merging of the two could provide greater advantages, particularly in the field
of therapeutic interventions in medicine.

Objective: This scoping review sought to generate an overview of the currently existing literature on the connection of AI and
game-based approaches in health care. The primary objectives were to cluster studies by disease and health topic addressed, level
of care, and AI or games technology.

Methods: For this scoping review, the databases PubMed, Scopus, IEEE Xplore, Cochrane Library, and PubPsych were
comprehensively searched on February 2, 2022. Two independent authors conducted the screening process using Rayyan software
(Rayyan Systems Inc). Only original studies published in English since 1992 were eligible for inclusion. The studies had to
involve aspects of therapy or education in medicine and the use of AI in combination with game-based approaches. Each publication
was coded for basic characteristics, including the population, intervention, comparison, and outcomes (PICO) criteria; the level
of evidence; the disease and health issue; the level of care; the game variant; the AI technology; and the function type. Inductive
coding was used to identify the patterns, themes, and categories in the data. Individual codings were analyzed and summarized
narratively.

Results: A total of 16 papers met all inclusion criteria. Most of the studies (10/16, 63%) were conducted in disease rehabilitation,
tackling motion impairment (eg, after stroke or trauma). Another cluster of studies (3/16, 19%) was found in the detection and
rehabilitation of cognitive impairment. Machine learning was the main AI technology applied and serious games the main
game-based approach used. However, direct interaction between the technologies occurred only in 3 (19%) of the 16 studies. The
included studies all show very limited quality evidence. From the patients’ and healthy individuals’ perspective, generally high
usability, motivation, and satisfaction were found.

Conclusions: The review shows limited quality of evidence for the combination of AI and games in health care. Most of the
included studies were nonrandomized pilot studies with few participants (14/16, 88%). This leads to a high risk for a range of
biases and limits overall conclusions. However, the first results present a broad scope of possible applications, especially in
motion and cognitive impairment, as well as positive perceptions by patients. In future, the development of adaptive game designs
with direct interaction between AI and games seems promising and should be a topic for future reviews.

(JMIR Serious Games 2024;12:e48258)   doi:10.2196/48258
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Introduction

Background
Artificial intelligence (AI) and serious games are both relevant
topics in the health sector, and the body of studies and literature
is continuously growing. Interestingly, in terms of the research
landscape, the 2 topics are not connected; rather, existing
research views them independently.

The use of games for educational and serious purposes is nearly
as old as the history of humankind and is an integral part of our
culture [1]. In 1970, Abt [2] used the term “serious games” for
the first time in his book with the same name. Sawyer and Smith
[3] take a broad definition and consider serious games as “any
computerized game whose chief mission is not entertainment
and all entertainment games which can be reapplied to a
different mission other than entertainment.” What serious games
have in common is that they pursue a concrete (pedagogical)
intention and aim to provide information on a specific topic (eg,
health) that is accessible in an entertaining and interactive way
to deepen competencies or to achieve a change in behavior [4].

Serious games for health can be used in the fields of medical
diagnostics, therapy, and prevention, as well as health promotion
and medical or patient education [5]. From a didactic and
learning psychology perspective, the effect of serious games is
based on the integration of the motivating and multimedia
aspects of computer and video games. Serious games can
increase engagement, motivation, enthusiasm, and interest [6,7].
There are several existing use cases in health contexts [8-11].
One example is the game EndeavorRx. In 2020, the US Food
and Drug Administration permitted its marketing as the first
game-based digital therapeutic device to improve attention
function in children with attention-deficit/hyperactivity disorder
(ADHD) [12]. The game Re-Mission was developed for children
with cancer and showed good results regarding compliance and
the understanding of disease-related issues in the target group
[13]. EMERGE is a simulation game that recreates an
emergency department in real time to improve the clinical
reasoning skills of physicians [14].

Next to serious games, gamification has emerged as a major
trend in the health sector, which is reflected in a growing number
of publications, including several meta-analyses [15-17]. The
most used definition of this concept is “the use of game design
elements in non-game contexts” [18]. The motivational effect
of the game elements can be explained in different ways. Sailer
et al [19] established the link between various gamification
elements (eg, points, leaderboards, and badges) and the
self-determination theory proposed by Ryan and Deci [20]. As
a theory of motivation, this defines three universal psychological
basic needs that determine human action: (1) competence, (2)
autonomy, and (3) social inclusion. If ≥1 of these needs are
addressed (eg, through gamification elements), this has positive
effects on behavior and its determinants [19]. In the health
sector, there are numerous studies that have demonstrated the

effects of using gamification on motivation, performance,
engagement, health, and well-being status [5,21,22].

According to Westera et al [23], computer games have been
linked with AI since the first computer was programmed to play
chess [24]. New AI methods have been used in computer games,
for instance, to generate levels, scenarios, and storylines; to
balance complexity; or to add intelligent behaviors to nonplayer
characters (NPCs) [25]. However, over the years, various authors
have pointed at the marginal penetration of academic game AI
methods in industrial game production [26]. AI techniques will
become indispensable to coordinate the ever-growing
complexity and dynamics of games [23]. AI-driven adaptation
and assessment systems are used to offer learner-centered
environments [27]. As an example, NPCs controlled by AI can
adapt to the behavior of the gamer and can enrich immersive
and challenging experiences within the game play.

When transferring these principles to health care, the interaction
between AI and games could provide a benefit, especially in
the management of chronic diseases, which most game designs
already target. The possibility to quickly adapt to new
game-generated data or performance and provide live feedback
could lead to more individual and thus more patient-centered
game design in both illness detection and treatment. This could
increase motivation and engagement for patients, leading to
higher therapy adherence through more personal involvement.
The vast body of evidence in the field of serious games and
gamification, along with the growing body of evidence in the
use of AI, may thus form a new field of research.

Scope
Therefore, this scoping review sought to generate an overview
of the currently existing literature on the interaction of AI and
game-based approaches in health care. At this point, to the best
of our knowledge, this is the only review that targets this
interaction.

The primary objective was to analyze the current body of
evidence based on (1) the disease or health issue being
evaluated, (2) the process of care in which these projects are
located, and (3) the kind of AI and type of game-based approach
used and the interaction of both techniques.

A secondary objective was to obtain an overview of publications
on the interaction of AI and game-based approaches such as
serious games, gamification, commercial games, and game
periphery. Another secondary objective was to analyze the
quality of the existing studies in this field regarding their grade
of evidence and the conducted study types.

Methods

Overview
For this scoping review, we applied the PRISMA-P (Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols; Figure 1) guidelines [28]. Furthermore, we used the
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recommendations of the Cochrane Consortium for conducting
systematic reviews and the RefHunter website as guidance [29].

Before starting the review process, we defined the inclusion
and exclusion criteria (Textbox 1).

Figure 1. PRISMA-P (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols) flow diagram.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Article type: original study, journal article, or conference paper

• Article scope: articles report the use of artificial intelligence (AI), machine learning, and deep learning in combination with game-based approaches
(serious games, gamification, and game-based-learning)

• Health profession: medicine

• Area of application: articles that conducted research in the field of education, therapy, and health

• Language: English

• Publication period: last 20 years

Exclusion criteria

• Article type: opinion, commentary, or letter to the editor

• Article scope: not related to AI and game-based approaches

• Health profession: other than medicine

• Area of application: not related to health and medicine

• Language: not in English

• Publication period: published >20 years ago

For this review, we conducted the following steps:

1. Literature search
2. Title and abstract screening
3. Content screening
4. Further in-depth screening (snowballing method and asking

colleagues)

Step 1: Literature Search
We applied the search terms primarily in the database PubMed
on February 2, 2022. We tested and honed different search terms
and Boolean operators (Multimedia Appendix 1) until
sufficiently fitting results seemed to have been obtained (n=305).
The final search term was defined as follows:

[“game” OR “gamification”] AND “artificial intelligence”
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The search was extended to more open databases to assess
studies that target AI and serious games in medicine-related
research areas or interprofessional approaches that may include
medical professions and in more technically oriented databases
such as IEEE Xplore [30] to include papers from informatics
and engineering with a focus on technical issues.

The same search term ([“game” OR “gamification”] AND
“artificial intelligence”) AND “artificial intelligence”) was used
for IEEE Xplore (n=98), Cochrane Library [31] (n=25), and
PubPsych [32] (n=89). In Scopus, the search term used in the
other databases showed fewer results and were modified to
extend the range of hits (“serious” AND “game” AND “artificial
intelligence”; n=41).

In addition, we conducted a search in Google Scholar [33].
However, the results from Google Scholar were not precise
enough for inclusion in a review, which is consistent with the
results of several studies [34-36].

After deduplication using Rayyan software (Rayyan Systems
Inc), the combined search in these databases identified 545
(97.7%) publications out of the initial 558 identified. We then
performed a manual deduplication, which resulted in 60 (11%)
of the 545 publications being excluded; thus 485 (89%)
publications remained (Multimedia Appendices 1 and 2;
Multimedia Appendix 3 [37-51]).

Step 2: Title and Abstract Screening
For the second step of the scoping review (title and abstract
screening), we used Rayyan software. The results from the

literature search were transferred to the citation software Zotero
(version 5.0.85; Rayyan) and to Rayyan software [52]. This
software automatically identified duplicates. After iterative
deduplication, the publications were subjected to manual
screening. The first screening step was conducted using Rayyan
and permitted publication inclusion based on their titles and
abstracts. Given the volume of the publications to be screened,
the title and abstract screening was distributed among 2 authors
of this paper (JS and DT). To ensure the uniformity of the
screening, the authors conducted several training sessions in
Rayyan with the coreviewers. In addition, the authors randomly
double-checked some of the excluded publications (25/485,
5.2%) to warrant the consistency of the screening by the other
reviewer. This step was conducted independently by both
researchers and was followed by a discussion of the results
between the 2. As all analysis steps were conducted
independently by the 2 researchers, a discussion of differently
categorized literature (marked as “Conflict” in Rayyan) and
subsequent adaptation were necessary in this step. Overall, only
a few adjustments were necessary, and a good agreement
between the 2 researchers could be reached. Possible conflicts
and all included articles were discussed with a third team
member (SK). The data generated by Rayyan can be found in
Multimedia Appendix 2.

Step 3: Content Screening
After the primary screening, full-text publications were screened
by the 2 lead authors. Toward this end, a table was prepared to
compile relevant information (Textbox 2).

Textbox 2. Information compiled for full-text screening.

Relevant details obtained

• Authors, year, title, journal, and digital object identifier (DOI)

• Study type (according to Röhrig et al [53])

• Population, intervention, comparison, and outcomes (PICO) criteria

• Subject (topic of the study)

• Level of evidence (according to the Oxford Centre for Evidence-Based Medicine: Levels of Evidence [54])

• Disease or health issue

• Level of care (prevention, diagnostics, therapy, rehabilitation, nursing, organization or monitoring, and other [55])

• Game variants (serious games, gamification, games, and game controller or periphery)

• Artificial intelligence (AI) technology (machine learning, deep learning, and AI [not further specified])

• Function type (promoting health literacy, analysis and cognition, indirect intervention, direct intervention, documentation of health and medical
history, organization and administration, and purchasing and supply) [56]

Some of the studies (4/16, 25%) showed an overlap among
different categories (eg, in level of care). In these cases, double
classifications were performed. All eligible studies were
categorized and coded in detail (Multimedia Appendix 3
[37-51]).

Step 4: Further In-Depth Screening (Snowballing
Method and Asking Colleagues)
After conducting the scoping review, we additionally used the
“snowballing” approach described by Greenhalgh and Peacock
[57], who have stated that in reviews of complex and

heterogeneous evidence, formal protocol-driven search strategies
may fail to identify important evidence. Informal approaches
such as browsing and asking colleagues can substantially
increase the efficiency of search efforts. Snowballing methods
such as pursuing references of references and electronic citation
tracking are very useful for identifying high-quality sources in
obscure locations. Therefore, to validate the results of the
review, the 2 reviewers searched the literature references used
in meta-analyses, reviews, and papers that were closely related
to the topic of the search. In addition to using the snowballing
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method, the method of asking colleagues, as recommended by
Greenhalgh and Peacock [57], was applied as a last step.

Results

Overview
When applying the aforementioned search terms, we initially
identified 335 studies on the topic of games and the use of AI
in health care in the last 20 years. The subsequently performed
step of title and abstract screening reduced the number of the
initially identified studies from 335 to 47 (14%). In the next
step, assessing the actual full-text literature, of the 47 papers,
3 (6%) were excluded because their full text was not in English,
and the aforementioned inclusion and exclusion criteria were
applied to the remaining 44 (94%). After the full-text screening,
10 (23%) of the 44 papers met all inclusion criteria. Using the
snowballing method, 1 additional paper could be identified.
Asking colleagues revealed 5 additional papers, which led to
an overall total of 16 eligible papers (Figure 1). Not all criteria
showed hits (eg, function type showed hits only in 2 categories,
whereas level of care showed no hits in nursing).

Categories

Overview
The eligible papers showed a clear emphasis on certain
categories (Table 1). Regarding the targeted diseases, the field

of motion impairment was investigated the most (5/16, 31%).
Cognitive impairment was targeted in 19% (3/16) of the studies,
phantom limb pain or limb absence in 19% (3/16), rheumatoid
arthritis in 13% (2/16), cancer in 6% (1/16), and ADHD in 6%
(1/16). The primary focus on rehabilitation (10/16, 63%) was
the most compelling. Of the 16 studies, 5 (31%) took place in
the field of prevention, 4 (25%) in the field of diagnostics, and
1 (6%) in a nonrehabilitation therapeutic context (4 double
assignments).

Most of the studies (12/16, 75%) applied machine learning as
the AI technology, and 13% (2/16) used deep learning, whereas
the remaining studies (2/16, 13%) did not specify the AI
technology. Most of the studies (11/16, 69%) used a serious
game, whereas 19% (3/16) used a commercial games approach.
Despite the highly increased use of gamification in health and
education, of the 16 studies, only 1 (6%) specifically used
gamification to improve the motivation of patients, and 1 (6%)
used game design–like interactions.

We further clustered and outlined the eligible papers according
to the targeted disease (Table 2). A more detailed description
of every included publication with a more specific outline of
the use of AI and game variant can be found in Multimedia
Appendix 4 [37-51].
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Table 1. Categories.

Studies, n (%)Category

Disease or health topic (n=16)

5 (31)Motion impairment

3 (19)Phantom limb pain or limb absence

3 (19)Cognitive impairment

2 (13)Rheumatoid arthritis

1 (6)Cancer

1 (6)Attention-deficit/hyperactivity disorder

1 (6)Other

Function type (n=16)

9 (56)Direct intervention

7 (44)Analysis and cognition

Level of care (n=20a)

5 (25)Prevention

4 (20)Diagnostics

1 (5)Therapy

10 (50)Rehabilitation

AIb technology (n=16)

12 (75)Machine learning

2 (13)Deep learning

2 (13)AI (not further specified)

Game variant (n=16)

11 (69)Serious games

1 (6)Gamification

3 (19)Games

1 (6)Game periphery

aA total of 4 studies showed an overlap between prevention and diagnostics and were double classified, resulting in an overall total of 20 studies.
bAI: artificial intelligence.
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Table 2. Overview of included papers, structured by disease or health topic.

Game variantAIb technol-
ogy

Function typeLevel of careLevel of

evidencea
Study designSubjectTarget group

(participants, n)
Authors; year

Disease or health topic: motion impairment

GamesMachine
learning

Direct interven-
tion

Therapy3bCase control
study

Noninvasive
balance training

Patients (48)Yeh et al [43];
2014

GamesDeep learn-
ing

Analysis and
cognition

Rehabilita-
tion

5Quantitative,
proof of con-
cept

Electromyogra-
phy-controlled
knee exoskele-
ton

Healthy individ-
uals (8)

Lyu et al [44];
2019

Serious gamesDeep learn-
ing

Direct interven-
tion

Rehabilita-
tion

4Case seriesReal-time hand
gesture recogni-
tion

Patients (15)Nasri et al
[45]; 2020

Game con-
troller or pe-
riphery

AIDirect interven-
tion

Rehabilita-
tion

5Proof of con-
cept

Game con-
troller–based
telerehabilita-
tion

Healthy individ-
uals (2)

Burdea et al
[42]; 2021

Serious gamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

4Case seriesGait analysis
and waist mo-
tion capture

Patients (5)Zhang et al
[46]; 2021

Disease or health topic: phantom limb pain or limb absence

GamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

4Quantitative
clinical trial

Phantom motor
execution

Patients (14)Ortiz-Catalan
et al [47];
2016

Serious gamesMachine
learning

Analysis and
cognition

Rehabilita-
tion

4Quantitative
clinical trial

Phantom motor
execution

Patients (4)Lendaro et al
[48]; 2019

Serious gamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

4Explorative
study

Prosthesis sys-
tem

Patients (4)Kristofferson
et al [49];
2021

Disease or health topic: cognitive impairment

Serious gamesMachine
learning

Analysis and
cognition

Prevention
or diagnos-
tics

5Proof of con-
cept

Early detection
of mild cogni-
tive impairment

Healthy individ-
uals or patients
(16)

Valladares-
Rodriguez et
al [50]; 2018

Serious gamesMachine
learning

Analysis and
cognition

Prevention
or diagnos-
tics

4Case seriesEarly detection
of mild cogni-
tive impairment

Patients (74)Valladares-
Rodriguez et
al [51]; 2019

Serious gamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

4Case seriesMini-Mental
State Examina-
tion

Patients (12)Jung et al
[37]; 2019

Disease or health topic: cancer

Serious gamesMachine
learning

Analysis and
cognition

Prevention5Quantitative
study

Gene Selection
for breast can-
cer survival pre-
diction

Registered play-
ers (1077)

Good et al
[39]; 2014

Disease or health topic: attention-deficit/hyperactivity disorder

Serious gamesAIAnalysis and
cognition

Prevention
or diagnos-
tics

4Case seriesDigital atten-
tion-related
augmented real-
ity game

Patients (7)Keshav et al
[40]; 2019

Disease or health topic: rheumatoid arthritis

Serious gamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

5Proof of con-
cept

Virtual arthritis
rehabilitation
app

Healthy individ-
uals (7)

Varga et al
[38]; 2021

Serious gamesMachine
learning

Direct interven-
tion

Rehabilita-
tion

4Case seriesVirtual arthritis
rehabilitation
app

Patients (10)Varga et al
[58]; 2022
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Game variantAIb technol-
ogy

Function typeLevel of careLevel of

evidencea
Study designSubjectTarget group

(participants, n)
Authors; year

Disease or health topic: other

GamificationMachine
learning

Analysis and
cognition

Prevention
or diagnos-
tics

4Case seriesActive and as-
sisted living for
monitoring dai-
ly life activities

Older adults
(11)

Pinto et al
[41]; 2019

aAccording to the Oxford Centre for Evidence-Based Medicine: Levels of Evidence [54].
bAI: artificial intelligence.

Motion Impairment
Almost one-third of the studies (5/16, 31%) targeted the
objective of motion impairment. Studies included upper- and
lower-limb rehabilitation with a broad range of possible medical
indications, ranging from poststroke to vestibular dysfunction.
Games were used to enhance motivation and provide a
user-friendly at-home training experience. Some of the studies
(5/16, 31%) achieved this through an integration of virtual
reality and artificial reality. AI was integrated in different ways.
Some of the studies (4/16, 25%) used games as a training tool
and then analyzed and classified the collected data with AI.
Other studies (3/16, 19%) first processed sensor data via AI to
improve the quality of an associated game. Direct interaction
between the AI and the games component was shown in 2 (40%)
of the 5 studies, in which AI adapted the game design and
difficulty to the ability level of the patient.

Only 1 (20%) of the 5 studies tested the design using a control
group analyzing patient improvements in clinical parameters.
All other studies demonstrated the functionality and usability
of their technical approach in pilot studies.

Phantom Limb Pain or Limb Absence
Of the 16 studies, 3 (19%) targeted the topic of phantom limb
pain or limb absence, where a game environment can support
at-home therapy and provide enhanced visual feedback. Of the
3 studies, 2 (67%) by the same research group targeted phantom
motor execution with similar approaches. Machine learning was
used to improve the quality of electromyography sensor data
and thus provide better data input for training. Different training
methods in the spectrum of virtual reality and augmented reality
and serious games were tested. Of the 3 studies, 1 (33%) focused
on ethnographic user–type analysis, and 1 (33%) effected a
decrease in phantom pain. The third study tested a machine
learning–aided prothesis, comparing 2 different training
approaches—1 conventional and 1 via a serious game—to
collect electromyography data. Testing was only conducted on
4 patients; however, the results were insignificant.

Cognitive Impairment
In cognitive impairment, the included studies used a set of games
covering different cognitive functions as diagnostic instruments.
Data were then processed by machine learning techniques to
further improve outcome quality. Of the 3 studies, 1 (33%)
focused on evaluating patients with cognitive impairment after
stroke. Scores acquired from a game set were analyzed by AI
and compared with the clinically widely used Mini-Mental State
Examination (MMSE) [37]. Of the 3 studies, 2 (67%) used a

game set for predicting the future development of mild cognitive
impairment, using AI to automatically distinguish between
healthy individuals and individuals who were possibly affected.
In both fields, pilot studies were conducted with patients,
showing high motivation to participate and good usability of
the game sets.

Rheumatoid Arthritis
In rheumatoid arthritis, a serious game for hand rehabilitation
was developed. Neural networks for processing data and
machine learning for testing the accuracy of hand movements
for individually adapting difficulty were integrated. Two small
pilot studies, 1 with healthy individuals and 1 with patients,
showed high accuracy of the machine learning algorithm and
good usability, whereas clinical benefits have not yet been
measured [38].

Cancer
In cancer, a crowdsourcing campaign was set up via an open
web-based game that captured inputs from players regarding
their estimation of 5 specific genes, which can be used as
predictors of breast cancer survival. Gene selections were
processed by machine learning to identify the best prediction
models. When only including inputs from people with a
self-proclaimed Doctor of Medicine degree, a Doctor of
Philosophy degree, or expertise in cancer, the resulting models
performed similarly to clinically established gene sets [39].

ADHD Severity
A set of smartglasses was developed to assess ADHD severity
through playing an attention-related augmented reality game
designed as a social-emotional communication aid. AI was used
to analyze video and audio as well as affective and behavioral
data and provided users with in-game rewards based on their
performance. The study showed significant correlation of the
game score to validated clinical gold standard assessments for
ADHD [40].

Other
To improve the prevention of cognitive and physical decline,
an at-home innovative system consisting of remote monitoring
and neurocognitive games was developed. Feedback to the user,
including badges or benefits for real-life events, is provided via
machine learning analysis. Older adult users indicated “great
acceptability” of the system [41].
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Discussion

Principal Findings
Currently, there are only a limited number of studies involving
a combination of game-based methods and AI in health. Almost
one-third of the included studies (5/16, 31%) were centered on
addressing motion impairment. The primary emphasis of the
research was on rehabilitation. In addition, most of the studies
(9/16, 56%) focused on prevention and diagnostics. In terms of
AI technology, machine learning was the most commonly used
approach (12/16, 75%). Furthermore, serious games were used
in most of the studies (11/16, 69%).

When analyzing the studies by disease category, most of the
studies (5/16, 31%) used a rehabilitation approach for different
aspects of motion impairment (eg, in poststroke conditions,
phantom limb pain or limb absence, and rheumatoid arthritis).
In this field, studies have a focus on providing individual,
at-home, and complex training opportunities for improving
motoric limb function, in which therapeutic concepts rely on
long-term and self-guided exercising. Games take the role of a
training tool, enhancing at-home training motivation and
providing multidimensional and exercises compared with the
current standard of care. In addition, in some of the studies
(5/16, 31%), the integration of virtual reality and augmented
reality provided an immersive experience. The role of AI in this
context is diverse, sometimes to analyze and classify collected
data to improve game setup and level, sometimes to analyze
data resulting from game play itself.

In a second cluster, studies for neurological diseases, including
those handling cognitive impairment in older adults as well as
1 study for ADHD in younger patients, there was a clear focus
on diagnostic evaluations. Here, different sets of games were
used to assess various cognitive subdomains, with AI processing
these different data inputs and calculating scores and predictions.
The advantages in this field are the wide range of possible game
designs and the feasibility to play these games individually at
home. This could reduce health professionals’ time in assessing
cognitive function during face-to-face visits or supplement them
by enabling longitudinally acquired data sets and trajectories.
The first results show promising results in comparison with
standard clinical scores obtained using, for instance, the MMSE.

The direct interaction between the games approach and AI
technology was only described in 3 (19%) of the 16 studies.
Most of the time, the 2 entities follow each other, with the AI
technology not analyzing live in-game playing data. However,
direct interaction holds a promise of benefit through an
AI-enabled assessment of the patient’s ability during game play
and individualized live adjustments of game design and
difficulty. Examples using this approach showed good technical
functioning and positive user feedback [42]. Even so, the limited
number of published studies suggest that the potential of this
integrated approach has so far not been fully used yet. This is
rather surprising, given the fact that the direct link between AI
and games is widely prevalent in the commercial games sector.
The reasons for this are purely speculative. The transition of
findings from 1 field to another is still pending, perhaps because
studies in the commercial games field have a different scope

than those in medicine and health. Another reason could be the
resource-intensive nature of research. However, the future
potential of this interaction seems promising, with the
stimulation of user motivation by game design and gamification
elements and with AI being used to process large and
multimodal data sources and to perform individualized
adaptations.

When analyzing further categories, our review shows that the
studies so far have produced very limited quality evidence (all
studies have an evidence level of 4 or 5, except for 1 study that
has an evidence level of 3b), with most of the studies presenting
either a rather technical proof of concept (15/16, 94%) or
performing usability testing with a small sample size of healthy
individuals and patients (14/16, 88%). Higher-quality studies
with control groups and end points focusing on specific clinical
outcomes are missing.

Of note, the research field is still young. All studies were
conducted in the last 8 years, with 13 (81%) of the 16 studies
being published in the last 3 years. All research settings however
bear the potential of conducting higher-quality studies with
bigger sample sizes and specific medical outcomes in the near
future.

However, the studies in this review already show promising
results, with overall well-functioning technical implementation
of the game elements and high accuracy and usefulness of the
AI integration. From the patients’ and healthy individuals’
perspective, generally high usability, motivation, and satisfaction
were found, mostly assessed by established usability
questionnaires and qualitative interviews. This is an encouraging
perspective for the future because individualized patient-driven
at-home diagnostic and therapeutic approaches are increasingly
relevant in all fields of medicine.

All 16 studies identified in this review have a relatively low
level of evidence (3b: n=1, 6%; 4: n=10, 63%; and 5: n=5, 31%).
The risks of bias in these studies are multifaceted. Pilot studies,
often conducted to assess the feasibility of a full-scale study,
typically featured small sample sizes and often lacked rigorous
methodology, randomization, and blinding procedures. As a
result, they are susceptible to a range of biases, including
selection bias, performance bias, and detection bias. Studies
were characterized by weaker methodologies, which can lead
to biases in data collection, analysis, and reporting.
Nonrandomized studies were prone to selection bias,
confounding, and other methodological flaws. The high
heterogeneity of the identified studies encompassed a wide
range of disease or health issues, populations, and interventions.
This heterogeneity makes it challenging or impossible to
integrate data and limits overall conclusions.

Limitations
First, as described earlier, the field of research is still very
interdisciplinary, and the studies carried out are very diverse
based on the vast variety of game-based approaches and
therapeutic interventions.

This review only covered original studies in English, which
were found in the PubMed, Scopus, IEEE Xplore, Cochrane
Library, and PubPsych databases and published in the last 20

JMIR Serious Games 2024 | vol. 12 | e48258 | p.1278https://games.jmir.org/2024/1/e48258
(page number not for citation purposes)

Tolks et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


years. Although these are widely recognized and commonly
used databases in the field of health care research, restricting
the review to these 5 databases may have resulted in the
exclusion of relevant studies published in other databases owing
to this high interdisciplinarity. However, efforts have been made
to minimize this limitation using comprehensive search strings,
snowballing, and asking colleagues to identify additional
relevant literature. In addition, this review also includes
interdisciplinary databases such as the more technical-oriented
IEEE Xplore and the more pedagogical-oriented PubPsych.

It especially remains unclear whether all projects conducted
especially with a more technical focus have been published in
scientific journals at all. For future reviews, a more holistic
approach should be taken to assess more results from projects
that may not have been included in a publication.

In addition, there might be a lack of awareness that research in
the engineering, gaming, and fitness spectrum has a direct
connection with health-related issues. Thus, it seems possible
that certain publications were not fully covered by our already
broad search strategy or that promising interventions have not
been related to health care yet. This should be mitigated in future
studies, considering the growing attention to this young research
field.

Another limitation is that this review focused on therapeutic
medical interventions rather than on health interventions. AI
and game-based approaches in the field of prevention and health

promotion have not been included, although this is an important
aspect of population health. Game-based approaches especially
are used a lot in this field to reach the target groups
[8,9,21,22,59-61].

Future Directions
In the near future, the potential of games, which is already
established in the commercial games sector, should be applied
to the field of serious games and AI. Adaptive game design can
be suitable in health care to improve the intervention outcome
via AI-driven health care games that assess the skills level of
the patient and adapt the difficulty in feedback loops, which
could lead to a better harmonization with traditional therapy
sessions. NPCs could be used as virtual patients or other health
care personnel or relatives to simulate the interprofessional
working environment and to improve the interaction and
communication with virtual patients [26,27,34].

Finally, the integration of AI and games should carefully
consider the ongoing discussions regarding ethical, moral, and
data protection issues. In particular, studies describing ethical
issues using game-based approaches are scarce [62,63].

Analyzing the currently limited evidence with promising future
possibilities in study design and quality, as well as a dynamic
research field, it seems, at this stage, that another review should
be conducted in the next few years to assess this rapidly growing
research field.
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Abstract

Background: Serious games have emerged as an innovative educational strategy with the potential to significantly enhance the
quality and effectiveness of cardiopulmonary resuscitation (CPR) training. Despite their promise, there remains a degree of
controversy when comparing the advantages of serious games with traditional CPR training methods. This study seeks to provide
a comprehensive assessment of the impact of serious games on CPR training and education by systematically analyzing the results
of previous research.

Objective: This study aimed to assess the effect of serious games on CPR training and education by summarizing and pooling
the results of previous studies.

Methods: We conducted a thorough and systematic search across 9 prominent web-based databases, encompassing the period
from the inception of these databases until April 1, 2023. The databases included in our search were PubMed, Cochrane Library,
Wiley Online Library, EBSCO (PsycInfo), SpringerLink, Chinese Biology Medicine Disc, Vip Journal Integration Platform,
Wanfang Database, and Chinese National Knowledge Infrastructure. The studies selected adhered to the following criteria: (1)
being a randomized controlled trial comparing serious games and traditional methods for CPR training; (2) having participants
aged 12 years or older in CPR; (3) having an experimental group using serious games and a control group using nongame methods
for CPR instruction; and (4) having outcomes including theoretical and skill assessments, compression depth, and rate. The
Cochrane risk of bias assessment tool was used to evaluate the risk of bias. Data analysis was performed using RevMan (version
5.3; Cochrane Training), and mean differences (MDs) and standardized mean differences (SMDs) with 95% CIs were used to
calculate continuous variables.

Results: A total of 9 articles were included, involving 791 study participants, of whom 395 in the experimental group taught
CPR training using serious games and 396 in the control group taught CPR training using traditional methods. The results of our
meta-analysis indicate that the use of serious games in CPR training yields outcomes that are comparable in effectiveness to
traditional training methods across several key areas. Specifically, serious games demonstrated equivalence to traditional formats
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in theory assessment (SMD –0.22, 95% CI – 0.96 to 0.51; P=.55), skill assessment (SMD –0.49, 95% CI –1.52 to 0.55; P=.36),
compression depth (MD –3.17, 95% CI –0.18 to 6.53; P=.06), and compression rate (MD –0.20, 95% CI –7.29 to 6.89; P=.96).

Conclusions: In summary, serious games offer a viable and effective CPR education approach, yielding results comparable to
traditional formats. This modality is a valuable addition to CPR training methodologies. However, caution is warranted in
interpreting these findings due to limited controlled trials, small sample sizes, and low-quality meta-analyzed evidence.

(JMIR Serious Games 2024;12:e52990)   doi:10.2196/52990

KEYWORDS

CPR; education; meta-analysis; serious game; training

Introduction

Background
Out-of-hospital cardiac arrest (OHCA) is a critical medical
emergency characterized by the sudden cessation of heart
function, resulting in an abrupt loss of blood flow. OHCA
incidents frequently occur in community settings, schools,
homes, and public places [1]. Despite sustained efforts, OHCA
survival rates remain disheartening, largely due to modifiable
factors such as bystander cardiopulmonary resuscitation (CPR),
automated external defibrillator (AED) use, and the timing of
emergency medical services (EMS) intervention [2,3]. In the
United States, OHCA affects over 88.8 adults per 100,000 adults
annually, with a mere 9.0% discharge survival rate, as reported
by the American Heart Association [4]. Similarly, in Europe,
the annual incidence of OHCA among adults ranges from 67
to 170 per 100,000, with discharge survival rates varying from
0% to 18% [5]. In China, more than 540,000 individuals
experience OHCA each year, but the survival rate remains at
approximately 2% [6]. These statistics underscore that OHCA,
despite regional disparities, has emerged as a substantial public
health challenge, imperiling the well-being of citizens [7].
OHCA is typified by sudden respiratory distress, pulse cessation,
and loss of consciousness, necessitating immediate and effective
first-aid measures within the critical 4-minute window [8].
However, current prehospital EMS services often struggle to
reach the scene promptly to address emergencies in public
spaces [9]. Consequently, first responders (FRs), nonmedical
professionals in public areas, shoulder the responsibility of
on-site rescue efforts [10]. Swift and efficient basic life support
interventions administered by FRs not only create a vital time
buffer for EMS teams to arrive but also substantially elevate
the chances of patients with OHCA surviving [11].

CPR, encompassing artificial respiration and chest
compressions, stands as one of the simplest and most universally
applicable techniques for basic life support during OHCA
emergencies [12]. The quality of chest compressions holds
immense significance in preserving organ perfusion.
Consequently, the timely and effective administration of CPR
plays a pivotal role in determining both the survival rate and
neurological outcomes for patients with OHCA [3]. To enhance
the widespread adoption of CPR and ensure that more
individuals are proficient in this vital first-aid technique, the
World Health Organization and the International Liaison
Committee on Resuscitation endorsed the “Kids Save Lives”
statement, which calls for CPR training for students, adolescents,
and adults aged 12 years or older who already have the physical

fitness and learning ability to understand and remember CPR
skills to empower young people, including children aged 12
years, with CPR skills. Develop a generation of proactive and
empowered community members who are expected to make a
difference in emergency situations, especially in the context of
OHCA, with the goal of increasing survival and improving
long-term outcomes for patients with OHCA [13,14].

Serious games are increasingly used in medical education,
encompassing medical theory instruction, clinical skills training,
cognitive rehabilitation exercises, and patient health education.
The integration of serious games into medical simulation
programs is seen as a means to enhance the efficiency and
effectiveness of training programs [15,16]. Otero-Agra et al
[17] used serious games to instruct middle school students in
CPR, revealing that 61.7% of participants acquired correct CPR
techniques, with 93.4% achieving an average chest compression
depth exceeding 50 mm. These results endorse serious games
as effective tools for knowledge acquisition and the mastery of
high-quality CPR skills. To optimize their use as an educational
strategy, serious games must possess robust content and cater
to the target audience. Integrating learning theory with game
requirements enhances student engagement and ensures the
efficacy of learning [18]. High fidelity is crucial, especially for
medical students, as the knowledge and skills acquired in serious
games will be applied in future clinical practice involving real
patients. High-fidelity serious games bridge the gap between
virtual gaming scenarios and clinical reality, boosting rescue
confidence and self-efficacy [19]. Creutzfeldt et al [20] used
serious games based on massively multiplayer virtual worlds
technology to train 36 high school students in CPR. After 90-120
minutes of game-based sessions, participants reported a
significant increase in self-efficacy, endorsing the effectiveness
of serious games for CPR instruction. Moreover, serious games
can incorporate adaptive learning features, adjusting difficulty
and content based on the learner’s proficiency, ensuring tailored
learning for individuals with varying CPR skill levels [21].

The incorporation of serious games into CPR training aims to
enhance the learning process by rendering it more engaging,
interactive, and effective. Compared to conventional methods
relying on lectures, videos, and hands-on practice, serious games
make the learning experience more enjoyable, interactive, and
motivation-driven, integrating features such as scores, levels,
and rewards [21,22]. Notably, serious games for CPR training
are user-facing, offering immediate training opportunities,
flexible learning schedules, and detailed real-time feedback on
CPR performance [23]. In contrast, traditional teaching models
often limit training opportunities, providing delayed feedback,
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particularly in large-scale group activities where individual
feedback is frequently overlooked [24]. A systematic review
by Lim et al [25] underlines that the absence of regular retraining
and effective feedback in traditional CPR education can impact
skill retention. Serious games address these shortcomings by
providing continuous opportunities for practice and feedback.
Moreover, serious games support collaborative learning,
enabling learners to respond jointly to virtual CPR scenarios
and develop teamwork and communication skills. They also
offer diverse immersive first aid scenarios with varying causes
of cardiac arrest, an aspect unattainable in traditional teaching
formats [16,26]. This multifaceted approach not only
compensates for the deficiencies in traditional methods but also
promotes a dynamic and engaging learning environment in CPR
training. Considering the advantages mentioned above, the 2020
American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care
recommended the incorporation of serious games into CPR
training and education to enhance teaching methods and improve
instructional quality, taking into account advancements in
training equipment and teaching formats [27]. However,
Dankbaar [28] concluded that serious games have limitations
in terms of time and their ability to provide learners with
sufficient knowledge acquisition and complex skill
improvement. In summary, there exists a degree of controversy
regarding the impact of serious games on CPR training and
education. Therefore, we aimed to conduct a meta-analysis to
determine the effectiveness of serious games in CPR training
and education.

Research Gap and Aim
While numerous researchers have explored and experimented
with serious games for CPR training, published randomized
controlled trial (RCT) studies have explored and experimented
with the effect of serious games applied to CPR training, and
their effectiveness has been proven and supported [16,29].
However, due to the limitations of research, the generalization
of research conclusions is affected. Specifically, (1) these RCTs
were single-center studies with small sample sizes; (2) specific
serious games limit the reliability of the findings in different
settings of serious games or target populations; (3) outcomes
were mostly assessed by questionnaires, and there were a lack
of reliable, automated, and repeatable methods to measure their
efficacy; and (4) there is a lack of methodological specifications
and standard protocols for the use of serious games.
Furthermore, there is a lack of systematic evaluation or
meta-analysis of the effectiveness of serious games-based CPR
training. Consequently, it is necessary to quantitatively analyze
the objective effect of serious games–based training through
meta-analysis. In view of this, we conducted a meta-analysis
to comprehensively evaluate the effect of serious games on CPR
training and teaching.

Methods

Overview and Registration
This systematic review adheres to the guidelines set forth by
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) [30] and was registered in advance in the

PROSPERO (International Prospective Register of Systematic
Reviews) database (registration number CRD42023423089).

Search Strategy
Our search was conducted in several databases, including
PubMed, Cochrane Library, Wiley Online Library, EBSCO
(PsycInfo), and SpringerLink. Besides, Chinese databases,
including the China National Knowledge Infrastructure (CNKI),
China Biomedical Literature Database, VIP Journal Integration
Platform, and Wanfang Database, were searched. The search
was conducted from the inception of the databases until April
1, 2023. We limited the publication language to English and
Chinese. English search terms included “serious game,” “gam*,”
“cardiopulmonary resuscitation,” “CPR,” “basic life support,”
“BLS,” “first aid training,” “resuscitation education,”
“emergency skill,” etc. The search involved a combination of
subject terms and free words, with a manual retrospective search
of references and associated literature to ensure a comprehensive
search of relevant studies. Multimedia Appendix 1 provides
detailed information on the search strategies, including search
terms, and the process used.

Eligibility Criteria for This Review
The eligibility of studies was assessed based on the following
criteria: (1) the study type should be an RCT comparing the
effectiveness of serious games with other traditional training
methods for teaching CPR; (2) the study population should
include participants aged 12 years or older who participated in
CPR training or first aid training that covered basic life support
for CPR; (3) interventions in the experimental group should
involve the use of serious games for CPR training instruction,
while the control group should receive other methods of CPR
theory and skills training instruction excluding serious games,
with no limitations on the types of games or software used; and
(4) outcome measures should include one or more of the
indicators of theoretical assessment, CPR skill assessment,
compression depth, and compression rate. Additionally,
duplicate or multiple manuscripts, literature in languages other
than Chinese or English, literature with inaccessible full text,
incomplete or missing data, improper data collection, or errors
in statistical methods were excluded.

Screening Process
Two authors (PC and PY), who were trained in evidence-based
methods, independently conducted the screening of literature
and extraction of data. All references were managed using
EndNote X9 (Clarivate), a reference management software.
After removing duplicates, the remaining references were first
screened based on titles and abstracts. Subsequently, full-text
screening was performed independently by the authors in
duplicate to determine the inclusion of literature. Disagreements
were resolved through discussion or adjudication by a third
author (HZ).

Quality Assessment
The Cochrane handbook’s criteria for assessing the risk of bias
in RCTs were used to evaluate the methodological quality of
the trials [31]. The assessment covered various aspects,
including selection bias, concealment of the allocation scheme,
implementation bias, measurement bias, missed visit bias,
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reporting bias, and other biases. Each item was categorized as
“low risk of bias,” “unclear,” or “high risk of bias.” In cases
where differing opinions arose, a third author (HZ) was involved
to reach a consensus.

Data Extraction
For data extraction, we used Excel (2010; Microsoft
Corporation) to create a standardized form. The form included
the following information: (1) basic details such as the first
author, publication year, and country of the study; (2) population
characteristics, sample size, and information about the serious
games used in training and teaching; (3) specific interventions
for the test and control groups; and (4) outcome measures and
the tools used for measurement.

Statistical Analysis
Data analysis was carried out using RevMan (version 5.3;
Cochrane Training). To assess heterogeneity, the Q test and the

I2 test were used. If the resulting P value was greater than or

equal to .1 and I2 was less than or equal to 50%, it indicated
low heterogeneity among the findings, leading to the selection
of the fixed-effects model for meta-analysis. Otherwise, the
random-effects model was used. When comparing groups,
continuous variables were analyzed using mean difference (MD)
if the same measurement instrument was used or standardized
mean difference (SMD) if different instruments were used. Both
effect measures were reported with 95% CIs. For continuous

data that did not follow a normal distribution in the included
studies and were expressed as medians, extreme values, or
quartiles, a specific web-based formula calculator developed
by Professor Luo et al [32] from Hong Kong Baptist University
was used. This calculator, designed for meta-analysis data
conversion, enabled statistical estimation of the data.
Leave-one-out analysis was used to conduct sensitivity analysis,
that is, omitting one study at a time from the meta-analysis and
examining the impact on the overall effect size, then judging
the robustness and reliability of the results and exploring the
sources of heterogeneity [33]. Statistical significance was
determined at a P<.05. The level of evidence was evaluated
using the GRADEpro GDT web-based tool.

Results

Study Selection
After conducting a comprehensive search across various
databases, a total of 843 RCTs were found. Additionally, 7 more
studies were obtained by snowballing. Following the removal
of duplicates, 415 articles were screened based on their titles
and abstracts. Out of these, 382 articles were excluded, and the
remaining 33 articles were examined in their entirety.
Ultimately, a total of 9 full-text articles were considered for
quantitative synthesis. This included 5 papers in English and 4
papers in Chinese. More specific information can be found in
the study’s PRISMA flowchart (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the selection process. RCT: randomized
controlled trial.
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Characteristics of Included Studies
We included 9 RCTs [34-42] from 6 countries. There were no
statistical differences in general information between the trial
and control groups in each study. A total of 791 study
participants were included, with 395 in the experimental group
taught CPR training using serious games and 396 in the control
group taught CPR training using traditional methods. Additional
information can be found in Multimedia Appendix 2 [34-42].

Quality Assessment
The risk of bias evaluation of the included literature is presented
in Figure 2 [34-42] (the colors green, yellow, and red in the

figure mean “low risk of bias,” “unclear risk of bias,” and “high
risk of bias,” respectively). The quality of the included studies
was found to be acceptable. In 6 RCTs [36-38,40-42], they
described the generation of random sequences, of which 5 RCTs
[36-38,40,41] described methods of allocation concealment.
Due to CPR training and teaching, it was not possible to blind
participants. In 3 RCTs [36-38], they applied the blinding
method for researchers. Additionally, in 1 RCT [34], they had
a high risk of reporting bias, and all 9 RCTs had complete data
and did not have any other bias.

Figure 2. Methodological quality assessment of risk of bias for the included trials.

Meta-Analysis Results

The Effect of Serious Games Teaching on CPR Theory
Performance
In the analysis, 6 out of the 9 studies [34,35,38,40-42] used
posttraining CPR theory assessment as an outcome measure in

RCTs. The pooled results revealed significant heterogeneity

among the studies (P<.001; I2=93%), necessitating the use of
a random-effects model for the meta-analysis. Figure 3
[34,35,38,40-42] demonstrates that there was no significant
disparity in the theory assessment between the 2 groups under
investigation (SMD –0.22, 95% CI –0.96 to 0.51; P=.55).

Figure 3. Meta-analysis of the effect of serious games on theory assessment.
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The Effect of Serious Games Teaching on the
Performance of CPR Skills Operations
Posttraining CPR skill manipulation performance was assessed
as an outcome indicator in 5 RCTs [35,36,38,39,42] out of the
9 studies included. Meta-analysis was conducted using a
random-effects model due to heterogeneity among the studies

(P<.001; I2=95%). The results indicated that there was no
significant difference in skills assessment between the 2 study
groups (SMD –0.49, 95% CI –1.52 to 0.55; P=.36). This
suggests that the use of serious games for CPR training did not
lead to a significantly different skill level compared to other
traditional training methods (Figure 4 [35,36,38,39,42]).

Figure 4. Meta-analysis of the effect of serious games on skill assessment.

The Effect of Serious Games Teaching on the Depth of
CPR Compression
A total of 3 studies [36,37,39] presented findings on the impact
of serious games on CPR compression depth. The assessment
of heterogeneity demonstrated variability among the included

studies (P=.10; I2=56%), necessitating the application of a
random effects model. The analysis depicted in Figure 5
[36,37,39] revealed that the disparity between the 2 groups did
not reach statistical significance (MD 3.17, 95% CI –0.18 to
6.53; P=.06).

Figure 5. Meta-analysis of the effect of serious games on cardiopulmonary resuscitation (CPR) compression depth.

The Effect of Serious Games Teaching on the Frequency
of CPR Compression
A meta-analysis was performed on 3 studies [36,37,39] that
investigated the impact of serious games training on the
frequency of CPR compression. Due to the variation among

these studies (P=.005; I2=81%), a random effects model was
used. The results, as illustrated in Figure 6 [36,37,39], indicated
that there was no significant difference in the theory of CPR
compression rate between the 2 study groups (MD –0.20, 95%
CI –7.29 to 6.89; P=.96).

Figure 6. Meta-analysis of the effect of serious games on cardiopulmonary resuscitation (CPR) compression frequency.

Sensitivity Analysis
We conducted separate analyses using both fixed effects and
random effects models to examine the SMD, MD, and 95% CI
of each model. By systematically excluding studies one by one,
when the study by de Sena et al [38] was excluded, we observed
a decrease in heterogeneity from 93% to 0% for theoretical
assessment (Figure 7 [34,35,40-42]) and from 95% to 54% for
skill assessment (Figure 8 [35,36,39,42]), respectively. This
indicates that the study conducted by de Sena et al [38] may

have contributed to the observed heterogeneity. In the
meta-analysis of CPR compression depth, heterogeneity
decreased from 56% to 0% after the exclusion of the study by
Drummond et al [37], indicating that this study was the source
of heterogeneity (Figure 9 [36,39]). After the exclusion of the
study by Yeung et al [36], the heterogeneity of the meta-analysis
on compression frequency of CPR decreased from 81% to 56%,
indicating that this study was one of the sources of heterogeneity
(Figure 10 [37,39]).
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Figure 7. Sensitivity analysis of meta-analysis of cardiopulmonary resuscitation (CPR) theory performance.

Figure 8. Sensitivity analysis of meta-analysis of cardiopulmonary resuscitation (CPR) skills operations.

Figure 9. Sensitivity analysis of meta-analysis of cardiopulmonary resuscitation (CPR) compression depth.

Figure 10. Sensitivity analysis of meta-analysis of cardiopulmonary resuscitation (CPR) compression frequency.

GRADE Evidence Quality Levels
Table S1 in Multimedia Appendix 3 presents the GRADE
(Grading of Recommendations, Assessment, Development, and
Evaluations) system evidence level for each outcome indicator
in the meta-analysis of this study. The 4 outcome indicators
considered were theory assessment, skill assessment,
compression depth, and compression frequency.

Discussion

Principal Findings
This study systematically evaluated the efficacy of serious
games-based training in CPR education, drawing upon data
from 9 studies with a total of 791 participants. Our findings
reveal no significant differences in theoretical exam scores, skill
assessment scores, compression depth, or compression frequency

between serious games-based and traditional CPR training
methods. This suggests that serious games offer a highly
effective alternative for CPR education. In alignment with the
2020 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care [27], which recommend the incorporation of serious games
into CPR education, our results underscore the positive impact
of virtualized, gamified learning models on knowledge
acquisition and CPR skill mastery. Theory and skills assessments
are pivotal components of CPR training, serving as key
indicators of training effectiveness and student proficiency. Our
meta-analysis demonstrates that serious games-based CPR
training is on par with traditional methods in enhancing both
knowledge acquisition and skill levels. Consequently, serious
games represent a valuable addition to the spectrum of CPR
teaching and training methods, fostering innovation and aligning
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with the American Heart Association’s guidelines for
modernizing teaching tools and approaches.

Comparison With Previous Work
This study aligns with a previous meta-analysis [43], indicating
that both lay and medical school students exhibit enhanced
knowledge following web-based digital resuscitation training.
Moreover, they demonstrate comparable cognitive outcomes
to those undergoing traditional training sessions. The inclination
of younger individuals toward serious games for acquiring new
skills stems from their immersive and interactive nature, offering
a secure trial-and-error environment [44]. This, coupled with
engaging and positive learning experiences, reduces reliance
on educational resources and fosters active, independent
learning—especially when conventional training methods are
inaccessible. This approach helps in sustaining knowledge
levels, preventing decay over time, and attaining learning
outcomes equivalent to traditional education forms [45]. Despite
these benefits, serious games’ applications for CPR training
face challenges, presenting a mixed landscape concerning
usability and enjoyment quality. Issues range from outdated
guidelines and unupdated advice to overly detailed, professional
information hindering learning efficacy. Such drawbacks may
discourage public engagement with CPR learning [46]. For
nonmedical learners, serious games must ensure acceptable
usability, simplifying the comprehension and retention of CPR
theoretical knowledge. Regular updates aligning with the latest
guidelines can transform serious games into dynamic electronic
textbooks [46,47]. To maximize the potential of serious games
over traditional training, it is crucial to identify and evaluate
functions that motivate learners to increase frequency and
actively embrace knowledge updates. This strategic approach
could position serious games as a superior alternative for
enhancing the theoretical understanding of CPR, offering distinct
advantages over traditional training methods [46,48].

Numerous guidelines [27,49-51] underscore the primary goal
of CPR training: imparting participants with the skills necessary
for high-quality CPR. This involves maintaining the correct
compression rate and depth, ensuring thoracic recoil, and
minimizing interruptions and hyperventilation. However,
traditional training methods have presented challenges,
particularly for nonmedical personnel [52,53], in mastering
these vital competencies. Previous studies [52,54] have noted
that simulated scenarios and repetitive practice often fall short
of achieving adequate compression depth and frequency. Aksoy
[55] and Siqueira et al [56] propose that a CPR teaching mode
based on serious games could enhance learners’ motivation and
attitude, consequently improving compression quality. This
study echoes Lau et al’s [57] systematic review, indicating
equivalence between serious games and traditional training
methods in enhancing compression depth and frequency.
However, electronic CPR training, including serious games,
may not independently enhance skills without some influence
from instructors, particularly for beginners. In other words,
teacher involvement remains crucial to refining CPR skill
performance through serious games training. Lim et al [25]
discovered that content learned in serious games may not
seamlessly transfer to skill operations during assessments,
particularly for students with autonomous learning based on

serious games. Scores in the pressing position, crucial for CPR
quality, were notably worse than those in traditional training.
Factors such as incorrect anatomical positions directly impact
compression quality, making it challenging to achieve better
performance in practical measures such as compression depth
and frequency. While there was no significant difference in
CPR compression skill or rate between the 2 training models,
serious games-based CPR training revealed imperfections. To
address this, integrating and emphasizing the impactful elements
and advantageous attributes of traditional training into serious
games may compensate for their shortcomings in skill practice.
This approach has the potential to amplify the comparative
advantages of serious games in CPR training.

In summary, the results of this study are similar to those of
similar previous systematic reviews or studies. Nevertheless,
given the limited number of studies included in this
meta-analysis and the low GRADE evidence level, these results
warrant cautious interpretation. Therefore, we recommend future
CPR training efforts prioritize conducting high-quality,
large-sample studies. This will enable a more comprehensive
analysis of the effectiveness of serious games-based training,
providing substantial evidence for the refinement of guidelines
and the development of related teaching methodologies.

Strengths and Limitations

Strengths
This review compensates for the shortcomings of the previous
literature in English by focusing on all types of serious games
and conducting a comprehensive search of massive Chinese
databases. Certainly, this study was conducted in strict
accordance with highly recommended guidelines (ie, PRISMA),
with early registration of the protocol for the systematic review
and final grading of the evidence based on the GRADEpro GDT
web-based tool, so it can be considered a robust, high-quality
review. In addition, the meta-analysis conducted in this study
involved 9 RCTs [34-42]. These RCTs provided detailed
information on the study population, training protocol, serious
games used, and measurement tools for outcome indicators. As
for blinding implementation, it was challenging to blind
interventionists due to the nature of CPR teaching training,
which resulted in some degree of implementation bias. On the
other hand, blinding the measurer effectively prevented
measurement bias, particularly when assessing CPR theoretical
knowledge and skills. Objective outcome indicators such as
CPR compression depth and frequency, as recorded by the
simulator, were less susceptible to measurement bias. The
literature also addressed missed visits, had a low risk of selective
reporting bias, and demonstrated baseline comparability between
groups. Therefore, the included literature was of high quality,
and the findings can be considered credible.

Limitations
This study acknowledges several limitations that merit
consideration. First, our research only encompassed studies
available in Chinese and English, which may introduce a
linguistic bias. Second, heterogeneity in our meta-analysis
results emerged due to variations in study populations, the use
of different serious games, and diverse tools used to measure
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outcome indicators. Despite our efforts to explore the sources
of heterogeneity through sensitivity analysis, a complete
explanation remained elusive. In particular, it is worth noting
that the use of different instruments by the included studies to
evaluate training outcomes may have influenced the judgment
of the results. Third, the relatively small number of included
studies prevented us from conducting tests for publication bias.
Additionally, some data underwent statistical transformations
during the meta-analysis, potentially influencing the accuracy
of the results. Lastly, this study focused primarily on CPR theory
assessment, skill evaluation, compression depth, and
compression rate as outcome indicators, without delving into
knowledge and skill retention post-training, trainees’
self-efficacy, or other facets of compression quality.

Implications for Future Research and Practice
Serious games, as an innovative model for CPR teaching and
training, offer a promising avenue for first aid education,
catering to diverse populations. However, this approach is still
in its developmental and exploratory phases, and its
cost-effectiveness warrants discussion. Future research should
consider incorporating outcome indicators from the field of
health economics to address economic barriers and promote the
adoption of serious games in professional medical education
and broader first aid training. Additionally, many studies lack
standardized training specifications for serious games, including
training duration, frequency, trainer intervention levels, and

evaluation methods and tools for assessing training
effectiveness. While serious games are recommended for CPR
education, the specific details of this training mode require
further standardization. Moreover, the quality of serious games,
which serve as the platform for CPR training, significantly
impacts training effectiveness. Developing serious games that
align with international guidelines and cater to the diverse
characteristics of trainees is undoubtedly challenging but
essential. In conclusion, future research should prioritize
conducting multicenter, large-sample RCTs to advance our
understanding of the potential of serious games in CPR
education.

Conclusion
This study conducted a meta-analysis of RCTs to assess the
efficacy of serious games in CPR training. The findings indicate
that serious games are equally effective as traditional training
methods in enhancing CPR theory assessment and skill
evaluation. Meanwhile, no significant differences emerged
between serious games and traditional training methods
regarding CPR compression depth and frequency. Notably, the
current body of high-quality studies on serious games in CPR
training is limited, often characterized by small sample sizes.
Therefore, future research should prioritize conducting
additional high-quality RCTs to provide further evidence and
offer a more comprehensive understanding of the impact of
serious games in CPR training and education.
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Abstract

Background: Several electronic interventions have been used to improve glycemic control in patients with diabetes. Electronic
interactive games specific to physical activity are available, but it is unclear if these are effective at improving glycemic control
in patients with diabetes.

Objective: This study aimed to determine the effects of electronic game–based interventions on glycemic control in patients
with diabetes.

Methods: Relevant studies that were published before April 1, 2023, were searched from 5 databases: PubMed, Embase, Web
of Science, Scopus, and Cochrane Library. Eligibility criteria included prospective studies examining the relationship between
electronic games with physical activities or diet education and glycemic control as the outcome. The risk of bias was assessed
using the Cochrane risk-of-bias tool. All analyses were conducted using RevMan5.4.1. Depending on the heterogeneity across
studies, the pooled effects were calculated using fixed-effects or random-effects models.

Results: Participants from 9 studies were included and assessed. Glycated hemoglobin (HbA1c) and fasting blood glucose
improved in the intervention group, although the analysis revealed no significant reduction in HbA1c (−0.09%, 95% CI −0.29%
to 0.10%) or fasting blood glucose (−0.94 mg/dL, 95% CI −9.34 to 7.46 mg/dL). However, the physical activity of individuals
in the intervention group was significantly higher than that of those in the control group (standardized mean difference=0.84,
95% CI 0.30 to 1.38; P=.002). Other outcomes, such as weight and blood lipids, exhibited no significant improvement (all P>.05).

Conclusions: Electronic games had a good impact on participants’ physical activity and offered an advantage in glycemic
control without reaching statistical significance. Electronic games are convenient for reminders and education. Low-intensity
exercise games may not be considered a better adjuvant intervention to improve diabetes self-management care.

(JMIR Serious Games 2024;12:e43574)   doi:10.2196/43574

KEYWORDS

electronic game; physical activity; diet; diabetes mellitus; glycemic control

Introduction

Diabetes mellitus is one of the 4 major noncommunicable
diseases and is also among the top 10 global causes of death.
Throughout the world, the number of patients with diabetes
mellitus is increasing, probably due to changes in lifestyle.

According to the International Diabetes Federation, in 2021,
approximately 536.6 million adults (aged 20-79 years) were
living with diabetes; this is expected to rise to 12.2% in 2045
[1]. Because of the rise in type 1 and type 2 diabetes, the burden
of health care expenditures and its complications continues to
increase, whereas the complications are the main causes of
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morbidity and mortality [2]. To address the health challenge
resulting from diabetes, effective and efficient management is
needed [3-5].

Lifestyle management, an efficacious method for diabetes
prevention [6], is a fundamental aspect of diabetes care. It
includes diabetes self-management education and support,
medical nutrition therapy, physical activity, smoking cessation
counseling, and psychosocial care [7]. Food intake and physical
activity are associated with significantly improved control of
diabetes [8]. With advances in technology, lifestyle management
incorporating novel technologies and formats meets the needs
of various populations for diabetes treatment [9]. New methods,
such as electronic games and wearable devices, aim to contribute
to better patient compliance [10].

It has been reported that electronic games can help players learn
more about healthy diets and encourage exercise [11,12].
Although they play a role as facilitators in motivating and
accelerating physical activity, they offer little benefit to patients
with chronic disease [13]. Previous systematic reviews have
evaluated the impact of app-based or electronic health
interventions to support changes in blood glucose management,
physical activity, or diet [9,14,15]. However, previous papers
analyzed relatively few articles or articles that were not solely
on using games. They also used educational or regulation
applications, robots, or virtual worlds that do not contain game
elements. Electronic games specific to physical activity and
dietary education are available; however, we currently lack an
understanding of how effective electronic games can be for
glycemic control.

In this study, we performed a comprehensive literature search
to select studies on the effects of electronic game–based
interventions on glycemic control in patients with diabetes for
meta-analysis. Electronic gaming interventions are defined as
containing an element of gaming that involves virtual reality,
serious gaming, or exergaming [15].

Methods

Data Sources and Search Strategy
This review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement and its associated checklist
(Multimedia Appendix 1). Relevant studies that were published
before April 1, 2023, were searched from 5 databases: PubMed,
Embase, Web of Science, Scopus, and Cochrane Library. The
references of the included studies were hand-searched to identify
any additional articles. The following terms were used during
the search: (“Diabetes” OR “diabetic” OR “diabetes mellitus”
OR “glycemic control” OR “glucose control” OR “glucose”)
AND (“game” OR “gamification” OR “exergaming” OR
“avatar” OR “wii” OR “virtual” OR “konami” OR “wii-fit” OR
“kinect” OR “tierone” OR “video-game” OR “serious-games”
OR “serious video-games” OR “Augmented reality” OR “mixed
reality” OR “second life” OR “TierOne” OR “Konami Dance
Dance Revolution” OR “Sony Eyetoy” OR “Microsoft Kinec”).
Detailed search strategies for each database are given in
Multimedia Appendix 2. The reference lists of the searched

articles and the relevant reviews were then screened to identify
any pertinent studies.

Study Selection
Studies included in this meta-analysis met the following criteria:
(1) participants were diagnosed as having type 1 diabetes or
type 2 diabetes; (2) the articles were published in English or
Chinese; (3) the articles presented the electronic management
intervention with a gaming element, such as a virtual reality
game, serious game, or exergame; and (4) the outcome indicators
were blood glucose and glycated hemoglobin (HbA1c).

Studies that met the following criteria were excluded: (1)
participants had gestational diabetes mellitus, had other special
types of diabetes mellitus, underwent surgery, had an operation,
or were in the emergency department; (2) participants had a
previous history of mental illnesses, eating disorders, or cancer;
(3) the management intervention was only based on an online,
mobile, or virtual application but did not use a gaming element;
and (4) articles that were protocols, conference abstracts, case
reports, reviews, or meta-analyses.

Articles were screened in a 2-step process. First, all titles and
abstracts were examined by 2 investigators. Any citations that
clearly did not meet the inclusion criteria were excluded.
Second, all abstracts and full-text articles were examined
independently by 2 investigators. Any disagreements in the
selection process were resolved through discussion with a third
investigator.

Risk of Bias
The included trials were independently assessed by 2
investigators for the risk of bias using the Cochrane risk-of-bias
tool [16]. An assessment was performed across 5 domains of
bias (sequence generation, allocation concealment, blinding,
incomplete outcome data, and selective reporting). The risk of
bias was assessed as either low (proper methods taken to reduce
bias), high (improper methods creating bias), or unclear
(insufficient information provided to determine the bias level).
All discrepancies and disagreements were resolved through
consensus or, where necessary, by a third author.

Data Extraction
A Microsoft Excel table was used to extract data on the year of
publication, country, sample size, participant characteristics,
study setting and design, intervention and control arms, duration,
and outcome data. The main outcomes included HbA1c or fasting
blood glucose (FBG). The secondary outcomes included daily
steps (regarded as a physical activity outcome), blood pressure,
and weight, among others. The data were obtained from the
original text and attachments supplied. Data from different
studies were converted to common units. Data extraction was
carried out by 2 reviewers independently. All discrepancies and
disagreements were resolved through consensus.

Missing Data
Study authors were contacted by email where there were missing
or unclear data (for instance, relating to the primary outcome).
Studies for which insufficient primary data were available (eg,
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missing data cannot be obtained) were excluded from analysis
but not from the review.

Data Synthesis and Quality Assessment
All analyses were conducted using RevMan5.4.1 (Cochrane).
Data were expressed as the mean difference (MD) and 95% CI
and pooled using fixed-effect or random-effects models
according to the heterogeneity. A random-effects model assumes
that the study estimates are estimating different, yet related,
intervention effects and thus incorporates the heterogeneity
among studies. This is a more appropriate method to pool studies
that may differ slightly in the distribution of risk factors,
population, size, and outcomes.

Heterogeneity was assessed using a χ2 test and quantified using

the I2 statistic. Significance for the heterogeneity was set at

P<.05, with an I2>50% considered to be evidence of high
heterogeneity, which prompted us to use the random-effects
model to pool the data.

Results

Overview
Our search identified 10,088 articles, of which 4605 were
screened after removing duplicate records. Of these, 182 were
identified for further evaluation. Of these, 173 were excluded,
resulting in 9 included studies (Figure 1). Of the excluded
articles, 18 were excluded because they only had abstracts and
we could not access the original text and data.

Figure 1. Flowchart of the study selection process.

The results of the remaining 9 studies, comprising 913
participants and 747 cases of type 2 diabetes, were included in
the meta-analysis [17-25]. The characteristics of all 9 studies
are shown in Multimedia Appendix 3 [17-25]. The duration of
trials ranged from 1 month to 1 year. Of the 9 studies, 4 were
undertaken in the United States [18,21,23,25], 2 in Europe
[17,20], and 3 in Asia [19,22,24]. Of the 9 studies, 3 assessed
FBG and 8 assessed HbA1c.

The studies included 2 non–randomized controlled trials (RCTs)
and 7 RCTs, the quality of which was assessed using the

Cochrane risk-of-bias tool. We determined that 3 studies were
of high quality, whereas 4 were of moderate quality and 2 were
of low quality (Figures 2 and 3 [17-25]). The 2 non-RCTs were
not random and the allocations were unclear. Blinding was
difficult in game interventions; 1 study was unblinded [25] and
4 were unclear, but the studies made an effort to blind either
patients or personnel. One study was not blinded to the outcome
assessment, but it was still analyzed as low risk, considering its
main outcome was the objective index. The 9 studies had no
elective outcome reporting.
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Figure 2. Risk-of-bias graph showing the authors’ judgments about each risk-of-bias item presented as percentages across all the included studies. A
total of 9 trials were assessed for risk of bias.

Figure 3. Risk-of-bias summary showing the authors’ judgments about each risk-of-bias item for each included study. Green "+": low risk of bias; red
"–": high risk of bias; yellow "?": unknown risk of bias.

Publication bias was not assessed for any outcome as <10 trials
were available.

Meta-Analysis

HbA1c Level

A total of 8 articles had HbA1c testing but 1 did not provide
postintervention data [25]. We sent an email to the author with
a request to provide the raw data but received no reply.

As shown in Figure 4A [17,21,23-25], this analysis showed a
clinically important improvement in HbA1c, but there was no
significant reduction after the intervention among individuals
with diabetes mellitus (7 studies; n=607; MD=−0.09%, 95%

CI −0.29% to 0.10%; I2=37%; P=.36). Figure 4B shows the
change in HbA1c after a diet-based game intervention (3 studies;

n=167; MD=−0.09%, 95% CI −0.48% to 0.30%; I2=2%; P=.65).
Figure 4C shows the change in HbA1c after a physical
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activity–based game intervention (5 studies; n=508, MD=−0.12%, 95% CI −0.34% to 0.09%; I2=51%; P=.27).

Figure 4. Meta-analysis of the effect of electronic games on HbA1c, FBG, and physical activity. (A) HbA1c after a diet intervention or physical activity
intervention; (B) HbA1c after a diet intervention; (C) HbA1c after a physical activity game intervention; (D) FBG after an electronic game intervention;
and (E) physical activity after an electronic game intervention. FBG: fasting blood glucose; HbA1c: glycated hemoglobin; IV: inverse variance; Std.:
standardized.

Fasting Blood Glucose Level
The meta-analysis showed that the FBG level of the intervention
groups was not statistically different from that of the control
groups (3 studies; n=286; MD=−0.94 mg/dL, 95% CI −9.34 to

7.46 mg/dL; I2=0%, P=.83; Figure 4D).

Physical Activity
Of the 7 RCTs, 2 assessed self-reported physical activity and 2
counted participants’ daily steps during the intervention to assess
the patients’ physical activity. Because of the differences in
measurement instruments, we calculated standardized mean

differences (SMDs). These results were statistically

heterogeneous with respect to the effect (χ2
3=19.70; P<.001;

I2=85%); we found a significant increase in physical activity
above baseline in the intervention groups. Moreover, participants
assigned to the intervention groups increased their physical
activity significantly more than participants in the control groups
(SMD=0.84; 95% CI 0.30 to 1.38; P=.002; Figure 4E).

Weight
Weight also trended toward decreases in the intervention groups,
with an MD of −1.46 kg (95% CI −4.71 to 1.80 kg; Figure 5A
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[17-19]). However, the decreases did not reach statistical significance (P=.38).

Figure 5. Meta-analysis of the effect of electronic games on (A) weight, (B) total cholesterol, (C) LDL-C, (D) HDL-C, and (E) triglycerides. HDL-C:
high-density lipoprotein cholesterol; IV: inverse variance; LDL-C: low-density lipoprotein cholesterol; Std.: standardized.

Blood Lipids
There was no significant reduction in total cholesterol (3 studies;
n=261; MD=0.05 mmol/L, 95% CI −0.22 to 0.33 mmol/L;

I2=2%; P=.71; Figure 5B), low-density lipoprotein cholesterol
(4 studies; n=440; MD=0.08 mmol/L, 95% CI −0.09 to 0.24

mmol/L; I2=0%; P=.36; Figure 5C), high-density lipoprotein
cholesterol (3 studies; n=261; MD=0.02 mmol/L, 95% CI −0.06

to 0.10 mmol/L; I2=18%; P=.61; Figure 5D), or triglycerides
(3 studies; n=261; MD=0.02 mmol/L, 95% CI −0.32 to 0.37

mmol/L; I2=12%; P=.89; Figure 5E) after the intervention
among patients with diabetes mellitus.

Discussion

Principal Findings
This study demonstrated that electronic interactive games were
associated with a good impact on participants’physical activity.

However, we found that electronic interactive games did not
present a significant benefit for HbA1c levels, FBG levels,
weight, or blood lipids compared to the control group. The game
interventions were intended for education to manage diabetes
through games.

Effects of Diet Education Games on Blood Glucose
Plant-based diets and exercise are major diabetes-protective
factors [26]. The Da Qing Diabetes Prevention Study showed
an overall 51% reduction in diabetes incidence in participants
after a 6-year intervention with diet, exercise, or both; its 30-year
follow-up showed that lifestyle interventions reduced the
incidence of serious diabetes complications and diabetes-related
mortality [27]. However, Hemmingsen et al [28] did not find
firm evidence that diet alone or physical activity alone influences
the risk of type 2 diabetes mellitus or its associated
complications in people at increased risk of developing type 2
diabetes mellitus compared to standard treatment [28]. The trials
included in this study had little data on the impact of games on

JMIR Serious Games 2024 | vol. 12 | e43574 | p.1302https://games.jmir.org/2024/1/e43574
(page number not for citation purposes)

Yao et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


diet, and only 3 articles evaluated participants’postintervention
diet. From the results, education through games was effective,
although the improvements in glycemic control were not
statistically significant. The most important reason was that the
3 trials studied patients with type 1 diabetes mellitus aged 8 to
18 years. The games provided diabetes-related diet education
to the patients, but family-based diet intervention may also not
impact glycemic control [29].

Effects of Games Related to Physical Activity on Blood
Glucose
Physical activity with different intensities impacts glycemic
control in individuals with diabetes. Of the included studies, 4
trials [17,18,20,24] assessed physical activity by daily steps or
self-reported activity, and this analysis found a significant
increase. These results are consistent with findings from other
meta-analyses showing increased physical activity among
patients with chronic disease [30-32]. Some studies find positive
effects with low-intensity physical activity, although these are
not reflected by a decrease in HbA1c or FBG in patients with
type 2 diabetes [33-35]. A meta-analysis showed that
high-intensity interval exercise significantly reduced HbA1c

levels compared to no or low-intensity exercise [36]. Low
exercise intensity in the 9 studies we included may be the reason
why there was no significant difference in HbA1c and FBG in
patients with diabetes between the groups. However, the games
in the virtual reality group were relatively novel, which was
very helpful for improving cognition, physical skills that are
directly involved in functional abilities, and enthusiasm for
sports [19].

The study by Höchsmann et al [20] contributed a substantial

amount of heterogeneity; without this study, I2 was 11%. The
high heterogeneity may have been caused by the baseline of the
participants in this trial being better than those in the other trials.
In their trial, Höchsmann et al [20] used a dilapidated garden
to symbolize the patient’s physical condition, and exercise and
daily physical activity execution were tracked by mobile phones,
allowing for feedback. After 24 weeks of intervention, there
was no significant change in HbA1c levels in the intervention
group, while HbA1c levels in the control group receiving 1-time
lifestyle counseling increased. In the trial, the intervention group
had a higher increase in daily steps than the control group,
providing evidence that physical activity can be encouraged by
electronic games.

Effects of Games on Blood Lipids, Blood Pressure, and
BMI
In our study, game-based intervention resulted in no significant
decrease in blood lipids in patients with diabetes. Only 2 trials
reported the outcomes of blood pressure [17,20] and BMI
[17,19], and the 2 indexes were both reduced. Systolic blood
pressure was below 140 mm Hg but above 130 mm Hg, which
is still high for patients with diabetes. Treatment with medication
may be indispensable.

Effects of Games on Weight
Lifestyle intervention can be effective for achieving clinically
important reductions in body weight [37,38]. It has been

demonstrated that electronic game activities are engaging, which
encourages their use on a regular basis, improving the long-term
outcome of a treatment for obesity [39,40]. However, an
intervention using a different avatar did not improve physical
activity practice or self-efficacy expectations [41]. Gomez et al
[42] showed that high exercise intensity from active electronic
games elicited significant increases in energy expenditure. In
this study, electronic games did not result in significant weight
reduction, and BMI was reduced slightly in 2 trials. Possible
reasons include insufficient physical activity and that
participants did not strictly control their diet. Whether electronic
games are beneficial for weight control by encouraging
appropriate intensity exercise in patients with diabetes requires
more clinical evidence in the future.

The reasons for the lack of significant results in this
meta-analysis may be as follows. First, participants in the control
groups were also familiar with what the game taught. Second,
patients with type 2 diabetes mellitus in the intervention groups,
who were all older than 40 years, could not make full use of
electronic devices and adapt to the games. Third, for
exercise-based interventions, not all studies involved regular
exercise monitoring for participants and established appropriate
feedback or interaction mechanisms.

Limitations and Future Directions
This study had several limitations. First, not every included
study reported the HbA1c and FBG levels. Some excluded
studies had relevant interventions but did not observe blood
glucose changes or failed to give detailed trial data results.
Second, the studies that were included in this meta-analysis
were not homogeneous. Different games or game mechanisms
were used in different patient populations. The number of
participants was not large in several of the included studies, and
each study used different games. Therefore, it is difficult to
conduct detailed hierarchical verification of the effects of
different games on blood glucose. We strived to ensure that the
included studies were high-quality RCTs with strict inclusion
and exclusion criteria, excluding nongaming electronic
interventions. Existing studies have evaluated the effectiveness
of electronic games as an alternative for traditional diabetes
education. As diabetes continues, it is necessary to promote this
management model. However, future studies should not only
design the game in terms of increased knowledge and improved
self-management but should encourage enhanced physical
activity intensity.

Conclusion
As an alternative treatment tool in diabetes management, the
studies on electronic games explored in this study showed a
clinical improvement in glycemic control and weight control,
although this improvement was not superior to that observed
in the control participants. Thus, such interventions may
complement existing treatment courses for diet,
self-management education, and high-intensity physical activity
to potentially increase the compliance of patients with diabetes.
More new technologies can be used for diabetes control, and
electronic games can be designed for different groups of patients
with diabetes. For example, immersive virtual reality is an
emerging strategy to enhance exercise performance for young
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patients with diabetes, and the metaverse may be a new
community enabling older patients to form new social
connections and share their experiences of living with diabetes.

Interactive exercise games can be used in children to increase
interest in education and family companionship time, and thus
improve exercise compliance.
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Abstract

Background: The effectiveness of virtual reality (VR) therapy in adults with chronic spinal pain (CSP) is unclear.

Objective: This study was conducted to compare the effectiveness of VR therapy and other therapies in adults with CSP,
especially patients with inflammation-related pain.

Methods: PubMed, Web of Science, Cochrane Library, Embase, and CINAHL databases were searched up to November 11,
2023. Randomized controlled trials (RCTs) comparing adults with CSP receiving VR therapy with those receiving other therapies
were included. The trial registration platform as well as the reference lists of included studies and previous systematic reviews
and meta-analyses were manually searched. Two independent reviewers performed study selection, data extraction, risk-of-bias
assessment, and evaluation of the quality of the evidence. The weighted mean difference (WMD) was used as the effect size used
to synthesize the outcome measure.

Results: In total, 16 RCTs involving 800 participants were included in this meta-analysis. The pooled data from 15 (94%) RCTs
including 776 (97%) participants showed that VR therapy was superior in improving pain intensity (WMD=–1.63, 95% CI –2.11

to –1.16, P<.001, I2=90%) and reducing inflammatory markers, including C-reactive protein (WMD=–0.89, 95% CI –1.07 to

–0.70, P<.001, I2=0%), tumor necrosis factor-alpha (WMD=–6.60, 95% CI –8.56 to –4.64, P<.001, I2=98%), and interleukin-6

(WMD=–2.76, 95% CI –2.98 to –2.53, P<.001, I2=0%). However, no significant differences were found in terms of the spinal
range of motion (ROM), disability level, or fear of movement. In addition, 10 (63%) of the included RCTs had a high risk of
bias.

Conclusions: VR therapy may be an effective and safe intervention for reducing symptoms in patients with CSP, as it is shown
to exert significant analgesic effects and beneficial improvements in inflammatory factor levels. However, this approach may not
have significant effects on the spinal ROM, disability level, or fear of movement. Notably, the quality of the evidence from the
RCTs included in this study ranged from moderate to low. Therefore, we recommend that readers interpret the results of this
study with caution.

Trial Registration: PROSPERO CRD42022382331; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=382331

(JMIR Serious Games 2024;12:e50089)   doi:10.2196/50089
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Introduction

Chronic spinal pain (CSP), which most commonly includes
chronic low back pain (CLBP) and chronic neck pain (CNP),
is the leading cause of years with disability worldwide [1,2]
and constitutes the most frequent reason for patients to seek
medical care in any given year. The lifetime prevalence of low
back pain (LBP) is 84%; more specifically, the lifetime
prevalence of CLBP is 23%, and LBP accounts for
approximately 11%-12% of cases of disability [3]. CSP is
recognized as a biopsychosocial syndrome [4]. Prolonged pain
can lead to anxiety, depression, and other negative emotions
and is particularly significant in patients with CSP, as it is
associated with decreased quality of sleep and reduced physical
activity, thus placing tremendous strain on health care systems
and world economies [5].

Previous studies have reported that an intervertebral disc
undergoes aging or pathological changes in the adjacent region
in patients with CSP, exposing cells within the nucleus pulposus
to macrophages, resulting in an inflammatory response that
might trigger pain [6,7]. The guidelines recommend that
nonsteroidal anti-inflammatory drugs (NSAIDs) be the primary
choice for patients with chronic pain [8]. However, compared
with a placebo, NSAIDs can reduce CSP by controlling the
level of inflammation but do not achieve clinically important
efficacy [9]. Additionally, long-term use may be associated with
adverse effects (eg, gastrointestinal reactions, hepatic and renal
damage, and cardiovascular risk) [10]. Several studies have
shown that conventional nonpharmacological therapies, such
as spinal manipulation, acupuncture, exercise therapy, yoga,
and cognitive-behavioral therapy, are beneficial for reducing
CSP and improving psychological symptoms but have limited
effects (small to moderate) [11-14]. Effective
cognitive-behavioral therapies are not widely accessible due to
the reliance on therapist experience, and the long-term
effectiveness of these therapies remains unclear [15]. Notably,
the majority of patients with CSP have goals of pain
management (using ongoing care) rather than “curing” (care
with a specific end) for their therapeutic care because of the
complexity of the causes of chronic pain [16]. Thus, pain
management is as important as the control of inflammation
levels for patients with CSP. There is an urgent need for an
alternative analgesic nonpharmacological and anti-inflammatory
strategy for patients with CSP.

Virtual reality (VR) is typically characterized by low cost, easy
availability, reusability, and personalized customization; VR
therapy has been used as an alternative approach for pain
management in various populations, such as individuals with
spinal cord injuries, burns, and phantom limb pain [17-19]. VR
can be categorized into 2 types: nonimmersive virtual reality
(NIVR) and immersive virtual reality (IVR). NIVR is managed
using a computer or console gaming system and a 2D interface
device (mouse, keyboard, or gamepad, joystick), and patients
do not need to be fully immersed in a virtual environment for
experience [20].With the use of professional equipment,

hardware, and configuration of the corresponding software, IVR
can mimic reality by enabling the user to interact with the virtual
environment [21]. A recent study demonstrated that regular
exercise with the use of VR might be related to a decrease in
inflammation in participants undergoing chronic hemodialysis
[22], and inflammatory arthritis–targeting innovative teaching
approaches based on VR technology are considered feasible
[23]. There is limited evidence regarding the beneficial effects
of VR therapy on pain in patients with CNP [24] and CLBP
[25,26]; furthermore, there is insufficient focus on inflammatory
factors. Therefore, this study aimed to investigate the potential
efficacy of VR in reducing pain intensity and the levels of
inflammatory factors in patients with CSP, thereby providing
an updated summary of the existing evidence.

Methods

Study Protocol and Registration
This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. The
PRISMA checklist is given in Multimedia Appendix 1. The
study protocol was registered in the PROSPERO database
(CRD42022382331). The Cochrane Handbook for Systematic
Reviews of Interventions (version 5.1.0) was followed [27].

Search Strategy

Search Sources
PubMed, Web of Science, Cochrane Library, Embase, and
CINAHL electronic databases were searched from inception to
November 11, 2023, to identify relevant studies. The reference
lists of the included studies, as well as systematic reviews and
meta-analyses that examined the efficacy of VR in patients with
CSP, were manually searched for additional eligible studies.
The trial registration platform ClinicalTrials was also searched
for ongoing studies that reported sufficient data on the efficacy
of VR for CSP.

Search Terms
The studies on VR for CSP were identified by formulating
appropriate search terms. These terms were selected based on
the target population (spinal pain, neck pain, thoracic pain, back
pain, LBP, sacral pain, and intervertebral disc pain), target
intervention (eg, VR), and target study design (eg, randomized
controlled trial [RCT]). The detailed search strategy is shown
in Multimedia Appendix 2.

Study Eligibility Criteria
The inclusion criteria were as follows:

• Participants: adults older than 18 years with chronic pain
(more than 12 weeks) in the spinal region were included,
except those who were receiving analgesic medication and
who had cancer-related pain or neuropathic pain (eg,
neuropathic pain after spinal cord injury, herniated disc
with compression, sciatica, or lumbosacral radiculitis).
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• Intervention: VR therapy.
• Comparisons: sham stimulation, usual care, and

conventional treatment.
• Outcomes: pain intensity, inflammatory markers (eg,

C-reactive protein [CRP], tumor necrosis factor-alpha
[TNF-α], and interleukin [IL]-2, IL-4, and IL-6), fear of
movement, spinal range of motion (ROM), and disability
level.

• Study design: RCT.

No restrictions were imposed on language or publication date.

Study Selection
The retrieved studies were imported into Endnote X9 software
(Clarivate), which was used to eliminate duplicate studies. Two
independent reviewers (authors TTZ and FW) performed the
initial screening of the literature by reading the titles and
abstracts of all retrieved studies, and studies that did not meet
the inclusion criteria were excluded. Next, the full texts of the
remaining studies were screened. Any disagreements were
resolved by negotiation and discussion with a third reviewer
(author XZ).

Data Extraction
Two independent reviewers (authors FW and XL) extracted
detailed information, including the name of the first author, the
year and country of publication, the language of publication,
study design, the number of included subjects (% female),
diagnosis, and outcome indicators. Information about the
characteristics of the interventions, including dose, frequency,
and duration, was also collected for both the VR group and the
control group. The sample size and mean (SD) of the outcome
indicators in each group were collected. When the same group
of participants was reported in different studies, the group with
the largest sample size was selected for inclusion in this review
to avoid duplicate publications [28]. For information that could
not be confirmed, the authors were contacted by email. The 2
reviewers cross-checked the data at the end of the extraction,
and any disagreements were resolved by negotiation.

Risk-of-Bias Assessment
The methodological quality of the included studies was
independently assessed by 2 reviewers (authors XL and ZFH)
using the Cochrane Risk of Bias tool, and the studies were
classified as having a low, unclear, or high risk of bias [29].
Disagreements were resolved by consulting a third reviewer
(author QD). The Egger test and funnel plots generated with
Stata 14.0 software (StataCorp) were used to evaluate potential
publication bias. The trim-and-fill method was used to adjust
for funnel plot asymmetry due to publication bias [30].

Sensitivity analyses were performed by removing each study
separately to assess the robustness of the results [29]. The overall
strength of the evidence was assessed using the Grading of
Recommendations, Assessment, Development and Evaluation
(GRADE) criteria [31].

Meta-Analysis and Subgroup Analysis
This systematic review and meta-analysis were performed using
Review Manager software 5.4 (Informer Technologies) and

Stata 14.0 software. Heterogeneity was tested using the I2

statistic. A fixed effects model was selected for the outcome

indicators if I2<50%, while a random effects model was used

when there was significant statistical heterogeneity (I2>50%,
P<.05). The effect size used to synthesize the outcome measure
was the weighted mean difference (WMD). Three subgroup
analyses were performed to explore the possible causes of
heterogeneity among the studies: the region of CSP (CNP vs
CLBP), VR types (IVR vs NIVR), and treatment duration (<4
weeks vs ≥4 weeks).

Results

Search Results
A total of 924 records were obtained from the 5 databases and
the trial registration platform. A total of 394 (42.6%) duplicates
were identified and removed using Endnote X9 software. After
screening the titles and abstracts, 40 (7.5%) of the remaining
530 RCTs were retained, and 490 (92.5%) were excluded for
the following reasons: (1) the study population included patients
without CSP, (2) the intervention did not use VR therapy, (3)
the type of study was a non-RCT, (4) the information was
incomplete, and (5) the patients also received analgesic
medication. Of the 40 studies, 15 (38%) were retained after
reading the full text and 25 (62%) were excluded for the
following reasons: (1) the study population included patients
without CSP, (2) the intervention did not use VR therapy, (3)
the type of study was a non-RCT, (4) the information was
incomplete, and (5) the patients also received analgesic
medication. Two additional RCTs were retrieved from the
reference lists of the included studies. One RCT was retained
after the full text was read, and the other was excluded due to
incomplete information. A total of 16 studies were included in
this review, 15 (94%) of which reported sufficient data (eg,
mean [SD], sample size) on the analgesic effect of VR for CSP.
Therefore, 15 studies were included in the meta-analysis. The
PRISMA flowchart of selecting the included studies is shown
in Figure 1.
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Figure 1. PRISMA flowchart: database and clinical trial register search and other sources. PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analysis.

The CSP reported in the included studies included CLBP [32-43]
and CNP [44-47]. All patients had chronic pain that persisted
for more than 3 months. The sample size varied from 8 to 90

participants, and the mean age ranged from 18 to 85 years. The
characteristics of all the studies are summarized in Table 1.
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Table 1. Characteristics of the included studies [32-47].

Country, lan-
guage

Dropout rate
(%)

Time pointsOutcome measuresPatient characteristicsFirst author

DiagnosisAge (years),
mean (SD)

Participants, n
(% female)

United
States, En-
glish

I: 0

C: 0

Baseline, –7, 0, 4,
7, 11, 14, 18, 21,
25, 28, 32, 35,
39, 42, 46, 49,
53, 56 days

DVPRSe, Pain Catas-
trophizing Scale
(PCS), 8-item Chronic
Pain Acceptance
Questionnaire
(CPAQ-8)

CLBPdI: 51.5 (13.5)

C: 51.4 (12.9)
Ta: 179

Ib: 89 (75)

Cc: 90 (78)

Garcia et al [32]

Saudi Ara-
bia, English

I (VR): 0.05

I (CS): 0.05

C: 0

Baseline, 4
weeks, 8 weeks,
6 months

NPRSg, quality of life
(physical fitness in-
dex)

CLBPI (VR): 21.45
(1.50)

I (CS): 21.39
(1.40)

C: 20.97 (1.50)

T: 60

I (VRf): 20

I (core stabiliza-
tion [CS]): 20

C: 20

Nambi et al [33]

Saudi Ara-
bia, English

I (VR): 0

I (IKT): 0

C: 0

Baseline, 4 weeksNPRSCLBPI (VR): 20.23
(1.60)

I (IKT): 21.25
(1.20)

C: 20.78 (1.60)

T: 45

I (VR): 15

I (isokinetic
training [IKT]):
15

C: 15

Nambi et al [34]

Iran, EnglishI: 0

C: 0

Baseline, 8 weeksVASh, 36-item Short
Form Health Survey
(SF-36)

CLBPI: 68.00 (2.94)

C: 67.08 (2.90)

T: 25

I: 13

C: 12

Yalfani et al [35]

South Korea,
English

I: 0

C: 0

Baseline, 8 weeksVASCLBPI (NWE): 44.12
(5.48)

I (LSE): 43.37
(5.42)

C: 45.50 (5.34)

T: 24

I (NWEi): 8

I (lumbar stabi-
lization exercise
[LSE]): 8

C: 8

Park et al [36]

Pakistan, En-
glish

I: 0.07

C: 0.07

Baseline, 4th, 8th
12th sessions

VAS, Modified Os-
westry Disability In-
dex

CLBPI: 37.5 (12.5) C:
38.2 (11.8)

T: 90

I: 45 (64.28)

C: 45 (69.04)

Afzal et al [37]

Saudi Ara-
bia, English

I (VRE): 5

I (IKE): 5

C: 0

Baseline, 4 weeksVAS, inflammatory
biomarkers

CLBPI (VRE): 23.2
(1.6)

I (IKE): 22.9
(1.7)

C: 22.8 (1.8)

T: 60

I (VREj): 20

I (isokinetic ex-
ercise [IKE]):
20

C: 20

Nambi et al [38]

Saudi Ara-
bia, English

I (VR): 0

I (CPR): 0

C: 0

Baseline, 4 weeksInflammatory
biomarkers

CLBPI (VR): 21.3
(2.6)

I (CPR): 21.8
(2.2)

C: 20.9 (2.8)

T: 36

I (VR): 12

I (combined
physical rehabil-
itation [CPR]):
12

C: 12

Nambi et al [39]

Saudi Ara-
bia, English

I (VR): 0

I (CPR): 0

C: 0

Baseline, 4 weeksVAS, TSK-17CLBPI (VR): 22.3
(1.6)

I (CPR): 21.4
(1.8)

C: 21.9 (1.8)

T: 54

I (VR): 18

I (CPR): 18

C: 18

Nambi et al [40]
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Country, lan-
guage

Dropout rate
(%)

Time pointsOutcome measuresPatient characteristicsFirst author

DiagnosisAge (years),
mean (SD)

Participants, n
(% female)

Belgium, En-
glish

I: 0

C: 0

Baseline,

postintervention

NPRS, Roland-Morris
Disability Question-
naire (RMDQ), PCS

CLBPI: 42.1 (11.5)

C: 44.2 (11.9)

T: 84

I: 42 (64)

C: 42 (64)

Matheve et al [41]

Germany,
English

I: 0

C: 0

Baseline, 4 weeksNRSk, Chronic Pain
Grade Questionnaire
(CPGQ), 12-item
Short Form Health
Survey (SF-12), Han-
nover Functional
Ability Questionnaire
for Measuring Back
Pain–Related Disabili-

ty (Ffb-H-R), TSKl-11

CLBPI: 75.00 (5.80)

C: 75.50 (4.39)

T: 22

I: 11 (73)

C: 11 (55)

Stamm et al [42]

Brazil, En-
glish

I: 17.6

C: 5.8

Baseline, 8 weeksNRSCLBPT: 68 (4)T: 34

I: 17 (100)

C: 17 (100)

Monteiro-Junior et
al [43]

Turkey, En-
glish

I: 19

C: 15

Baseline, 6 weeksJoint position sense
error (JPSE), VAS,
pressure pain thresh-
old (PPT), SF-36

CNPmI: 40.00 (11.88)

C: 41.94
(10.76)

T: 41

I: 21

C: 20

Cetin et al [44]

Israel, En-
glish

I (VR): 16.6

I (laser): 13.3

C: 16.6

Baseline, 4 weeksNDIn, VAS, EQ-5D,
TSK-17, cervical
range of motion
(CROM), kinematic
measures

CNPI (VR): 48.00
(14.07)

I (laser): 48.00
(17.41)

C: 48.00
(17.76)

T: 90

I (VR): 30 (63)

I (laser): 30
(70)

C: 30 (77)

Bahat et al [45]

Germany,
English

I (VR): 0

I (SM): 11

C: 10

Baseline, 3 weeksNRS, active cervical
range of motion
(ACROM), NDI

CNPI (VR): 51.2
(8.8)

I (SM): 53.1
(5.7)

C: 49.8 (8.1)

T: 55

I (VR): 17 (53)

I (sensorimotor
group [SM]): 16
(69)

C: 18 (66)

Nusser et al [46]

Spain, En-
glish

I: 0

C: 0

Baseline, 4
weeks, 1 month,
3 months

VAS, conditioned
pain modulation
(PPT), ACROM de-
vice, NDI, PCS, 11-
item Spanish version
of the TSK

CNPI: 32.72 (11.63)

C: 26.68 (9.21)

T: 44

I: 22 (50)

C: 22 (54.5)

Tejera et al [47]

aT: total participants.
bI: intervention group.
cC: control group.
dCLBP: chronic low back pain.
eDVPRS: Defense and Veterans Pain Rating Scale.
fVR: virtual reality.
gNPRS: Numerical Pain Rating Scale.
hVAS: Visual Analogue Scale.
iNWE: Nintendo Wii exercise.
jVRE: virtual reality exercise.
kNRS: Numeric Rating Scale.
lTSK: Tampa Scale for Kinesiophobia.
mCNP: chronic neck pain.
nNDI: Neck Disability Index.
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The types of VR interventions included IVR [32,35,42,44-47]
and NIVR [33,34,36-41,43], which were classified based on
the degree of isolation participants experienced when interacting
with the virtual environment during VR therapy. NIVR uses a
wall-mounted screen or a computer monitor as the vehicle for
VR content, while IVR uses a headset or head-mounted display
[48]. Compared to NIVR, IVR can increase the user’s sense of
presence by improving immersion through the addition of
auditory or haptic feedback [49]. The duration of a single VR
session ranged from 2 to 40 minutes, and the frequency of

treatment ranged from 5 to 7 times a week; all the included
studies ranged in duration from a single exercise session to 8
weeks. For the control groups, 5 (31%) studies performed
conventional balance function training [33,34,38-40], 5 (31%)
performed conventional physical therapy [36,37,41,46,47], 2
(13%) performed core training [43,44], and the remaining
conducted treatments, including sham VR [32], conventional
multimodal pain therapy [42], waiting lists [45], and standard
care [35]. The intervention details are summarized in Table 2.
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Table 2. Characteristics of the intervention protocols used in the included studies [32-47].

DurationDeviceControl groupIntervention groupFirst author

8 weeksPico G2 4K all-in-one head-mount-
ed VR device

Sham VR, NIVRc, not interactive,
displayed 2D nature footage with

Ease VRa, IVRb, interactive, pain
education, relaxation/interception,

Garcia et al [32]

neutral music, 20 videos rotatedmindful escape, pain distraction
over 56 sessions, performed 56games, dynamic breathing per-
times (2-16 minutes each time, aver-
age of 6 minutes, 1 time/day)

formed 56 times (2-16 minutes each
time, average of 6 minutes, 1
time/day)

4 weeksVR group: Pro-Kin system PK 252
N (TecnoBody)

Conventional balance function
training, traditional active balance
exercise for abdominal and back

VR group: sit in the virtual platform
and select firing game executed by
trunk movements (flexion, exten-

Nambi et al [33]

muscles (5 times/week for 4 weeks);sion, and lateral flexion; 30 min-
heat modality (20 minutes); thera-
peutic ultrasound (25 minutes)

utes/day, 5 times/week, for 4
weeks); heat modality (20 minutes);
therapeutic ultrasound (25 minutes)

4 weeksVRT: Pro-Kin system (TecnoBody)Conventional balance function
training: standardized conventional

VRT: shooting game (30 minutes,
5 days/week, for 4 weeks); home-

Nambi et al [34]

exercises actively involving abdom-based exercise; hot-pack therapy (20
inal, deep abdominal, and backminutes); ultrasound (frequency 1
muscles (30 minutes/session, 5MHz, intensity 1.5 W/cm2 in contin-

uous form for 5 minutes) days/week, for 4 weeks); hydrocol-
lator packs (20 minutes/session);
continuous ultrasound (frequency 1

MHz, intensity 1.5 W/cm2) at the
low back region (5 minutes, 5
days/week, for 4 weeks)

8 weeksVR: HTC Vive virtual reality sys-
tem

Standard care.Fishing, boxing, tennis, football,
bowling, beat saber, audio shield,
and skiing (30 minutes, 3
times/week, for 8 weeks)

Yalfani et al [35]

8 weeksVR: NintendoConventional physical therapy: us-
ing physical agent modalities, such

NWEd: using the Nintendo Wii ex-
ercise program, including the

Park et al [36]

as a hot pack (30 minutes); interfer-wakeboard, Frisbee dog, jet ski, and
ential current therapy (15 minutes);canoe games. Participants chose
deep heat with ultrasound (5 min-
utes)

which Nintendo Wii sports program
to perform and took a 2-minute
break every 10 minutes (30 min-
utes/session, 3 times/week, for 8
weeks)

4 weeksVR: nonimmersive system with a
kinetic device (model V.2), incorpo-

Conventional physical therapy: heat
therapy for 10 minutes, hamstring

Kinetic exergames (trunk slide
flexion, sitting to avoid obstacles,

Afzal et al [37]

rated with red-green-blue (RGB)stretching, back-strengthening exer-jumping and combined movement
cameras and time-of-flight (TOF)cises (3 sessions/week for a total of

12 sessions)
of arms, for 5 minutes); after 30
seconds of rest, play body ball game
for 5 minutes (3 sessions/week for

sensor, attached with a liquid crystal
display (LCD) screen

a total of 12 sessions); routine
physical therapy

4 weeksVRE: Pro-Kin system (TecnoBody)Conventional balance function
training: standardized conventional

VREe: virtual training exercises
performed in the upright position, a

Nambi et al [38]

exercises actively involving abdom-car race game chosen from the list
inal, deep abdominal, and backof games, and training given to fo-
muscles (30 minutes/session, 5cus on the back muscles. The partic-
days/week, for 4 weeks); hydrocol-ipant was asked to sit on the moving
lator packs (20 minutes/session);game chair and instructed to watch
continuous ultrasound (frequency 1the game on the desktop monitor (30
MHz, intensity 1.5 W/cm2) at theminutes/session, 5 days/week, for 4
low back region (5 minutes, 5
days/week, for 4 weeks)

weeks); hydrocollator packs (20
minutes/session); continuous ultra-
sound (frequency 1 MHz, intensity

1.5 W/cm2) at the low back region
(5 minutes, 5 days/week, for 4
weeks)
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DurationDeviceControl groupIntervention groupFirst author

4 weeksVR: Pro-Kin system PK 252 N
(Pelvic Module balance trunk MF;
TecnoBody)

Conventional balance function
training: active isotonic and isomet-
ric exercises for abdominal, deep
abdominal, and back muscles (10-
15 repetitions/day, 5 days/week for
4 weeks; stretching focused on each
muscle group for 3 repetitions for
10 seconds per muscle group); heat
modality (20 minutes); therapeutic
ultrasound (frequency 1 MHz, inten-

sity 1.5 W/cm2; 5 minutes); home-
based exercise (10 repetitions, bot-
tom-to-heel stretch, opposite
arm/leg raise, back extension,
bridging, knee rolling; 2 times/day
for 4 weeks)

Virtual reality training (VRT):
shooting game, sitting on a virtual
platform and visualizing the game
on the computer display screen (30
minutes each time, 5 times/week,
for 4 weeks); heat modality (20
minutes); therapeutic ultrasound
(frequency 1 MHz, intensity 1.5

W/cm2; 5 minutes); home-based
exercise (10 repetitions, bottom-to-
heel stretch, opposite arm/leg raise,
back extension, bridging, knee
rolling; 2 times/day for 4 weeks)

Nambi et al [39]

4 weeksVR: Pro-Kin system PK 252 N
(Pelvic Module balance trunk MF;
TecnoBody)

Conventional balance function
training: active isotonic and isomet-
ric exercises for abdominal, deep
abdominal, and back muscles (10-
15 repetitions/day, 5 days/week for
4 weeks; stretching focused on each
muscle group for 3 repetitions for
10 seconds per muscle group); heat
modality (20 minutes); therapeutic
ultrasound (frequency 1 MHz, inten-

sity 1.5 W/cm2; 5 minutes)

VRT: shooting game, sitting on a
virtual platform and visualizing the
game on the computer display
screen (30 minutes each time, 5
times/week, for 4 weeks); heat
modality (20 minutes); therapeutic
ultrasound (frequency 1 MHz, inten-

sity 1.5 W/cm2; 5 minutes)

Nambi et al [40]

Single exer-
cise session

VR: wireless motion sensor (Valedo
Pro, Hocoma)

Conventional physical therapy: 2
different games (2 minutes each);
single-session intervention, 2 × 2
minutes of pelvic tilt exercises in
the sagittal plane, with 30 seconds
of rest in between

2 different games (2 minutes each);
single-session intervention, 2 × 2
minutes of pelvic tilt exercises in
the sagittal plane, with 30 seconds
of rest in between, through a wire-
less motion sensor

Matheve et al [41]

4 weeksVR: head-mounted display headset
using the ViRST VR app

Conventional multimodal pain ther-
apy: chair-based group exercises
and psychoeducation in a group
setting), 3 times/week for 30 min-
utes

Multimodal pain therapy in VR
(movement therapy and psychoedu-
cation), training session including
12 exercises, structured as follows:
(1) warm-up (training of upper and
lower extremities), (2) main part
(strengthening of abdominal and
back muscles, core stability), (3)
cool-down (stretching, progressive
muscle relaxation), (4) psychoeduca-
tive units (topics: physiology of
pain, pain management, stress man-
agement, everyday training), 3
times/week for 30 minutes

Stamm et al [42]

8 weeksVR: Wii Balance Board (WBB;
Nintendo)

Core training: postures adopted by
participants for 15-30 seconds or
according to the capacity of each;
10-15 seconds between postures (ie,
bridges), with each performed 3
times, lasted 8 weeks, 3 times
weekly/session

Virtual physical training (8 exercis-
es, 30 minutes each time, with 3
weekly sessions lasting 90 minutes
each), lasted 8 weeks, 3 times
weekly/session

Monteiro-Junior et
al [43]

6 weeksVR: Oculus Go VR glasses, 2 VR
apps installed: “Ocean Rift” and
“Gala 360”

Core training: strengthening of deep
cervical flexors (DCFs), deep cervi-
cal extensors (DCEs), and axioscapu-
lar muscles; stretching exercises;
and postural correction exercises (40
minutes, 10 repetitions for each ex-
ercise, 3 sessions/week, for 6 weeks,
total of 18 sessions)

VR exercises: VR apps that allowed
neck movements in all directions,
motor control (MC) exercises (20
minutes and then VR for 20 min-
utes, 5 repetitions for each exercise;
40 minutes/session, 3 sessions/week,
for 6 weeks, total of 18 sessions)

Cetin et al [44]
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DurationDeviceControl groupIntervention groupFirst author

4 weeksVR: customized neck VR system
(hardware including Oculus Rift
DK1 head-mounted display
equipped with 3D motion tracking;
software developed using Unity-pro,
version 3.5, Unity Technologies)

Waiting listVR group: kinematic home training
and customized software with the
virtual airplane controlled by head
motion (5 minutes, 4 times/day, 20
minutes/day, 4 times/week, for 4
weeks)

Bahat et al [45]

3 weeksVR: modified VR system (Fraun-
hofer Institute für Graphische
Datenverarbeitung), helmet (Schutz
helm uvex pheos alpine, Fürth),
3Space Fastrak System (Polhemus
Inc)

Conventional physical therapy: dif-
ferent forms of general and neck-
specific exercise therapies
(strengthening, mobilization, relax-
ation, medical training therapy,
functional gymnastics, aqua therapy,
physical therapy, and traditional
“back school”)

VR group: neck-specific sensorimo-
tor training (NSST)— head-reposi-
tioning test (HRT), head-to-target
test (HTT), dynamic exercise includ-
ing 5 different trajectories (3 min-
utes given between tasks), training
divided into 6 20minute sessions for
a total of 120 minutes); standard re-
habilitation program

Nusser et al [46]

4 weeksVR: VR Vox Play glasses with a
head-mounted display clamping
system (weight 330 g) with an LG
Q6 smartphone attached, 2 VR mo-
bile apps installed

Conventional physical therapy:
flexion, extension, rotation, and tilt
exercises (3 series of 10 repetitions,
with 30 seconds of rest between ex-
ercises)

VR mobile apps “Full Dive VR,”
only lateral flexion movements of
the neck; “VR Ocean Aquarium
3D”: flexion, extension, and rotation
movements (3 series of 10 repeti-
tions, with 30 seconds of rest be-
tween exercises)

Tejera et al [47]

aVR: virtual reality.
bIVR: immersive virtual reality.
cNIVR: nonimmersive virtual reality.
dNWE: Nintendo Wii exercise.
eVRE: virtual reality exercise.

The risk of bias in the 16 (100%) studies included in the
meta-analysis is presented in Figure 2. Overall, 10 (63%) studies
showed a high risk of bias. In addition, 15 (94%) RCTs
generated an adequately randomized sequence, and 9 (60%) of
them were analyzed using a blinded method for outcome

measurement. Ratings using the GRADE methodology for all
outcome measurements were inconsistent and ranged from
moderate to low quality (Multimedia Appendix 3). Therefore,
the quality of evidence from most studies was classified as fair.
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Figure 2. Cochrane risk-of-bias summary for included studies.

Primary Outcome

Pain Intensity
All 16 (100%) studies (800 patients) reported pain intensity: 9
(56%) used the Visual Analogue Scale (VAS)
[34-38,40,44,45,47], 2 (13%) used the Numerical Pain Rating
Scale (NPRS) [33,41], 3 (19%) used the Numeric Rating Scale
(NRS) [42,43,46], and 1 (6%) used the Defense and Veterans
Pain Rating Scale (DVPRS) [32]. The random effects model
revealed that compared with the control treatment, the VR
intervention significantly reduced pain intensity (WMD=–1.63,

95% CI –2.11 to –1.16, P<.001, I2=90%). Clinical differences
between groups were significant, and as suggested, the minimal
clinically important difference (MCID) threshold on the VAS
for LBP was set at a 1.5-point reduction [50]. Given the

significant heterogeneity observed (I2=90%), we performed
subgroup analyses to investigate the source of heterogeneity

based on the different regions, VR types, and treatment
durations.

VR had a good analgesic effect on both CNP and CLBP groups
compared with the control group. The results did not
significantly differ among the subgroups (WMD=−1.63, 95%
CI −2.11 to −1.16); see Figure 3. Moreover, a total of 7 (44%)
studies demonstrated that IVR significantly improved CSP

(WMD=–1.50, 95% CI –2.45 to –0.55, P<.001, I2=80%)
[32,35,42,44-47]. Another 8 (50%) studies showed that NIVR
improved CSP substantially (WMD=–1.50, 95% CI –2.45 to

–0.55, P<.001, I2=90%) [33,34,36-38,40,41,43]; see Figure 4.
The subgroup analyses also revealed significant differences
between treatment durations of <4 weeks (WMD=–1.41, 95%

CI –2.12 to –0.69, P=.001, I2=0%) and ≥4 weeks (WMD=–1.65,

95% CI –2.16 to –1.14, P<.001, I2=91%) in terms of the
analgesic effect of VR treatment on CSP (Multimedia Appendix
4).
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Figure 3. Forest plots of the effect of VR compared with other treatments on pain intensity in patients with CSP: subgroup analysis of posttreatment
effectiveness for different regions of spinal pain. CSP: chronic spinal pain; VR: virtual reality.

Figure 4. Forest plots of the effect of VR compared with other treatments on pain intensity in patients with CSP: subgroup analysis of posttreatment
effectiveness for the VR intervention type. CSP: chronic spinal pain; VR: virtual reality.

Secondary Outcomes

Inflammatory Markers
Patients with CSP develop a systemic inflammatory response
and have elevated levels of inflammatory markers in the blood

[51]. Two studies (62 patients) focused on the levels of
inflammatory markers (eg, CRP, TNF-α, IL-2, IL-4, and IL-6)
by collecting 10 mL of venous blood [38,39]. The results
showed that VR therapy significantly improved the level of

CRP (WMD=–0.89, 95% CI –1.07 to –0.70, P<.001, I2=0%),
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TNF-α (WMD=–6.60, 95% CI –8.56 to –4.64, P<.001, I2=98%),

and IL-6 (WMD=–2.76, 95% CI 2.98 to –2.53, P<.001, I2=0%).
No significant differences were found between the IL-2 and
IL-4 subgroups (Figure S1 in Multimedia Appendix 5).

Fear of Movement
Four studies (162 patients) reported fear of movement according
to the 11-item or 17-item Tampa Scale of Kinesiophobia
(TSK-11 or TSK-17, respectively) [42,47]. No significant
differences were found in either the TSK-11 (WMD=–0.81,

95% CI –4.48 to 2.86, P=.66, I2=0%; Figure S2 in Multimedia
Appendix 5) or TSK-17 (WMD=–9.66, 95% CI –22.01 to 2.68,

P=.13, I2=97%; Figure S3 in Multimedia Appendix 5).

Spinal Range of Motion
Three studies reported changes in the ROM of the neck in 4
directions before and after the intervention [45-47]. No
significant differences were found between the groups in terms

of flexion (WMD=2.67, 95% CI –2.31 to 7.64, P=.29, I2=61%),

extension (WMD=3.92, 95% CI –2.17 to 10.0, P=.21, I2=48%),
right rotation (WMD=–0.22, 95% CI –4.38 to 3.95, P=.92,

I2=0%), or left rotation (WMD=0.08, 95% CI –3.90 to 4.05,

P=.97, I2=42%); see Figure S4 in Multimedia Appendix 5.

Disability Level
Three studies (139 patients) reported disability levels in patients
with CNP by using the Neck Disability Index (NDI) [45-47], a

10-item questionnaire that assesses self-reported disability
related to CNP. Higher scores on the NDI indicate higher levels
of disability. No significant differences were found in the pooled
analysis of 3 (19%) studies (WMD=–2.66, 95% CI –5.47 to

0.15, P=.06, I2=48%); see Figure S5 in Multimedia Appendix
5.

Adverse Events
One study reported that after 1 month of intervention, patients
experienced nausea and motion sickness [32], two studies
reported that there were no adverse events [33,37], and the
remaining studies did not mention adverse events. The overall
dropout rate was 4.25% (17/400) in the intervention group and
3.75% (15/400) in the control group.

Publication Bias and Sensitivity Analysis
The Egger test indicated significant publication bias in the
results for pain intensity (P=.03; Figure 5). The sensitivity
analysis for pain intensity revealed that removing each study
separately did not significantly affect the pooled results, thus
indicating that the results are robust (Figure 6). The trim-and-fill
method was performed, and it was estimated that there were 4
missing studies. The pooled estimates (95% CIs) calculated for
the fixed effects model and the random effects model were –2.30
(–2.42 to –2.18) and –2.06 (–2.50 to –1.61), respectively (Figure
7). No significant changes in the results were observed before
or after pruning or filling, indicating that our results are robust
and plausible.

Figure 5. Funnel plot of pain intensity in the VR group compared with the control group. VR: virtual reality; WMD: weighted mean difference.
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Figure 6. Sensitivity analysis of the included studies.

Figure 7. Trim-and-fill analysis to estimate the number of potentially missing studies about the effect of VR on CSP. Circles represent real studies,
and squares represent studies estimated by this method. Circles represent real studies, and squares represent studies estimated by this method. CSP:
chronic spinal pain; VR: virtual reality.

Discussion

Principal Findings
The primary purpose of this meta-analysis was to compare the
relative efficacy of VR therapy and other therapies (eg,
conventional therapy, sham stimulation, and standard care) for

treating CSP. The results indicated that VR therapy can
effectively relieve CSP. The results of subgroup analyses
showed that VR is a beneficial pain management strategy for
patients with CNP and CLBP. For different types of VR,
subgroup analyses showed that compared to the control group,
IVR and NIVR both significantly improved CSP. No statistically
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significant differences were found between patients who
underwent VR treatments for a duration of <4 weeks and a
duration of ≥4 weeks. VR was associated with a significant
improvement in inflammatory marker levels but not in the fear
of movement, spinal ROM, or disability level. VR was found
to be well tolerated among these patients.

Discussion of the Results
The primary result suggested that VR reduces self-reported pain
intensity, which might be explained by several implicating
mechanisms [52,53]. A previous study reported that abdominal
muscle strength is significantly lower in people with LBP [54],
and a lack of strength in the core trunk muscles can lead to a
decrease in intra-abdominal pressure, affecting spinal stability
[55]. VR, as a novel human-computer interaction approach, can
stimulate and mobilize the sensory system during training and
results in changes in neuroplasticity and enhanced performance
of relevant muscle groups, promoting a new motor learning
process and leading to increased spinal stability [37,56], which
would benefit pain relief. Furthermore, previous studies have
reported that an intervertebral disc undergoes aging or
pathological changes in the adjacent region in patients with
CSP, exposing cells within the nucleus pulposus to
macrophages, resulting in an inflammatory response that might
trigger pain [7,8]. VR therapy may enhance the activity of disc
fibroblasts and increase the thickness of the multifidus muscle
[39,57], which is beneficial for relieving pain intensity.
Furthermore, pain is an unpleasant subjective sensation
associated with actual or potential tissue damage and is
correlated with the degree of patient attention given to the pain
area [58-61]. The various virtual game environments and
real-time feedback methods are the most eye-catching features
in the VR training process; these methods can be used to attract
the patient’s visual and auditory attention to achieve motor
performance, while relatively less attention has been given to
the effects of VR on pain [62,63].

Although the high heterogeneity of the primary outcome and
the results of the subsequent subgroup analyses suggest that the
region of CSP, VR type, and treatment duration may play a role
in the heterogeneity, the results of the sensitivity analysis
indicate that these differences are more likely to be caused by
6 studies [33-35,37,38,40], which included participants of
different ages.

VR therapy significantly improved the levels of inflammatory
markers, including CRP, TNF-α, and IL-6. Numerous studies
have previously reported an association between CSP and
changes in inflammatory cytokines, such as IL-1 and TNF-α,
which are thought to be closely related to the pathogenesis of
disc herniation and degeneration [64,65]. Similarly, Nambi et

al [66] reported that 4 weeks of VR training could significantly
decrease pain intensity, increase functional impairment, and
improve CRP, TNF-α, IL-2, IL-4, and IL-6 levels. However,
the limited number and low quality of the included studies need
to be noted, and further RCTs with large samples and rigorous
study designs are needed to elucidate these results.

Patients with CSP may engage in fear/avoidance behaviors to
avoid pain and protect themselves by limiting spinal motion,
which ultimately affects spinal mobility and the speed of
movement [67,68], with the degree of pain catastrophizing being
proportional to the degree of disability [69,70]. However, we
found no statistically significant differences in fear avoidance
beliefs after the VR intervention but at the 3-month follow-up
[47]. A systematic review and meta-analysis reported that VR
therapy enhances spinal ROM and physical functioning in
patients with CNP [26]. We failed to observe significant
differences in the spinal ROM or disability level after VR
intervention compared to those in the control group, which may
be attributed to the relatively short duration (0-8 weeks) of the
VR intervention (the reported mean duration was 4.81 weeks).

Limitations
Several limitations need to be addressed in this meta-analysis.
First, the pooled analysis of the studies may be imprecise due
to the large heterogeneity and the low quality of evidence from
most of the included studies, and the results should be
interpreted with caution. Second, the optimal duration of
treatment for CSP could not be determined. Third, the
effectiveness of VR therapy in patients with CSP and its
analgesic effects in long-term follow-up must be further
explored in high-quality studies. Fourth, indicators related to
quality of life, such as depression and anxiety, should be
emphasized and investigated in depth in future studies of patients
with CSP.

Conclusion
VR therapy is an innovative and effective analgesic method that
has beneficial effects on inflammatory markers in patients with
CSP compared to other therapies (sham stimulation, usual care,
conventional treatment). However, this approach may not have
significant effects on the fear of movement, spinal ROM, or
disability level. Notably, the quality of the evidence from the
RCTs included in this study ranged from moderate to low.
Therefore, we recommend that readers interpret the results of
this study with caution. Future trials with large sample sizes,
rigorous designs, and long-term follow-up periods are needed
to explore the clinical significance of these differences and key
issues in patients with CSP and to elucidate the underlying
mechanisms of VR.
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Abstract

Background: The increasing prevalence of autism spectrum disorder (ASD) has driven research interest on the therapy of
individuals with autism, especially children, as early diagnosis and appropriate treatment can lead to improvement in the condition.
With the widespread availability of virtual reality, augmented reality (AR), and mixed reality technologies to the public and the
increasing popularity of mobile devices, the interest in the use of applications and technologies to provide support for the therapy
of children with autism is growing.

Objective: This study aims to describe the literature on the potential of virtual reality, AR, and mixed reality technologies in
the context of therapy for children with ASD. We propose to investigate and analyze the temporal distribution of relevant papers,
identify the target audience for studies related to extended reality apps in ASD therapy, examine the technologies used in the
development of these apps, assess the skills targeted for improvement in primary studies, explore the purposes of the proposed
solutions, and summarize the results obtained from their application.

Methods: For the systematic literature review, 6 research questions were defined in the first phase, after which 5 international
databases (Web of Science, Scopus, ScienceDirect, IEEE Xplore Digital Library, and ACM Digital Library) were searched using
specific search strings. Results were centralized, filtered, and processed applying eligibility criteria and using the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The results were refined using a technical
and IT-oriented approach. The quality criteria assessed whether the research addressed ASDs, focused on children’s therapy,
involved targeted technologies, deployed solutions on mobile devices, and produced results relevant to our study.

Results: In the first step, 179 publications were identified in Zotero reference manager software (Corporation for Digital
Scholarship). After excluding articles that did not meet the eligibility or quality assessment criteria, 28 publications were finalized.
The analysis revealed an increase in publications related to apps for children with autism starting in 2015 and peaking in 2019.
Most studies (22/28, 79%) focused on mobile AR solutions for Android devices, which were developed using the Unity 3D
platform and the Vuforia engine. Although 68% (19/28) of these apps were tested with children, 32% (9/28) were tested exclusively
by developers. More than half (15/28, 54%) of the studies used interviews as an evaluation method, yielding mostly favorable
although preliminary results, indicating the need for more extensive testing.

Conclusions: The findings reported in the studies highlight the fact that these technologies are appropriate for the therapy of
children with ASD. Several studies showed a distinct trend toward the use of AR technology as an educational tool for people
with ASD. This trend entails multidisciplinary cooperation and an integrated research approach, with an emphasis on comprehensive
empirical evaluations and technology ethics.
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Introduction

Background
In recent years, there has been increased interest in using
technology to address the unique challenges faced by individuals
with autism spectrum disorder (ASD). Among the various
technological approaches, extended reality (XR), which includes
augmented reality (AR) and virtual reality (VR), has emerged
as a promising solution for intervention and therapy in children
with ASD. XR offers the potential to create immersive and
engaging environments that can address the specific needs of
individuals on the autism spectrum, assisting them with
communication, social interaction, and skill development. As
a result, researchers and practitioners have explored the
development of XR-based mobile apps tailored to the therapy
of children with ASD.

However, the rapid growth in this field has spawned a multitude
of XR-based mobile app solutions, each claiming unique benefits
and features. With this proliferation of interventions, it is
important to comprehensively assess the current landscape of
XR-based mobile apps for the therapy of children with ASD,
not only to strengthen existing knowledge in the field but also
to provide critical insights into the research field.

In light of these considerations, this systematic literature review
aimed to explore and assess the current status of XR-based
mobile app solutions for the therapy of children with ASD. By
synthesizing evidence from existing studies, this review aimed
to provide an updated overview of the field, identify research
gaps, and provide valuable insights. In this endeavor, this review
aimed to contribute to the advancement of knowledge and
practice in the field of XR-based interventions for ASD therapy,
ultimately aiming to improve the quality of life of children on
the autism spectrum and their caregivers.

ASD is a neurological condition that has a significant negative
impact on a person’s social, verbal, and physical abilities.

Researchers claim that ASD is typically discovered around the
third year of life [1], but it can be identified and diagnosed as
early as the age of 18 months [2]. According to a study from
2022, a total of 1% of infants have ASD [3]. On the basis of
studies conducted over the past 50 years, the World Health
Organization predicts a global increase in the prevalence of
ASD [3].

Researchers consider 3 techniques that could be used to facilitate
the evaluation of this condition’s prevalence: providing
diagnostic tools, enhancing diagnostic standards, and increasing
public awareness of ASDs [4].

On the basis of each individual’s verbal IQ and level of language
delay, the diagnosis assesses the severity of the disorder (mild,
moderate, or severe) [5], which can estimate the extent to which
daily life is affected. Many people with ASD are timid, have
difficulty communicating, or experience anxiety when engaging
in casual conversation. Despite their communication and social
skill deficits, individuals with ASD have demonstrated a
preference for technology [6]. Furthermore, the use of
technology in behavioral therapy for people with ASD has the
additional advantage of being cost-effective in terms of both
caregiver and treatment facility expenses [7]. In addition, various
studies have shown that individuals with ASD respond better
to visual stimuli than to other sensory stimuli [8]. The findings
of these studies have led to various applications of technology
in digital behavioral treatment.

XR, AR, VR, and Mixed Reality
As evidenced, the evolution of IT has accelerated in recent
years. According to the study by Abad-Segura et al [9], rapid
technological advancements have caused a significant and
positive shift in how people view modern living.

The relatively new term XR refers to the entire spectrum from
AR to VR, including mixed reality (MR; Figure 1 [10]).

Figure 1. The extended reality concept [10].

AR is a technology that enables real-time interaction and
integration of 3D virtual models into the physical world [11].

Although the first portable AR system was developed in 2003
[12], AR did not acquire widespread acceptance and public
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awareness until the release of the mobile game Pokémon GO
[13] in 2016. Despite the various implementation challenges,
AR has many potential applications. In addition to applications
in specific domains such as industry, construction, or medicine,
as well as in advertising and commerce, education, and gaming
[14], AR can be used by a broader audience for everyday tasks
such as finding information about nearby points of interest,
navigation, and assistance while following a route [14]. Most
of these apps are now accessible owing to advances in mobile
device technology and the spread of smart mobile phones. AR
facilitates behavioral therapy by enhancing the experiences and
abilities of people with ASD and establishing an integrated
learning environment that enables the visualization of
educational materials in 3D and engaging manipulation of
real-world objects [15]. By generating “physical” structures to
improve specific skills, AR fosters the imagination of patients
with ASD without impairing it [16,17]. Moreover, AR can be
used to create more engaging and appealing user interfaces,
thereby eliminating the need for conventional input devices
such as a keyboard and mouse [18]. AR technology is typically
accessed using various devices and platforms. Among the widely
used platforms and tools for developing AR apps are Unity,
Unreal Engine, ARCore, and HP Reveal.

As described in the study by Azuma [11], VR is a
computer-generated environment that simulates real-life
scenarios, creating an immersive and interactive experience.
This means that the users are placed in a completely virtual
world, which can be similar to or different from the real one.
This technology requires specialized equipment, such as VR
headsets or glasses to enable users to see and interact with the
virtual environment.

As seen in the studies by Bursali and Yilmaz [19] and El-Jarn
and Southern [10], MR is situated between AR and VR,
integrating the 2 technologies to provide the user with a unique
and captivating experience in real time. It can be difficult to
precisely define the limits of MR as they depend on the devices
and equipment used as well as the extent to which VR or AR
is incorporated into the final product. A model describing the
integration of digital objects from the physical world into the
virtual world is shown in the study by Milgram and Kishino
[20], which also presented a taxonomy for MR, stating that it
can be defined as a part of the human-computer interface field,
which integrates VR and AR elements to create an environment
in which virtual and real objects coexist and interact.

To be used, technologies from the XR spectrum require specific
hardware with an optical sensor [19]. In addition, well-known
technology companies such as Google, Facebook, Apple,
Amazon, and Microsoft have significantly contributed to the
development of AR tools and services [21,22], including
handheld devices; holographic screens (Microsoft HoloLens);
and heads-up displays, which are mainly designed for MR,
tablets, and mobile devices (smartphones).

The development of collaborative XR, which enables
simultaneous communication and collaboration among multiple
users, is one of the research trends in the field of XR [23].

Given the benefits that AR, VR, and MR can offer as a new
mode of human-computer interaction and the fact that these

technologies are becoming ubiquitous and part of our daily
lives, this systematic review aimed to describe how these
technologies can be used in the therapy of children with ASDs.

Methods

Overview
According to Kitchenham [24], a systematic literature review
is a method for identifying, evaluating, and interpreting all
available research relevant to a field of study as well as
answering specific research questions (RQs). We conducted
this research following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [25]
and the recommendations suggested by Kitchenham [24].

To conduct this literature review, several well-known scientific
databases were queried, and publications containing relevant
information for our analysis were filtered. We defined RQs and
provided answers to each of them, thus achieving our proposed
objective.

Search Strategy
According to the considered methodology, the following 7 RQs
were formulated. These questions consider aspects relevant to
the understanding of concepts important to this study:

1. What is the papers’ distribution over time? (RQ 1)
2. What category of people are the studies aimed at? (RQ 2)
3. Which technologies are used with XR or any of its

subdivisions to develop apps for ASD therapy? (RQ 3)
4. What skills were targeted for improvement in primary

studies? (RQ 4)
5. What are the purposes for which the proposed solutions

were used? (RQ 5)
6. What are the results obtained using the proposed solutions?

(RQ 6)

To study the literature and answer the aforementioned questions,
we searched for scientific publications using various academic
research databases. Our study primarily focused on the technical
aspects of mobile app solutions using XR for autism therapy.
To comprehensively cover our research domain, we chose to
use multidisciplinary scientific databases—Scopus,
ScienceDirect, and Web of Science—along with 2 databases
particularly relevant to computer science, namely, IEEE Xplore
Digital Library and ACM Digital Library. From these sources,
we only considered publications that were relevant in computer
science–related categories, such as technology, engineering,
and computer science, excluding categories related to medicine,
chemistry, or neurosciences considering that the RQs were
focused not only on the available apps but also on their technical
details. The functionalities, the technologies used, and the entire
process of their development also constituted an objective. Thus,
the approach from a technical point of view and the development
of these apps were followed. This was done using the results
refinement interface available in the aforementioned databases.
Initially, to view and analyze the results of queries conducted
using the considered search strings, the search was not limited
to a particular time.
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Given the topic of this study, we aimed to query scientific
databases so that the resulting list of publications would meet
the following criteria:

1. Reference to ASDs
2. Consideration of one of the technologies that are part of

the concept of XR (VR, AR, or MR)
3. Addressing mobile apps
4. Aim to develop solutions for the therapy of children

The literature was searched using keywords relevant to
achieving the proposed objectives: autism, autistic, ASD, virtual
reality, augmented reality, extended reality, mixed reality,
mobile application, and children.

Following the analysis of these keywords, the query process
was extended by including the following terms: Autis*, VR, AR,

MR, XR, Mobile app*, Smartphone app*, Child*, Infan*,
Toddler*, Preschool*, Kid*, and Juvenile. In the aforementioned
list, an asterisk stands for any number of characters at the end
of the current string (eg, Preschool* refers to Preschool,
Preschooler, and Preschoolers).

Information Sources
Depending on the search options available in each database
considered, specific search strings were defined for querying
the databases (Table 1). These query strings were defined using
advanced search functions and appropriate operators. The search
of Web of Science and Scopus publications was performed by
title, abstract, and keywords, and IEEE Xplore Digital Library,
ScienceDirect, and ACM Digital Library were searched using
a general search. The queries were executed on December 18,
2022.

Table 1. The search strings used for querying the databases (N=219).

Returned results, n (%)Search stringDatabaseItem

45 (20.5)(TS=(Autis*) OR TS=(ASD)) AND (TS=(virtual reality OR VR) OR TS=(augmented reality OR
AR) OR TS=(mixed reality OR MR) OR TS=(extended reality OR XR)) AND (TS=(mobile app*
OR smartphone app*)) AND (TS=(child* OR infan* OR toddler* OR preschool* OR kid* OR juve-
nile))

Web of Sci-
ence

1

32 (14.6)(TITLE-ABS-KEY (autis*) OR TITLE-ABS-KEY (asd)) AND (TITLE-ABS-KEY (“virtual reality”
OR vr) OR TITLE-ABS-KEY (“augmented reality” OR ar) OR TITLE-ABS-KEY (“mixed reality”
OR mr) OR TITLE-ABS-KEY (“extended reality” OR xr)) AND (TITLE-ABS-KEY (“mobile app*”
OR “smartphone app*”)) AND (TITLE-ABS-KEY (child* OR infan* OR toddler* OR preschool*
OR kid* OR juvenile))

Scopus2

26 (11.9)(Autis* OR ASD) AND (Augmented reality OR AR OR Mixed reality OR MR OR Extended Reality
OR XR OR Virtual Reality OR VR) AND (Mobile OR Tablet OR Smartphone OR Phone OR
Smartglass) AND (App* OR Solution*) AND (child* OR kid* OR infan* OR preschool* OR juvenile
OR toddler*)

IEEE Xplore
Digital Li-
brary

3

48 (21.9)(“Autism Spectrum Disorder” OR “ASD”) AND (“Augmented reality” OR “Mixed reality” OR
“Extended reality”) AND (“App OR Application”) AND (“kids OR children”)

ScienceDi-
rect

4

68 (31.1)[[All: “autis*”] OR [All: “asd”]] AND [[All: “augmented reality”] OR [All: “mixed reality”] OR
[All: “virtual reality”] OR [All: “extended reality”]] AND [All: “mobile”] AND [[All: “app”] OR
[All: application]]

ACM Digital
Library

5

Eligibility Criteria
The papers obtained by querying scientific databases had an
interdisciplinary nature. However, our study took a technical
and IT-focused approach to mobile app solutions using XR for
autism therapy. Therefore, we needed to refine the results by
considering inclusion and exclusion criteria. As previously
stated, no constraints were imposed on the publication dates of
the articles during the search conducted in the scientific
databases. Nevertheless, considering the significant progress in
mobile device capabilities and their widespread use over the
last decade, which have facilitated the development and growth
of the global use of XR-based mobile apps for therapeutic
purposes, we focused our investigation on the period following
2012 [26,27]. In line with our technical focus on mobile app
solutions using XR for the therapy of children with ASD, we
refined the search results across the 5 considered databases,
prioritizing computer science–related domains. We deliberately

excluded categories related to medicine, chemistry, or
neurosciences as our RQs focused on both the available apps
and their technical details.

Before centralizing the results for analysis, they were refined
according to the inclusion and exclusion criteria. The inclusion
criteria were as follows:

1. Articles published in English
2. Articles published after 2012

The exclusion criteria were as follows:

1. Book chapters
2. Paper tables of contents
3. Articles published in languages other than English
4. Results on the topics of medicine, chemistry, or

neurosciences

After initial processing, the database searches returned the
number of results presented in Table 2.
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Table 2. Results obtained after initial data processing (N=179).

Results, n (%)Database

43 (24)Web of Science

22 (12.3)Scopus

25 (14)IEEE Xplore Digital Library

41 (22.9)ScienceDirect

48 (26.8)ACM Digital Library

Selection Process
During the selection process, the PRISMA guidelines were
considered [25]. These guidelines outline 3 steps: identification
(centralizing the results and excluding duplicate publications),
screening (review of titles and abstracts and testing eligibility),
and inclusion (the publications identified as answering the
proposed RQs). The PRISMA 2020 checklist is available in
Multimedia Appendix 1. The Zotero reference manager software
(Corporation for Digital Scholarship) was used to perform the
specified steps. In the first step, 179 publications resulting from
the search of the 5 considered databases were imported, after
which duplicate publications (n=20, 11.2%) and some
conference papers (n=4, 2.2%) were removed. For the next step,
86.6% (155/179) of the publications were considered. To enable
author collaboration, the data were imported into Google Sheets.
In total, 2 reviewers (M-VT and CET) conducted an independent
screening of publications for inclusion based on title and abstract
analysis. Studies meeting the eligibility criteria according to
both reviewers were then considered for full-text screening.
Any disagreements were discussed face-to-face between the
reviewers, and a third party was involved to help reach
unanimity where necessary. The same process was implemented
for the full-text review with the assistance of a third reviewer
(SV).

After reviewing the titles and abstracts, a total of 41.9% (65/155)
of the publications were excluded as they did not address the
proposed topic, focusing either on another condition or on other
technologies.

Despite the high quality of the publications, as evidenced by
their indexing in prestigious international databases, the analysis
included a full text review (where available) of the remaining
58.1% (90/155) of the publications, and the following quality
assessment criteria were applied to ensure their relevance to the
RQs considered. Articles with no full text accessible were

excluded. The following quality criteria (QCs) were applied to
78 publications:

1. Does the research topic address ASDs? (QC 1)
2. Does the study address children’s therapy? (QC 2)
3. Does the study include one of the technologies targeted in

this review? (QC 3)
4. Is the solution deployed on a mobile device? (QC 4)
5. Are the results relevant to this review? (QC 5)

Given the nature of the research and its objectives, the 5 QCs
that were developed specifically to achieve the goals of the
research were used to evaluate the studies’ quality by 2 authors.
Each publication was carefully reviewed and assigned a score
from 0 to 2 measuring the extent to which it corresponded to
the quality assessment criteria and to the subject of this study
(0=no; 1=partially; 2=yes). Thus, the maximum score for a
paper could be 10. After that, the data were combined for further
analysis using Microsoft Excel (Microsoft Corp). After
consolidation, a score with a decimal part (eg, 1.5) was rounded
up to the nearest integer for better inclusion.

After reviewing the full texts, 3 publications were found to be
not written in English, and in other publications, ASD was not
addressed (only mentioned), other technologies were addressed,
or the proposed solution was not clearly described and the results
were inconclusive (see the sample in Figure 2; the entire table
is available in Multimedia Appendix 2 [28-104]).

Following this, only publications with a score of ≥7 were
evaluated as they adequately addressed the RQs. The type of
publication, whether it was a review or aimed at developing an
app, was also noted. Systematic literature review publications
were investigated to identify any references that could be added
to this study, but they were removed from the list after being
reviewed. The entire publication selection process is illustrated
in Figure 3.
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Figure 2. Screenshot of the quality assessment of the papers.
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Figure 3. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. QA: quality assessment.

Synthesis Methods
The data extraction process was carried out to methodically
address the stated RQs. Initially, a single reviewer handled the
task of data extraction, leveraging the analytical capabilities of
Microsoft Excel to facilitate a structured and organized approach
to data collection and analysis. The same tool was used for data
organization and representation. Within this app, a
comprehensive table was constructed in which the rows were
designated to the considered references and data corresponding
to individual RQs were entered into separate columns, fostering
a systematic representation of the data obtained. Subsequently,
to enhance the reliability and validity of the data integration

process, a second reviewer performed a verification of the
initially extracted data. This encompassing procedure ensured
a high degree of accuracy and reduced potential discrepancies,
thus guaranteeing the integrity of the data.

Results

As a result of applying the PRISMA guidelines, a total of 28
publications were considered in this study to address the RQs.

RQ 1: What Is the Papers’ Distribution Over Time?
Considering the time range for paper analysis, Figure 4 depicts
the time distribution of publications over the period of 2012 to
2022.
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Figure 4. Time distribution of the reviewed publications.

Analyzing Figure 4, we can see an increasing trend in the
number of publications starting in 2015, with the maximum
value being reached in 2019. This denotes an increasingly high
interest in these technologies. The number of publications
decreased again in 2020, probably because of the pandemic,
which limited human interaction and prevented the development
and testing of apps dedicated to children with autism.

Regarding the types of publications, more than half (17/28,
61%) were presented at conferences, and 39% (11/28) were
articles published in specialized scientific journals.

RQ 2: What Category of People Are the Studies Aimed
at?
The analysis of the considered publications revealed that 43%
(12/28) [29,31-33,36,39,43,44,47,50,51,53] stated that they

were about children without mentioning the number of
participants or their ages. Textbox 1 summarizes the data
obtained.

The paper by Xia et al [47] addressed people with autism
without mentioning whether they were children or adults, and
the study by Wang et al [54] only involved adults but was of
interest because the proposed solution can be applied to children
as well.

In addition, the studies by Zheng et al [38], Escobedo et al [46],
and Voss et al [49] included children both with and without
ASD to compare the results and the process recorded in both
cases.
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Textbox 1. Number and age of the children involved in the studies.

• Hashim et al [28]: 6 children aged between 5 and 12 y

• Machado et al [29]: children—age not stated

• Tang et al [30]: children aged <4 y and between 4 and 8 y; number not mentioned

• Selvarani et al [31]: children—age not stated

• Abou El-Seoud et al [32]: children—age not stated

• Vullamparthi et al [33]: children—age not stated

• Singh et al [34]: children aged between 9 and 12 y

• Chen et al [35]: 6 teenagers aged between 11 and 13 y

• Tang et al [36]: children—age not mentioned

• Giraud et al [37]: 12 children aged between 5 and 9 y

• Zheng et al [38]: 12 children, 6 with autism spectrum disorder (ASD) and 6 with typical development

• Pradibta and Wijaya [39]: children—age not stated

• Nubia et al [40]: 6 children (5 boys and 1 girl) aged between 3 and 9 y

• Sait et al [41]: 9 children aged between 4 and 12 y

• Wan et al [42]: 10 children aged between 3 and 8 y

• Kavitha et al [43]: children—age not stated

• Silva et al [44]: children—age not stated

• Kalantarian et al [45]: 8 children aged between 6 and 12 y

• Escobedo et al [46]: unknown number of children aged between 8 and 11 y, including 3 children with autism

• Xia et al [47]: mainly people with autism

• Amado et al [48]: children aged between 7 and 9 y; number not indicated

• Voss et al [49]: 20 children with ASD and 20 children without ASD

• Washington et al [50]: 14 families

• Gulati and Handa [51]: children—age not stated

• Escobedo et al [52]: 12 children and 7 teachers

• Bouaziz et al [53]: children—age not stated

• Wang et al [54]: 4 adults, but the system was suitable for children as well

• Gelsomini et al [55]: 5 children (2 with mild ASD, 2 with medium ASD, and 1 with psychomotor retardation)

RQ 3: What Technologies Are Used With XR or Any
of Its Subdivisions to Develop Apps for ASD Therapy?
AR mobile apps for therapy for children with ASD typically
used a combination of the following technologies:

1. Mobile devices such as smartphones and tablets equipped
with cameras; displays; and sensors such as accelerometers,
gyroscopes, and GPS

2. AR software development kits such as ARKit, ARCore,
and Vuforia, which provide the tools and framework needed
for developing AR apps

3. Graphical and game engines such as Unity and Unreal
Engine for 3D model development and creating animations
and interactive environments

4. Natural language processing and speech recognition
technologies for creating voice-activated AR experiences

5. Computer vision and image-processing techniques for
real-time object tracking and recognition of objects, faces,
and gestures

6. Machine learning algorithms for customizing the AR
experience based on the child’s performance and
preferences

7. Cloud computing infrastructure for data storage,
management, and analysis of therapy progress

Of the 28 analyzed publications, 22 (79%) addressed a solution
from the spectrum of AR implemented on mobile devices such
as smartphones owing to their processing power and integrated
sensors that make them suitable tools for implementing apps
without the need for additional and sophisticated equipment. In
addition, the papers by Giraud et al [37], Sait et al [41], Gulati
and Handa [51], and Gelsomini et al [55] presented solutions
based on VR. Although the articles by Wan et al [42] and
Kalantarian et al [45] did not present an AR or VR solution, the
methodology addressed and the results obtained show the
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potential for research in this area. Textbox 2 summarizes
information about the technologies and platforms used for app
development.

Unity 3D and Vuforia were among the most common platforms
used in the development of AR apps for mobile devices, with

the Android operating system often mentioned. Several studies
(6/28, 21%) [29,38,41,49,51,55] used wearable devices such as
Google Glass, Oculus Go, Google Cardboard, Leap motion
sensors, and E4 wearable sensors along with the mentioned
technologies. Interactive cards were also used as markers to
overlay virtual content.

Textbox 2. Technologies and platforms used.

• Hashim et al [28]: interactive cards, augmented reality, and smartphones

• Machado et al [29]: augmented reality based on smart glasses and Android, web platform, Node.js, eye tracker, sensors, and Amazon Alexa

• Tang et al [30]: augmented reality and Google TensorFlow

• Selvarani et al [31]: interactive cards, augmented reality based on markers, Vuforia, Android smartphone, and Unity 3D

• Abou El-Seoud et al [32]: augmented reality based on markers, smartphones, and the Aurasma framework

• Vullamparthi et al [33]: smartphone, Android, augmented reality, and QR codes

• Singh et al [34]: desktop app and augmented reality

• Chen et al [35]: Vuforia and smartphone or tablet PC

• Tang et al [36]: Google TensorFlow, augmented reality, and smartphone or PC

• Giraud et al [37]: virtual reality (VR) and Unity 3D

• Zheng et al [38]: augmented reality, Microsoft Kinect, and portable E4 sensor

• Pradibta and Wijaya [39]: interactive cards, augmented reality, Android smartphone, and Adobe for animation and graphic illustration

• Nubia et al [40]: augmented reality, Android tablet PC, Unity 3D, Vuforia, and Blender

• Sait et al [41]: VR, Unity 3D, and VR glasses (Oculus Go)

• Wan et al [42]: system that can be implemented on a PC, smartphones or robots; no use of augmented reality or VR

• Kavitha et al [43]: augmented reality, Android smartphone, Vuforia, and ARCore

• Silva et al [44]: augmented reality, smartphone or tablet PC, and Vuforia

• Kalantarian et al [45]: Android smartphone; no VR or augmented reality

• Escobedo et al [46]: augmented reality and Android smartphone

• Xia et al [47]: augmented reality, Android or iOS smartphone, React, Node.js, and Python for object recognition

• Amado et al [48]: augmented reality, Vuforia, Unity 3D, Android smartphone, Balsamiq Mockups 3, and Tinkercad

• Voss et al [49]: augmented reality, Android smartphone, and Google Glass

• Washington et al [50]: Google Glass and Android smartphone

• Gulati and Handa [51]: VR, Leap motion sensors, and VR camera

• Escobedo et al [52]: augmented reality, smartphone or tablet PC, PC server, MySQL database, and HTTP

• Bouaziz et al [53]: interactive cards, augmented reality, smartphone, and Vuforia

• Wang et al [54]: augmented reality, tablet PC or smartphone, Unity 3D, and Vuforia

• Gelsomini et al [55]: VR, Google Cardboard, smartphone, and Unity 3D

RQ 4: What Skills Were Targeted for Improvement
in Primary Studies?
Owing to the deficiencies of children with ASD, the aim was
to improve some basic skills such as the following:

1. Communication and language development
2. Social interaction and play skills
3. Fine and gross motor skills
4. Emotional regulation and collaborative strategies
5. Cognitive and problem-solving abilities
6. Attention and ability to follow instructions
7. Independence and self-help capabilities

Table 3 presents the number of publications aimed at improving
basic skills.

A total of 25% (7/28) of the publications [28,30,33,36,40,49,52]
focused on improving communication skills such as English
vocabulary learning [28]; word learning using automatic object
recognition through an app based on the TensorFlow library
that can be used either when connected to the internet or offline
[29]; speaking, reading, and associating images using an app
that allows for customization of lessons by parents or therapists
[33]; and communication and socialization by delivering certain
cues through smart glasses [49]. Textbox 3 details the skills
targeted in the studies.
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Table 3. Targeted learning skills (n=28).

Studies, n (%)Skill

1 (3)Religious skills

3 (11)Daily activities, meal preparation, toothbrushing, and eating

2 (7)Cognitive or attention

5 (18)Expressing emotions or social skills

1 (3)Environment adaptation

2 (7)Motor skills

1 (3)Task training

3 (11)General skills

1 (3)Number learning

2 (7)Object recognition

7 (25)Communication or vocabulary

Textbox 3. Skills aimed to be improved.

• Hashim et al [28]: communication skills; learning English vocabulary, pronunciation, and articulation skills

• Machado et al [29]: daily routine activities (preparing meals)

• Tang et al [30]: word learning and object recognition

• Selvarani et al [31]: number learning

• Abou El-Seoud et al [32]: general skills; the user can choose the augmented reality (AR) content to be displayed

• Vullamparthi et al [33]: speaking abilities, reading, image associations, and activity scheduling

• Singh et al [34]: procedural task fulfillment

• Chen et al [35]: expressing emotions and social abilities

• Tang et al [36]: object recognition and vocabulary learning skills

• Giraud et al [37]: motor and social skills

• Zheng et al [38]: toothbrushing abilities

• Pradibta and Wijaya [39]: religious abilities—prayers

• Nubia et al [40]: communication abilities

• Sait et al [41]: adaptation to a new or unfamiliar environment

• Wan et al [42]: cognitive skills and practicing facial emotions

• Kavitha et al [43]: general skills; the user can choose the AR content to be displayed

• Silva et al [44]: social and general skills

• Kalantarian et al [45]: expressing emotions and social abilities

• Escobedo et al [46]: social skills in real-life situations, building and maintaining social relationships, improving conversational ability, and
managing behavior and emotions

• Xia et al [47]: social and self-help abilities (shopping)

• Amado et al [48]: cognitive skills

• Voss et al [49]: social and communication abilities

• Washington et al [50]: expressing emotions

• Gulati and Handa [51]: motor, focusing, and general skills

• Escobedo et al [52]: object recognition

• Bouaziz et al [53]: self-help skills (feeding)

• Wang et al [54]: attention skills

• Gelsomini et al [55]: general skills (attention, concentration, and understanding) and narration
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Some studies (3/28, 11%) focused on the development of
self-help skills such as preparing meals with the help of smart
glasses, receiving real-time information about the steps to follow
[29], brushing teeth [38], or eating [53]. By improving the skills
aimed at in the studies considered in this review and developing
skills that can improve the deficiencies present in children with
ASD, the social inclusion of children with ASD was pursued.

RQ 5: What Are the Purposes for Which the Proposed
Solutions Were Used?
Using at least one of the technologies targeted in this review,
the solutions presented in these publications were used to assist
children with ASD. Developed for use by both therapists and
parents at home or in specialized medical centers, these solutions
aimed to improve certain fundamental aspects of the lives of
children with autism. Textbox 4 presents information related
to the reasons for which the apps were developed.

Hashim et al [28] created an app for the development of
children’s English vocabulary, which could potentially be used
with other languages as well. The solution proposed in the paper
by Machado et al [29] used multiple technologies to allow the
therapist to model activities using a web platform and provide
hints to users via smart glasses. It also works as an
attention-monitoring tool via an eye tracker so that activities
can be evaluated and improved. The study by Tang et al [30]
addressed the problem of communication through automatic
object recognition using a smartphone and display of virtual
content (object names) on the screen. This app works either
when connected to the internet or offline. A similar approach
was observed in the study by Selvarani et al [31], in which
children could learn numbers by scanning notebooks using their
mobile devices, after which the relevant content was displayed
on the screen.
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Textbox 4. The purpose of the developed apps.

• Hashim et al [28]: the Areal-Vocab app was developed to help children with autism improve their English vocabulary.

• Machado et al [29]: the aim was to develop an assistive app using augmented reality (AR) based on smart glasses and a visual attention analysis
tool to help people with autism in daily tasks by providing complementary information (eg, to pick up the knife and then cut the strawberries).
The therapist can model the activity.

• Tang et al [30]: the researchers intended to develop a mobile app for children with autism that could run either connected to the internet or offline
that would improve word learning skills by using object recognition.

• Selvarani et al [31]: the aim was to help children with autism learn numbers by scanning an interactive card using the app so that complementary
video and audio content is displayed on the screen.

• Abou El-Seoud et al [32]: the aim was to develop a framework to help parents or educators use AR in a personalized way by choosing what type
of AR educational content to display over a printed marker representing a familiar cartoon character.

• Vullamparthi et al [33]: a tool was developed that included an interface for parents or educators to scan a QR code and create various lessons
and an interface for children. It used the smartphone camera, an Android apk (Android application package), a web page, a database, and Jakarta
server pages.

• Singh et al [34]: the paper was a comparative study that aimed to explore the effectiveness of AR in the execution of tasks among less privileged
children (who have had minimal interaction with technology), healthy but younger children, and children with autism.

• Chen et al [35]: the researchers developed a Vuforia-based AR app that can be deployed on Android or iOS devices (smartphones or tablets).
This app can scan storybooks (with images captured from videos) and overlay relevant content to assist children with autism in expressing and
understanding emotions and developing social skills.

• Tang et al [36]: the aim was to develop a tool for children with autism that can recognize objects and display their names.

• Giraud et al [37]: the study aimed to involve children with autism in common actions (moving furniture) by interacting with a virtual character
projected on a tactile magnetized surface.

• Zheng et al [38]: the goal was to develop an AR system (Cheerbrush) that could teach children with autism how to brush their teeth considering
how important this is to stay healthy and avoid dental procedures. It uses Kinect to capture the user’s movement, a 3D-printed toothbrush to
assess brushing skills, a monitor to view the surroundings, and an avatar. It also uses a wristband to assess children’s stress while using the app.

• Pradibta and Wijaya [39]: the aim was to help children with autism learn daily prayers. The goal was to develop an app that contains animated
learning materials in the form of daily prayers from the Islamic religion.

• Nubia et al [40]: the aim was to help children with autism communicate better using an app that can identify human-recognizable objects such
as animals, fruits, or other common objects and match them with specific sounds.

• Sait et al [41]: the goal was to develop a virtual reality (VR) framework in which the teacher can enter information about the child and prepare
scenes that can be watched by a child wearing VR glasses. The main objective was to familiarize children with autism with places such as school,
the schoolyard, and the classroom by previously visualizing the environment.

• Wan et al [42]: the aim was to help children with autism recognize, practice, and express emotions such as happiness, sadness, fear, or anger.

• Kavitha et al [43]: the aim was to help children with autism recognize objects or animals by rendering 3D content over certain images.

• Silva et al [44]: the aim was to help reduce the isolation of children with autism by encouraging them to explore the world with the help of an
app based on geolocation and AR.

• Kalantarian et al [45]: the goal was to help children with autism learn to express their emotions. Guess what? is an Android mobile app similar
to Heads up!, a game in which a parent holds the smartphone with the screen facing the child, the child imitates what they see, and the parent
tries to guess the simulated emotion.

• Escobedo et al [46]: the paper describes the design and development of the MOSOCO app, which is a mobile app that provides real-time support
and guidance to children with autism in practicing social skills. The app uses AR technology to overlay social hints directly into the child’s real
environment, allowing them to practice social skills in real-life situations.

• Xia et al [47]: the app provided step-by-step guidance for people with autism to go shopping by augmenting real shopping scenes using object
recognition, barcode reading, and automatic classification.

• Amado et al [48]: the main objective was to develop an AR mobile app to be used by parents of children with autism for their therapy during the
pandemic, when human interaction was limited.

• Voss et al [49]: the system described in the paper aimed to help people with autism spectrum disorder improve their social skills by providing
discrete real-time social cues via wearable technology. Social cues are provided directly in the wearer’s field of vision using AR technology and
are intended to help the wearer navigate social situations and improve their social interactions and communication skills.

• Washington et al [50]: the goal was to develop an app that runs on an Android smartphone (used by a parent) that is connected to a Google Glass
device worn by the child. Social cues are delivered to the glasses based on emotions recognized by the mobile app, which also records the session
(video only for privacy reasons). The activities are gamelike—catch the smile, guess the emotions, and unstructured activities.

• Gulati and Handa [51]: the aim was to develop a VR game to improve reading, basic math, and spelling. Motor skills are improved by reading
gestures and helping coordinate them with the eyes using the Leap motion sensor.
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Escobedo et al [52]: the aim was to create an app that can identify objects that are tagged and display relevant content over them, such as text,
3D models, vibrations, video, or audio, and the user can receive a reward. The main architecture is composed of a module called therapy manager,
an ambient notification system, and a tag manager.

•

• Bouaziz et al [53]: the aim was to develop an app dedicated to children with autism that teaches them how to eat by scanning an interactive card
and displaying on top of it a 3D character depicting the targeted skill.

• Wang et al [54]: the aim was to help adults with autism be more focused by performing certain tasks, such as rearranging objects in a scene.

• Gelsomini et al [55]: the aim was to develop a VR mobile app for smartphones that can be used with Google Cardboard, helping children with
autism understand activities through storytelling and allowing caregivers to customize the content using a web app, monitor children’s attention,
and analyze statistics.

The apps developed in the studies by Abou El-Seoud et al [32]
and Vullamparthi et al [33] aimed to go through some lessons
that parents and educators could customize by accessing a web
platform so that they could choose which type of content to
display when the app detected an object in the visual area. The
study carried out by Singh et al [34] compared the effects of
apps that use AR to perform certain tasks in both children with
ASD and children with typical development. Religious activities
were also included in one study [39], which presented an app
containing animated materials that helped children learn prayers.

Given the fact that children with autism typically experience
difficulties adapting to a new environment, Sait et al [41] aimed
to develop an app that uses VR, VR glasses, and a web platform
in which therapists can enter information about each child and
set up custom scenes, such as a classroom, to be viewed virtually
and get used to. In addition to the goal of conducting basic
activities, Xia et al [47] developed an app to guide individuals
with autism with grocery shopping step by step.

RQ 6: What Are the Results Obtained Using the
Proposed Solutions?
Depending on the proposed solution and the objectives of the
studies, the results were different, but in general, where the app
was tested, encouraging results were obtained, with the remark
that these were to be improved and tested more thoroughly. In
cases in which the app was not tested with the intended audience
but was proven to function, it was deemed to have potential.
Textbox 5 summarizes the results obtained in each study.

Upon analyzing the results of the studies included in this review,
it was found that only 68% (19/28) of the apps were tested with
children with autism, whereas 32% (9/28) were tested only by
the developers for functionality purposes. Regarding the
methods used to quantify the results, 54% (15/28) of the studies
used interviews, and only 14% (4/28) of the studies used an
assessment method based on assigning a score according to the
degree of skill improvement after using the apps.
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Textbox 5. Summary of the results.

• Hashim et al [28]: children and their parents or educators in the study used the app and reported positive results based on interviews: “Helps
listen and understand instructions, helps maintain attention longer, helps with pronunciation and enunciation, helps keep them engaged and
interested to learn the vocabulary in depth.”

• Machado et al [29]: the app has great potential considering the fact that smart glasses can very easily transpose the user into the world of augmented
reality (AR) and help them by displaying complementary information, as well as giving feedback to the therapist. It has been tested by developers
but has not been tested with children with autism, so it does not show quantifiable results.

• Tang et al [30]: the first pilot study was conducted on a university campus with neurotypical children and adults, who provided positive feedback
and showed a lot of interest. The second study was conducted in a special education unit involving 2 groups: one with children aged <5 y and
one with children aged between 6 and 8 y. It was noticed that the younger children had difficulty using the app, but it was well received by the
older children. Positive feedback was also provided by parents and teachers, pointing out that the offline module required improvement.

• Selvarani et al [31]: the app (NUM09) is functional but has not been tested on children with autism with quantifiable results.

• Abou El-Seoud et al [32]: a total of 3 patients with autism, together with their instructors, performed a usability test. According to responses to
a questionnaire, the system can improve communication, concentration, and attention and is easy to use.

• Vullamparthi et al [33]: this study developed an Android smartphone app that helps children with autism and their parents or therapists create
personalized lessons to improve basic skills such as reading, writing, or picture recognition. A workshop was held, and positive feedback from
parents was reported. There are no quantifiable results.

• Singh et al [34]: the main task was to complete a tangram puzzle. In the first stage, the involved children did not solve the puzzle without clues
involving AR, but it was reported that solving took longer in the AR training mode. In the first study, children aged 9 to 12 y rated the desktop-based
instruction mode as the least preferable, whereas the performance using the AR mode was superior. In the second study, 4 children with autism
followed the same procedure but had difficulty using the AR-based solution, resulting in poorer performance on the task.

• Chen et al [35]: the app was tested in a dedicated room equipped with a computer, a 52-inch monitor, and 8 tablets. The therapist showed the
children the app and asked them to look at the pictures, answer some questions, and use the tablet to access the AR content by pointing it at the
picture with the app running in the background. Positive feedback was reported from the children, who were curious and eager to discover new
visual cues, showing interest in the facial expressions, gestures, and related activities of the characters. The children had low scores on the initial
assessment, but all 6 scores increased significantly after the app intervention. The most dramatic improvement was in one child, from 30% to
89.5%.

• Tang et al [36]: the app works, but it has not been tested on children with autism with quantifiable results.

• Giraud et al [37]: 12 children with autism spectrum disorder (ASD; including 2 girls) aged between 5 and 9 y participated in the study for a period
of 3 mo. In total, 7 of the children showed little conversational language. A 3-stage experiment was conducted (familiarization, moving an object
with an agent following the child, and training with an agent that the child follows). Preliminary results were encouraging: one-third of the
children completed the training, another third needed device adjustments, and some had difficulty using the system.

• Zheng et al [38]: to evaluate the system, 6 children aged between 3 and 6 y (3 with ASD and 3 without ASD) were involved in an experiment
comparing the results. It was noted that all the children were able to complete the training sessions, but the children with ASD were clearly more
engaged and interested. After training, the most notable improvements were observed in children with autism. During an interview, both children
and parents said that they liked the app and that it helped them improve their toothbrushing skills.

• Pradibta and Wijaya [39]: no proof of testing with children with autism and no quantifiable results.

• Nubia et al [40]: by playing relevant sounds in line with images, the app helped children improve their learning skills compared with traditional
methods. A 14% increase in attention and a 9% increase in verbal language were reported.

• Sait et al [41]: the system was used by 9 children with autism who benefited from the help of therapists who guided them in adjusting the Oculus
Go headset and using the app (AutiVE). One of the issues was the virtual reality (VR) headset itself and the VR environment, but the website
provided had a video explaining them. In total, 8 of the children eventually accepted the device. There were some improvements in learning
skills, but no detailed statistics were mentioned.

• Wan et al [42]: the children completed a 20-min training session each day for 4 consecutive days. A total of 6 participants showed improvement
in proficiency in operating the system, 5 of 6 completed all tasks, and 4 of 6 showed improvements in expressing emotions. Children aged <5 y
found the app difficult and did not perform in a satisfactory manner.

• Kavitha et al [43]: the app works, but it has not been tested with quantifiable results.

• Silva et al [44]: an app similar to Pokémon GO was developed in which users can find “monsters” in certain areas and, by clicking on them, find
relevant information. The concept of gamification was used, but the system was not validated with real users with autism.

• Kalantarian et al [45]: the solution was tested with 8 children, all boys, playing up to 5 games in 1 session. In total, 94%, 81%, 92%, and 56%
of the emotions were labeled correctly as disgust, neutrality, surprise, and fear, respectively.

• Escobedo et al [46]: the app was evaluated over 7 wk. Interview results revealed that the app was well received by children with autism and their
therapists and that it was effective in helping children practice and improve their social skills in real-world situations. The authors reported that
users were able to use the app easily and that the AR technology was effective at providing children with real-time support and feedback. The
study also showed that the app was well accepted by therapists, who found it a useful tool for their patients’ therapy.

• Xia et al [47]: the app, called ParaShop, was tested by a nonprofit organization that helps people with disabilities. Staff said that the app helped
people with autism buy their groceries, but the number of participants or other details were not mentioned.
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Amado et al [48]: a case study was conducted using Google Forms asking parents to answer questions related to their children (eg, age, gender,
and whether the parents lived together). Several studies with parents were conducted, and then the app was developed based on their responses
and requirements. In the last stage of the case study, 5 questions were posed about the final prototype of the app. The survey revealed that 46.2%
of parents were satisfied and 23.1% were very satisfied. Overall, the mobile app received positive feedback from respondents.

•

• Voss et al [49]: the research entailed a study involving 20 participants with ASD and 20 participants without ASD who used a system called
Superpower Glass over a 4-mo period. The results showed that the participants found the social cues useful in situations and improved their social
interactions and communication skills. The study also assessed the acceptability and usability of the system, and the results suggest that it was
well received by participants and easy to use.

• Washington et al [50]: the app was tested by families, and they reported that it was useful, with some of them recording the sessions and then
showing them to the children to see how they behaved for further improvement. Overall, based on interviews, parents reported positive outcomes.

• Gulati and Handa [51]: the concept of gamification was used; it has potential, but it has not been tested in children with autism. To play the game,
a dedicated gaming room and specific equipment are required.

• Escobedo et al [52]: the app (Mobis) was tested with 7 teachers caring for 12 children with autism aged between 3 and 8 y. The researchers
conducted weekly interviews with the teachers, keeping in mind that only 3 out of 12 children were able to properly pronounce words. The
duration of the observation was 54 h. Participants were reported to find Mobis “exciting, useful, and easy to use.” Students improved their motor
skills by focusing the camera on the target. Mobis increased the time that students stayed on task by 20% and motivated them to use the app as
they were excited to discover new objects in their environment. Selective attention improved by 62%, and sustained attention improved by 45%.
Mobis also induced positive emotions and taught behavioral skills such as tolerance.

• Bouaziz et al [53]: no proof of testing with children with autism and no quantifiable results.

• Wang et al [54]: the app was developed for demonstrative purposes only; it has not been tested with quantifiable results.

• Gelsomini et al [55]: the solution (Wildcard) was tested in a special unit with 5 children with autism during 8 individual therapy sessions.
Therapists reported improvements in children’s attention and cognitive skills, but the paper only reported qualitative data. Therapists were excited
to be able to customize each VR session and noted that patients embraced the app and found it engaging.

Discussion

Principal Findings
The analysis revealed an increasing trend in publications starting
from 2015, reaching its highest point in 2019 and followed by
a decline in 2020, potentially because of the pandemic. Most
of the papers (17/28, 61%) were presented at conferences and
largely focused on AR solutions (22/28, 79%) for mobile devices
to assist children with ASD in enhancing basic skills and
fundamental life aspects. Notably, Unity 3D and Vuforia
emerged as popular development platforms. Although a
substantial percentage of publications (13/28, 47%) did not
provide details on participating children, most of the identified
participants were aged between 3 and 13 years. Developed for
use by both therapists and parents at home or in specialized
medical centers, these solutions showed encouraging preliminary
results but underscore the necessity for further, more extensive
testing, particularly as a significant portion (9/28, 32%) were
only developer tested.

Main Directions of Research
Upon examining the scientific publications included in our
study, several main directions for the use of XR to support
children with autism can be identified.

One notable topic is the use of AR in the area of language skills
and vocabulary learning in children with autism. Researchers
in some studies (3/28, 11%) [28,30,43] focused on the
development of AR-based mobile apps that facilitate word
learning and object recognition through techniques such as deep
learning and automatic object recognition.

Another topic addressed in some studies (3/28, 11%) [29,39,53]
was the use of smart glasses or wearable devices to support

children with autism in social interactions. These devices
provide real-time visual cues and information to enhance
communication and social interaction skills.

The use of AR occupational therapy and the development of
cognitive skills in children with autism were explored in some
studies (3/28, 11%) [31,38,46], which proposed AR-based apps
to aid children in learning numbers, teeth-brushing skills, or
environmental adaptation skills.

Furthermore, it was stated that the apps specifically designed
for children with ASD should be tested with a target group of
children, and the results should be quantified in a pertinent
manner given that a large part of the findings were obtained
through interviews.

Personalization and adaptability are other key aspects of
developing mobile apps, as shown in the studies by Wan et al
[42], Kalantarian et al [45], and Washington et al [50]. These
publications addressed the development of personalized systems
and apps to maximize the therapeutic and educational benefits
for children with autism.

Some studies (3/28, 11%) [32,34,52] also examined the use of
AR to provide individual support for people with autism and
cognitive impairment. These studies proposed AR-based
frameworks and approaches to assist individuals with autism
in various activities and tasks, such as training in procedural
tasks, perception and recognition of facial emotions, or
assistance in real-life situations.

In addition, some studies (3/28, 11%) [35,37,55] investigated
the use of AR in the context of education and social skill
development. These studies focused on the use of interactive
books, serious games, or training apps to support children with
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autism in understanding and interpreting facial expressions,
social cues, and social interactions.

The use of AR in the context of learning in a geographical
environment or learning environmental coping skills was
addressed in some studies (3/28, 11%) [40,41,47]. These studies
proposed AR-based apps to assist children with autism in
exploring and learning in a geographical environment or in
developing adaptive skills applicable to different situations and
contexts.

A relatively small number of studies (6/28, 21%)
[34,38,46-48,52] focused on VR-based approaches for apps,
indicating a shift toward the adoption of AR owing to its lower
cost and greater usability. Using VR, the study by Abou
El-Seoud et al [32] evaluated joint action (moving furniture)
abilities using a virtual character, and the preliminary results
were encouraging, with one-third of the children completing
the training despite 7 of them having limited conversational
language. Another issue addressed in the study by Tang et al
[36] was adaptation to unfamiliar surroundings. Researchers
reported improvements in learning abilities but stated that the
equipment and VR environment posed the greatest challenges.
The concept of gamification was integrated with VR in the study
by Escobedo et al [46] to enhance reading, basic mathematics,
and spelling. This app required a special room to run. Although
this app has great potential, it has not yet been tested in children
with ASD. In addition, an app using Google Cardboard and VR
was developed to enhance the cognitive and attentional skills
of children. Therapists expressed satisfaction with the outcomes
as they were able to personalize each session using unique
teaching methods.

User Interaction Perspectives

Overview
The interaction of children with ASD with XR devices, such as
AR and VR platforms, brings forth a distinct set of
considerations. The manner in which children with ASD use
these devices can be influenced by their sensory sensitivities,
motor skills, cognitive abilities, and preferences. Although the
experiences can vary widely, the following are some ways in
which children use XR devices and the challenges they may
face.

Physical Interaction
Children use XR devices by interacting with touch screens,
controllers, or wearable components. They may tap, swipe, or
perform gestures to navigate through XR environments.
However, children with fine motor difficulties may struggle
with precise interactions, leading to accidental inputs or
difficulties in selecting desired options.

Visual Engagement
Children engage visually with the XR content displayed on
screens or through headsets. Visual stimuli can capture their
attention and spark interest. Nonetheless, those with sensory
sensitivities may experience sensory overload or visual
discomfort if the content is excessively bright, flashy, or
overwhelming.

Spatial Awareness
XR experiences often involve spatial interactions such as
moving through virtual environments or manipulating virtual
objects. Children’s spatial awareness skills can influence their
ability to navigate these environments. Some children may find
it challenging to grasp the concept of a virtual space, leading
to disorientation.

Auditory Response
Many XR apps incorporate auditory cues, sound effects, or
voice instructions. Children may respond to auditory prompts
by vocalizing or reacting physically. However, children who
are sensitive to loud or sudden sounds may experience distress
in XR environments with intense auditory stimuli.

Attention and Engagement
Children’s level of attention and engagement with XR content
can vary. Some may become deeply immersed and engaged,
whereas others may have difficulty sustaining their attention
because of the novelty of the experience or sensory distractions.

Preferences and Comfort
Children’s preferences for certain types of interactions or content
can influence their engagement. Some children may appreciate
exploring virtual worlds, whereas others may prefer more
structured or repetitive activities. Ensuring a variety of XR
experiences allows for accommodating different preferences.

Transition Challenges
Transitioning between the real world and the XR environment
can be challenging for some children. They may have trouble
understanding that the virtual elements are not physically present
or struggle with transitioning back to reality after prolonged
XR use.

Response Variability
Children with ASD may respond to XR experiences differently
across sessions. Factors such as mood, sensory sensitivities,
and cognitive states can influence their interactions. Some days,
children may be more receptive to XR, whereas on other days,
they may be less engaged or overwhelmed.

Calibration and Setup
XR devices require proper calibration and setup for optimal
interaction. Children may need assistance in adjusting headsets,
ensuring proper alignment, or calibrating controllers. Technical
difficulties can lead to frustration or disengagement.

Challenges
The identified challenges are as follows:

1. Individualized learning needs: a prevalent challenge across
the studies in this review was catering to the diverse
learning preferences and abilities of children with ASD.
For instance, Hashim et al [28] faced the task of addressing
the specific needs of children with mild ASD. Similarly,
the studies by Abou El-Seoud et al [32] and Singh et al [34]
addressed the challenge of tailoring their AR experiences
to suit varying preferences and capabilities.
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2. Transferability and generalization: a common limitation is
the transfer of learned skills to real-world scenarios. As
seen in the studies by Tang et al [36] and Giraud et al [37],
researchers have encountered challenges in translating
acquired skills into practical applications. In addition,
studies such as those by Chen et al [35] and Kavitha et al
[43] noted limitations in transferring learned skills beyond
the AR context, possibly owing to the variations in
real-world stimuli.

3. Technical feasibility and personalized support: technical
feasibility and ongoing support emerged as challenges in
some studies [29,38]. Maintaining the functionality of
AR-based smart glasses and ensuring accurate real-time
feedback for toothbrushing techniques required continuous
technical support.

4. Sensory overload and individualization: sensory sensitivities
and the need for individualized solutions were prominent
challenges. Sait et al [41] encountered the challenge of
designing virtual environments that cater to sensory
sensitivities, whereas studies such as the one by Voss et al
[49] highlighted the importance of unobtrusive cue
presentation in wearables for children with ASD.

5. Cognitive adaptation and user adoption: cognitive
adaptation and user adoption challenges were evident in
some studies [48,52]. Designing tasks that effectively target
cognitive skills and maintaining user engagement over time
were key considerations.

6. Ethical implications of data handling: as AR interventions
involve interactions and data collection, ethical
considerations are paramount. The study by Wan et al [42]
delved into recognizing facial expressions, which raises
ethical concerns related to data privacy and security.
Ensuring that data-handling protocols adhere to ethical
standards becomes crucial, underscoring the need to protect
sensitive user information while deriving meaningful
insights from the interactions.

7. Cross-cultural adaptation and applicability: given the
diversity of cultures and languages, ensuring the
cross-cultural adaptation and applicability of AR
interventions becomes a notable challenge. The study by
Wang et al [54], which explored mobile AR for attention
improvement in adults with ASD, highlights the importance
of adapting interventions to diverse cultural contexts. This
challenge emphasizes the need for cultural sensitivity and
the localization of content to ensure that interventions are
universally accessible and effective.

8. Long-term impact measurement: measuring the long-term
impact of AR interventions and tracking the progress of
children over time poses significant challenges, as pointed
out in the study by Escobedo et al [46], which emphasized
the importance of assessing the sustained effects of
interventions beyond short-term interactions. This challenge
underscores the necessity of devising reliable methodologies
for gauging the lasting benefits of AR interventions and
understanding how these interventions contribute to the
developmental trajectory of children with ASD.

In the realm of AR apps for children with ASD, studies have
striven to engage children through various interaction modes
while tackling shared challenges. The diverse engagement

strategies and the collective endeavor to overcome common
limitations underscore the continuous efforts to create
meaningful and effective AR-based interventions for this unique
demographic.

Research in this area demonstrates an interdisciplinary approach
involving collaboration among specialists in education, IT, and
mental health. This is illustrated by the diversity of authors and
publications included in this review, suggesting that integrating
AR, VR, and MR into ASD pedagogy requires a comprehensive
approach that considers multiple aspects—from technology
design to educational and mental health psychology. It was also
specified that the apps aimed at children with ASD should be
tested with a target group of children and that the results should
be quantified in a more relevant manner given that a large part
of the reported results was obtained only through interviews.
The analysis of the studies indicates a trend in research toward
the use of diverse and innovative study methods, such as using
both quantitative and qualitative methods to investigate the
impact of AR, VR, and MR on people with ASD.

Furthermore, the analyzed publications suggest that the
development and implementation of AR-, VR-, and MR-based
technologies extend beyond academia or research, involving
partnerships with the private sector and local communities. This
demonstrates the awareness of the need to transfer research
findings into practice to have a direct impact on people with
autism.

Limitations
Considering the publications reviewed in this study, several
limitations were identified regarding the development and testing
of AR-, VR-, and MR-based mobile apps:

1. Sample size: some studies involved small samples of
participants, which may have limited the generalizability
of their results to a larger population of children with
autism. The involvement of a limited number of participants
in many studies can be attributed to the unique
characteristics of the target population—children with ASD.
The diversity in ASD manifestation, severity, and
individualized needs necessitates careful participant
selection. Moreover, recruitment challenges, ethical
considerations, and the resource-intensive nature of working
with children with ASD contribute to the small sample
sizes. However, this limitation was often acknowledged in
the papers, along with the understanding that the findings
may not be easily generalizable to the broader population
with ASD.

2. Study duration: the duration of the studies included in this
review varied from short testing sessions to several weeks
or months. The short duration of many studies was due to
practical constraints and the inherent complexities of
conducting research involving children with ASD.
Longitudinal studies involving children with ASD can
present challenges in terms of participant retention,
compliance, and data collection consistency over extended
periods. In addition, the rapid pace of technological
advancements may affect the relevance of the findings if
studies are conducted over prolonged durations. However,
the researchers did recognize the limitations imposed by
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short study durations and provided justifications for the
chosen time frames.

3. Diversity of diagnosis and level of functioning: autism is
a disorder with a wide variety of symptoms and levels of
functioning, which adds complexity and variability to the
research.

4. Standardized outcome assessment: some studies did not
use standardized outcome assessment tools, which may
have affected the comparability and validity of the obtained
results.

5. Availability and accessibility of technology: although the
presented studies demonstrate the potential of AR
technology to support children with autism, it is important
to consider the availability and accessibility of this
technology in real-world settings. The cost, infrastructure,
and availability of AR devices and apps may be limiting
factors in the widespread adoption of this technology.

The relatively small sample sizes and short durations commonly
observed in many studies involving children with ASD and XR
interventions are notable aspects of the research landscape.
Although solutions to these issues were not always addressed
in the papers, they remain ongoing areas of consideration for
researchers in the field. In the selected papers, although some
discussions and considerations regarding the challenges of small
sample sizes and short study durations were present,
comprehensive solutions were not elaborated on. The researchers
often acknowledged these limitations and offered potential
insights or recommendations, but definitive solutions were not
always a primary focus of the papers, the primary focus being
on the technical details and potential outcomes of their approach.

In addition, this study itself has several limitations, which should
be considered for further research:

1. Limited number of databases queried: despite using
comprehensive search strategies, it is possible that some
relevant studies were omitted because they were published
in nonindexed or less accessible sources.

2. Field evolution: this field of study is rapidly evolving, and
new research may have been published since the literature
search was conducted. Consequently, this review may not
capture the most recent evidence and emerging trends in
the field.

3. No distribution of publication authors: this review did not
present information on the regional distribution of authors

or the origin of the apps and systems, disregarding the
influence of cultural differences on the development of
these types of apps.

4. Lack of security analysis: this study did not analyze the
security issues associated with the proposed solutions.

5. Absence of cost information: no information regarding the
cost of the presented solutions could be identified.

Conclusions
This study aimed to conduct a systematic review of the
specialized scientific literature in terms of applications, devices,
and technologies relevant to the development of AR-, VR-, and
MR-based mobile apps dedicated to the therapy of children with
ASDs, an objective that was successfully achieved. At the
beginning of this paper, the general concept of ASD was
presented, after which the RQs and inclusion and exclusion
criteria were defined and the results of applying the PRISMA
guidelines for the selection of publications to be reviewed were
reported. The answers to the RQs were discussed. At the end
of the paper, the limitations of the research were presented.

Although the concepts of AR, VR, and MR are not entirely new,
their use in the development of therapeutic apps for children
with autism has only recently gained popularity. The findings
documented in various publications indexed in 5 scientific
databases emphasize the suitability of these technologies for
such therapy, thereby warranting further in-depth research and
the future development of apps based on these technologies.
The studies indicated a clear trend toward the use of AR, VR,
and MR technologies as a pedagogical tool for people with
ASD. This trend involves multidisciplinary collaborations and
an integrated approach to research, with a focus on empirical
evaluations and ethics regarding the use of technologies. As the
field advances, it is essential that research and practice continue
to be guided by a balanced and integrated approach that
considers both the technological possibilities and the needs and
rights of individuals with ASD. However, there are still many
issues that require further exploration and research.

Moreover, the publications studied illustrate a wide range of
research areas related to the use of AR, VR, and MR in the
context of ASD, as well as a variety of methodological and
theoretical approaches adopted by the researchers. This suggests
that the field is in a phase of rapid growth and diversification,
with a wealth of opportunities for future research and
development.
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Abstract

Background: Neuropsychological assessments traditionally include tests of executive functioning (EF) because of its critical
role in daily activities and link to mental disorders. Established traditional EF assessments, although robust, lack ecological
validity and are limited to single cognitive processes. These methods, which are suitable for clinical populations, are less informative
regarding EF in healthy individuals. With these limitations in mind, immersive virtual reality (VR)–based assessments of EF
have garnered interest because of their potential to increase test sensitivity, ecological validity, and neuropsychological assessment
accessibility.

Objective: This systematic review aims to explore the literature on immersive VR assessments of EF focusing on (1) EF
components being assessed, (2) how these assessments are validated, and (3) strategies for monitoring potential adverse
(cybersickness) and beneficial (immersion) effects.

Methods: EBSCOhost, Scopus, and Web of Science were searched in July 2022 using keywords that reflected the main themes
of VR, neuropsychological tests, and EF. Articles had to be peer-reviewed manuscripts written in English and published after
2013 that detailed empirical, clinical, or proof-of-concept studies in which a virtual environment using a head-mounted display
was used to assess EF in an adult population. A tabular synthesis method was used in which validation details from each study,
including comparative assessments and scores, were systematically organized in a table. The results were summed and qualitatively
analyzed to provide a comprehensive overview of the findings.

Results: The search retrieved 555 unique articles, of which 19 (3.4%) met the inclusion criteria. The reviewed studies encompassed
EF and associated higher-order cognitive functions such as inhibitory control, cognitive flexibility, working memory, planning,
and attention. VR assessments commonly underwent validation against gold-standard traditional tasks. However, discrepancies
were observed, with some studies lacking reported a priori planned correlations, omitting detailed descriptions of the EF constructs
evaluated using the VR paradigms, and frequently reporting incomplete results. Notably, only 4 of the 19 (21%) studies evaluated
cybersickness, and 5 of the 19 (26%) studies included user experience assessments.

Conclusions: Although it acknowledges the potential of VR paradigms for assessing EF, the evidence has limitations. The
methodological and psychometric properties of the included studies were inconsistently addressed, raising concerns about their
validity and reliability. Infrequent monitoring of adverse effects such as cybersickness and considerable variability in sample
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sizes may limit interpretation and hinder psychometric evaluation. Several recommendations are proposed to improve the theory
and practice of immersive VR assessments of EF. Future studies should explore the integration of biosensors with VR systems
and the capabilities of VR in the context of spatial navigation assessments. Despite considerable promise, the systematic and
validated implementation of VR assessments is essential for ensuring their practical utility in real-world applications.

(JMIR Serious Games 2024;12:e50282)   doi:10.2196/50282

KEYWORDS

virtual reality; executive functioning; neuropsychological assessment; systematic review; psychometric properties; cybersickness;
immersion; cognition

Introduction

Background
Executive functioning (EF) has long been a focus of
neuropsychological assessment because of the significant role
it plays in everyday functioning. EF is an umbrella term for
higher-order cognitive skills used to control and coordinate a
wide range of mental processes and everyday behaviors [1-5],
including “...mentally playing with ideas; taking the time to
think before acting; meeting novel, unanticipated challenges;
resisting temptations; and staying focused” [6]. Although a
universally accepted definition of EF does not exist [5], there
is agreement on the attributes of 3 core executive functions:
inhibition, cognitive flexibility, and working memory [2,4,6].
These core executive functions support other higher-order
executive functions such as reasoning, planning, and
problem-solving [6-8]. As EF impairment has been linked to a
variety of mental disorders [9], it is often considered a
transdiagnostic risk factor [10].

Although traditional methods used to assess EF are popular
[11,12] and well validated [13], they have been criticized for
their lack of ecological validity [14,15]. Ecological validity,
within the scope of this study, is defined as the “functional and
predictive relationship between the person’s performance on a
set of neuropsychological tests and the person’s behavior in a
variety of real world settings” [16]. Specifically, we interpret
ecological validity as comprising 2 principal components:
representativeness—the degree to which a neuropsychological
test mirrors the demands of a person’s daily living activities
that it aims to evaluate [17], sometimes referred to as
verisimilitude [18]—and generalizability—the extent to which
test performance predicts an individual’s functioning in their
daily living activities [17], also known as veridicality [18].

Traditional assessments tend to take a “construct-led” approach,
with each test intended to isolate a single cognitive process in
an abstract measure. This process of abstraction may limit the
ecological validity of the measure by resulting in poor alignment
between the test outcomes and real-world functioning. In turn,
this produces a large amount of variance in EF that is
unaccounted for by traditional tasks. For example, Chaytor et
al [19] noted that traditional EF tests accounted for only 18%
to 20% of the variance in the everyday executive ability of
participants. This lack of explained variance may be attributed
to the nature of the testing environment, the constructs assessed
in isolation, the participant’s affective state, and the
compensatory strategies available to the participant [19]. A
related methodological issue, known as the “task impurity

problem” [4,20], indicates that the score on an EF task usually
reflects not only the systematic variance attributable to the
specific aspect of EF targeted by that task but also the (1)
systematic variance across multiple types of EF tasks, (2)
systematic variance attributable to non-EF aspects of the task,
and (3) nonsystematic (error) variance (see the study by Snyder
et al [10] for a detailed review). Outside the testing environment,
the process of making a decision or planning and eliciting
goal-directed behavior in everyday life is often highly dynamic
and influenced by numerous internal and external factors
[13,14]. Therefore, an ecologically valid assessment tool will
need to include relevant contextual, dynamic, and
multidimensional features such as affect and physiological state,
which traditional assessments cannot include.

Furthermore, although traditional EF assessment tools may be
appropriate for clinical populations, they generate less
information about functioning in relatively healthy individuals.
For example, the Trail-Making Test (TMT) has routinely been
administered as a neuropsychological assessment of driving
performance. Although some studies have demonstrated a
relationship between the two [21,22], others have shown no
relationship [23], particularly in nonclinical populations [24,25].
Thus, although traditional tools are adequate for detecting more
severe EF impairments, they are less effective in detecting subtle
changes in EF and early decline. Increased test sensitivity to
detect subtle intraindividual changes may enable better detection
of the prodromal stages of cognitive decline. Early detection is
important as it enables early intervention, which may in turn
improve prognosis. For example, sensitive detection can identify
the prodromal stages of Alzheimer disease in seemingly healthy
individuals [26] and mild cognitive decline up to 12 years before
clinical diagnosis [27]. Similarly, in a situation in which an
individual requires a capacity assessment for an activity,
traditional assessments may have limited utility for nonclinical
populations. The triangulation of multiple data sources such as
biosensors may increase sensitivity to better identify subtle
changes in capacity.

To address the shortcomings of poor ecological validity and
test sensitivity, research on psychological assessment has begun
to investigate virtual reality (VR) technology as a means of
providing a more naturalistic environment for evaluating EF in
clinical neuropsychological assessments. VR enables the
development of custom-designed simulated environments that
can replicate real-life environments, potentially increasing its
ecological validity through representativeness. In addition, VR
could increase engagement [28,29], reduce test time, and better
integrate data from biosensors with in-task events that facilitate
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assessment. The following sections will expand on these points
and consider the importance of validating and assessing the
reliability of VR for EF assessment.

Ecological Validity and Representative Tests
There is an increasing emphasis on conducting EF assessments
using tasks that resemble situations experienced in everyday
life [30]. For example, the Multiple Errands Test (MET) [31]
requires individuals to run errands in a real environment (eg, a
shopping center). Empirical assessment of the MET has
demonstrated its generalizability to daily functioning [32] and
carer reports of daily functioning [33]. However, given that the
MET is designed to be performed in real-life locations, it is
impractical for routine administration by clinicians [34,35] and
susceptible to the variable features of real-world environments
that are outside experimental control. VR can mitigate these
difficulties by maintaining the real-world environment without
requiring travel while enabling fine-tuned control and uniform
presentation of environmental characteristics [36]. Several
studies [37-39] have investigated and developed platforms for
this purpose, commonly known as the virtual MET.

Engagement
VR has the potential to enhance individual engagement more
effectively than traditional pencil-and-paper or computerized
tasks by offering a fully immersive experience [40]. Recognized
as a crucial aspect of cognitive assessment, engagement can be
improved through gamification, thereby improving task
performance [41]. “Serious games,” defined as games intended
for a variety of serious purposes, such as training, learning,
stimulation, or cognitive assessment [42], have been shown to
be more engaging than nongamified tasks [43-45]. The unique
immersive environment of VR captures increased attention,
leading to reduced average response times and response time
variability [46]. Notably, recent studies using
electroencephalography (EEG)-based metrics have shown
greater attention elicited in immersive VR paradigms than in
2D computerized assessments [46]. This heightened immersion
and engagement in VR may enhance the reliability of the
measures by capturing a more accurate representation of an
individual’s best effort.

Cybersickness
Despite their increased engagement, VR paradigms have the
potential to induce cybersickness, which can threaten the validity
of the paradigm. Cybersickness (ie, dizziness and vertigo) is
akin to motion sickness but occurs in response to exposure to
VR [47]. Previous research suggests that there is a negative
relationship between cybersickness and cognitive abilities. For
example, Nalivaiko et al [47] found that reaction times were
moderately correlated (r=0.5; P=.006) with subjective ratings
of nausea. Similarly, Sepich et al [48] found that participants’
accuracy on n-back task performance was weakly to moderately
negatively correlated (r=−0.32; P=.002) with subjective
cybersickness ratings. Therefore, there is reasonable concern
that the potential benefits of engagement and ecological validity
may be compromised if participants experience cybersickness.

Validity, Reliability, and Sensitivity
Arguably, the biggest threat to the utility of VR platforms is
that many studies do not document their validity and reliability.
A meta-analysis showed that VR assessment tools are
moderately sensitive to cognitive impairment across
neurodevelopmental, mental health, and neurological disorders
[49], demonstrating their promising application in clinical
settings. Borgnis et al [50] reviewed the VR-based tools for EF
assessment that are currently available, illustrating the plethora
of platforms developing in this field. The works by Negu  et al
[49] and Borgnis et al [50] highlight the utility of VR assessment
tools to detect dysfunction and present the various tools in the
literature created to investigate EF. Kim et al [51] provided an
overview of the research trends using VR for neuropsychological
tests and documented the cognitive functions assessed in each
study. However, to the best of our knowledge, there is no
overview or examination of the psychometric properties of these
VR tools or how they are being evaluated.

Typically, novel measures and assessments are validated against
current gold-standard tasks for concurrent validity [52].
Concurrent validity can be a reliable means of determining
whether two assessments measure the same construct. However,
concurrent validity can also occur when two tests contain the
same problems, such as inaccurately measuring a particular
construct in the same way. Sequentially, many VR tasks are
being created from a “function-led” perspective but validated
against “construct-led” tasks [53,54]. Given their different
approaches, function-led and construct-led assessments should
be validated in different ways or at least using several validation
approaches. If function-led VR assessments improve upon the
validity of current assessment methods, validation techniques
may also need to go beyond comparisons with traditional
assessments. For example, function-led VR assessments may
be better validated against additional alternative methods, such
as carer reports, real-life performance (eg, self-care, residence,
transportation, and employment), and diagnostic trajectory [49]
as opposed to validation through traditional (construct-led)
assessment. Without incorporating tests of ecological validity,
the potential advantages of VR may go unrecognized. Given
the increasingly rapid development of VR neuropsychological
assessments, it will be imperative to maintain high validation
standards for these tools [55].

Establishing the reliability of novel VR EF assessments is also
critical to the integrity of the outcomes. Reliability ensures that
the measure yields consistent and repeatable results, a
foundational element for test validity. Consequently, both
reliability and validity ought to be evaluated for each
measurement tool. Test-retest reliability, confirming consistency
over time, should be accompanied by the interval between
assessments and the correlation of the results. Internal
consistency, typically measured using the Cronbach α, should
also be reported for each target construct or domain of
assessment. Importantly, for immersive VR EF assessments
that evaluate multiple EF constructs, it is essential to report the
α for each distinct construct rather than a collective coefficient.
This is because the coefficient is intended to evaluate item
consistency within a scale measuring a single construct; applying
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it across disparate constructs could be confusing and potentially
misleading.

Consistency of Terminology
Finally, to ensure psychometric precision and build on previous
research, EF assessment paradigms must adopt consistent
terminology for their target assessment constructs. The field of
EF, although of significant interest to both researchers and
clinicians, is marked by varied terminology for identical
constructs. This issue, longstanding in EF research (see the
study by Suchy [5]; for a review, see the study by Baggetta and
Alexander [56]), presents challenges to VR in the EF assessment
field. For instance, inconsistent terminology hinders the
synthesis of research findings. Diverse labels such as
“impulsivity” and “impulse control” might, upon examination,
refer to the same underlying construct. Consequently,
researchers aiming to extend the literature on “impulsivity”
might overlook pertinent studies or exclude valuable references
because of terminological discrepancies.

This literature review sought to examine and discuss the
development of the VR tools used to assess EF with a specific
focus on evaluating their psychometric properties. The studies
selected for inclusion in this review were those that developed
assessment tools for EF either holistically or in part. The aims
of this review were to (1) determine the components of EF
assessed using VR paradigms, (2) investigate the methods used
to validate VR assessments, and (3) explore the frequency and
efficacy of reporting participants’ immersion in and engagement
with VR for EF assessment.

Methods

Our review methodology followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement [57]. In line with the literature, EF was defined as a
set of executive functions, including inhibition, cognitive
flexibility, and working memory [2,4,6], that support other
higher-order executive functions, such as reasoning, planning,
and problem-solving [6,8].

Inclusion Criteria
Before conducting the literature search, the inclusion criteria
were established. First, only peer-reviewed articles and
conference proceedings (complete manuscripts) written in
English would be included. Second, articles that detailed an
empirical, clinical, or proof-of-concept study in which an
immersive virtual environment (ie, using a head-mounted
display, not a 2D computer screen) was reported to broadly
investigate EF or higher-order cognition or that examined EF
via a selection of one or more subconstructs (eg, inhibitory
control and working memory) would be included. Finally, only
articles with an adult participant population published after 2013
would be included. This temporal limit was based on the release
date of the Oculus Rift Development Kit 1 as it was one of the
first accessible products for public use of VR. Articles were
identified through the EBSCOhost, Scopus, and Web of Science
(WoS) citation databases. Scopus and WoS were chosen because
of their prominence as citation databases [58]. To compensate
for the bias toward engineering and natural science articles

found through Scopus and WoS [59], EBSCOhost was searched
for articles published in fields such as (clinical) psychology and
medicine.

Search Strategy
Keywords were developed by identifying 3 main components
that the relevant literature should include. The 3 components
were based on “Virtual Reality,” “Neuropsychological Tests,”
and “Executive Function.” It was decided not to search for
specific components of EF because of the lack of consensus in
the field regarding its components. Rather, it was assumed that,
if an article addressed EF or a component of EF, it would include
“executive functioning” as a keyword in the title, abstract, or
keywords. Other reviews looking broadly at VR paradigms have
used similar search strategies [49].

In this study, key terms were developed by identifying synonyms
for key components and concatenating them using the “AND”
Boolean operator. The final keywords used for the search were
as follows: ([“virtual” OR “artificial” OR “simulated”] AND
[“realit*” OR “world” OR “environment”]) AND ([neuropsych*
OR function* OR cognit*] AND [(executive AND function*)
OR (high* AND order AND cognit*)] AND [assessment]).

Literature queries made through EBSCOhost were limited to
the following databases: Academic Search Complete, AgeLine,
AMED, Applied Science and Technology Source, CINAHL,
E-Journals, Health Source Consumer and Nursing/Academic
Edition, MEDLINE, Mental Measurements Yearbook,
Psychology and Behavioral Sciences Collection, and all
variations of the American Psychological Association databases.
Furthermore, for the search, 3 topic fields (ie, title, abstract, and
subject terms) were used to paste the keywords. The 3 topic
fields were concatenated using the “OR” Boolean operator.
Using the Scopus database, we implemented a basic search in
the article title, abstract, or keywords using the keywords. No
additional limitations were applied. Our search in WoS included
all databases, and the advanced search method was used wherein
keyword searches in the article title, abstract, and keyword topic
fields were concatenated using the “OR” Boolean operator (ie,
Title=(keywords) OR Abstract=(keywords) OR
Keywords=(keywords)).

The results for each database were exported to Covidence
systematic review software (Veritas Health Information) [60],
which removed duplicates. All abstracts were screened
independently by the first author and the senior author to
determine whether the contents met the inclusion criteria.
Full-text screening was also performed by the same authors.
Any disagreement was discussed by the first (RK), second (LK),
and senior (KR) authors.

Data Extraction
The first and second authors completed the data extraction
process by manually reviewing each manuscript; data items
(see the following section) were recorded in a tabular format
using Microsoft Excel (Microsoft Corp).

Data Items and Synthesis
Demographic details, qualitative descriptions of the VR
paradigm, user experience, cybersickness, immersion and
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engagement details, and comparative measures for validation
purposes were extracted (Multimedia Appendix 1
[53-55,61-76]).

A qualitative evaluation of the studies included in the review
was performed, meaning that the content of each manuscript
was assessed based on the reported target constructs or
constructs relevant to EF and the extent to which the reported
VR task was related to the assessment of the target construct or
constructs. To do this, studies were categorized based on the
construct they targeted through their VR paradigm as reported
by the authors of the respective articles. If multiple constructs
were assessed in a single study, the study was included for each
construct. No inferences were made about which cognitive
construct or constructs was assessed based on the tasks that
were reported in the manuscripts. For example, if an article
indicated only that they used a VR version of the Stroop test
(ST) but did not disclose which construct it assessed using this
test, the study was not categorized under inhibitory control or
cognitive flexibility but under the general factor “executive
functioning.”

Next, it was indicated whether the articles explicitly or implicitly
disclosed the way in which the comparative measures (such as
particular metrics) were used to validate the VR paradigm. For
instance, if the article directly stated a priori that they
hypothesized a correlation between a VR task measuring
inhibition and a validation task such as the ST, this was
recognized as providing explicit validation for inhibition.
Conversely, if an article indicated that participants completed

the ST, which assessed inhibition and processing speed, and
mentioned that the VR paradigm evaluated inhibition, it was
considered to provide implicit validation for inhibition.
Furthermore, traditional construct- and function-led assessments
were identified from the text.

The (quantitative) results of the studies were screened to identify
(1) the direction and strength of the relationship between
traditional and VR assessments and (2) whether the results from
all possible and a priori–defined comparisons were reported.

Finally, qualitative and quantitative tools used to evaluate
beneficial and adverse effects of VR immersion were identified
from the manuscripts and categorized in a tabulated format. The
results of the studies were screened to identify whether they
assessed the influence of the beneficial and adverse effects of
VR immersion on task performance.

Results

Overview
Through WoS, EBSCOhost, and Scopus, 892 items were
identified, from which the Covidence systematic review
management platform [60] filtered 337 (37.8%) duplicates. A
total of 555 unique articles remained, of which 424 (76.4%)
were deemed irrelevant through abstract screening. The final
131 articles had their full texts screened, and 19 (14.5%) met
the inclusion criteria. The systematic literature search process
is shown in Figure 1.

Figure 1. Systematic review process and results from literature searches in EBSCOhost, Scopus, and Web of Science databases.
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General EF
In total, 7 of the 19 (37%) of the reviewed studies assessed EF
in general, meaning that the authors of these articles did not

explicitly state which subconstruct of EF was targeted using
the VR task. Table 1 shows which validation tasks were used
in each study to measure EF.

Table 1. The validation tasks, authors, and total number of studies examining general executive functioning.

Studies examining the construct, n (%)AuthorsValidationVRa target construct and validation task

7 (37)Executive functioning: general

Banville et al [61]iImplicit• D-KEFSb [77]
• TMT-Ac and TMT-Bd

• STe

• Modified version of the SETf

• HTTg

• ZMTh

Davison et al [62]jImplicit• ST
• TMT-A
• TMT-B

Miskowiak et al [63]Explicit• TMT-B
• OTSk CANTABl

• VFTm

Pallavicini et al [64]Explicit• TMT-A
• TMT-B

Porffy et al [65]Implicit• Groton Maze Learning Test (Cogstate)

Tan et al [66]N/An• None specifically reported

Tsai et al [67]N/A• None specifically reported

aVR: virtual reality.
bD-KEFS: Delis-Kaplan Executive Function System.
cTMT-A: Trail-Making Test version A.
dTMT-B: Trail-Making Test version B.
eST: Stroop test.
fSET: Six Elements Test.
gHTT: Tower of Hanoi test.
hZMT: Zoo Map Test.
iThe VR task was predominantly a sorting task for executive functioning assessment. The comparative assessments that validated this assessment were
detailed under “executive function” broadly as the paper did not specify which components of the VR task the comparative tasks aimed to validate.
jThe VR task was reported to assess executive functioning. The comparative assessments that validated this assessment were detailed under “executive
function” broadly as the paper did not specify which components of the VR task the comparative tasks aimed to validate.
kOTS: One Touch Stockings of Cambridge.
lCANTAB: Cambridge Neuropsychological Test Automated Battery.
mVFT: verbal fluency test.
nN/A: not applicable.

Banville et al [61] immersed participants in a Virtual
Multitasking Test (VMT), which was in principle designed to
measure prospective memory and executive functions by having
participants perform multiple tasks in a virtual apartment.
However, this paper reported specifically on the task in which
participants had to store groceries as fast as possible while also
being attentive to other tasks, such as answering the phone or
closing a window. Although the authors hypothesized that VMT
scores would be correlated with neuropsychological assessments,
such as mental flexibility, planning, and inhibition, it was not

explicitly stated which metric of the VMT would be correlated
with which neuropsychological assessment. Nonetheless, the
authors identified that grocery storing time was correlated with
the rule-break score on the Six Elements Test (r19=−0.49; P=.04;
P value as reported in the manuscript). Furthermore, the number
of errors in storing fruits and vegetables was found to correlate
with the perseveration score on the Zoo Map Test (r20=0.53;
P=.02; P value as reported in the manuscript) and reading speed
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during the second condition of the ST (r20=0.44; P=.05; P value
as reported in the manuscript).

Davison et al [62] immersed participants in a parking simulator
and a chemistry laboratory where they had to park a vehicle,
sort chairs, or locate items. Before immersion, participants
completed the ST and the TMT versions A (TMT-A) and B
(TMT-B). The authors identified that the completion time of
the second level (Kendall τ=−0.32; P=.01; P value as reported
in manuscript) and the number of levels completed in the
parking simulator (τ=0.43; P<.01; P value as reported in
manuscript) were correlated with participants’ performance on
the ST. In addition, the ST was correlated with seating
arrangement metrics, such as time to place the first stool
(τ=−0.33; P=.01; P value as reported in manuscript) and number
of stools placed (τ=0.33; P=.02; P value as reported in
manuscript), as well as with time to locate the first item in the
chemistry laboratory (τ=−0.37; P=.01; P value as reported in
manuscript). Correlations between the TMT-A or TMT-B and,
for example, the number of completed parking levels (τ=−0.49;
P<.01; P value as reported in the manuscript) or the number of
items placed in the seating arrangement task in the chemistry
laboratory (τ=−0.35; P=.01; P value as reported in the
manuscript) were reported. However, reporting was limited to
significant correlations only, and no a priori expectation of how
performances on the VR and validation tasks were correlated
was indicated in the study.

Miskowiak et al [63] assessed executive functions by letting
participants complete the TMT-B, One Touch Stockings of
Cambridge mean choices to correct, and verbal fluency test
versions S and D. The performance on these tests was compared
with participants’ performance on a cooking task in VR. The
authors hypothesized that the number of cooking tasks that were
correctly placed on a to-do list and the latency to solve the task
would be VR-equivalent measures of EF. The authors found
that VR performance was correlated (r121=0.26; P=.004) with
EF, which consisted of a correlation between the average
performance on the VR subtasks and the average performance
on the validation tasks. The correlations between the individual
performances on the VR and validation tasks were not reported
in the manuscript.

Pallavicini et al [64] had participants play the Audioshield dance
game, which the authors hypothesized could be closely related
to EF constructs such as inhibition and working memory.
However, the authors correlated participants’ performance on
the Audioshield game with their performance on the TMT-A
and TMT-B, which measure psychomotor speed (TMT-A) and
mental flexibility (TMT-B). Nonetheless, the results showed
that TMT performance was negatively correlated with
Audioshield performance metrics.

Porffy et al [65] had participants complete VStore, where the
2 tasks measured EF, namely the “Find” task and the “Coffee”
task. Specifically, participants had to find 12 items from a list
they had previously memorized. In addition, participants had
to order a hot drink from the coffee shop after finding, bagging,
and paying for the 12 remembered items they had found in the
store. Notably, the authors indicated that the 2 VR tasks also
tapped into navigation (ie, "Find" task) and processing speed

(ie, "Coffee" task). Furthermore, the Groton Maze Learning
Test from Cogstate, which the participants completed before
the VR task, was used to evaluate general EF. Nonetheless,
through their regression analysis, the authors identified that the
Groton Maze Learning Test was not a predictor for the "Find"
task (B=0.024; SE 0.029; P=.11; P value as reported in the
manuscript) or the "Coffee" task (B=−0.003; SE 0.051; P=.96;
P value as reported in the manuscript).

Tan et al [66] had 100 participants complete 13 tasks in a virtual
environment that were designed to measure 6 cognitive domains,
such as EF and complex attention. Although differences in
performance on VR tasks related to EF between age groups
were found, no comparison was made with a traditional
neuropsychological assessment of EF or any subconstructs of
EF.

Tsai et al [67] immersed 2 participant groups in a virtual
shopping environment: one group with mild cognitive
impairment (MCI) and one control group. The VR tasks assessed
participants’ memory, EF, and calculation by having them
memorize a shopping list, search for the listed items in the shop,
and subsequently pay for them. The authors trained machine
learning models on features extracted from the VR tasks to
predict whether participants had MCI or were healthy controls,
which was achieved with high accuracy. Nonetheless, no
neuropsychological assessment of EF was reported as a
validation for the VR tasks.

Targeted Constructs
The following subsections elaborate on the EF constructs and
subconstructs addressed in the studies under review. A range
of correlation coefficients were reported in these papers;
however, because of the lack of uniformity in results reporting,
these coefficients were omitted from the current synthesis.
Typically, the papers reported only significant correlations
between metrics without presenting all potential correlations.
Furthermore, only 16% (3/19) of the studies specified an α level
(ie, .05), with another 16% (3/19) of the studies indicating
statistical significance at a P value of ≤.05. A total of 21% (4/19)
of the studies did not indicate an α level but mentioned applying
corrections for multiple comparisons, yet they did not detail the
adjusted α level. In total, 5% (1/19) of the studies adopted
Bayesian statistics using a Bayesian factor of >10 for statistical
inference. Nonetheless, in the reviewed studies, it was not
consistently clarified which VR tasks were validated against
traditional tasks, hindering the construct validity of the various
EF components. Consequently, drawing consistent conclusions
on how EF constructs of subconstructs were evaluated was not
feasible without inferring the nature of the tests and assessment
paradigms.

Core Executive Functions

Inhibition
Of the 3 “core” executive functions, 37% (7/19) of the studies
included in our review investigated inhibitory control,
interference control, or impulsivity either singly or combined.
Table 2 details the respective validation tasks and target
constructs of each of these studies. For example, Chicchi Giglioli
et al [68] presented participants with 6 standardized tasks, 3 of
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which assessed inhibition (Table 2), before administering a
serious game in which participants were required to perform
tasks in outer space. In total, 10 of the 36 possible correlations
between measures for the standardized tasks and the serious
game tasks were reported as statistically significant and ranged
from weak (0.20<r<0.39; relative P values indicated in the
manuscript, eg, P<.05) to strong (0.60<r<0.79; relative P values
indicated in the manuscript). For example, the latency metric
of the dot-probe task (DPT) correlated positively (0.35<r<0.54;

relative P values indicated) with the latency metric of the 3 VR
tasks aimed at measuring inhibition, whereas no correlations
were reported between the correct answer metric of the DPT
and the correct answer metric of the 3 VR tasks aimed at
measuring inhibition. None of the metrics from the ST correlated
with those of the VR task (requiring participants to fight aliens);
however, the correct answer and latency metrics of the ST
correlated with those of the VR task (requiring participants to
repair a valve).

Table 2. The validation tasks, authors, and total number of studies examining each construct.

Studies, n (%)AuthorsValidationVRa target construct and validation task

6 (32)Inhibition or Inhibitory control

Chicchi Giglioli et al [69]Implicit• DPTb

• GNGc

• STd

Chicchi Giglioli et al [68]Explicit• DPT
• GNG
• ST

Marín-Morales et al [70]Implicit• GNG

Voinescu et al [71]fImplicit• CPTe

Parsons and Carlew [72]N/Ag• None specifically reported

Parsons and Barnett [73]Implicit• ST

3 (16)Interference control

Marín-Morales et al [70]hImplicit• ST

Parsons and Carlew [72]Implicit• The CW-ITi from the D-KEFSj

• Automated neuropsychological assessment metrics
• ST

Parsons and Barnett [73]Implicit• CW-IT from the D-KEFS

1 (5)Impulsivity

Chicchi Giglioli et al [68]N/A• None specifically reported

aVR: virtual reality.
bDPT: dot-probe task.
cGNG: Go/No-Go.
dST: Stroop test.
eCPT: continuous performance test.
fSome traditional tasks listed were included for divergent validity and, therefore, have been omitted from this table.
gN/A: not applicable.
hThe VR task involved 42 VR mini-games that assessed various cognitive constructs. A total of 4 mini-games and their target constructs were documented
and included in this table; however, the comparative assessments were not provided, and an extensive list of all 42 mini-games was not provided.
iCW-IT: Color-Word Interference Test.
jD-KEFS: Delis-Kaplan Executive Function System.

Similarly, Chicchi Giglioli et al [69] immersed participants in
a virtual kitchen in which they had to cook different types of
food. The activities were grouped into 4 subtasks of incremental
difficulty where, in the third level, inhibition was assessed by
determining whether the right dressing was added using a

Go/No-Go (GNG)–type paradigm. The authors stated that the
DPT, GNG, and ST were used as standard tasks to assess
inhibition. The unspecified metric of “correct dressing” was
shown to correlate well (r=0.527; P<.01; relative P value
indicated in the manuscript) with the correct answer metric of
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the ST in one group, whereas in the second group, a moderate
negative correlation (r=−0.486; P≤.05; relative P value indicated
in the manuscript) was found between the execution time of the
Tower of London task and the correct dressing metric. However,
no other correlations between the VR task metric and those of
the traditional assessments of inhibition were reported.

Marín-Morales et al [70] had participants complete
neuropsychological assessments, including the GNG task, as
well as 42 mini-games in VR. An undisclosed set of variables
from the mini-games was used as predictors for measures of
neuropsychological batteries. The mini-game predictor variables
were fed into different machine learning algorithms. The authors
highlighted that games related to inhibition produced worse
results compared with other games but did not report any results
on inhibition. The authors did find that mini-game features of
planning and attention could predict GNG hit proportions and
mean time with 80% and 94% accuracy, respectively.

Parsons and Carlew [72] had participants perform the ST in a
virtual classroom as well as complete a computerized and
paper-and-pencil version of the task. The authors found that
participants’performance was lower for color naming and word
reading in the VR paradigm than in the paper-and-pencil version
but interference performance was better in the VR paradigm
than in the paper-and-pencil version. Similarly, Parsons and
Barnett [73] had participants perform the ST in a virtual
apartment as well as complete a computerized and
paper-and-pencil version of the task. Here, the authors found
that participants were more accurate in the ST in the
paper-and-pencil version than in the VR paradigm.

Voinescu et al [71] immersed participants in a virtual aquarium
where they had to perform a variety of tasks. For example,
participants had to respond when they saw a fish that was
different from a clown fish or heard a fish name different from
surgeonfish. After the VR aquarium, participants completed a
variety of computerized tasks, among them a continuous
performance test (CPT), which was hypothesized to measure
sustained attention and inhibition. The authors found weak to
moderate (0.22<r<0.49; relative P values indicated, eg, P<.05)
correlations between CPT measures and VR measures.

Working Memory
Working memory was investigated in 21% (4/19) of the studies
[63,65,70,74]. Table 3 details the respective validation tasks
and target constructs of each of these studies. The working
memory component from the study by Marín-Morales et al [70]
included a mini-game wherein participants had to recall the
ingredients of a recipe seen before the mini-game and collect
from a range of options only those ingredients found in the
recipe. However, no correlations with neuropsychological tasks
were presented. Miskowiak et al [63] compared their VR
paradigm with a traditional task that assessed working memory.
In this study, participants were instructed to plan and cook a
meal in a virtual kitchen. Performance metrics, such as the
number of drawers opened and the latency until the task was
completed, were used to assess working memory and were
correlated with metrics from traditional tasks such as the
Wechsler Adult Intelligence Scale Letter-Number Sequencing.
The authors reported a significant positive correlation (r121=0.31;
P=.001) between the VR task metrics and the traditional task
metrics that evaluated working memory.

Table 3. The validation tasks, authors, and total number of studies targeting working memory.

Studies, n (%)AuthorsValidationVRa target construct and validation task

4 (21)Working memory

Marín-Morales et al [70]cImplicit• WAIS-IVb

• The Working Memory Index (Digit Span and Arithmetic)

Miskowiak et al [63]Explicit• WAIS-IIId LNSe

• SWMf CANTABg (error and strategy)

Porffy et al [65]Implicit• 1-back and 2-back test (Cogstate)

Robitaille et al [74]iN/Ah• None specifically reported

aVR: virtual reality.
bWAIS-IV: Wechsler Adult Intelligence Scale–IV.
cThe VR task involved 42 VR mini-games that assessed various cognitive constructs. In total, 4 mini-games and their target constructs were documented
and included in this table; however, the comparative assessments were not provided, and an extensive list of all 42 mini-games was not provided.
dWAIS-III: Wechsler Adult Intelligence Scale–III.
eLNS: Letter-Number Sequencing.
fSWM: Spatial Working Memory.
gCANTAB: Cambridge Neuropsychological Test Automated Battery.
hN/A: not applicable.
iRobitaille et al [74] used a VR paradigm with avatars to trial a dual-task walking protocol.

Porffy et al [65] asked participants to operate a virtual store in
which the working memory component was assessed at the

“Pay” step, where participants had to select and pay for their
items at a self-checkout machine providing the exact amount.
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The authors specified that the reaction time on the 1-back task
and the accuracy of performance on the 2-back task were metrics
from traditional tasks used to assess working memory. Using
linear regression, the authors found that performance on the
2-back task was negatively associated (B=−0.085; SE 0.042;
P=.047) with participants’ performance on the “Pay” step.

Robitaille et al [74] assessed working memory during their
simultaneous cognitive tasks, in which participants had to both
recognize faces in windows that had been previously declared
as “hostile” or “nonhostile” and complete a navigation task.
However, no correlations between the traditional and VR tasks
were reported.

Cognitive Flexibility
One study by Chicchi Giglioli et al [68] investigated cognitive
flexibility (termed “cognitive shifting” in the paper) through 3
VR tasks. The authors specified that the TMT was used as a
traditional task to assess cognitive flexibility as a comparator
for the first VR task (CF1, cultivating food) and the Wisconsin
Card Sorting Test was used as a traditional task to evaluate
cognitive flexibility as a comparator for the other 2 VR tasks

(CF2, growing plants, and CF3, fueling a turbine). The total
time metric of the first VR task correlated positively with the
total time of the TMT-B (r=0.396; P<.01; P value as reported
in the manuscript), and multiple metrics of VR tasks 2 and 3
correlated with the performance metrics of the Wisconsin Card
Sorting Test.

Higher-Order Executive Functions: Planning
In total, 26% (5/19) of the studies [62,68,69,75,76] identified
planning as a target construct in their VR paradigms. Table 4
details the respective validation tasks and target constructs of
each of these studies. The VR environment created by Chicchi
Giglioli et al [69] used a cooking task with 4 levels of difficulty.
In the 3 more difficult levels, planning was required to complete
the tasks as 2 burners were used. There was no clearly specified
metric for the VR task that was used to evaluate planning, but
the authors specified that the Tower of London task was used
as a traditional assessment to evaluate planning. A variety of
VR task metrics, such as total time to complete a difficulty level,
were shown to correlate with various Tower of London task
metrics.

Table 4. The validation tasks, authors, and total number of studies targeting planning.

Studies, n (%)AuthorsValidationVRa target construct and validation task

5 (26)Planning

Chicchi Giglioli et al [69]ImplicitTOL-DXb

Chicchi Giglioli et al [68]ExplicitTOLc

Davison et al [62]eN/AdNone specifically reported

Kourtesis et al [76]ExplicitThe Key Search task from BADSf [78]

Kourtesis and MacPherson [75]N/ANone specifically reported

aVR: virtual reality.
bTOL-DX: Tower of London–Drexel test.
cTOL: Tower of London test.
dN/A: not applicable.
eThe VR task was used to assess executive function. The comparative assessments that validated this assessment were detailed under “executive function”
broadly as the paper did not specify which components of the VR task the comparative tasks aimed to validate.
fBADS: Behavioral Assessment of the Dysexecutive Syndrome.

In another study, Chicchi Giglioli et al [68] used a VR paradigm
based on an outer-space environment. The paradigm contained
8 tasks, one of which assessed planning ability (task 7). The
authors stated that the Tower of London task was the traditional
assessment tool used to evaluate planning and explained that
the total score, initial time, and execution time of the VR task
were the outcome metrics. Moderate positive correlations were
found between the execution time of the VR task and of the
Tower of London task (r=0.463; P<.01; P value as reported in
the manuscript) and between the initial time of the VR task and
the total time of the Tower of London task (r=0.372; P<.05).
Furthermore, the VR task correlated with some metrics of other
traditional assessments used to assess planning ability, although
these were not specified a priori.

Both the studies by Kourtesis et al [76] and Kourtesis and
MacPherson [75] used the same VR environment based on a
variety of everyday tasks. One task assessing planning ability

required participants to draw their route around the city (eg,
visiting the bakery, supermarket, and library and returning
home) on a 3D board. Kourtesis et al [76] explained that the
Key Search Test from the Behavioral Assessment of the
Dysexecutive Syndrome was used as a traditional measure to
assess planning and found a strong positive correlation between

the traditional and VR tasks (r=0.80; Bayes factor=4.65 × 108).
Furthermore, Kourtesis and MacPherson [75] noted in their
results that planning explained a substantial 12% (P=.03) of the
variance in time-based prospective memory, which was required
in 10 of 17 tasks.

Davison et al [62] assessed planning ability using a task
involving the arrangement of a table and a chair. However, they
did not explicitly mention the traditional task that was used to
evaluate planning. Various correlations between the performance
metrics of the VR task and the traditional task were reported.
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For example, the performance on the Stroop Color and Word
Test was negatively correlated with the time participants took
to place a blue chair in the seating arrangement task (Kendall
τ=−0.39; P=.01; P value as reported in the manuscript).

Other Domains
Several studies (14/19, 74%) examined domains of functioning
that did not align with the EF definition used in this review.

Broadly, these domains fell under the categories of memory,
attention, processing, task performance, and a variety of other
uncategorized subconstructs. As the literature [1,2,4,6] does not
relate these broad domains to EF, they are not discussed further
but are presented in Tables 5-6.
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Table 5. The validation tasks, authors, and total number of studies targeting constructs classified as uncategorized.

Studies, n (%)AuthorsValidationVRa target construct and validation task

11 (58)Memory

1 (5)Memory (general)

Tsai et al [67]N/Ab• None specifically reported

2 (11)Verbal memory and verbal learning

Miskowiak et al [63]Explicit• RAVLTc subtests: total, immediate recall, delayed recall, and recognition

Porffy et al [65]Implicit• International Shopping List Test (Cogstate; verbal learning)

4 (21)Prospective memory

Banville et al [61]dN/A• None specifically reported

Kourtesis et al [76]fExplicit• CAMPROMPTe [79]

Kourtesis and MacPherson [75]N/A• None specifically reported

Parsons and McMahan [53]Implicit• CVLT-IIg [80]

3 (16)Episodic memory

Kourtesis et al [76]fExplicit• RBMT-IIIh [81]

Parsons and McMahan [53]Implicit• CVLT-II

2 (11)Immediate recognition

Kourtesis et al [76]Explicit• RBMT-III [81]

Kourtesis and MacPherson [75]N/A• None specifically reported

2 (11)Delayed recognition

Kourtesis et al [76]fExplicit• RBMT-III [81]

Kourtesis and MacPherson [75]N/A• None specifically reported

13 (68)Attention

4 (21)General attention

Chicchi Giglioli et al [69]Implicit• DPTi

• GNGj

• STk

Chicchi Giglioli et al [68]Explicit• DPT
• GNG
• ST
• TMT-Al

• TMT-Bm

Marín-Morales et al [70]oImplicit• DPT—selective attention
• GNG—sustained attention
• ST—selective attention
• TMTn—visual attention

Miskowiak et al [63]Explicit• RVPp CANTABq (accuracy and latency)
• RBANS-DSr

2 (11)Divided attention
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Studies, n (%)AuthorsValidationVRa target construct and validation task

Robitaille et al [74]sN/A• None specifically reported

Wilf et al [54]Explicit• CTT-Bt [75,82]

1 (5)Complex attention

Tan et al [66]N/A• None specifically reported

2 (11)Selective visual attention

Kourtesis et al [76]fExplicit• The map task from the Test of Everyday Attention

Kourtesis and MacPherson [75]N/A• None specifically reported

2 (11)Selective auditory attention

Kourtesis et al [76]fExplicit• The Elevator Counting With Distraction task of the Test of Everyday
Attention

Kourtesis and MacPherson [75]N/A• None specifically reported

1 (5)Sustained visual attention

Wilf et al [54]Explicit• CTT-Au [82]

2 (11)Visuospatial attention

Kourtesis et al [76]fExplicit• The Ruff 2 and 7 Selective Attention Test

Kourtesis and MacPherson [75]N/A• None specifically reported

1 (5)Sustained attention

Voinescu et al [71]Implicit• CPTv [83]

3 (16)Processing

3 (16)Processing speed

Marín-Morales et al [70]oImplicit• WAIS-IVw Processing Speed Index (symbol search and coding)

Miskowiak et al [63]Explicit• RBANS-CTx

• TMT-A

Porffy et al [65]Implicit• Detection task (Cogstate)

4 (21)Task performance

1 (5)Dual task

Chicchi Giglioli et al [69]Implicit• TMT-A
• TMT-B

3 (16)Multitask
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Studies, n (%)AuthorsValidationVRa target construct and validation task

Banville et al [61]dImplicit• Modified version of the SETy

Kourtesis et al [76]fExplicit• CTTz [82]

Kourtesis and MacPherson [75]N/A• None specifically reported

aVR: virtual reality.
bN/A: not applicable.
cRAVLT: Rey Auditory Verbal Learning Test.
dThe VR task was predominantly a sorting task for executive function assessment. The comparative assessments that validated this assessment were
detailed under “executive function” broadly as the paper did not specify which components of the VR task the comparative tasks aimed to validate.
eCAMPROMPT: Cambridge Prospective Memory Test.
fKourtesis et al [76] explicitly broke episodic memory down into immediate and delayed recognition. However, we gathered these two constructs under
episodic memory.
gCVLT-II: California Verbal Learning Test–Second Edition.
hRBMT-III: Rivermead Behavioral Memory Test–Third Edition.
iDPT: dot-probe task.
jGNG: Go/No-Go.
kST: Stroop test.
lTMT-A: Trail-Making Test version A.
mTMT-B: Trail-Making Test version B.
nTMT: Trail-Making Test.
oThe VR task involved 42 VR mini-games that assessed various cognitive constructs. In total, 4 mini-games and their target constructs were documented
and included in this table; however, the comparative assessments were not provided, and an extensive list of all 42 mini-games was not provided.
pRVP: Rapid Visual Information Processing.
qCANTAB: Cambridge Neuropsychological Test Automated Battery.
rRBANS-DS: Repeatable Battery for the Assessment of Neuropsychological Status–Digit Span.
sRobitaille et al [74] used a VR paradigm with avatars to trial a dual-task walking protocol.
tCTT-B: Color Trails Test B.
uCTT-A: Color Trails Test A.
vCPT: continuous performance test.
wWAIS-IV: Wechsler Adult Intelligence Scale–IV.
xRBANS-CT: Repeatable Battery for the Assessment of Neuropsychological Status–Coding Test.
ySET: Six Elements Test.
zCTT: Color Trails Test.
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Table 6. The validation tasks, authors, and total number of studies targeting constructs classified as uncategorized.

Studies, n (%)AuthorsValidationVRa target construct and validation task

12 (63)Uncategorizedb

1 (5)Visual perception

Marín-Morales et al [70]dN/Ac• None specifically reported

2 (11)Verbal learning

Miskowiak et al [63]Explicit• RAVLTe subtests: total, immediate recall, delayed recall, and recognition

Porffy et al [65]Implicit• International Shopping List Test (Cogstate)

2 (11)Navigation

Porffy et al [65]N/A• None specifically reported

Robitaille et al [74]N/A• None specifically reported

1 (5)Associate learning

Porffy et al [65]Implicit• Continuous Paired Associate Learning Test (Cogstate)

1 (5)Pattern recognition

Porffy et al [65]Implicit• Continuous Paired Associate Learning Test (Cogstate)

1 (5)Perceptual motor

Tan et al [66]N/A• None specifically reported

1 (5)Social cognition

Tan et al [66]N/A• None specifically reported

1 (5)Learning and memory

Tan et al [66]N/A• None specifically reported

1 (5)Language

Tan et al [66]N/A• None specifically reported

1 (5)Calculation

Tsai et al [67]N/A• None specifically reported

aVR: virtual reality.
bWilliams et al [55] replicated the Wisconsin Card Sorting Test and multitasking task but did not explicitly state the cognitive constructs that the VR
task was assessing. For this reason, the paper has not been assigned a target construct.
cN/A: not applicable.
dThe VR task involved 42 VR mini-games that assessed various cognitive constructs. In total, 4 mini-games and their target constructs were documented
and included in this table; however, the comparative assessments were not provided, and an extensive list of all 42 mini-games was not provided.
eRAVLT: Rey Auditory Verbal Learning Test.

Validity and Reliability
Tables 1-6 show details of the current validated comparator
tasks against the novel VR tasks if they were explicitly provided
by the authors. Where “None specifically reported” is stated,
the authors of each paper did not identify or indicate a direct
comparator. All but 2 studies (17/19, 89%) [72,73] set out to
assess multiple constructs. In some cases, the subconstructs that
were assessed were individually validated against existing
validated tasks. In other cases, a suite of existing validated tasks
was included in the analysis for correlation against a variety of

subconstructs being assessed using the VR battery. In these
cases, there was no validation at the construct level identified
a priori. In 16% (3/19) of the studies, there was no reported
validation of the VR paradigm.

Notably, only one study used real-life validation criteria in
addition to construct-driven tests to present a validation of their
VR paradigm. Specifically, Miskowiak et al [63] functionally
assessed participants using the Functioning Assessment Short
Test (FAST) and the brief University of California, San Diego,
Performance-Based Skills Assessment (UPSA-B). Participants’
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scores on these assessments were correlated with their
performance on the test domains of the VR paradigm, called
cognition assessment in VR (CAVIR). The authors identified
that participants’ performance on the FAST was negatively
associated (−0.17<r<−0.30; no exact or relative P values
reported) with CAVIR test domains such as processing speed
and working memory, whereas participants’ performance on
the UPSA-B was positively associated with the CAVIR test
working memory (r=0.40; P value not exactly or relatively
reported) and cognition composite (r68=0.44; P<.001) domains.
Moreover, the authors noted that lower global scores on
traditional (ie, construct-led) neuropsychological tests were
negatively associated with FAST scores (r121=−0.45; P<.001)
and positively associated with UPSA-B scores (r68=0.52;
P<.001), highlighting that lower CAVIR scores were associated
with more functional disability, as indicated by the functional
and traditional assessment tools.

The reliability of the VR paradigm was only assessed in 5%
(1/19) of the studies. This was done by Kourtesis et al [76], who
reported good internal reliability (Cronbach  =.79) of their VR
Everyday Assessment Lab (EAL) paradigm. However, this
global internal consistency report did not provide a reliability
estimate of the unique cognitive functions targeted by their VR
EAL paradigm. Nonetheless, none of the reviewed studies
included a test-retest analysis to highlight the reliability of their
VR paradigm.

Evaluation of User Experience, Cybersickness,
Immersion, and Engagement
An overview of the measures used to evaluate participants’
experiences and well-being can be found in Multimedia
Appendix 1 [53-55,61-76]. Of the 19 studies, 5 (26%) included
user experience assessments. To measure participants’ virtual
presence, experience, and well-being, the studies administered
the Igroup Presence Questionnaire [61], Presence Questionnaire
[63,71,74], or Slater-Usoh-Steed questionnaire [74]. To measure
participants’discomfort, the studies used the Simulator Sickness
Questionnaire [61,71,74] or an adaption of it, the Virtual Reality
Sickness Questionnaire [63]. To evaluate the usability of the
virtual environment, the studies used the System Usability Scale
[71]. To measure participants’ virtual experience and comfort,
11% (2/19) of the studies used the Virtual Reality Neuroscience
Questionnaire [76].

Two studies (2/19, 11%) investigated whether system usability,
virtual presence, or cybersickness affected participants’ task
performance. For example, Porffy et al [65] measured
participants’ technical familiarity and found that it explained
between 10% and 42% of the variability in participants’
performance on the VStore outcomes "Recall", "Find", and
"Select". Conversely, participants’ technical familiarity appeared
to influence their performance on VStore. Kourtesis et al [76]
used questionnaires to evaluate the quality of the VR paradigm,
participants’gaming experience, and the realism (verisimilitude)
and pleasantness of the VR paradigm. The authors identified
no relationship between VR experience, gaming experience,
and performance on the VR EAL tasks.

Some papers (4/19, 21%) reported on cybersickness, presence,
or usability scores but did not report an analysis of the
relationship between task performance and measures evaluating
the VR paradigm. For example, Banville et al [61] recorded
participants’ sickness and virtual presence but did not report
any test evaluating whether sickness or presence affected task
performance. Similarly, Voinescu et al [71] obtained system
usability ratings from participants; however, no test was reported
wherein the effect of usability on task performance was assessed.
Finally, Chicchi Giglioli et al [68] recorded participants’ use
of technology but did not report an analysis between technology
use and task performance.

Finally, some studies (2/19, 10%) evaluated participants’
experiences post hoc, although it was not disclosed whether any
validated scales were used. For example, Davison et al [62]
measured participants’ enjoyment of the VR tasks and their
preference for either the VR tasks or the pencil-and-paper tasks.
The authors found that younger participants rather than older
ones preferred VR tasks over pencil-and-paper tasks. In addition,
11 out of 40 participants reported having experienced a mild
degree of motion sickness. However, 58% (11/19) of the papers
did not disclose any information about user experiences.

Discussion

Overview
The purpose of this review was to investigate the development
and validation of VR assessment tools for EF. Specifically, we
examined the components of EF that were assessed using VR,
their validation processes, and whether immersion and
cybersickness assessments were used. Although research in this
domain is proliferating, the results of this review suggest that
the process of development and validation varies considerably
between studies.

Components of EF Assessed Using VR Paradigms

Overview
The terminology used in the papers to describe EF constructs
was inconsistent. For example, the most popular construct set
assessed using VR comprised the inhibition processes.
“Inhibitory control” encompasses the inhibition of
goal-irrelevant stimuli, cognitions, and behavioral responses
[6,84]. In total, two of the key components of inhibitory control
are response inhibition and attentional inhibition [85]. Response
inhibition was also termed “inhibition control,” “prepotent
response inhibition,” and “motor inhibition,” whereas attentional
inhibition was also termed “control of interference,”
“interference control,” and “external interference control.”
Although these terms are used in the literature [85], its
readability and synthesis would be improved through agreement
on a particular term for the same construct. In the same way,
several studies (7/19, 37%) examined “EF” broadly without
specifically detailing its components. In these studies, EF was
validated using different measurement tools, suggesting that,
across studies, EF was defined and used differently in each VR
paradigm. As the constructs that these paradigms aimed to assess
were not explicitly detailed, this poses a risk of hampering
researchers wishing to build upon previous findings.
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Furthermore, there was a broad range of constructs that were
not commonly considered as EF domains but were reported as
components of EF, making it difficult for future research to
replicate the findings of undefined target constructs. For
example, several papers (14/19, 74%) reported on verbal
learning [63], associate learning pattern recognition [65],
perceptual motor, social cognition, language [66], and
calculation [67]. Although many of these components rely on
EF domains or underpin those domains, they exist at various
levels of abstraction. Thus, although the reviewed studies
investigated components at different levels and used different
languages, it is possible that they overlapped. For example,
“organization” may be an umbrella term for a range of EF
domains, each of which uses different terminology for the same
concept, such as “cognitive flexibility,” “flexible updating,”
and “working memory.” Although “organization” is not
measured as a higher-order version of the subcomponents, it is
difficult for the research that has examined cognitive flexibility
and working memory to be extended. Thus, 2 studies assessing
the same construct are not able to build on each other’s progress.

Recommendation: Establish a Coherent and Consistent
Framework for EF Terminology
The Research Domain Criteria (RDoC) framework developed
by the National Institute of Mental Health could serve as a
framework to address this recommendation. The RDoC was
originally created to consolidate the research conducted in
various fields of mental health [86]. The framework categorizes
cognition into 6 domains and encourages the investigation of
these domains via different classes of variables, such as
behavioral, physiological, and self-report data. This framework
encourages a common language and organizes findings in such
a way that researchers can identify gaps or discrepancies in the
literature and contribute to the ongoing development of the field.
This framework indicates the potential benefits of using a
common language for research, although it is not necessarily
the only option in this field. Alternatively, researchers could
engage in a Delphi study to generate expert-informed consensus
on the key constructs of EF that merit investigation using VR
paradigms (eg, see the study by Yücel et al [87] for a Delphi
study on neuropsychological assessment for addiction).
Nonetheless, the emerging area of VR development for
neuropsychological assessments would benefit from using the
RDoC framework to coordinate the research process.

Validation of VR for EF

Overview
Overall, there was limited reporting on the constructs that were
assessed using VR paradigms and the associated validation
outcome measures. In some papers, there was inadequate
reporting of the constructs that the VR paradigm was intended
to assess. In others, the same construct was assessed using a
variety of traditional tasks. Furthermore, some VR paradigms
were intended to replicate real life yet were validated against
traditional tasks, none of which assessed ecological validity. In
some studies, the correlations between the VR paradigm and
the traditional tasks were incomplete. Finally, sample sizes
varied considerably between studies, also affecting the

evaluation of their psychometrics. These points are expanded
upon in this section.

Several studies (5/19, 26%) examined EF as a broad category
and then validated the paradigm against a variety of traditional
tasks. However, some studies (3/19, 16%) detailed limited (or
no) reporting of which aspect of the VR paradigm each
traditional task was intended to validate. That is, no details were
provided regarding which traditional task outcome measure
corresponded to each component of EF within the VR paradigm.
Traditional tasks, which often target one construct, were then
correlated against seemingly all outcomes of the VR paradigm.
Although this practice may be beneficial during the exploratory
phase of VR paradigm development, failure to correct for
multiple comparisons may provide misleading results whereby
a correlation is found between two constructs incidentally.
Conversely, some traditional tasks assessed multiple constructs,
which poses a slightly different challenge. For example, if the
VR paradigm broadly assessed EF but was validated against
the ST, it was then unclear whether the VR paradigm aimed to
assess processing speed, attention, inhibitory control, or
interference control as the ST could be used to measure all four.
Similarly, when these studies used multiple traditional
assessments, the reader was expected to presume the target
constructs of the VR paradigm as this was not clearly outlined.
Poorly defined target constructs and failure to specify which
traditional task validates which aspect of the VR task produces
a literature that is difficult to interpret. Moreover, this general
lack of clarity means that future researchers are more likely to
invent a new paradigm rather than adopt or extend existing
paradigms, creating inefficiency and hampering progress in the
field.

Various standardized tasks were used to validate target
constructs in the VR paradigm. For example, the study by
Chicchi Giglioli et al [69] examined attention and inhibition
control using the DPT, GNG, and ST. However, Voinescu et
al [71] examined inhibition using the CPT paradigm. In addition,
Marín-Morales et al [70] assessed inhibition using one
mini-game of their VR paradigm. However, they neither
provided details of a specific comparator task for validation
purposes nor reported the statistical outcomes. Furthermore,
the DPT, which is typically used to assess selective attention
[88], was used to assess inhibition, although its own
psychometric properties have been the subject of controversy
[89,90]. Although several traditional tasks purport to measure
the same construct (ie, there is not one task for one construct),
the lack of consistency between studies makes it difficult to
compare VR platforms. Furthermore, the traditional comparator
task used to validate the VR paradigm needs to have sound
psychometric properties in its own right to assess the respective
construct; when two tasks are compared with one another, it is
unclear which task may be responsible for discrepancies in the
outcome [91]. These points are especially pertinent for studies
that rely solely on traditional measures to validate tasks in the
absence of other validation techniques.

Although it is promising to see that VR paradigms are being
used for ecologically valid assessments, their validation remains
a challenge. In the case of traditional tasks, we assume that a
single construct can be assessed using a behavioral task and
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that the performance on that task is linear with the cognitive
construct. In the case of a “function-led” VR task, there is a
behavioral task that simulates real-world functioning, which is
thought to deteriorate in an EF-declining population. This VR
task is not a direct assessment of a target construct—it is a test
of a real-world function, such as parking a car. To test
convergent validity, the individual would have to park a car in
real life and have their performance assessed similarly to that
on the VR task and compared. However, when we use traditional
measures to validate the “function-led” VR measures, we assume
that EF can be reliably measured and the function-led VR task
(eg, parking a car) requires the same EF. Thus, those who
perform poorly on a traditional EF task are also expected to
perform poorly on real-life tasks requiring EF. Critically, if our
results do not show this relationship, it could be that the
traditional task is a poor test of EF, the function-led assessment
is a poor test of EF, or the EF at hand is not related to the
functional task (eg, parking a car).

These assumptions place substantial weight on the selection of
the traditional task for validating the VR paradigm for predictive
validity. Davison et al [62] assessed EF using the ST and TMT.
They broadly hypothesized that there would be correlations
between the traditional measures and the VR paradigm, which
contained tasks that replicated real life, such as car parking,
arranging seating, and locating items. In the reported results,
the ST and TMT were correlated with all outcome measures of
the VR paradigm. For example, performance on the Stroop
Color and Word Test was correlated with performance on the
second parking simulator task, the number of levels completed
on the parking simulator task, and the time taken to place the
blue chair in the seating arrangement task. If the ST and TMT
are not sufficient validators of the functional task, this may
generate misleading results regarding the integrity of the VR
paradigm and its ability to sensitively measure EF. Thus, the
convergent validity of VR tasks would be better assessed
through real-life performance on the same task, such as actually
parking in a controlled environment. Although this may seem
to be a resource burden to validation, it could provide integral
merit to using the paradigm as a proxy for the real-life task
thereafter. Alternative options are to assess convergent validity
through other forms of real-life functioning (eg, self-care,
residence, transportation, and employment) and diagnostic
trajectory [49]. Moreover, predictive validators should be
carefully chosen to ensure that their target construct aligns with
that thought to be required for the function-led assessment.

Nonetheless, for novel task validation, transparent reporting of
all results is crucial for advancing future research. Several papers
included in this review (4/19, 21%) [61,62,68,69] reported only
statistically significant correlations, leaving unanswered
questions because of the omission of nonsignificant results. For
instance, Chicchi Giglioli et al [69] sought to evaluate inhibition
control using the GNG and ST for validation (both are common
tasks for assessing inhibition) as well as the DPT yet did not
report all correlational data in their results table. Such omissions
hinder the comprehensive use or meta-analytic application of
these findings. Conversely, Chicchi Giglioli et al [68] provided
a detailed comparison between each validation task and its
corresponding VR task, including the constructs assessed.

However, only significant correlations were reported, some of
which were between tasks intended to assess disparate
constructs, such as the correlations between the Wisconsin Card
Sorting Test (assessing cognitive shifting) and the VR tasks
(measuring attention and inhibition control). Although these
findings may indicate overlapping constructs in VR tasks, the
absence of multiple-comparison correction and a detailed post
hoc analysis of these correlations limits the interpretability and
applicability of these results.

Finally, it is worth noting that there was significant variation
in sample sizes across the studies reviewed. Although it is often
accepted that pilot studies or preliminary studies have small
sample sizes that often result in underpowered analysis, the
utility of the VR paradigms is dependent on sound psychometric
properties that require adequate sample sizes and statistical
power. As detailed in Multimedia Appendix 1 [53-55,61-76],
the sample sizes varied from 12 (6 per group) [74] to 103
(divided into 2 groups) [53]. Although the definition of a
“sufficient” sample size may vary between studies and analyses,
several of the included VR paradigms would likely require
additional validation studies to provide confidence in their
psychometric properties.

Recommendations
Our recommendations are as follows:

1. Papers should explicitly detail how their VR paradigms are
being validated. If a paradigm has multiple components, it
is essential to state how each one is being validated. A good
example is the paper by Kourtesis et al [76] in this review.

2. If studies aim to validate a VR paradigm for a specific EF
construct, they should identify a priori the precise outcome
measures of the VR paradigm that are hypothesized to tap
into various EF constructs (eg, time to completion and
number of errors) and then validate them against the
appropriate traditional tasks that also reliably assess those
EF constructs.

3. Where appropriate, the VR paradigm’s real-world task
should be validated against both traditional task measures
and ecologically valid measures. Ecologically valid
measures may include carer reports, observation
assessments, and activity of daily living assessments.

4. Multiple modes of validation should be used, including
measures that provide predictive power [49], and both carer
reports of daily functioning and biosensor data should be
considered.

5. Papers should report all outcomes of validation data (even
those in supplementary materials) to ensure the transparency
of the tools’ properties. A concerted effort to increase
explicit and transparent reporting would greatly benefit this
field.

6. To validate the VR paradigm, the psychometric properties
of the traditional task must be appropriate.

7. Studies aiming to evaluate the psychometric properties of
their VR paradigm should ensure that they have adequate
sample sizes for a powered analysis.
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Cybersickness

Overview
Although VR offers several key advantages over traditional
tasks, these systems can also produce adverse effects such as
cybersickness. In our review, only 21% (4/19) of the studies
included an assessment of cybersickness. This is concerning as
cybersickness presents a substantial confound for valid VR
assessment and has been shown to negatively affect task
performance [92,93]. Given that the assessment of EF involves
ascertaining a participant’s cognitive abilities, the recording of
cybersickness is key to ensuring that common side effects such
as dizziness and vertigo do not affect the participants’ ability
to perform at their best on the tasks. Without formal evaluation,
the degree to which participants’ experiences are altered is
unclear. Furthermore, it is unknown at this stage whether
cybersickness symptoms affect various client populations
differently. For example, it is possible that, although a healthy
individual may be able to continue the assessment with minor
vertigo, an individual with cognitive impairment may be more
affected, resulting in severely affected cognitive outcomes.
Thus, caution should be exercised when using VR paradigms

to ensure that the potential benefits of engagement and
ecological validity are not realized at the cost of the potential
negative effects of cybersickness.

Recommendations
Our recommendations are as follows:

1. Future papers should include usability data in the form of
cybersickness measurements.

2. Correlations between cybersickness and participants’ task
performance could be included as supplementary material
that should be accessible to readers, enabling them to better
understand how the VR battery is performing.

3. Even when a paradigm has already assessed cybersickness,
we encourage future researchers to use the same paradigm
to conduct their own cybersickness assessments. This is
because it is still unclear whether cybersickness will have
different effects on various populations.

4. Clinical researchers and engineers should continue to
investigate and report on techniques and technologies that
reduce the incidence or severity of cybersickness.

Textbox 1 provides an overview of the recommendations of
this review.

Textbox 1. Recommendations for future research and practice using virtual reality (VR) head-mounted display–based paradigms for executive functioning
(EF) assessment.

Validate against multiple forms

• Examples include carer reports, observation assessments, ecological momentary assessments, activity of daily living assessments, physiological
sensors, and in vivo studies.

• Consider longitudinal tracking of participants to establish predictive utility to initially validate the novel paradigm.

Report a priori how each assessment in the VR paradigm is being validated

• If there are multiple components to one paradigm, state how each element is being validated (a good example is the study by Kourtesis et al [76]
in this review); for example: “Task 2a aims to assess inhibitory control and is validated against the traditional stop signal task and go/no-go task.”

Report all validation data

• Report correlations of all aspects of a task that were identified a priori as validating the VR paradigm. In extending the previous example, show
all relevant metrics from task 2a, such as errors, proportion of successful stops, reaction time, and stop signal reaction time against the relevant
metrics of both the Stop Signal and Go/No-Go tasks.

Include user experience assessment

• Conduct assessments of immersion, cybersickness, usability, and engagement.

Use a common framework for defining target constructs

• The Research Domain Criteria is one option of a framework that can be applied to ensure that terminology used in the field is consistent.

Consider adding biosensors

• These provide additional objective data that may inform the VR-based EF assessment.

Limitations
We searched for articles that used the terms “executive
functioning,” “higher order cognition,” and “functional
assessment” to capture tasks that aimed to broadly assess facets
of EF. This search strategy may have missed studies that
examined a key construct of EF but did not specifically use the
aforementioned terms (eg, used VR to assess inhibitory control
alone). In addition, we did not contact the authors of the papers

included in this review for further information; however, one
of the key outcomes of this review was the amount of
information contained in the manuscripts for future studies to
extend upon.

Future Directions
The authors posit that the integration of biosensors into a VR
system has significant potential. Biosensors such as
pupillometry, eye gaze, EEG, and language and grammatical
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characteristic data can be temporally linked to the events
occurring in the VR task. For example, pupillometry can offer
insights into brain injury prognosis [94] and differentiate
between participants with Alzheimer disease and healthy
controls [95]. Eye tracking during reading aids Alzheimer
disease identification [96], and linguistic attributes (eg,
formation and fluency of sentences, syntax, and grammar)
distinguish patients with Alzheimer disease from those with
MCI [97]. The combination of these biosensor metrics and
real-time function-led VR performance could increase the
sensitivity of tests, enabling the detection of subtle differences
such as between MCI and subjective memory complaints [98].
However, currently, biosignals are rarely evaluated alongside
emerging VR paradigms for EF assessment. None of the
reviewed studies used biosensors, leaving an untapped potential
for VR paradigms to be frontline neuropsychological
assessments.

Biosensors could also assist in modulating the cognitive load
experienced by participants. Cognitive load is the cumulative
working memory resources that an individual requires for a
given task [99]. Similar to the gaming industry, VR paradigms
could be adaptive and performance driven so that the level of
challenge adjusts according to real-time individual responses
[100,101]. Modulating the cognitive load adjusts the challenge
of a task and enables all participants to encounter similar levels
of perceived difficulty for their respective abilities. EEG,
pupillometry, and cardiovascular measures are also sensitive to
cognitive load capacities [99].

An additional advantage of VR is its ability to facilitate the
assessment of spatial navigation. Spatial navigation is a

component of cognitive functioning that can be a key factor in
detecting early stages of neurodegenerative diseases. However,
it cannot be assessed adequately by means of many traditional
assessments. Although it is acknowledged that spatial navigation
is not a component of EF, the authors of this paper consider it
a generally underexamined construct when assessing cognition
and general function. For example, spatial navigation is a
cognitive marker used to detect early attention deficit [102,103]
and offers additional relevant information beyond the traditional
neuropsychological tests [103]. The environment could also be
systematically manipulated to match the needs of the assessment
[104] and tailored to specific populations. However, typically,
spatial navigation is assessed using a real-space human analog
of the Morris water maze test, which can be difficult to
implement under standardized conditions. Computerized
versions have been adapted, with findings comparable with
those of tests conducted in real space [105], suggesting promise
for translating this style of assessment to VR.

Conclusions
VR paradigms assessing EF have great potential to improve
upon traditional tests. However, despite their undeniable novelty
and potential, their methodological and psychometric properties
must be addressed during their development to ensure their
validity and reliability. Although there is no shortage of research
in this area, the lack of standardized protocols to validate
VR-based neuropsychological assessments hinders the progress
of this field of research and practice. It is hoped that this study
will be the beginning of a larger movement toward systematizing
the development and validation of these paradigms.
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Multimedia Appendix 1
Article details including participant demographics, virtual reality (VR) paradigm, VR tasks, measures of user experience, and
comparative assessments for VR paradigms.
[DOCX File , 34 KB - games_v12i1e50282_app1.docx ]

Multimedia Appendix 2
PRISMA checklist.
[DOCX File , 32 KB - games_v12i1e50282_app2.docx ]
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Abstract

Background: Gamification has been used successfully to promote various desired health behaviors. Previous studies have used
gamification to achieve desired health behaviors or facilitate their learning about health.

Objective: In this scoping review, we aimed to describe digital gamified tools that have been implemented or evaluated across
various populations to encourage vaccination, as well as any reported effects of identified tools.

Methods: We searched Medline, Embase, CINAHL, the Web of Science Core Collection, the Cochrane Database of Systematic
Reviews, the Cochrane Central Register of Controlled Trials, Academic Search Premier, PsycInfo, Global Health, and ERIC for
peer-reviewed papers describing digital gamified tools with or without evaluations. We also conducted web searches with Google
to identify digital gamified tools lacking associated publications. We consulted 12 experts in the field of gamification and health
behavior to identify any papers or tools we might have missed. We extracted data about the target population of the tools, the
interventions themselves (eg, type of digital gamified tool platform, type of disease/vaccine, type and design of study), and any
effects of evaluated tools, and we synthesized data narratively.

Results: Of 1402 records, we included 28 (2%) peer-reviewed papers and 10 digital gamified tools lacking associated publications.
The experts added 1 digital gamified tool that met the inclusion criteria. Our final data set therefore included 28 peer-reviewed
papers and 11 digital gamified tools. Of the 28 peer-reviewed papers, 7 (25%) explained the development of the tool, 16 (57%)
described evaluation, and 2 (7%) reported both development and evaluation of the tool. The 28 peer-reviewed papers reported
on 25 different tools. Of these 25 digital gamified tools, 11 (44%) were web-based tools, 8 (32%) mobile (native mobile or
mobile-enabled web) apps, and 6 (24%) virtual reality tools. Overall, tools that were evaluated showed increases in knowledge
and intentions to receive vaccines, mixed effects on attitudes, and positive effects on beliefs. We did not observe discernible
advantages of one type of digital gamified tool (web based, mobile, virtual reality) over the others. However, a few studies were
randomized controlled trials, and publication bias may have led to such positive effects having a higher likelihood of appearing
in the peer-reviewed literature.

Conclusions: Digital gamified tools appear to have potential for improving vaccine uptake by fostering positive beliefs and
increasing vaccine-related knowledge and intentions. Encouraging comparative studies of different features or different types of
digital gamified tools could advance the field by identifying features or types of tools that yield more positive effects across
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populations and contexts. Further work in this area should seek to inform the implementation of gamification for vaccine acceptance
and promote effective health communication, thus yielding meaningful health and social impacts.

(JMIR Serious Games 2024;12:e47257)   doi:10.2196/47257

KEYWORDS

digital gamified tools; digital game; vaccination; gamification; vaccine uptake; scoping review; review method; vaccine; gamified;
COVID-19; COVID; SARS-CoV-2; health behaviour; health behavior; health promotion; behavior change; behaviour change

Introduction

Vaccination is one of the most cost-effective methods of
preventing the spread of vaccine-preventable diseases. If
vaccination coverage falls below the thresholds that are safe for
the prevention of epidemic transmission, the incidence of
vaccine-preventable diseases increases [1,2]. For example,
measles returned over the past 2 decades, and the incidence of
measles in the European Union increased in 2017-2018 [3].

In 2019, prior to the COVID-19 pandemic, the World Health
Organization identified vaccine hesitancy (ie, the reluctance or
refusal to be vaccinated despite the availability of vaccination
services) as 1 of the top 10 threats to worldwide health [4].
Vaccine hesitancy is one of the several reasons some people
are un- or undervaccinated [5-9]. Interventions addressing
vaccine hesitancy are therefore necessary to promote vaccine
acceptance and uptake. As the contributors of vaccine
acceptance are diverse, no single intervention will solve this
issue [10]. Multicomponent interventions tailored to local
barriers to vaccine acceptance and uptake are known to be the
most effective [11,12]. Misinformation and conspiracy theories
spread online, where extensive antivaccine content is shared
[13-15], potentially negatively influencing views about vaccines
[16,17]. Efforts have been made to counter vaccine
misinformation and mistrust by targeting various groups, such
as parents, non–health care workers [18,19], and adolescents
[20], and delivering information about the risks and benefits of
different types of vaccines, for instance, human papillomavirus
(HPV) vaccination [21] and measles, mumps, and rubella
vaccines [22,23]. Along with traditional communication
strategies, the use of other strategies to inform and educate about
immunizations, for example, with digital gamified tools, may
help encourage vaccine uptake.

Gamification is defined as the use of game design elements in
nongame contexts [24]. It includes several aspects and features,
such as fun interfaces, immediate success or feedback, reward
systems (levels, point scores, badges), challenges and
competitions, team playing, avatars, and quizzes. Previous
studies have used gamification to achieve desired health
behaviors [25-27] or facilitate their learning about health [28].
Gamification draws on elements from serious games, meaning
fully developed digital games used to train and educate players
[29,30]. For example, a serious game “Land of Secret Gardens”
facilitates conversations about HPV with preteens. In the game,
preteens need to protect their bodies with a “potion,” which
offers a metaphor for the HPV vaccine [31]. However, serious
games and digital gamified tools are distinct but related
concepts. Serious games use gaming as a central and primary
medium [32]. In contrast, digital gamified tools (eg, apps) or

gamified interventions are not complete game experiences but
have gaming features, such as rewards systems, scoring of
points, or engaging users in different challenges [33]. In this
study, we defined digital gamified tools as digital apps with the
aforementioned gaming features. Our definition includes serious
games that meet the criteria, that is, they must include such
gaming features. This scoping review provides insight into the
reported effects of digital gamified tools to increase vaccine
uptake. Our review built upon existing reviews in the field by
including a comprehensive search of both published literature
and online tools, as well as an examination of both the
characteristics and the reported effects of these digital tools.
This review was distinct in that it focused specifically on digital
gamified tools and their effects, rather than simply the
effectiveness of gamification in general. In doing so, this review
aimed to fill a gap in the literature by providing evidence-based
answers to the question of whether gamification “works” to
increase vaccine uptake. Therefore, the objectives of this scoping
review [34] were, first, to review digital gamified tools that
have been implemented or evaluated across various populations
to encourage vaccine uptake and, second, to describe any
reported effects of the identified tools in terms of influence on
users’ knowledge or behavior toward vaccination. Our research
questions can therefore be summarized as follows:

• What digital gamified tools intended to encourage
vaccination exist and have been described in the literature?

• Do these tools demonstrate any effects on knowledge,
attitudes, beliefs, and behaviors about vaccination?

Methods

Search Strategy
For peer-reviewed papers, we searched Medline (Ovid), Embase
(Ovid), CINAHL (EBSCO), the Web of Science Core
Collection, the Cochrane Database of Systematic Reviews
(Ovid), the Cochrane Central Register of Controlled Trials
(Ovid), Academic Search Premier (EBSCO), PsycInfo (Ovid),
Global Health (Ovid), and ERIC (Ovid) with no language or
date restrictions. The proposed search terms were, for example,
“vaccine,” “vaccination,” “immunization,” “video games,”
“gamification,” “application,” and “virtual reality” (see
Multimedia Appendix 1 for the full search strategy). The search
was conducted on January 26 and 27, 2022.

We also conducted an online Google search on May 5, 2022,
for any digital tools with gamified features that deliver
informative or educative messages on vaccination. The search
terms we used were “vaccination,” “immunization,” “electronic
game,” “computer game,” “mobile game,” “interactive game,”
and “digital game” (see Multimedia Appendix 1 for the full
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search strategy). We reviewed the first 30 results for each search,
as it is rare for users to click past the third page of 10 search
results per page, and therefore, researchers analyzing medical
content available on the web often use 30 as a threshold [35-37].
On May 6, 2022, we conducted the same searches in private
browsing mode to ascertain whether our results had been
affected by a “filter bubble” [38], that is, the way Google search
results are adapted to one’s previous browsing activity. Our
search strategy was constructed and reviewed by 2 librarians.
Following the librarians’ advice, we expanded our search
strategy to include ERIC and Global Health databases.

Study Selection and Screening Process
We used PICO (Population, Intervention, Comparison, and
Outcome) to structure study inclusion and exclusion criteria
(Table 1). Our population of interest was the general public or
any subgroup, including health care professionals and students.

We sought studies describing tools with gamification techniques
or gamified elements, including gamified web-based quizzes
to deliver informative or educative messages on vaccination.
Posters, preprints, editorials, conference proceedings, news
bulletins, and paper-based or board games were excluded. Our
comparator was any control, including offering no education
on vaccination or comparing participants before and after an
intervention. Our outcomes of interest included common
outcomes associated with vaccine uptake, namely knowledge
(comprehension, understanding), attitudes (for or against
vaccination), beliefs (perceived benefits, perceived risks), and
behaviors toward vaccines (vaccination intention [ie, intention
to get vaccinated or not get vaccinated] and vaccine uptake [ie,
receiving or not receiving a vaccine]). We excluded papers that
did not present the description or evaluation of a concrete digital
gamified tool.

Table 1. Inclusion and exclusion criteria.

Question related to the criteriaExclusion criteriaInclusion criteriaComponent

Has the study or research described
the development of the tool and
evaluated it?

Type of report •• Posters, preprints, and conference
proceedings

Original paper
• Evaluated intervention or digital

gamified tool • Modeling or simulation study
• Brochures
• Editorials
• Bulletins

Who is the audience for whom the
key message was intended?

N/AaPopulation • General public (any subgroup)
• Professionals
• Students

Does the study or tool aim to deliver
an informative or educative message
on vaccination?

Intervention •• Any study or gamification tools
not intended for vaccination/vac-
cine uptake

Tools with gamification technique
or gamified elements, including
gamified web-based quizzes to
deliver informative or educative
messages on vaccination

• Studies or apps to reduce vaccine
pain and fears and to report immu-
nization status or record keeping,
surveillance or vaccine coverage
apps, contact-tracing or early de-
tection apps

• Paper games, board games (not
digital)

• Videos with no gamified element
included

N/AN/AComparator • Any control, including offering
no education or no digital gami-
fied tool

Has the study or tool been evaluated
for the outcomes that encourage
vaccine uptake?

Outcome •• Outcomes not related to the en-
couragement of vaccine uptake

Common outcomes that encourage
vaccine uptake: knowledge (com-
prehension, understanding), atti-
tudes (for or against vaccination,
beliefs (risk perception, etc), be-
haviors toward vaccines (vaccina-
tion intention [ie, intention to get
vaccinated or not get vaccinated]
and vaccine uptake [ie, receiving
or not receiving a vaccine])

aN/A: not applicable.

For Google-searched digital gamified tools, our inclusion and
exclusion criteria used the same specifications regarding
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population and intervention. We did not apply comparison and
outcome criteria to web-based tools because we did not expect
these to report evaluation studies.

We reported this review according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (see the PRISMA checklist in Multimedia Appendix
2) [39]. We registered our protocol on the Open Science
Framework [40].

Expert Consultations
After extracting information from peer-reviewed papers and
tools identified via a Google search, we contacted experts in
the field of digital gamified tools (eg, developers and researchers
working on the topic in Canada and worldwide who were
already known to the research team) to complement our online
searches and ensure completeness. Specifically, we sent emails
to 12 experts about the results of our searches and asked them
to alert us to any games or papers we might have missed.

Data Charting
We developed a form in Microsoft Excel to guide the charting
of data. We pretested and reviewed the form with team members
to ensure we were accurately and adequately capturing relevant
data. Data charting occurred independently with verification.
Specifically, a reviewer (author HH) identified and screened all
studies and digital gamified tools for their eligibility. Screening
results were verified by a second reviewer (author DG). The
data charting was then performed by a reviewer (HH) and again
verified by a second reviewer (DG). Any conflicts throughout
screening or data charting were resolved by a third reviewer
(author ED). From the included papers, we charted data about
(1) the type and design of study (developmental or evaluation
study, user testing, randomized controlled trial, etc), (2) the
vaccine(s) addressed (COVID-19, HPV, etc), (3) the purpose
of the study or intervention, (4) the digital gamified tool platform
(web based, native mobile app, mobile-enabled web app, virtual
reality), and (5) the characteristics of study participants. For the
evaluated interventions, we charted data about preselected
outcomes that are widely used to predict health-related behaviors
and to assess outcomes in studies of interventions about
vaccination and immunization [11-14]. Specifically, we
extracted data about the tools’ effects on knowledge, attitudes,
beliefs (perceived benefits, perceived risks), and behavioral
intentions. Emotional, cultural, and social factors can also
influence a decision about vaccination [29,30]. Therefore, we
also extracted data about other outcomes that the studies may
have evaluated. Because we sought to understand all possible
effects, we did not prespecify any of these as a primary outcome.

We organized the extracted data in tables and synthesized them
descriptively.

Quality Assessment
To assess the quality of the studies that evaluated their
interventions, we used the Mixed Methods Appraisal Tool
(MMAT) developed by Pluye et al [41]. Two reviewers
independently conducted the quality assessment, resolving
disagreements through discussion until reaching a consensus.
A third and a fourth reviewer (authors HH and HW) intervened
to settle any remaining conflicts.

Data Synthesis
We summarized data using a narrative approach involving
framework and content analysis. We classified each digital
gamified tool platform using the 4 types of digital gamified
tools: web-based tool, native mobile app, mobile-enabled web
app, virtual reality tool. For the type of digital gamified tool,
we classified web-based tools that explicitly noted their
suitability for mobile use (eg, by smartphone or tablet) as
mobile-enabled apps. We classified web-based tools without
such an explicit statement as web based only, even though they
may be functional on mobile devices. For the type and design
of study, we grouped randomized designs together, including
traditional randomized controlled trials with only 2 study arms
and factorial designs with more than 2 study arms. Although
these methods are not exactly the same, they all use
randomization to minimize potential biases and are therefore
functionally equivalent for our purposes of understanding what
kinds of evaluations have been undertaken [42]. We summarized
the main characteristics of tools, including PICO elements, in
a tabular display. We used the PRISMA 2020 flowchart to
describe the process of study selection [43].

Results

Papers Identified and Scope of Literature
We identified a total of 2082 records through database searches.
After removing duplicates, we screened 1402 (67.3%) database
records. Through Google searches, we identified 10 digital
gamified tools and 2 papers. In a private browsing mode search,
there was no change in search results. Of the 12 experts
contacted, 2 (17%) responded and suggested 2 papers and 2
links, of which 1 (50%) digital gamified tool met the inclusion
criteria and was included in our review. Through these methods,
our final data set included 28 (2%) peer-reviewed papers and
11 digital gamified tools. Figure 1 shows our PRISMA diagram.
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Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Of the 28 peer-reviewed papers, 7 (25%) explained the
development of the tool, 16 (57%) described evaluation, and 2
(7%) reported both development and evaluation of the tool
(Table 2). To report our results, we grouped studies together
that reported the same tool, meaning 28 peer-reviewed papers
reporting on 25 different tools. Of these 25 digital gamified
tools, 11 (44%) were web-based tools, 7 (28%) mobile (native
mobile or mobile-enabled web) apps, 6 (24%) virtual reality
tools, and 1 (4%) offered in both mobile and web-based versions
(for details, see Table 2). The most common single vaccines
addressed in the tools were influenza (n=6, 24%, tools) and
HPV (n=6, 24%, tools). Other tools addressed COVID-19 (n=2,
8%); measles, mumps, influenza, and smallpox (n=2, 8%); a
hypothetical disease (n=2, 8%); other vaccine-preventable
diseases (n=6, 24%); and the role vaccines play in preventing
the spread of disease with no particular vaccine specified (n=1,
4%). Of the 10 digital gamified tools identified via a Google

search and 1 suggested by the expert (a total of 11 digital
gamified tools; see Table 3), the largest group (n=5, 45%)
addressed COVID-19, and the rest were about other
vaccine-preventable diseases. The 11 gamified elements
identified in the Google search and expert feedback identified
6 types of gamified elements: reward points, serious games,
physical trading cards, certificates, role-playing, and quizzes
(see Table 3). The most common type was reward points, which
appeared in 5 (45%) cases. Two cases used serious games, one
case used physical trading cards and reward points, one case
used certificates, one case used role-playing, and one case used
quizzes. Additional characteristics of the studies included (eg,
country of origin, sample size, participant characteristics) are
detailed in Multimedia Appendix 3 [31,44-70]. The expanded
versions of Table 2 [31,44-70] and Table 3 [71-81] are provided
in Multimedia Appendix 4.
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Table 2. General information about the studies.

Type and design of study (development or eval-
uation, iterative design, randomized controlled
trial, etc)

Type of disease/vaccineType of digital gamified tool
platform

Type of study and author(s)

Evaluation studies

Evaluation: online experimentHypotheticalWeb-based toolBetsch and Böhm [44]

Evaluation: pre-post studyMeasles, mumps, influenza,
and smallpox

Web-based toolCarolan et al [45]

Evaluation: pilot randomized controlled trialHPVaWeb-based toolCates et al [31]

Evaluation: nonrandomized trialInfluenzaNative mobile appDale et al [46]

Evaluation: randomized controlled trialHPVWeb-based toolDarville et al [47]

Evaluation: quantitative followed by qualitative
research design

Bacteria, vaccine-preventable
disease

Web-based toolEley et al [48], McNulty et
al [49]

Evaluation: mixed methods research designMMR vaccinesNative mobile appFadda et al [50], Fadda et
al [51]

Evaluation: experimental designHypothetical diseaseWeb-based toolIbuka et al [52]

Evaluation: experimental designNot reportedWeb-based toolKaufman and Flanagan
[53]

Evaluation: randomized controlled trialInfluenzaNative mobile appLee et al [54]

Evaluation: pre-post studyInfluenzaWeb-based toolMitchell et al [55], Laplana
[56]

Evaluation: randomized controlled trial (2×2
factorial design)

COVID-19Virtual reality toolMottelson et al [57]

Evaluation: one-way between-subjects design
with random assignment

InfluenzaVirtual reality toolNowak et al [58]

Evaluation: quasi- randomized controlled trialbInfluenzaVirtual reality toolReal et al [59]

Evaluation: clinic-cluster randomized trialHPVMobile-enabled web appWoodall et al [60]

Evaluation: randomized controlled trialCOVID-19Virtual reality toolVandeweerdt et al [61]

Development studies

Development: iterative designHPVWeb-based toolAmresh et al [62]

Development: iterative designInfluenzaWeb-based toolBertozzi et al [63] (data
extracted for the game re-
lated to vaccines)

Development: iterative designMeasles, mumps, influenza,
and smallpox

Web-based toolCarolan et al [64]

Development: heuristic evaluation by users,
content evaluation by experts

Vaccine-preventable diseasesNative mobile appde Araujo Lima et al [66]

Development: user feedback via surveys (asking
users questions) and log files (observing user
behaviors)

Dragon swooping cough virus
to reflect real-life features of
infectious viruses, such as
Ebola.

Virtual realityKafai et al [65]

Development: usability testingHPVNative mobile appReal et al [67]

Development: Community-based participatory
research and co-design

Pediatric vaccinesVirtual realityStreuli et al [68]

Development and evaluation studies

Development and evaluation: Participatory Ac-
tion Research

Hepatitis BMobile or web app (multiple
formats available)

Davies et al [69]

Development and evaluation: Iterative design
and evaluation via questionnaire

HPVNative mobile appRuiz-López et al [70]

aHPV: human papillomavirus.
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bAllocation to a study arm was performed according to work schedules, which are often arbitrary. We therefore considered this quasi-randomization.

Table 3. Tools from Google search and expert suggestions.

Gamification elements (eg, rewards, role-
playing, leaderboard, serious game)

Type of digital gamified tool plat-
form

Type of disease/vaccineDigital gamified tool

Reward pointsNative mobile appCOVID-19Antidote COVID-19 [71]

Serious gameWeb-based toolH11N7 and influenzaThe Vaccination Game [72]

Role-playingWeb-based toolCOVID-19Help take down COVID-
zilla! [73]

Reward pointsWeb-based toolVaccine-preventable diseaseJust the Vax! [74]

Reward pointsWeb-based toolCOVID-19COVID Invaders [75]

Reward points and physical trading cardsWeb-based toolVaccine-preventable diseaseVax Pack Hero [76]

Certificate of completion for solving the
influenza mystery

Web-based toolInfluenzaFlu's Clues [77]

Serious gameWeb-based toolCOVID-19, influenza, Ebola,
measles

Virus Fighter [78]

Reward pointsWeb-based toolTdap meningococcal vaccine, vari-

cella, HPVa, influenza

Immunization411: for pre-
teens and teens’ online
training [79]

Reward pointsWeb-based toolCOVID-19COVID Chronicles [80]

QuizWeb-based toolVaccine-preventable diseaseI Boostb [81]

aHPV: human papillomavirus.
bSuggested by an expert.

The studies were conducted in 26 different countries, with the
majority of studies coming from the United States (n=13, 46%,
studies) and the United Kingdom (n=5, 18%, studies). Study
populations included students at various levels (elementary
school to college, specialty programs, eg, nursing and pediatric
residency), parents of vaccine-eligible children, adults from the
general population, members of particular sociocultural
communities (eg, immigrants, Indigenous peoples), and
convenience samples, such as players of a game, attendees of
a conference, and employees of an organization. Sample sizes
ranged from 8 to 50,286. Whenever papers reported study

participant characteristics such as age, sex, gender, ethnocultural
identity, or socioeconomic levels, we extracted summary data,
as shown in Multimedia Appendix 3.

Reported Effects of Evaluated Interventions
In total, 18 (64%) of 28 studies evaluated at least 1 of our
outcomes of interest, while 11 (39%) studies reported the effects
of the evaluated interventions on more than 1 outcome of
interest. Summarized outcomes and their MMAT quality
assessments are shown in Table 4. Multimedia Appendix 5
provides full details.
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Table 4. Outcomes of evaluation studies included.

MMATa quality
score

Others (eg, emo-
tions)

Behavioral inten-
tions (getting vacci-
nated or not, etc)

Beliefs (risk per-
ceptions, etc)

Attitudes
(for/against vacci-
nation, etc)

Knowledge
(comprehen-
sion/understand-
ing, etc)

Type of digital gamified
tool platform and study

Web-based tool

60% quality cri-
teria met

Increased level of
anger with compulso-
ry vaccination

Decreased vaccine
uptake with compul-
sory vaccination

—Negative vaccine
attitudes with
compulsory vacci-
nation

—bBetsch and Böhm [44]

80% quality cri-
teria met

Increased confi-
dence in information
needs

——No significant ef-
fect on attitudes
towards vaccina-
tion

—Carolan et al [45]

100% quality
criteria met

Increase in vaccina-
tion self-efficacy,
decisional balance
towards vaccination

Positive increase in
intentions to vacci-
nate

——Increase in
knowledge about
immunization

Cates et al [31]

60% quality cri-
teria met

—Increase in inten-
tions to vaccinate

Positive effects
on beliefs to-
wards vaccina-
tion

——Darville et al [47]

100% quality
criteria met

————Improvements in
knowledge about
immunization

Eley et al [48], McNul-
ty et al [49]

80% quality cri-
teria met

Free riding in vacci-
nation decisions de-
creases vaccine ac-
ceptance

————Ibuka et al [52]

20% quality cri-
teria met

The digital version
of the game was per-
ceived to be compli-
cated to use

——The digital ver-
sion of the game
was less effective
at attitude change

The digital ver-
sion of the game
was less effective
at facilitating
learning

Kaufman and Flana-
gan [53]

80% quality cri-
teria met

—Increase in vaccine
uptake after access-
ing the game

—Positive increase
in attitudes for
vaccination

Increase in
knowledge

Mitchell et al [55],
Laplana [56]

(Mitchell et al
[55])

Mobile app

80% quality cri-
teria met

—Positive increase in
intentions to vacci-
nate

———Dale et al [46]

80% quality cri-
teria met (Fadda

Increase in psycho-
logical empower-

Increase in inten-
tions to vaccinate

——Improvements in
knowledge about
immunization

Fadda et al [50], Fad-
da et al [51]

et al [50], Fadda
et al [51])

ment and confidence
in the decision

80% quality cri-
teria met

—Increase in inten-
tions to vaccinate

———Lee et al [54]

40% quality cri-
teria met

Increase in vaccine
confidence

Increase in inten-
tions to vaccinate

Increase in be-
liefs towards vac-
cination

——Woodall et al [60]

100% quality
criteria met

————Increase in
knowledge after
playing the game

Ruiz-López et al [70]

Virtual reality tool
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MMATa quality
score

Others (eg, emo-
tions)

Behavioral inten-
tions (getting vacci-
nated or not, etc)

Beliefs (risk per-
ceptions, etc)

Attitudes
(for/against vacci-
nation, etc)

Knowledge
(comprehen-
sion/understand-
ing, etc)

Type of digital gamified
tool platform and study

80% quality cri-
teria met

Increase in COVID-
19 empathy, vaccina-
tion recommenda-
tion, and vaccination
readiness

Increase in vaccina-
tion intention when
both the personal
and collective bene-
fit of COVID-19
vaccination was
communicated

———Mottelson et al [57]

100% quality
criteria met

—Increase in inten-
tions to vaccinate

Positive effects
on beliefs to-
wards vaccina-
tion

——Nowak et al [58]

60% quality cri-
teria met

———Increase in atti-
tudes in favour of
vaccination

—Real et al [59]

100% quality
criteria met

Virtual reality inter-
vention increases a
sense of collective
responsibility

Increase in inten-
tions to vaccinate

———Vandeweerdt et al
[61]

Mobile or web app (multiple formats available)

80% quality cri-
teria met

————Increase in
knowledge about
immunization

Davies et al [69]

aMMAT: Mixed Methods Appraisal Tool.
bNot reported.

Effects on Knowledge (Includes
Comprehension/Understanding, etc)
Overall, the 28 included studies suggested that digital gamified
tools may positively influence knowledge. Of 7 (25%) studies
that assessed knowledge, 6 (86%) showed an increase in
knowledge about immunization in general [31,48,51,55,69,70].
All these 6 (86%) studies were of high quality (≥80%). One
study of low quality (≤25%) reported that a digital game is less
effective at increasing knowledge compared to its original board
game format [53]. When considering only the high-quality
(≥80%) studies, we observed that digital gamified tools are
associated with increased knowledge.

Effects on Attitudes (for or Against Vaccination)
Overall, digital gamified tools appeared to have mixed effects
on attitudes toward vaccination. Of 5 (18%) of 28 studies that
assessed attitudes, 2 (40%), one of high quality (≥80%) and the
other of medium quality (60%), showed an increase in positive
attitudes toward vaccination [55,59]. In addition, 2 (40%)
studies, one of high quality (≥80%) and the other of low quality
(20%), reported no or less effect on attitudes toward vaccination
[45,53], and 1 (20%) study comparing voluntary and compulsory
vaccines in a game context showed negative attitudes regarding
compulsory vaccination [44]. When considering only the
high-quality (≥80%) studies, we observed inconsistent effects
on attitudes.

Effects on Beliefs (Perceived Benefits, Perceived Risks)
Overall, digital gamified tools demonstrated positive effects on
beliefs toward vaccination. In total, 3 (11%) of 28 studies, 1

(33%) of high quality (100%) and 2 (67%) of medium quality
(60% and 40%), evaluated the effects of digital gamified tools
on beliefs toward vaccination. All 3 (100%) studies showed
positive effects on beliefs toward vaccination [47,58,60]. When
considering only the high-quality (≥80%) studies, we observed
that digital gamified tools are associated with positive beliefs
about vaccines.

Effects on Behavioral Intentions
Overall, the 28 included studies suggested that digital gamified
tools may positively influence intentions to receive vaccines.
In total, 11 (39%) studies evaluated the effects of digital
gamified tools on behavioral intentions with regard to vaccines.
Of these 11 studies, 1 (9%) of medium quality (60%) showed
a decrease in vaccination intention when compulsory vaccination
was introduced within a game context [44], whereas 10 (91%)
studies, 3 (30%) of medium quality (60% and 40%) and 7 (70%)
of high quality (≥75%), showed increased intentions to vaccinate
[31,46,47,51,54,55,57,58,60,61]. When considering only the
high-quality (≥80%) studies, digital gamified tools appeared to
be consistently associated with increased vaccination intention.

Other Outcomes
In total, 9 (32%) of 28 studies have also evaluated the effects
of digital gamified tools on other outcomes. Of these, 4 (44%)
studies reported an increase in confidence in vaccines (medium
quality=40%) [60], confidence in information needs (high
quality=80%) [45], decisional balance in support of vaccination
(high quality=100%) [31], and confidence in vaccine decisions
(high quality=80%) [50]. In addition, 1 (11%) study of high
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quality (80%) reported an increase in empathy toward those
vulnerable to COVID-19 and vaccination recommendations
[57], and 2 (22%) studies of high quality (100% and 80%)
reported an increase in vaccination self-efficacy and readiness
[31,57]. An increase in psychological empowerment (high
quality=80%) [51] and in emotions such as anger toward
compulsory vaccination (medium quality=60%) [44] was also
reported by 2 (22%) studies. One study of high quality (80%)
reported that the concept of free riding decreases vaccine
acceptance [52], whereas another study of high quality (100%)
reported that virtual reality intervention increases collective
responsibility [61]. When considering only the high-quality
(≥80%) studies, we observed a variety of positive effects
associated with digital gamified tools, including confidence in
vaccines, confidence in decisions about vaccines, empathy
toward vulnerable people, collective responsibility,
psychological empowerment, and vaccination self-efficacy and
readiness.

Effects of the Platform (Web Based, Mobile, Virtual
Reality)
The study designs of the 28 included papers did not permit us
to formally compare the effects of different platforms in a robust
way. Upon inspection, there did not appear to be a strong effect
of the platform. In other words, we did not observe evidence in
favor of web-based, mobile, or virtual reality apps over the other
2 types of apps.

Discussion

Principal Findings
The broad objective of this scoping review was to map the state
of the science regarding digital gamified tools and their effects.
In other words, we wished to answer a common question at the
intersection of public health and digital health: does gamification
encourage vaccination and influence knowledge, attitudes,
beliefs, and behaviors related to vaccination? By mapping both
published literature and tools currently available online, we
observed 2 principal findings.

First, our results suggest that gamification can increase
predictors of vaccine uptake, such as knowledge, attitudes,
beliefs, behaviors, and vaccination intention. This finding is
similar to the findings of a previous review by Montagni et al
[82] suggesting that gamification can contribute to changed
behaviors and improved knowledge of vaccination. Similarly,
other reviews have suggested the potential benefits of
gamification for non–vaccination-related behavior change, such
as a systematic review suggesting that gamification interventions
could be a feasible way to improve health-related outcomes
among cancer survivors [83] and another review suggesting
their effectiveness in improving physical activity [84]. Such
previous work became even more relevant during the COVID-19
pandemic, as many jurisdictions sought to optimize vaccine
uptake in the context of an “infodemic” (ie, overabundance of
information, true, false, and misleading, about the pandemic
and recommended preventive behaviors) [85]. Half of the digital
gamified tools identified in our web search addressed
COVID-19, suggesting an active interest in using a gamified

approach in the pandemic context. Recent research by Plechatá
et al [86] published after our data extraction steps were complete
suggested that explaining the concept of herd immunity with
gamification has a positive impact on the COVID-19 vaccination
intention.

Second, our review suggests that although gamification has the
potential to enhance the impact of education strategies, gamified
tools alone may not wholly address gaps in vaccine acceptance
and uptake. Although some of the identified tools did increase
vaccination, the increases did not fully close gaps between
previous and desired vaccine uptake. This finding aligns with
those of Tozzi et al [87], which suggested that promising results
could be achieved by combining gamification with educative
and informative tools to improve immunization programs. This
finding also aligns with previous reviews suggesting the use of
digital gamified interventions as a public health tool of interest
in enhancing vaccine uptake [82,88]. Further research published
by Real et al [89] after our systematic search similarly observed
that integrating gamification, such as virtual reality, in training
modules enhances uptake of the HPV vaccine. Integrating
gamified features may work because they make digital tools
acceptable and more fun to use and may reduce the chances of
people feeling pushed toward vaccination. In parallel,
gamification may be a promising strategy for increasing
knowledge, skills, and confidence among health professionals
engaging in discussions about vaccines with their patients
[90,91].

In addition to these findings drawn directly from our review of
the included tools, we offer a broader observation based on the
contents of this scoping review, along with the larger landscape
of vaccine acceptance research: context is key. Although an
engaging approach may work for some groups or in some
situations, it may be less well accepted among other groups and
in other situations. For instance, a casual and approachable style
of communication will work for the younger audience to convey
vaccine information but might be deemed insufficient to health
care professionals in a more formal setting, such as hospitals.
A good understanding of the factors associated with low vaccine
acceptance at the local level is needed prior to developing
gamified tools [92]. Future research in this area should consider
possible contextual factors, such as local culture, social and
demographic characteristics of users, and different influences
on vaccine hesitancy and acceptance in different regions. To
help better match games to the context(s) in which they will be
played, when developing games, developers and researchers
may wish to consider involving potential players from different
contexts early and often. This aligns with previous work [93,94]
suggesting that involving users earlier in developing tools may
help in designing interventions suitable for a targeted context.
One of the examples in our review was an intervention by Cates
et al [31] designed to explain HPV vaccines to teenagers using
a “secret garden” theme. Involving potential game players early
in the development of the game may have contributed toward
its positive effects on vaccination intention.

The implications of this research extend beyond the immediate
reported effects of gamified tools and delve into the strategic
dimensions of public health policy and communication efforts.
Considering the insights gleaned from the findings, this study
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supports a comprehensive and well-informed approach to
integrating gamification into strategies for promoting
vaccination. As gamification continues to demonstrate its
potential in enhancing vaccine uptake, it is crucial to navigate
this terrain thoughtfully, considering the various factors that
influence its impact. This includes not only the technological
and behavioral aspects but also the larger sociocultural context
in which vaccination decisions are made. Therefore, our study
emphasizes the importance of a comprehensive approach that
fosters a mutually beneficial relationship between technological
innovation, evidence-based strategies, and an intricate
understanding of local contexts. This approach has the potential
to make gamification a sustainable and adaptable tool in the
arsenal of public health interventions, rather than just a passing
trend.

The review does not find a clear advantage for any platform in
terms of reported effects. It was challenging to measure the
impact of the platforms on behavioral outcomes and calls for
more focused research to better understand the specific elements
within each platform that drive behavior change. In essence,
our study suggests that the reported effects of an app may not
be solely determined by its platform but rather by the strategic
incorporation of mechanics and elements that facilitate the
desired behavior change.

Gamification can influence knowledge, attitudes, and beliefs
about vaccines, which can affect vaccine uptake. This is
consistent with theories of change proposing that cognitive
changes can lead to behavioral outcomes. Although our study
mainly examines the immediate effects of gamification on these
cognitive aspects, it also offers some implications for using
gamification as a potentially viable strategy to improve vaccine
acceptance.

Strengths and Limitations
Our study has 5 main limitations. First, because we aimed to
capture all relevant evidence and examples, as is typical in a
scoping review, we included a broad range of study designs and
did not draw conclusions about the relative advantages or
disadvantages of different game platforms and features. Given
the rapid growth within this field of research, it would be
difficult to truly prioritize evidence according to quality criteria
at this point. In the future, it may be possible to conduct a
systematic review and meta-analysis, restricting included studies
to randomized experiments or randomized controlled trials.
Such future work may include approaches such as a network
meta-analysis to allow for comparison of the effects of different
game types or game features. Based on the existing literature,
it is difficult to conclude whether certain games are more or
less likely to achieve their aims. Second, our results may be
influenced by publication bias. It is possible that groups that
have developed digital gamified tools that showed disappointing
results simply did not publish their studies. This bias could lead
to an overestimation of the reported effects of these tools. This
highlights the importance of further research to fully understand
the real impact of these tools and thus accurately inform policy
decisions about the development and use of these tools. Third,
and related to the previous 2 points, the rapid growth in this

area may mean that we missed more recent evidence in literature
published after January 2022 and web searches after May 2022.
Fourth, the majority of digital gamified tools on vaccination
represented in publications and online were developed in
high-income countries. This finding aligns with the findings of
previous work by Ohannessian et al [88], who also reported a
predominance of high-income countries. This may reflect more
widespread internet access and resources for developing digital
gamified tools in high-income countries. It may also reflect
publication bias in the scientific literature (ie, there may be
fewer papers written about digital gamified tools in
lower-income countries) and online (ie, tools developed and
published in lower-income countries may not be ranked highly
by search engines and therefore may not have appeared in our
web searches). Tools developed in lower-income countries may
also take different forms; for example, they may be text
message–based interventions (with or without gamification)
rather than web-based tools and therefore would be less likely
to be identified in web searches. Analog games from
high-income countries were similarly excluded from the scope
of our study [95]. Nondigital games, such as board and card
games, have demonstrated positive impacts on educational
knowledge, cognitive function, and social interactions [96,97].
Such games can support diverse learning across subjects and
settings, fostering interactions that develop skills, such as
computational thinking and teamwork, and have positive impacts
on academic achievement and vocabulary acquisition compared
to digital games [97-99]. We restricted our scoping review to
digital gamified tools because the review was intended to
provide an evidence base for digital game development.
Although nondigital games are also potentially useful
interventions, the implementation and distribution of such
interventions is more challenging, especially in a geographically
dispersed country, such as Canada. Fifth, and finally, as we
used Google and private browsing in Google, there may be a
possibility that different search engines would provide different
results.

This study also has 2 main strengths. First, by systematically
examining the current literature and currently available tools
online, we were able to offer an updated overview of the
potential effects of including gamification in digital tools about
vaccination. Second, by conducting a scoping review to broadly
map the literature, future work can more easily identify and
select key outcomes for systematic reviews and meta-analyses
in this domain.

Conclusion
Digital gamified tools have the potential to improve vaccine
uptake by increasing knowledge and promoting positive
attitudes, beliefs, behaviors, and vaccination intention. Further
evaluations of these innovative digital tools, including
head-to-head comparisons of different features and different
platforms, will add more knowledge about what works and what
does not in order to achieve public health goals more efficiently.
In the wider context of health policy, digital gamified tools may
be useful components of multifaceted strategies to improve
vaccination rates throughout society.

 

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1388https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
This work was supported by a research grant from the Canadian Institutes of Health Research (GA3177725). The authors gratefully
acknowledge the assistance of Frédéric Bergeron (librarian) for reviewing the search strategy. We appreciate the assistance of
Charles Racine and Créscence Joëlle Mefou Tasong in conducting the quality appraisal of the studies that evaluated their
interventions.

Authors' Contributions
All authors provided substantial contributions to this paper’s conception and edits and approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Search strategy.
[DOCX File , 20 KB - games_v12i1e47257_app1.docx ]

Multimedia Appendix 2
PRISMA-ScR checklist.
[PDF File (Adobe PDF File), 498 KB - games_v12i1e47257_app2.pdf ]

Multimedia Appendix 3
Characteristics of the studies included in the review.
[DOCX File , 25 KB - games_v12i1e47257_app3.docx ]

Multimedia Appendix 4
Expanded version of Table 2 (general information about the studies) and Table 3 (tools from Google search and expert suggestions).
[DOCX File , 28 KB - games_v12i1e47257_app4.docx ]

Multimedia Appendix 5
MMAT quality assessment. MMAT: Mixed Methods Appraisal Tool.
[XLSX File (Microsoft Excel File), 92 KB - games_v12i1e47257_app5.xlsx ]

References
1. Omer SB, Salmon DA, Orenstein WA, deHart MP, Halsey N. Vaccine refusal, mandatory immunization, and the risks of

vaccine-preventable diseases. N Engl J Med 2009 May 07;360(19):1981-1988. [doi: 10.1056/nejmsa0806477]
2. Phadke VK, Bednarczyk RA, Salmon DA, Omer SB. Association between vaccine refusal and vaccine-preventable diseases

in the United States: a review of measles and pertussis. JAMA 2016 Mar 15;315(11):1149-1158 [FREE Full text] [doi:
10.1001/jama.2016.1353] [Medline: 26978210]

3. Plans-Rubió P. Low percentages of measles vaccination coverage with two doses of vaccine and low herd immunity levels
explain measles incidence and persistence of measles in the European Union in 2017-2018. Eur J Clin Microbiol Infect Dis
2019 Sep 10;38(9):1719-1729. [doi: 10.1007/s10096-019-03604-0] [Medline: 31289949]

4. Ten health issues WHO will tackle this year. World Health Organization. URL: http://tinyurl.com/39cd7tuf [accessed
2021-10-04]

5. Attwell K, Betsch C, Dubé E, Sivelä J, Gagneur A, Suggs LS, et al. Increasing vaccine acceptance using evidence-based
approaches and policies: insights from research on behavioural and social determinants presented at the 7th Annual Vaccine
Acceptance Meeting. Int J Infect Dis 2021 Apr;105:188-193 [FREE Full text] [doi: 10.1016/j.ijid.2021.02.007] [Medline:
33578012]

6. MacDonald NE, Dube E, Comeau JL. Have vaccine hesitancy models oversimplified a complex problem to our detriment?
The Adapted Royal Society of Canada vaccine uptake framework. Vaccine 2022 Jun 23;40(29):3927-3930 [FREE Full
text] [doi: 10.1016/j.vaccine.2022.05.052] [Medline: 35637069]

7. Dubé E, Gagnon D, MacDonald N, Bocquier A, Peretti-Watel P, Verger P. Underlying factors impacting vaccine hesitancy
in high income countries: a review of qualitative studies. Expert Rev Vaccines 2018 Nov;17(11):989-1004. [doi:
10.1080/14760584.2018.1541406] [Medline: 30359151]

8. MacDonald NE, Comeau J, Dubé, Graham J, Greenwood M, Harmon S, et al. Royal society of Canada COVID-19 report:
enhancing COVID-19 vaccine acceptance in Canada. FACETS 2021 Jan 01;6(1):1184-1246. [doi: 10.1139/facets-2021-0037]

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1389https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v12i1e47257_app1.docx&filename=96b72ed2ba06d4ab7ef0935e332edfab.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app1.docx&filename=96b72ed2ba06d4ab7ef0935e332edfab.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app2.pdf&filename=2953ddda09057a90ecbd6270796b32c0.pdf
https://jmir.org/api/download?alt_name=games_v12i1e47257_app2.pdf&filename=2953ddda09057a90ecbd6270796b32c0.pdf
https://jmir.org/api/download?alt_name=games_v12i1e47257_app3.docx&filename=d719753ec6b0dad91126dc48fe8fee2f.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app3.docx&filename=d719753ec6b0dad91126dc48fe8fee2f.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app4.docx&filename=a9d63457907edab94412c2d316de9911.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app4.docx&filename=a9d63457907edab94412c2d316de9911.docx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app5.xlsx&filename=09c5b5ea454c03cff455fb3e6ee202bb.xlsx
https://jmir.org/api/download?alt_name=games_v12i1e47257_app5.xlsx&filename=09c5b5ea454c03cff455fb3e6ee202bb.xlsx
http://dx.doi.org/10.1056/nejmsa0806477
https://europepmc.org/abstract/MED/26978210
http://dx.doi.org/10.1001/jama.2016.1353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26978210&dopt=Abstract
http://dx.doi.org/10.1007/s10096-019-03604-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31289949&dopt=Abstract
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(21)00093-X
http://dx.doi.org/10.1016/j.ijid.2021.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33578012&dopt=Abstract
https://europepmc.org/abstract/MED/35637069
https://europepmc.org/abstract/MED/35637069
http://dx.doi.org/10.1016/j.vaccine.2022.05.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35637069&dopt=Abstract
http://dx.doi.org/10.1080/14760584.2018.1541406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30359151&dopt=Abstract
http://dx.doi.org/10.1139/facets-2021-0037
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Dolu İ, Turhan Z, Yalnız Dilcen H. COVID-19 vaccine acceptance is associated with vaccine hesitancy, perceived risk and
previous vaccination experiences. Disaster Med Public Health Prep 2021 Dec 23;17:e97 [FREE Full text] [doi:
10.1017/dmp.2021.370] [Medline: 34937599]

10. Behavioural and social drivers of vaccination: tools and practical guidance for achieving high uptake. World Health
Organization. URL: http://tinyurl.com/3uteanyc [accessed 2023-01-10]

11. Dubé E, Gagnon D, MacDonald NE, SAGE Working Group on Vaccine Hesitancy. Strategies intended to address vaccine
hesitancy: review of published reviews. Vaccine 2015 Aug 14;33(34):4191-4203 [FREE Full text] [doi:
10.1016/j.vaccine.2015.04.041] [Medline: 25896385]

12. Omer SB, Benjamin RM, Brewer NT, Buttenheim AM, Callaghan T, Caplan A, et al. Promoting COVID-19 vaccine
acceptance: recommendations from the Lancet Commission on Vaccine Refusal, Acceptance, and Demand in the USA.
Lancet 2021 Dec 11;398(10317):2186-2192 [FREE Full text] [doi: 10.1016/S0140-6736(21)02507-1] [Medline: 34793741]

13. Mills M, Rahal C, Brazel D, Yan J, Gieysztor S. COVID-19 vaccine deployment: behaviour, ethics, misinformation and
policy strategies. The Royal Society; the British Academy. URL: http://tinyurl.com/2bc87r5f [accessed 2024-02-10]

14. Oehler RL. On measles, vaccination, social media activism and how to win back our role as our patients’ best advocates.
Clin Infect Dis 2020 Jan 02;70(2):338-340. [doi: 10.1093/cid/ciz656] [Medline: 31309980]

15. Tasnim S, Hossain M, Mazumder H. Impact of rumors or misinformation on coronavirus disease (COVID-19) in social
media. SocArXiv preprint posted online 2020 [FREE Full text] [doi: 10.31235/osf.io/uf3zn]

16. Witteman HO, Zikmund-Fisher BJ. The defining characteristics of Web 2.0 and their potential influence in the online
vaccination debate. Vaccine 2012 May 28;30(25):3734-3740. [doi: 10.1016/j.vaccine.2011.12.039] [Medline: 22178516]

17. Haase N, Schmid P, Betsch C. Impact of disease risk on the narrative bias in vaccination risk perceptions. Psychol Health
2020 Mar;35(3):346-365. [doi: 10.1080/08870446.2019.1630561] [Medline: 31480866]

18. Kaufman J, Ryan R, Walsh L, Horey D, Leask J, Robinson P, et al. Face-to-face interventions for informing or educating
parents about early childhood vaccination. Cochrane Database Syst Rev 2018 May 08;5(5):CD010038 [FREE Full text]
[doi: 10.1002/14651858.CD010038.pub3] [Medline: 29736980]

19. Lendacki FR, Forst LS, Mehta SD, Kerins JL. COVID-19 vaccination requirements, encouragement and hesitancy among
non-health care, non-congregate workers in Chicago: results from the WEVax survey. BMC Public Health 2023 May
25;23(1):951 [FREE Full text] [doi: 10.1186/s12889-023-15781-x] [Medline: 37231367]

20. Golden SD, Moracco KE, Feld AL, Turner KL, DeFrank JT, Brewer NT. Process evaluation of an intervention to increase
provision of adolescent vaccines at school health centers. Health Educ Behav 2014 Dec;41(6):625-632. [doi:
10.1177/1090198114531773] [Medline: 24786792]

21. Kharbanda EO, Stockwell MS, Fox HW, Andres R, Lara M, Rickert VI. Text message reminders to promote human
papillomavirus vaccination. Vaccine 2011 Mar 21;29(14):2537-2541. [doi: 10.1016/j.vaccine.2011.01.065] [Medline:
21300094]

22. Shourie S, Jackson C, Cheater F, Bekker H, Edlin R, Tubeuf S, et al. A cluster randomised controlled trial of a web based
decision aid to support parents' decisions about their child's measles mumps and rubella (MMR) vaccination. Vaccine 2013
Dec 05;31(50):6003-6010 [FREE Full text] [doi: 10.1016/j.vaccine.2013.10.025] [Medline: 24148574]

23. Andriani Y, Rusmil K, Akbar I. Measles-rubella immunization health education using animated videos and text messages
via WhatsApp. Midwifery. 2020. URL: https://www.academia.edu/download/84881544/52501-208272-1-PB.pdf [accessed
2024-02-10]

24. Groh F. Gamificationtate of the art definition and utilization. 2012 Presented at: RTMI’12: 4th Seminar on Research Trends
in Media Informatics; February 14, 2012; Ulm, Baden-Württemberg p. 39-46.

25. Lister C, West JH, Cannon B, Sax T, Brodegard D. Just a fad? Gamification in health and fitness apps. JMIR Serious Games
2014 Aug 04;2(2):e9 [FREE Full text] [doi: 10.2196/games.3413] [Medline: 25654660]

26. Johnson D, Deterding S, Kuhn K, Staneva A, Stoyanov S, Hides L. Gamification for health and wellbeing: a systematic
review of the literature. Internet Interv 2016 Nov;6:89-106 [FREE Full text] [doi: 10.1016/j.invent.2016.10.002] [Medline:
30135818]

27. Sardi L, Idri A, Fernández-Alemán JL. A systematic review of gamification in e-Health. J Biomed Inform 2017 Jul;71:31-48
[FREE Full text] [doi: 10.1016/j.jbi.2017.05.011] [Medline: 28536062]

28. Cugelman B. Gamification: what it is and why it matters to digital health behavior change developers. JMIR Serious Games
2013 Dec 12;1(1):e3 [FREE Full text] [doi: 10.2196/games.3139] [Medline: 25658754]

29. Sawyer B, Rejeski D. Serious Games: Improving Public Policy through Game-Based Learning and Simulation. Washington,
DC: Woodrow Wilson International Center for Scholars; 2002.

30. Alvarez J, Djaouti D. An introduction to serious game - definitions and concepts. In: Fauquet-Alekhine P, Soler L, editors.
Serious Games & Simulation for Risks Management. Paris: LARSEN Science; 2011:11-15.

31. Cates JR, Fuemmeler BF, Stockton LL, Diehl SJ, Crandell JL, Coyne-Beasley T. Evaluation of a serious video game to
facilitate conversations about human papillomavirus vaccination for preteens: pilot randomized controlled trial. JMIR
Serious Games 2020 Dec 03;8(4):e16883 [FREE Full text] [doi: 10.2196/16883] [Medline: 33270028]

32. de Carvalho CV, Coelho A. Game-based learning, gamification in education and serious games. Computers 2022 Mar
04;11(3):36. [doi: 10.3390/computers11030036]

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1390https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/34937599
http://dx.doi.org/10.1017/dmp.2021.370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34937599&dopt=Abstract
https://apps.who.int/iris/bitstream/handle/10665/354459/9789240049680-eng.pdf?sequence=1
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(15)00505-8
http://dx.doi.org/10.1016/j.vaccine.2015.04.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25896385&dopt=Abstract
https://europepmc.org/abstract/MED/34793741
http://dx.doi.org/10.1016/S0140-6736(21)02507-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34793741&dopt=Abstract
https://royalsociety.org/-/media/policy/projects/set-c/set-c-vaccine-deployment.pdf
http://dx.doi.org/10.1093/cid/ciz656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31309980&dopt=Abstract
https://osf.io/preprints/socarxiv/uf3zn/
http://dx.doi.org/10.31235/osf.io/uf3zn
http://dx.doi.org/10.1016/j.vaccine.2011.12.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22178516&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2019.1630561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31480866&dopt=Abstract
https://europepmc.org/abstract/MED/29736980
http://dx.doi.org/10.1002/14651858.CD010038.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29736980&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-15781-x
http://dx.doi.org/10.1186/s12889-023-15781-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37231367&dopt=Abstract
http://dx.doi.org/10.1177/1090198114531773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24786792&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2011.01.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300094&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(13)01401-1
http://dx.doi.org/10.1016/j.vaccine.2013.10.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24148574&dopt=Abstract
https://www.academia.edu/download/84881544/52501-208272-1-PB.pdf
https://games.jmir.org/2014/2/e9/
http://dx.doi.org/10.2196/games.3413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25654660&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30038-0
http://dx.doi.org/10.1016/j.invent.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135818&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(17)30106-5
http://dx.doi.org/10.1016/j.jbi.2017.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28536062&dopt=Abstract
https://games.jmir.org/2013/1/e3/
http://dx.doi.org/10.2196/games.3139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25658754&dopt=Abstract
https://games.jmir.org/2020/4/e16883/
http://dx.doi.org/10.2196/16883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33270028&dopt=Abstract
http://dx.doi.org/10.3390/computers11030036
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Fleming TM, Bavin L, Stasiak K, Hermansson-Webb E, Merry SN, Cheek C, et al. Serious games and gamification for
mental health: current status and promising directions. Front Psychiatry 2016;7:215 [FREE Full text] [doi:
10.3389/fpsyt.2016.00215] [Medline: 28119636]

34. Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated methodological guidance for the
conduct of scoping reviews. JBI Evid Synth 2020 Oct;18(10):2119-2126. [doi: 10.11124/JBIES-20-00167] [Medline:
33038124]

35. Hargrave DR, Hargrave UA, Bouffet E. Quality of health information on the internet in pediatric neuro-oncology. Neuro
Oncol 2006 Apr;8(2):175-182 [FREE Full text] [doi: 10.1215/15228517-2005-008] [Medline: 16533758]

36. Petrescu P. Google organic click-through rates in 2014. MOZ Blog. 2014. URL: https://moz.com/blog/
google-organic-click-through-rates-in-2014 [accessed 2024-02-10]

37. van der Marel S, Duijvestein M, Hardwick JC, van den Brink GR, Veenendaal R, Hommes DW, et al. Quality of web-based
information on inflammatory bowel diseases. Inflamm Bowel Dis 2009 Dec;15(12):1891-1896. [doi: 10.1002/ibd.20976]
[Medline: 19462423]

38. Resnick P, Garrett R, Kriplean T, Munson S, Stroud N. Bursting your (filter) bubble: strategies for promoting diverse
exposure. 2013 Presented at: CSCW '13: Computer Supported Cooperative Work; February 23-27, 2013; San Antonio,
TX. [doi: 10.1145/2441955.2441981]

39. PRISMA for scoping reviews. PRISMA. URL: http://tinyurl.com/23j8b9aw [accessed 2024-02-10]
40. Gamification tool- enviromental scan. OSF Registries. URL: https://osf.io/nv8af [accessed 2024-02-09]
41. Pluye P, Gagnon M, Griffiths F, Johnson-Lafleur J. A scoring system for appraising mixed methods research, and

concomitantly appraising qualitative, quantitative and mixed methods primary studies in mixed studies reviews. Int J Nurs
Stud 2009 Apr;46(4):529-546. [doi: 10.1016/j.ijnurstu.2009.01.009] [Medline: 19233357]

42. Montgomery AA, Peters TJ, Little P. Design, analysis and presentation of factorial randomised controlled trials. BMC Med
Res Methodol 2003 Nov 24;3:26 [FREE Full text] [doi: 10.1186/1471-2288-3-26] [Medline: 14633287]

43. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

44. Betsch C, Böhm R. Detrimental effects of introducing partial compulsory vaccination: experimental evidence. Eur J Public
Health 2016 Jun;26(3):378-381. [doi: 10.1093/eurpub/ckv154] [Medline: 26297722]

45. Carolan K, Verran J, Crossley M, Redfern J, Whitton N, Amos M. Impact of educational interventions on adolescent
attitudes and knowledge regarding vaccination: a pilot study. PLoS One 2018;13(1):e0190984 [FREE Full text] [doi:
10.1371/journal.pone.0190984] [Medline: 29351325]

46. Dale LP, White L, Mitchell M, Faulkner G. Smartphone app uses loyalty point incentives and push notifications to encourage
influenza vaccine uptake. Vaccine 2019 Jul 26;37(32):4594-4600. [doi: 10.1016/j.vaccine.2018.04.018] [Medline: 29699784]

47. Darville G, Anderson–Lewis C, Stellefson M, Lee Y, MacInnes J, Pigg R, et al. Customization of avatars in a HPV digital
gaming intervention for college-age males: an experimental study. Simul Gaming 2018 Oct 17;49(5):515-537. [doi:
10.1177/1046878118799472]

48. Eley CV, Young VL, Hayes CV, Verlander NQ, McNulty CAM. Young people’s knowledge of antibiotics and vaccinations
and increasing this knowledge through gaming: mixed-methods study using e-Bug. JMIR Serious Games 2019 Feb
01;7(1):e10915 [FREE Full text] [doi: 10.2196/10915] [Medline: 30707096]

49. McNulty CAM, Lecky DM, Farrell D, Kostkova P, Adriaenssens N, Koprivová Herotová T, e-Bug Working Group.
Overview of e-Bug: an antibiotic and hygiene educational resource for schools. J Antimicrob Chemother 2011 Jun;66(Suppl
5):v3-12 [FREE Full text] [doi: 10.1093/jac/dkr119] [Medline: 21680584]

50. Fadda M, Galimberti E, Fiordelli M, Romanò L, Zanetti A, Schulz PJ. Effectiveness of a smartphone app to increase parents'
knowledge and empowerment in the MMR vaccination decision: a randomized controlled trial. Hum Vaccin Immunother
2017 Nov 02;13(11):2512-2521 [FREE Full text] [doi: 10.1080/21645515.2017.1360456] [Medline: 29125783]

51. Fadda M, Galimberti E, Fiordelli M, Schulz PJ. Evaluation of a mobile phone–based intervention to increase parents’
knowledge about the measles-mumps-rubella vaccination and their psychological empowerment: mixed-method approach.
JMIR Mhealth Uhealth 2018 Mar 07;6(3):e59 [FREE Full text] [doi: 10.2196/mhealth.8263] [Medline: 29514772]

52. Ibuka Y, Li M, Vietri J, Chapman GB, Galvani AP. Free-riding behavior in vaccination decisions: an experimental study.
PLoS One 2014;9(1):e87164 [FREE Full text] [doi: 10.1371/journal.pone.0087164] [Medline: 24475246]

53. Kaufman, Flanagan. Lost in translation: comparing the impact of an analog and digital version of a public health game on
players? perceptions, attitudes, and cognitions. Int J Gaming Comput Mediat Simul 2013 Jul;5(3):1-9 [FREE Full text]
[doi: 10.4018/jgcms.2013070101]

54. Lee W, Stück D, Konty K, Rivers C, Brown CR, Zbikowski SM, et al. Large-scale influenza vaccination promotion on a
mobile app platform: a randomized controlled trial. Vaccine 2020 Apr 16;38(18):3508-3514. [doi:
10.1016/j.vaccine.2019.11.053] [Medline: 31787410]

55. Mitchell G, Leonard L, Carter G, Santin O, Brown Wilson C. Evaluation of a 'serious game' on nursing student knowledge
and uptake of influenza vaccination. PLoS One 2021 Jan 14;16(1):e0245389 [FREE Full text] [doi:
10.1371/journal.pone.0245389] [Medline: 33444348]

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1391https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28119636
http://dx.doi.org/10.3389/fpsyt.2016.00215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119636&dopt=Abstract
http://dx.doi.org/10.11124/JBIES-20-00167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33038124&dopt=Abstract
https://europepmc.org/abstract/MED/16533758
http://dx.doi.org/10.1215/15228517-2005-008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16533758&dopt=Abstract
https://moz.com/blog/google-organic-click-through-rates-in-2014
https://moz.com/blog/google-organic-click-through-rates-in-2014
http://dx.doi.org/10.1002/ibd.20976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19462423&dopt=Abstract
http://dx.doi.org/10.1145/2441955.2441981
http://www.prisma-statement.org/Extensions/ScopingReviews?AspxAutoDetectCookieSupport=1
https://osf.io/nv8af
http://dx.doi.org/10.1016/j.ijnurstu.2009.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19233357&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-3-26
http://dx.doi.org/10.1186/1471-2288-3-26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14633287&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/ckv154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26297722&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0190984
http://dx.doi.org/10.1371/journal.pone.0190984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29351325&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2018.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29699784&dopt=Abstract
http://dx.doi.org/10.1177/1046878118799472
https://games.jmir.org/2019/1/e10915/
http://dx.doi.org/10.2196/10915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30707096&dopt=Abstract
http://jac.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21680584
http://dx.doi.org/10.1093/jac/dkr119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21680584&dopt=Abstract
https://europepmc.org/abstract/MED/29125783
http://dx.doi.org/10.1080/21645515.2017.1360456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29125783&dopt=Abstract
https://mhealth.jmir.org/2018/3/e59/
http://dx.doi.org/10.2196/mhealth.8263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29514772&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0087164
http://dx.doi.org/10.1371/journal.pone.0087164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24475246&dopt=Abstract
https://www.igi-global.com/article/lost-in-translation/93025
http://dx.doi.org/10.4018/jgcms.2013070101
http://dx.doi.org/10.1016/j.vaccine.2019.11.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31787410&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0245389
http://dx.doi.org/10.1371/journal.pone.0245389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33444348&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


56. Laplana JP. BJN Awards 2019: innovation runner up: creating a staff flu vaccination game. Br J Nurs 2019 Aug
08;28(15):1032-1034. [doi: 10.12968/bjon.2019.28.15.1032] [Medline: 31393758]

57. Mottelson A, Vandeweerdt C, Atchapero M, Luong T, Holz C, Böhm R, et al. A self-administered virtual reality intervention
increases COVID-19 vaccination intention. Vaccine 2021 Nov 05;39(46):6746-6753 [FREE Full text] [doi:
10.1016/j.vaccine.2021.10.004] [Medline: 34654579]

58. Nowak GJ, Evans NJ, Wojdynski BW, Ahn SJG, Len-Rios ME, Carera K, et al. Using immersive virtual reality to improve
the beliefs and intentions of influenza vaccine avoidant 18-to-49-year-olds: considerations, effects, and lessons learned.
Vaccine 2020 Jan 29;38(5):1225-1233. [doi: 10.1016/j.vaccine.2019.11.009] [Medline: 31806533]

59. Real FJ, DeBlasio D, Beck AF, Ollberding NJ, Davis D, Cruse B, et al. A virtual reality curriculum for pediatric residents
decreases rates of influenza vaccine refusal. Acad Pediatr 2017;17(4):431-435. [doi: 10.1016/j.acap.2017.01.010] [Medline:
28126612]

60. Woodall WG, Zimet G, Kong A, Buller D, Reither J, Chilton L, et al. Vacteens.org: a mobile web app to improve HPV
vaccine uptake. Front Digit Health 2021;3:693688 [FREE Full text] [doi: 10.3389/fdgth.2021.693688] [Medline: 34713171]

61. Vandeweerdt C, Luong T, Atchapero M, Mottelson A, Holz C, Makransky G, et al. Virtual reality reduces COVID-19
vaccine hesitancy in the wild: a randomized trial. Sci Rep 2022 Mar 17;12(1):4593 [FREE Full text] [doi:
10.1038/s41598-022-08120-4] [Medline: 35301359]

62. Amresh A, Chia-Chen A, Baron C. A game based intervention to promote HPV vaccination among adolescents. 2019
Presented at: SeGAH 2019: IEEE 7th International Conference on Serious Games and Applications for Health; August 5-7,
2019; Kyoto, Japan. [doi: 10.1109/segah.2019.8882459]

63. Bertozzi E, Krilov L, Walker D. Successful game development partnerships between academics and physicians: two case
studies. IJGCMS 2013 Jul;5(3):97. [doi: 10.4018/jgcms.2013070107]

64. Carolan K, Verran J, Amos M, Crossley M, Redfern J, Whitton N, et al. SimFection: a digital resource for vaccination
education. J Biol Educ 2018 May 24;53(2):225-234. [doi: 10.1080/00219266.2018.1469534]

65. Kafai Y, Fields D, Giang M, Fefferman N, Sun J, Kunka D, et al. Designing for massive engagement in a tween community:
participation, prevention, and philanthropy in a virtual epidemic. 2017 Presented at: IDC '17: 2017 Conference on Interaction
Design and Children; June 27-30, 2017; Stanford, CA. [doi: 10.1145/3078072.3079730]

66. de Araujo Lima ID, de Leon CGRMP, Ribeiro LM, da Silva ICR, Vilela DM, Fonseca LMM, et al. A serious game
(Immunitates) about immunization: development and validation study. JMIR Serious Games 2022 Feb 18;10(1):e30738
[FREE Full text] [doi: 10.2196/30738] [Medline: 35179496]

67. Real FJ, Rosen BL, Bishop JM, McDonald S, DeBlasio D, Kreps GL, et al. Usability evaluation of the novel smartphone
application, HPV Vaccine: Same Way, Same Day, among pediatric residents. Acad Pediatr 2021;21(4):742-749. [doi:
10.1016/j.acap.2020.11.023] [Medline: 33279739]

68. Streuli S, Ibrahim N, Mohamed A, Sharma M, Esmailian M, Sezan I, et al. Development of a culturally and linguistically
sensitive virtual reality educational platform to improve vaccine acceptance within a refugee population: the SHIFA
community engagement-public health innovation programme. BMJ Open 2021 Sep 14;11(9):e051184 [FREE Full text]
[doi: 10.1136/bmjopen-2021-051184] [Medline: 34521673]

69. Davies J, Bukulatjpi S, Sharma S, Caldwell L, Johnston V, Davis JS. Development of a culturally appropriate bilingual
electronic app about hepatitis B for indigenous Australians: towards shared understandings. JMIR Res Protoc 2015 Jun
10;4(2):e70 [FREE Full text] [doi: 10.2196/resprot.4216] [Medline: 26063474]

70. Ruiz-López T, Sen S, Jakobsen E, Tropé A, Castle PE, Hansen BT, et al. FightHPV: design and evaluation of a mobile
game to raise awareness about human papillomavirus and nudge people to take action against cervical cancer. JMIR Serious
Games 2019 Apr 08;7(2):e8540 [FREE Full text] [doi: 10.2196/games.8540] [Medline: 30958271]

71. New mobile game in collaboration with WHO raises COVID-19 vaccine awareness. Eurogamer. URL: http://tinyurl.com/
4p5snk46 [accessed 2024-02-09]

72. The vaccination game. mrcwimm. URL: https://mrcwimm.itch.io/the-vaccination-game [accessed 2024-02-09]
73. Help take down COVID-zilla!: protect your friends and family. Alberta Health Services. URL: http://tinyurl.com/yp82u75j

[accessed 2024-02-09]
74. Just the vax!. Vaccine Education Center. URL: https://media.chop.edu/data/files/vaccine-trivia-game/index.html [accessed

2024-02-09]
75. COVID invaders. Get One Desk. URL: https://www.getonedesk.com/covid-invaders [accessed 2024-02-09]
76. Vax pack hero. Vax Pack Hero. URL: https://vaxpackhero.com/ [accessed 2024-02-09]
77. Flu's clues: virtual flu game. Families Fighting Flu. URL: https://www.familiesfightingflu.org/virtual-flu-game/ [accessed

2024-02-09]
78. Virus fighter. Virus Fighter. URL: https://www.virusfighter.org/ [accessed 2024-02-09]
79. Immunization411: for preteens and teens’ online training. Missouri Department of Health and Senior Services. URL: http:/

/tinyurl.com/553ztd28 [accessed 2024-02-09]
80. COVID chronicles. COVID Chronicles. URL: http://tinyurl.com/yc73frrh [accessed 2024-02-09]
81. I boost. Public Health Association of BC. URL: https://iboostimmunity.com/ [accessed 2024-02-09]

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1392https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.12968/bjon.2019.28.15.1032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31393758&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(21)01311-6
http://dx.doi.org/10.1016/j.vaccine.2021.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34654579&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2019.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31806533&dopt=Abstract
http://dx.doi.org/10.1016/j.acap.2017.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28126612&dopt=Abstract
https://europepmc.org/abstract/MED/34713171
http://dx.doi.org/10.3389/fdgth.2021.693688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713171&dopt=Abstract
https://doi.org/10.1038/s41598-022-08120-4
http://dx.doi.org/10.1038/s41598-022-08120-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35301359&dopt=Abstract
http://dx.doi.org/10.1109/segah.2019.8882459
http://dx.doi.org/10.4018/jgcms.2013070107
http://dx.doi.org/10.1080/00219266.2018.1469534
http://dx.doi.org/10.1145/3078072.3079730
https://games.jmir.org/2022/1/e30738/
http://dx.doi.org/10.2196/30738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35179496&dopt=Abstract
http://dx.doi.org/10.1016/j.acap.2020.11.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33279739&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34521673
http://dx.doi.org/10.1136/bmjopen-2021-051184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34521673&dopt=Abstract
https://www.researchprotocols.org/2015/2/e70/
http://dx.doi.org/10.2196/resprot.4216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26063474&dopt=Abstract
https://games.jmir.org/2019/2/e8540/
http://dx.doi.org/10.2196/games.8540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30958271&dopt=Abstract
https://www.eurogamer.net/new-mobile-game-in-collaboration-with-who-raises-covid-19-vaccine-awareness
https://www.eurogamer.net/new-mobile-game-in-collaboration-with-who-raises-covid-19-vaccine-awareness
https://mrcwimm.itch.io/the-vaccination-game
https://www.albertahealthservices.ca/assets/info/ppih/covidzilla/index.html
https://media.chop.edu/data/files/vaccine-trivia-game/index.html
https://www.getonedesk.com/covid-invaders
https://vaxpackhero.com/
https://www.familiesfightingflu.org/virtual-flu-game/
https://www.virusfighter.org/
https://health.mo.gov/living/wellness/immunizations/training/teenspreteens/index.html
https://health.mo.gov/living/wellness/immunizations/training/teenspreteens/index.html
https://web.archive.org/web/20220923233038/https://covidchroniclesbc.ca/?v=17
https://iboostimmunity.com/
http://www.w3.org/Style/XSL
http://www.renderx.com/


82. Montagni I, Mabchour I, Tzourio C. Digital gamification to enhance vaccine knowledge and uptake: scoping review. JMIR
Serious Games 2020 May 18;8(2):e16983 [FREE Full text] [doi: 10.2196/16983] [Medline: 32348271]

83. Ning Y, Jia Z, Zhu R, Ding Y, Wang Q, Han S. Effect and feasibility of gamification interventions for improving physical
activity and health-related outcomes in cancer survivors: an early systematic review and meta-analysis. Support Care Cancer
2022 Dec 30;31(1):92. [doi: 10.1007/s00520-022-07550-0] [Medline: 36585478]

84. Mazeas A, Duclos M, Pereira B, Chalabaev A. Evaluating the effectiveness of gamification on physical activity: systematic
review and meta-analysis of randomized controlled trials. J Med Internet Res 2022 Jan 04;24(1):e26779 [FREE Full text]
[doi: 10.2196/26779] [Medline: 34982715]

85. Infodemic. World Health Organization. URL: https://www.who.int/health-topics/infodemic [accessed 2023-01-24]
86. Plechatá A, Vandeweerdt C, Atchapero M, Luong T, Holz C, Betsch C, et al. Experiencing herd immunity in virtual reality

increases COVID-19 vaccination intention: evidence from a large-scale field intervention study. Comput Hum Behav 2023
Feb;139:107533 [FREE Full text] [doi: 10.1016/j.chb.2022.107533] [Medline: 36277032]

87. Tozzi AE, Gesualdo F, D'Ambrosio A, Pandolfi E, Agricola E, Lopalco P. Can digital tools be used for improving
immunization programs? Front Public Health 2016;4:36 [FREE Full text] [doi: 10.3389/fpubh.2016.00036] [Medline:
27014673]

88. Ohannessian R, Yaghobian S, Verger P, Vanhems P. A systematic review of serious video games used for vaccination.
Vaccine 2016 Aug 31;34(38):4478-4483. [doi: 10.1016/j.vaccine.2016.07.048] [Medline: 27498211]

89. Real FJ, Ollberding NJ, Meisman AR, DeBlasio DJ, Pero MB, Davis D, et al. Impact of a virtual reality curriculum on
human papillomavirus vaccination: a pilot trial. Am J Prev Med 2022 Nov;63(5):865-873 [FREE Full text] [doi:
10.1016/j.amepre.2022.05.003] [Medline: 35778065]

90. Richman AR, Torres E, Wu Q, Eldridge D, Lawson L. The evaluation of a digital health intervention to improve human
papillomavirus vaccine recommendation practices of medical students. J Cancer Educ 2023 Aug 17;38(4):1208-1214. [doi:
10.1007/s13187-022-02250-z] [Medline: 36526919]

91. Raikhel AV, Blau K, Alberty K, Cornia P, Rodriguez RA, Steinberg KP, et al. Vax the Max, a gamification intervention
for COVID-19 vaccination task engagement in the inpatient setting. Am J Med Qual 2023;38(1):47-56 [FREE Full text]
[doi: 10.1097/JMQ.0000000000000094] [Medline: 36472420]

92. Brewer NT, Chapman GB, Rothman AJ, Leask J, Kempe A. Increasing vaccination: putting psychological science into
action. Psychol Sci Public Interest 2017 Dec;18(3):149-207. [doi: 10.1177/1529100618760521] [Medline: 29611455]

93. Vaisson G, Provencher T, Dugas M, Trottier M, Chipenda Dansokho S, Colquhoun H, et al. User involvement in the design
and development of patient decision aids and other personal health tools: a systematic review. Med Decis Making 2021
Apr;41(3):261-274. [doi: 10.1177/0272989X20984134] [Medline: 33655791]

94. Hakim H, Bettinger JA, Chambers CT, Driedger SM, Dubé E, Gavaruzzi T, et al. A web application about herd immunity
using personalized avatars: development study. J Med Internet Res 2020 Oct 30;22(10):e20113 [FREE Full text] [doi:
10.2196/20113] [Medline: 33124994]

95. Epstein D. Game design and behaviour change using Vaxcards: a collectable card game to increase vaccine confidence.
Monash University. 2022. URL: http://tinyurl.com/bdhxbbfj [accessed 2024-02-10]

96. Noda S, Shirotsuki K, Nakao M. The effectiveness of intervention with board games: a systematic review. Biopsychosoc
Med 2019;13:22 [FREE Full text] [doi: 10.1186/s13030-019-0164-1] [Medline: 31641371]

97. Bayeck R. Examining board gameplay and learning: a multidisciplinary review of recent research. Simul Gaming 2020
Apr 16;51(4):411-431. [doi: 10.1177/1046878119901286]

98. Talan T, Doğan Y, Batdı V. Efficiency of digital and non-digital educational games: a comparative meta-analysis and a
meta-thematic analysis. J Res Technol Educ 2020 Apr 20;52(4):474-514. [doi: 10.1080/15391523.2020.1743798]

99. Naderi S, Moafian F. The victory of a non-digital game over a digital one in vocabulary learning. Comput Educ Open 2023
Dec;4:100135. [doi: 10.1016/j.caeo.2023.100135]

Abbreviations
HPV: human papillomavirus
MMAT: Mixed Methods Appraisal Tool
PICO: Population, Intervention, Comparison, and Outcome
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1393https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://games.jmir.org/2020/2/e16983/
http://dx.doi.org/10.2196/16983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348271&dopt=Abstract
http://dx.doi.org/10.1007/s00520-022-07550-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36585478&dopt=Abstract
https://www.jmir.org/2022/1/e26779/
http://dx.doi.org/10.2196/26779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34982715&dopt=Abstract
https://www.who.int/health-topics/infodemic
https://linkinghub.elsevier.com/retrieve/pii/S0747-5632(22)00353-3
http://dx.doi.org/10.1016/j.chb.2022.107533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36277032&dopt=Abstract
https://europepmc.org/abstract/MED/27014673
http://dx.doi.org/10.3389/fpubh.2016.00036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27014673&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2016.07.048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27498211&dopt=Abstract
https://europepmc.org/abstract/MED/35778065
http://dx.doi.org/10.1016/j.amepre.2022.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35778065&dopt=Abstract
http://dx.doi.org/10.1007/s13187-022-02250-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36526919&dopt=Abstract
https://europepmc.org/abstract/MED/36472420
http://dx.doi.org/10.1097/JMQ.0000000000000094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36472420&dopt=Abstract
http://dx.doi.org/10.1177/1529100618760521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29611455&dopt=Abstract
http://dx.doi.org/10.1177/0272989X20984134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33655791&dopt=Abstract
https://www.jmir.org/2020/10/e20113/
http://dx.doi.org/10.2196/20113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33124994&dopt=Abstract
https://bridges.monash.edu/articles/thesis/Game_Design_and_Behaviour_Change_using_Vaxcards_A_Collectable_Card_Game_to_Increase_Vaccine_Confidence/21508398
https://bpsmedicine.biomedcentral.com/articles/10.1186/s13030-019-0164-1
http://dx.doi.org/10.1186/s13030-019-0164-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31641371&dopt=Abstract
http://dx.doi.org/10.1177/1046878119901286
http://dx.doi.org/10.1080/15391523.2020.1743798
http://dx.doi.org/10.1016/j.caeo.2023.100135
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach, T Leung; submitted 14.03.23; peer-reviewed by R Starling, M Coccia, D Epstein, R Delaney; comments to
author 23.07.23; revised version received 22.09.23; accepted 02.01.24; published 29.02.24.

Please cite as:
Hakim H, Driedger SM, Gagnon D, Chevrier J, Roch G, Dubé E, Witteman HO
Digital Gamification Tools to Enhance Vaccine Uptake: Scoping Review
JMIR Serious Games 2024;12:e47257
URL: https://games.jmir.org/2024/1/e47257 
doi:10.2196/47257
PMID:38421688

©Hina Hakim, S Michelle Driedger, Dominique Gagnon, Julien Chevrier, Geneviève Roch, Eve Dubé, Holly O Witteman.
Originally published in JMIR Serious Games (https://games.jmir.org), 29.02.2024. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly
cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright
and license information must be included.

JMIR Serious Games 2024 | vol. 12 | e47257 | p.1394https://games.jmir.org/2024/1/e47257
(page number not for citation purposes)

Hakim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://games.jmir.org/2024/1/e47257
http://dx.doi.org/10.2196/47257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38421688&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

Investigating the Use of Serious Games for Cancer Control Among
Children and Adolescents: Scoping Review

Sunghak Kim1, PhD; Paije Wilson2, MLiS; Olufunmilola Abraham3, PhD
1National Cancer Survivorship Center, National Cancer Control Institute, National Cancer Center, Goyang, Republic of Korea
2Ebling Library, School of Medicine and Public Health, University of Wisconsin-Madison, Madison, WI, United States
3Social and Administrative Sciences Division, School of Pharmacy, University of Wisconsin-Madison, Madison, WI, United States

Corresponding Author:
Olufunmilola Abraham, PhD
Social and Administrative Sciences Division
School of Pharmacy
University of Wisconsin-Madison
Room 2515 Rennebohm Hall
777 Highland Avenue
Madison, WI, 53705
United States
Phone: 1 6082634498
Fax: 1 6082625262
Email: olufunmilola.abraham@wisc.edu

Abstract

Background: Effective health care services that meet the diverse needs of children and adolescents with cancer are required to
alleviate their physical, psychological, and social challenges and improve their quality of life. Previous studies showed that serious
games help promote people’s health. However, the potential for serious games to be used for successful cancer control for children
and adolescents has received less attention.

Objective: This scoping review aimed to map the use of serious games in cancer prevention and cancer care for children and
adolescents, and provide future directions for serious games’ development and implementation within the context of cancer
control for children and adolescents.

Methods: This study followed a combination of the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews) and the JBI (Joanna Briggs Institute) framework for the conduct of scoping
reviews. PubMed, CINAHL Plus Full Text, Scopus, Web of Science Core Collection, and American Psychological Association
(APA) PsycINFO databases were used for the search.

Results: From the initial 2750 search results, 63 papers were included in the review, with 28 quantitative, 14 qualitative, and
21 mixed method studies. Most of the studies were cancer care serious game papers (55/63, 87%) and a small number of studies
were cancer prevention serious game papers (8/63, 13%). The majority of the included studies were published between 2019 and
2023 (cancer prevention: 5/8, 63%; cancer care: 35/55, 64%). The majority of the studies were conducted in Europe (cancer
prevention: 3/8, 38%; cancer care: 24/55, 44%) and North America (cancer prevention: 4/8, 50%; cancer care: 17/55, 31%).
Adolescents were the most represented age group in the studies’ participants (cancer prevention: 8/8, 100%; cancer care: 46/55,
84%). All (8/8, 100%) cancer prevention serious game papers included healthy people as participants, and 45 out of 55 (82%)
cancer care serious game papers included patients with cancer. The majority of cancer prevention serious game papers addressed
game preference as a target outcome (4/8, 50%). The majority of cancer care serious game papers addressed symptom management
as a target outcome (28/55, 51%). Of the cancer care studies examining serious games for symptom management, the majority
of the studies were conducted to treat psychological (13/55, 24%) and physical symptoms (10/55, 18%).

Conclusions: This review shows both the growth of interest in the use of serious games for cancer control among children and
adolescents and the potential for bias in the relevant literature. The diverse characteristics of the included papers suggest that
serious games can be used in various ways for cancer control among children and adolescents while highlighting the need to
develop and implement serious games in underrepresented areas.

(JMIR Serious Games 2024;12:e58724)   doi:10.2196/58724
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Introduction

Cancer Control for Children and Adolescents
The efforts of cancer control to reduce the cancer burden,
including interventions in cancer prevention and care, have
reduced the prevalence of cancer and ameliorated its impacts
on individuals and communities [1,2]. Additionally, with
advances in medical technology, the survival rate of children
and adolescents who contract cancer has been increasing [3].
However, cancer remains a life-threatening disease for children
and adolescents and requires intensive treatment over a long
period of time [4]. Practicing cancer prevention is the most
efficient approach to avoid the significant physical and
psychological burdens experienced during the diagnosis and
treatment of cancer [5]. Adolescence, especially, is a critical
stage to develop one’s cognitive ability and acquire new
behavioral factors. Therefore, learning about cancer risks and
cancer prevention methods during adolescence may significantly
impact one’s future health status [6,7]. Nevertheless, cancer
prevention knowledge and educational opportunities for children
and adolescents are limited [6,8]. Moreover, young patients
with cancer easily experience fatigue, pain, sleep disorders, and
anxiety and have difficulties in establishing their values and
interpersonal relationships while undergoing prolonged and
intense treatment [9-11]. Systematic and continuous care that
meets patients’ needs is crucial to helping them overcome such
challenges and improve their quality of life [12-14].
Nonetheless, due to the smaller number of young patients with
cancer compared to adult patients with cancer, their needs may
not be prioritized in medical policy formulation or service
provision [15-17]. More active industrial and research activities
supporting the development and implementation of effective
cancer control methods for children and adolescents should be
undertaken.

The Use of Serious Games
In the significantly growing field of digital health care, based
on the rapid development of information and communication
technology and computer technology, the potential for serious
games to be used as a successful means of cancer control is
being recognized [18,19]. Serious games are digital or
computerized games used primarily for educational and training
purposes rather than entertainment and amusement [20]. With
the widespread availability of electronic devices such as
computers, gaming consoles, and mobile devices, many users
can easily access and enjoy serious games [20]. Additionally,
they can experience more interactive, immersive, and engaging
game-based learning through various serious game content [21].
By playing serious games, users may not only obtain enjoyable
and immersive experiences but also enhance motivation,
engagement, and learning outcomes. Users can also develop
their skills in critical thinking, decision-making,
problem-solving, social interaction, time management, and so

on by actively exploring the serious game content in a safe
environment without physical constraints [22-25]. Adaptive
and personalized functions and immediate feedback offered by
the game system also promote users’continuous learning cycles
while retaining user engagement [26,27]. Previous literature
has shown the effectiveness of serious games designed with
diverse objectives, such as improving retention of knowledge
[28], pain relief [29], and medication adherence [20] in the
context of various diseases.

While several positive outcomes have been associated with the
use of serious games, there are a few side effects associated
with the use of serious games as a health intervention tool.
Previous studies have reported the possibility that the complex
features of serious games may increase users’mental workload,
which may negatively impact learning [30]. Additionally, some
studies have argued that the addictive nature of video games
should not be overlooked in the use of serious games [31]
(interestingly, though, at least one study has argued the opposite
effect, stating that serious games can be used as a solution to
game addiction issues [32]). These potential negative effects
can be prevented through careful consideration of the user
groups, purposes, and appropriate uses of serious games during
their development process [33].

Serious Games in the Context of Cancer Control in
Children and Adolescents
Past research has also explored the relationship between serious
games and young people in the context of cancer [34,35].
Adolescents, especially, tend to have excellent adaptability to
new technologies and possess substantial knowledge and
experience with games as compared to users of other age groups
[36]. Given the research on adolescents’engagement with video
games [37] and studies conducted in game-based learning [38]
and narrative persuasion [39-41], one may anticipate the positive
influence of serious games on adolescents’ learning and
persuasion outcomes. When it comes to cancer prevention,
adolescents can learn about complex cancer concepts and
relevant prevention and treatment methods by interacting with
engaging characters and objects and actively performing game
quests embedded in serious games [34]. Concerning cancer
care, serious games can help distract teenage patients with
cancer from the pain and anxiety associated with treatment,
facilitating successful coping with the challenges of cancer [35].
Serious games can also provide psychological and social support
or assist in promoting rehabilitation and physical activity [42].
However, more research is needed relating to the use of serious
games in establishing successful strategies for pediatric cancer
control. Cancer control for children and adolescents differs from
that for adults, from the causes of cancer to the objectives and
methods of cancer treatment [43,44]. For example, because
children and adolescents are still cared for by caregivers (ie,
legal guardians), not only young patients with cancer but also
their caregivers should be included in the scope of cancer control
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[45]. This is just one of many characteristics indicating the need
for different approaches and considerations when providing
cancer control services for children and adolescents as compared
to adults. Despite these unique needs, there is a relative lack of
academic and industrial projects specifically addressing serious
games within the context of cancer control in children and
adolescents. Systematic and comprehensive consideration of
existing studies can inform and direct future research in the use
of serious games for cancer control in children and adolescents.

Aim of This Study
This paper assesses the extent to which serious games have been
used for cancer control (ie, cancer prevention and care) in
children and adolescents. Specifically, this scoping review aimed
to understand trends in serious games research in cancer
prevention and cancer care for children and adolescents within
published, original research papers, and investigate future
directions for the application of serious games in successful
cancer control for children and adolescents. Due to the
importance of introducing cancer prevention and care in children
and adolescents, and as the needs in the context of cancer
prevention will differ from those of cancer care, this review
also sought to compare serious games research focusing on
cancer prevention with those focusing on cancer care to identify
any key differences in research trends for these subjects.

This study will provide valuable insight and inform successful
health intervention strategies relating to the use of serious games
within the context of cancer control in children and adolescents.
Considering the salience of cancer prevention education in
adolescence, we also anticipate this study will encourage future
research focusing on the use of serious games within this
context.

Methods

Study Design
As the goal of the review was to explore and summarize the
literature on our topic, which aligns with one of the primary
purposes of a scoping review [46], a scoping review
methodology was chosen for this study. Within the context of
the population, concept, and context framework, our population
was children and adolescents, our concept was serious games,
and our context was cancer control. This study followed the JBI
(Joanna Briggs Institute) framework for the conduct of scoping
reviews, which specifically involved the following steps: “(1)
defining and aligning the objectives and questions; (2)
developing and aligning the inclusion criteria with the objectives
and questions; (3) describing the planned approach to evidence

searching selection, data extraction, and presentation of the
evidence; (4) searching for the evidence; (5) selecting the
evidence; (6) extracting the evidence; (7) analysis of the
evidence; (8) presentation of the results; and (9) summarizing
the evidence per the purpose of the review, making conclusions
and noting any implications of the findings” [46]. This study
was reported using the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension
for Scoping Reviews) [47]. The PRISMA-ScR checklist can be
found in Multimedia Appendix 1. The protocol for this review
was registered in the OSF (Open Science Framework) [48].

Search Strategy
The literature search was developed by a health sciences
librarian (PW) and included a combination of controlled
vocabulary and keywords relating to serious games and cancer.
No date, language, age, or geographical filters were applied to
the search. The search was translated by PW for use in PubMed,
CINAHL Plus Full Text (via EBSCOhost), Scopus, Web of
Science Core Collection, and American Psychological
Association (APA) PsycINFO (via EBSCOhost) databases. PW
executed the search in each database on June 2, 2022, and reran
the search using Bramer and Bain’s [49] method on December
15, 2023, to retrieve any new results since the date of the first
search. The results of the search were imported into EndNote
20 (Clarivate) for the first search run and EndNote 21 (Clarivate)
for the search rerun. The results were deduplicated using Bramer
et al’s [50] method. The deduplicated results were then exported
as a Microsoft Excel sheet (version 2402), which was used for
screening. The full search strategy used for each database can
be found in Multimedia Appendix 2.

Study Selection
To be included in the scoping review, studies needed to meet
the inclusion criteria outlined in Textbox 1.

In total, 2 authors (SK and PW) independently screened the
titles and abstracts of the records based on the above eligibility
criteria (ie, the authors reviewed each of the records in
duplicate). Any conflicts were discussed and resolved via
consensus. After the completion of the title and abstract
screening, the process was repeated for the full-text screening,
with the same 2 authors reviewing all records in duplicate based
on the previously mentioned eligibility criteria, and all conflicts
being discussed and resolved via consensus. In cases where
conflicts were challenging to resolve, a third reviewer served
as the tiebreaker (OA). All screening (including both title and
abstract and full-text screening) was performed in a Microsoft
Excel sheet (version 2402).
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Textbox 1. Eligibility criteria.

Inclusion criteria

• Language: the paper was written in English.

• Publication type: the paper was a full, original research paper (ie, primary study).

• Age:

• The study recruited participants who were aged 19 years or younger. The maximum age was based on the World Health Organization
(WHO)’s definition of adolescents [51]. We also included studies where data were indirectly collected for this age group, such as when
parents were interviewed about their children.

• If children or adolescents and adults were examined in the same study, the paper separately or predominantly reported on the findings of
children or adolescent participants.

• Serious games used for cancer prevention or care:

• The study examined serious games being used for cancer prevention or care. Within the context of this study, we defined “serious games”
as digital or computerized games that were used for education, behavior modification, or therapy. As a note, this definition was inclusive
of digital or computerized entertainment games that were used for therapeutic purposes (eg, examining whether playing a commercial video
game, such as Frogger, distracted patients from cancer-related symptoms [52]). For cancer prevention, this included studies that used serious
games to educate or modify behaviors for cancer prevention. For cancer care, this included studies that used serious games to care for patients
or survivors of cancer with cancer-related symptoms, helping them to overcome cancer-related challenges or educating them about their
cancer diagnoses or treatments.

• For studies that examined using serious games in combination with other interventions for cancer prevention or care, the paper separately
or predominantly reported on the impact of the serious games on cancer prevention or care.

• For studies that examined using serious games in the context of cancer and other diseases, the paper separately or predominantly reported
on the impact of the serious games on cancer prevention or care.

Exclusion criteria

• Language: the paper was not written in English.

• Publication type: the paper was a literature review, editorial, commentary, essay, white paper, or a type of gray literature.

• Age:

• The study only recruited participants that were aged 20 years or older, and no data (direct or indirect) were collected on children or adolescents.

• If children or adolescents and adults were examined in the same study, the study predominantly consisted of adults and reported their findings
cumulatively (ie, they did not separately report the findings of children or adolescent participants).

• Serious games used for cancer prevention or care:

• The study only examined nondigital games, such as board games.

• The study did not examine serious games being used for cancer prevention or care.

• For studies that examined using serious games in combination with other interventions for cancer prevention or care, the paper reported
their findings cumulatively (ie, they did not separately report on their findings for the serious games).

• For studies that examined other diseases as well as cancer prevention or care, the study was not predominantly focused on cancer prevention
or care and reported their findings cumulatively (ie, they did not separately report their findings for cancer prevention or care).

Data Extraction
Following a full-text review, 2 authors (SK and PW) created
and piloted a standardized extraction chart in Microsoft Excel
(version 2402). The pilot entailed the 2 authors independently
charting data from the first 10 included reports into the
extraction chart, and meeting to identify areas that necessitated
clarification or further standardization. After the pilot,
information from all included studies was independently charted
by the same authors into the extraction chart. The chart included
each study’s authors, title, publication year, location, participant
age (ie, whether participants were children, adolescents, or
adults), participant type (ie, whether the participants were
patients with cancer, survivors of cancer, health professionals,

caregivers, or healthy people; or whether the participant type
was unspecified), serious game objective (ie, whether the serious
game was being used for cancer prevention or cancer care),
serious game name, target outcome (ie, what outcomes were
primarily examined for the study), and, for studies that had
symptom management as a target outcome, target symptom (ie,
what symptoms were primarily examined for the study). Any
discrepancies in the data charting were discussed by the 2
authors and resolved via consensus.
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Results

Overview
The search retrieved a total of 2750 records. Of those records,
1179 were identified as duplicates and removed. Title and

abstract screening was performed on the remaining 1571 records,
of which 1329 were excluded. The remaining 242 records
underwent full-text screening, with 179 of these records being
excluded (resulting in a total of 63 included records for the
review; see Figure 1 [53]).

Figure 1. PRISMA flow diagram. Adapted from Page et al. APA: American Psychological Association; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.

Basic Information
Of the 63 papers included in this study, cancer care was the
serious game objective with the most research (55/63, 87%)
[35,42,52,54-105], with cancer prevention only having 8 papers
(13%) [7,34,106-111]. The majority of the included studies
were published between 2019 and 2023. To be specific, 5 out
of 8 (63%) cancer prevention serious game papers
[7,106,109-111] and 35 out of 55 (64%) cancer care serious
game papers [35,42,54,58,59,61-63,65,66,71,72,74,75,78-82,
85,91-105] were published between 2019 and 2023. The studies
were conducted in Asia, Europe, North America, and Oceania,

with the majority of the studies being conducted in Europe and
North America. Of the 8 cancer prevention serious game papers,
3 (38%) [107,109,110] and 4 (50%) [7,34,106,108] studies were
conducted in Europe and North America, respectively. Of the
55 cancer care serious game papers, 24 (44%) [35,58,
61-63,65-67,70,74,75,81-83,85-87,92,93,97-100,103] and 17
(31%) [52,54-57,59,60,63,68,69,73,78,79,84,89,90,102] studies
were conducted in Europe and North America, respectively. Of
the 8 cancer prevention serious game studies, 3 (38%) were
quantitative [34,110,111], 3 (38%) were qualitative [7,107,108],
and 2 (25%) were mixed methods studies [106,109]. Of the 55
cancer care serious game studies, 25 (45%) were quantitative
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[35,42,52,54-56,58,64,69,71-74,76,77,80,84,87-89,91,96,97,100,105],
11 (20%) were qualitative [57,59,62,63,67,81,82,93,99,102,103],
and 19 (35%) were mixed methods studies [60,61,65,

66,68,70,75,78,79,83,85,86,90,92,94,95,98,101,104]. For the
distribution of these studies by publication year and location
see Table 1.

Table 1. Basic information of included papers.

Serious game objectiveCharacteristics

Cancer care (n=55)Cancer prevention (n=8)

Publication year, n (%)a

2 (4)0 (0)1985-1998 [52,73]

1 (2)0 (0)1999-2003 [89]

4 (7)0 (0)2004-2008 [55,56,68,69]

5 (9)1 (13)2009-2013 [57,76,77,83,90,107]

8 (15)2 (25)2014-2018 [34,60,64,67,70,84,86-88,108]

35 (64)5 (63)2019-2023 [7,35,42,54,58,59,61-63,65,66,71,72,74,75,78-82,85,91-106,109-111]

Location, n (%)a

14 (26)1 (13)Asia [42,64,71,72,76,77,80,88,91,94-96,101,105,111]

24 (44)3 (38)Europe [35,58,61-63,65-67,70,74,75,81-83,85-87,92,93,97-100,103,107,109,110]

17 (31)4 (50)North America [7,34,52,54-57,59,60,63,68,69,73,78,79,84,89,90,102,106,108]

4 (7)0 (0)Oceania [55,56,69,104]

Study type, n (%)a

25 (45)3 (38)Quantitative
[34,35,42,52,54-56,58,64,69,71-74,76,77,80,84,87-89,91,96,97,100,105,110,111]

11 (20)3 (38)Qualitative [7,57,59,62,63,67,81,82,93,99,102,103,107,108]

19 (35)2 (25)Mixed methods [60,61,65,66,68,70,75,78,79,83,85,86,90,92,94,95,98,101,104,106,109]

aNote that the frequency numbers may not add up to the total number of studies (N=63), as some studies included more than one category. Percentages
may also not add up to 100% due to rounding.

Participant Characteristics
Children and adolescents were the main participants represented
in the papers included in this review, which aligned with this
study’s purpose. The adolescents’ age group had the greatest
representation in the included studies—all (8/8, 100%) cancer
prevention serious game papers [7,34,106-111] and 46 out of
55 (84%) cancer care serious game papers [35,42,52,54-62,
64-66,68-80,83,84,86-93,95-98,100,101,104,105] involved
adolescents as participants. Interestingly, many studies included
adult participants as well as adolescents or children. As
mentioned in our inclusion criteria, studies examining adult
populations were included if these also examined and isolated
data for our population of interest (ie, children or adolescents)
or if adults were interviewed about children or adolescents. Of
our included studies, 25 of the 55 (45%) cancer care papers
[52,55,56,60-62,66-69,79-82,84,85,92-95,97,99,101,102,104]
and 2 of the 8 (25%) cancer prevention papers [34,109] included
adults as well as adolescents or children. Further, 2 studies only
included adults (being studies where parents were interviewed
about their children, but where the children did not participate

in the study themselves), with both of these studies being cancer
care papers [63,103].

All (8/8, 100%) cancer prevention serious game papers included
healthy people as participants [7,34,106-111]. Regarding cancer
care serious game papers, 45 out of 55 (82%) studies included
patients with cancer [35,42,52,55-57,59-62,64-66,68-79,81-84,
88-90,92-102,104,105]. Surprisingly, several papers also
involved health professionals and caregivers as participants,
wherein these groups were interviewed to solicit their
impressions and opinions of how the serious games affected
their young patients or children, respectively [60-63,66,79,
81,82,85,92-95,97,99,101-103]. In these cases, where health
professionals’or caregivers’opinions or quotes were associated
with our population of interest (ie, children or adolescents) and
these opinions or quotes were included in the results section of
the studies, our review study included those papers and counted
the health professionals and caregivers as the study’s
participants.

Table 2 presents more details about the distribution of included
studies by participant age and participant type.
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Table 2. Participant characteristics of included papers.

Serious game objectiveCharacteristics

Cancer care (n=55)Cancer prevention (n=8)

Participant age (years), n (%)a

38 (69)2 (25)Children (0-9) [35,42,52,57-62,64-67,70,72,74,76-79,81-87,91-99,101,102,107,108]

46 (84)8 (100)Adolescents (10-19)
[7,34,35,42,52,54-62,64-66,68-80,83,84,86-93,95-98,100,101,104-111]

27 (49)2 (25)Adults (≥20) [34,52,55,56,60-63,66-69,79-82,84,85,92-95,97,99,101-104,109]

Participant type, n (%)a

45 (82)0 (0)Patients with cancer [35,42,52,55-57,59-62,64-66,68-79,81-84,88-90,92-102,104,105]

7 (13)0 (0)Survivors of cancer [54,57,58,80,86,87,91]

9 (16)0 (0)Health professionals [60,63,66,81,82,85,93,94,97]

15 (27)0 (0)Caregivers [60-63,66,79,81,82,92,95,97,99,101-103]

5 (9)8 (100)Healthy people [7,34,66,70,75,85,91,106-111]

1 (2)0 (0)Unspecified (not disclosed) [67]

aNote that the frequency numbers may not add up to the total number of studies (N=63), as some studies included more than one category. Percentages
may also not add up to 100% due to rounding.

Role of Serious Games in Cancer Control for Young
People
The papers included in this review examined the use of serious
games for a variety of target outcomes. For cancer prevention,
the target outcome most addressed by the papers was exploring
participants’ preferences for the content of the serious games
(ie, participants’ satisfaction with the serious game or likes and
dislikes about features within the serious game; 4/8, 50%)
[7,108,110,111], followed by educating participants about cancer
(3/8, 38%) [34,106,109], and promoting healthy behaviors (1/8,
13%) [107]. For cancer care, the target outcome most addressed
by the papers was using serious games for symptom
management (28/55, 51%) [35,42,52,58,61,64,65,71-73,76,77,
81-84,86-89,91,92,94,97,99,100,104,105], followed closely by
exploring participants’preferences for the content of the serious

games (24/55, 44%) [55,56,62,63,67,68,70,75,79,84-86,
90,92-98,101-104]. Other target outcomes observed for cancer
care included promoting healthy behaviors (10/55, 18%)
[42,54,57,60,65,74,80,95,96,101], symptom reporting (7/55,
13%) [59,66,75,78,79,90,102], cancer education (6/55, 11%)
[55,56,80,95,101,105], and treatment adherence (3/55, 6%)
[69,95,101]. Of the cancer care studies examining serious games
for symptom management, the majority of the studies were
conducted to treat psychological (13/55, 24%) [61,71-73,76,77,
81,83,89,92,94,97,100] and physical symptoms (10/55, 18%)
[35,42,52,58,65,81,83,86,99,104]. Naturally, none of the cancer
prevention serious game papers were conducted with the goal
of managing cancer-related symptoms.

Table 3 presents more details about the distribution of included
studies by target outcome and target symptom.
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Table 3. The role of serious games in included papers.

Serious game objectiveCharacteristics

Cancer care (n=55)Cancer prevention (n=8)

Target outcome, n (%)a

24 (44)4 (50)Serious game preference
[7,55,56,62,63,67,68,70,75,79,84-86,90,92-98,101-104,108,110,111]

3 (6)0 (0)Treatment adherence [69,95,101]

6 (11)3 (38)Cancer education [34,55,56,80,95,101,105,106,109]

10 (18)1 (13)Healthy behavior promotion [42,54,57,60,65,74,80,95,96,101,107]

28 (51)0 (0)Symptom management
[35,42,52,58,61,64,65,71-73,76,77,81-84,86-89,91,92,94,97,99,100,104,105]

7 (13)0 (0)Symptom reporting [59,66,75,78,79,90,102]

Target symptom, n (%)a

13 (24)0 (0)Psychological symptomsb [61,71-73,76,77,81,83,89,92,94,97,100]

10 (18)0 (0)Physical symptomsc [35,42,52,58,65,81,83,86,99,104]

6 (11)0 (0)Cognitive symptomsd [42,58,84,87,88,104]

2 (4)0 (0)General side effectse [73,105]

6 (11)0 (0)Otherf [64,82,87,91,104,105]

aNote that the frequency numbers may not add up to the total number of studies (N=63), as some studies included more than one category. Percentages
may also not add up to 100% due to rounding.
b“Psychological symptoms” includes papers that addressed “anxiety,” “depression,” “distress,” “emotional state,” “psychosocial symptoms,” or
“psychological symptoms” in this study.
c“Physical symptoms” includes papers that addressed “endurance,” “fatigue,” “motor performance,” “nausea,” “pain,” or “physical activity” in this
study.
d“Cognitive symptoms” includes papers that addressed “cognitive behavioral effects,” “cognitive function,” “functional capacity,” or “reading deficits”
in this study.
e“General side effects” includes papers that addressed “side effects of chemotherapy” or “symptoms” (nonspecific) in this study.
f“Other” includes papers that addressed “activities of daily living,” “daily performance,” “quality of life,” or “sleep” in this study.

Discussion

Overview
This scoping review aimed to examine the extent to which
serious games have been used within the context of cancer
prevention and care for children and adolescents within
published, original research papers, and investigate future
directions for the application of serious games in successful
cancer control for children and adolescents. In this review, we
identified papers that explored the potential of serious games
being used for successful cancer control for children and
adolescents. When observing the distribution of these papers
in a comprehensive map, we also identified several gaps that
may introduce bias into the existing literature.

Need for Cancer Prevention Serious Games Research
The results of this study showed that there were considerably
fewer cancer prevention serious game papers than cancer care
serious game papers. This difference may indicate that cancer
prevention serious games are perceived as being less important
than cancer care serious games. The necessity of pediatric cancer
prevention might also be overlooked because of the relatively
insufficient medical infrastructure and interest in pediatric cancer

prevention as compared to adult cancer prevention, being in
part due to the smaller number of pediatric patients with cancer
compared to adult patients with cancer [15-17]. Another
explanation could be the complex etiology of pediatric cancer.
For adult cancers, there are several studies establishing the
associations between cancer occurrence and lifestyle or
environmental risk factors [112,113], which may help people
take preventive measures. However, it is known that lifestyle
or environmental risk factors are unlikely to play a significant
role in the occurrence of pediatric cancers [114]. The lack of
evidence about lifestyle or environmental risk factors may hinder
identifying them and reduce preventive efforts for pediatric
cancers. Consequently, the awareness of pediatric cancer
prevention may be low. Nevertheless, considering that cancer
prevention interventions are the most effective way to reduce
cancer-related risks, it is essential to develop and provide cancer
prevention services for pediatric cancers. Future research should
be conducted to develop serious games that educate young
people about cancer so that they can have knowledge about
cancer and preemptively engage in healthy behaviors.
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Disparities in Cancer Control Serious Games Research
Relating to the Publication Year and Location
This study’s findings also confirmed that the publication year
and location are concentrated in specific years and countries.
Both cancer prevention serious game papers and cancer care
serious game papers were largely published after the year 2019.
This distribution may imply a trend that researchers are recently
paying more attention to the application of serious games in
digital health care [115]. The impact of serious games will be
amplified by systematically delving into the conceptual and
theoretical underpinnings of serious games and uncovering
strategies to develop and use serious games for constructive
and socially beneficial purposes. Future research needs to
investigate the positive influence of serious games and accelerate
their implementation in cancer prevention and care. Doing so
will facilitate the successful use of serious games in pediatric
cancer control and spearhead advancements in digital health
care. Additionally, research on serious games in both cancer
prevention and cancer care has predominantly been conducted
in Europe and North America. As the positive effects of serious
games in the medical field have been indicated through existing
research, future research needs to explore avenues to encourage
serious game studies in the medical field for researchers in other
geographic regions. Such efforts would be beneficial to mitigate
disparities in digital technology and reduce inequalities in access
to health care services.

Embracing Various Age Groups in Cancer Control
Serious Games Research
Moreover, our study revealed distinct patterns in the distribution
of papers based on participant characteristics. Regarding
participant age, it was observed that all papers on cancer
prevention serious games focused on adolescents. Similarly,
the predominant age group featured in papers concerning cancer
care serious games was also adolescents. These findings are not
unexpected, considering adolescents’ familiarity with gaming
[36] and the research objective of this review study. However,
the observed distribution indirectly suggests a divergence
between the child and adolescent groups, while indicating a
relative neglect in research focusing on serious games for
children. In addition to exploring cancer control serious games
tailored for children, future studies could also compare the
characteristics and uses of serious games designed for children
with those designed for adolescents, and, in doing so, identify
salient differences between the 2 groups. An additional finding
of note was that, due to the intricate dynamics of pediatric cancer
that affect not only young patients but also adults closely
associated with them [45], certain studies incorporated adult
participants as well as children or adolescents. More research
should encompass both child and adult users when developing
a serious game for effective pediatric cancer control or when
evaluating user experiences, as doing so could furnish more
comprehensive and nuanced findings.

Embracing Various Participant Types in Cancer Care
Serious Games Research
Regarding participant type, it was observed that all papers on
cancer prevention serious games exclusively targeted healthy
people. Conversely, the primary participant type featured in

papers focusing on cancer care serious games was patients with
cancer. Notably, cancer care serious game papers included a
diverse array of participant types, with some studies even
including multiple participant types. This suggests the potential
for serious games to cater to diverse participant types, even
those characterized by different interests and attributes. Future
research should strive to understand the different needs of
multiple participant types to develop effective, and far-reaching
cancer care serious games. A comprehensive approach to
identify different user needs within the context of serious games
should also be encouraged.

The diverse array of participant types also implies the potential
for participants to play a variety of roles in developing serious
games. Pediatric patients with cancer and survivors can share
their opinions and user experiences when using serious games
[55,86]. Caregivers can also share their opinions and user
experiences when they or their dependents use serious games
while also encouraging their dependents to play serious games
[60,61]. Health professionals can provide expertise and a
nuanced understanding of the needs of their patients and can
therefore provide invaluable feedback for the design and content
of serious games [60,82]. All these roles can facilitate the
evaluation and development of serious games.

Finally, our review found that a small number of papers included
survivors of cancer, caregivers, or health professionals as
participants when examining the use of serious games for cancer
control in children or adolescents. In particular, survivors of
cancer and caregivers have difficulties in resolving their unmet
needs or draw less emphasis or attention to cancer care services
[116,117]. Crafting appropriate serious games for survivors of
cancer and caregivers based on an advanced understanding of
them may improve both the quantity and quality of cancer care
services for young people. As health care providers, health
professionals can be overlooked in their potential to play a role
in serious game research for cancer control in children or
adolescents; however, as stated previously, health professionals
can provide invaluable feedback for the development and
evaluation of serious games.

Enriching Cancer Control Serious Games Research
by Focusing on Underrepresented Target Outcomes
The roles of the serious games differed between cancer
prevention and cancer care. Serious game preference was one
of the main target outcomes for both cancer prevention serious
game papers and cancer care serious game papers. Cancer
education emerged as another key target outcome for cancer
prevention serious game papers, whereas symptom management
took precedence in cancer care serious game papers. Similar to
the case with participant types, cancer care serious game papers
addressed a diverse range of target outcomes, with some studies
addressing multiple target outcomes within a single
investigation. This suggests the feasibility of developing and
deploying serious games for young people’s cancer care with
multifaceted purposes. There were, however, some target
outcomes that were underrepresented, such as healthy behavior
promotion for cancer prevention studies and management of
cognitive symptoms for cancer care studies. Future research
should delve into effective strategies for serious game
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development and implementation in these underrepresented
target outcomes, thus bridging existing gaps and fostering more
comprehensive discussions concerning the use of serious games
in cancer prevention and care.

Limitations
This study demonstrated the research state on the use of serious
games for cancer control among children and adolescents and
suggested the future directions of serious game development
and research; however, this study did have limitations. First,
only papers written in English were included in the review, so
valuable data from relevant papers published in other languages
may have been excluded. Second, multiple studies included in
this study’s data analysis recruited not only children and
adolescents but also adults as participants; therefore, careful
interpretation of serious games’ influence on children and
adolescents is necessary. Third, we opted to limit our results to
a reputable and manageable selection, with the goal of the
review being to provide an overview of original, primary studies
on our topic. Due to this, we refrained from including paper
types such as reviews, conference proceedings, etc, in our
review. Fourth, we did not evaluate the statistical outcomes of
the serious games within each study, as this was not within the
scope of our review (with the scope of our review being to map
the use of serious games within the context of cancer control).
Future research, such as a systematic review, could provide
valuable insight into the statistical efficacy of serious games
within focused areas of cancer control. Future studies could also

assess topics such as features and frameworks of serious games,
providing more insight into their development.

Conclusions
This review study shows that there has been an increased interest
in the use of serious games for cancer control among children
and adolescents. At the same time, this study reveals that the
number of papers has been skewed in terms of the purpose and
context of serious games for cancer control in children and
adolescents, with cancer prevention serious games in young
people having received considerably less attention than those
of cancer care. Additionally, the frequencies of study
participants’ characteristics and target outcomes differ
depending on the serious game objectives. Regarding cancer
prevention serious game papers, these studies primarily
examined serious game preference. Regarding cancer care
serious game papers, these studies primarily examined serious
game preference and how serious games help alleviate
cancer-related symptoms. These differences suggest that serious
games can be used in multiple ways within cancer control in
children and adolescents while highlighting the need to develop
and implement serious games in underrepresented areas. Further
studies are needed to comprehensively examine which features
of serious games enhance young people’s cancer control and
what evidence-based and theory-driven methods are available
to develop effective serious games for this purpose. Integrating
these future findings into this review study’s outcomes may
help advance successful serious game development and
implementation for young people’s cancer control.
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Abstract

Background: Children with disabilities face numerous challenges in accessing health services. Mobile health is an emerging
field that could significantly reduce health inequities by providing more accessible services. Many mobile apps incorporate
gamification elements such as feedback, points, and stories to increase engagement and motivation; however, little is known
about how gamification has been incorporated in mobile apps for children with disabilities.

Objective: This scoping review aims to identify and synthesize the existing research evidence on the use of gamification in
mobile apps for children with disabilities. Specifically, the objectives were to (1) identify the categories of these mobile apps (eg,
treatment and educational) (2), describe the health-related outcomes they target, (3) assess the types and levels of gamification
elements used within these apps, and (4) determine the reasons for incorporating gamification elements into mobile apps.

Methods: We searched MEDLINE, PsycINFO, CINAHL, Embase, the ACM Digital Library, and IEEE Xplore databases to
identify papers published between 2008 and 2023. Original empirical research studies reporting on gamified mobile apps for
children with disabilities that implemented at least 1 gamification strategy or tactic were included. Studies investigating serious
games or full-fledged games were excluded.

Results: A total of 38 studies reporting on 32 unique gamified mobile apps were included. Findings showed that gamified apps
focus on communication skills and oral health in children with autism spectrum disorder while also addressing self-management
and academic skills for other disability groups. Gamified mobile apps have demonstrated potential benefits across different
populations and conditions; however, there were mixed results regarding their impact. The gamification strategies included fun
and playfulness (23/32, 72%), feedback on performance (17/32, 53%), and reinforcement (17/32, 53%) in more than half of apps,
whereas social connectivity was used as a gamification strategy in only 4 (12%) mobile apps. There were 2 main reasons for
integrating gamification elements into mobile apps described in 16 (42%) studies: increasing user engagement and motivation
and enhancing intervention effects.

Conclusions: This scoping review offers researchers a comprehensive review of the gamification elements currently used in
mobile apps for the purposes of treatment, education, symptom management, and assessment for children with disabilities. In
addition, it indicates that studies on certain disability groups and examinations of health-related outcomes have been neglected,
highlighting the need for further investigations in these areas. Furthermore, research is needed to investigate the effectiveness of
mobile-based gamification elements on health and health behavior outcomes, as well as the healthy development of children with
disabilities.
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Introduction

Background
Worldwide, approximately 93 million children have a moderate
to severe disability, and 13 million children have a severe
disability [1]. Children with disabilities face numerous barriers
to accessing health services and health-promoting activities [2].
Despite the abundance of research investigating different
interventions to improve the lives of children with disabilities,
the interventions have not been successfully implemented,
limiting the impact of research on public health outcomes [3].
To address this issue, innovative technological advances could
significantly improve the health and well-being of marginalized
groups [4,5], such as children with disabilities, their families,
and the systems of care surrounding them.

Mobile apps, as examples of innovative technological tools, are
becoming important in improving access to therapeutic
interventions and diagnoses for underserved groups [6]. Mobile
health (mHealth), a young but rapidly evolving field, enables
the delivery of planned interventions and practices via mobile
devices and apps, downloaded and installed on mobile devices
to perform a particular task [7]. Constant availability, broader
access, fairness of service offerings, personalized content, lower
cost, and increased service capacity and efficiency are some
advantages of mHealth [8]. Therefore, mHealth can be a tool
to create more accessible services for children and adolescents
with disabilities and their families as applied to various
health-related situations.

There is a growing interest in incorporating game-like elements,
called “gamification,” in mobile apps to promote greater
engagement with the technology and motivation to achieve
specific personalized goals [9,10]. Gamification is the
application of various game strategies and tactics in nongame
contexts [11-13]. Gamification aims to change individual
behavior through a combination of game elements (often
delivered within games but also through mobile apps) [14,15]
in contrast to “serious games” that is “any form of interactive
computer-based game software for one or multiple players to
be used on any platform and that has been developed with the
intention to be more than entertainment” [16]. Although
gamification is a promising concept [14], the empirical research
regarding its applications is still in its early stages.

Gamification is increasingly being applied in mHealth to
promote healthy behaviors using a wide range of game elements,
including challenges, goal setting, feedback, progress bars,
points, and levels [9]. There is an increasing trend toward
incorporating gamification in different health domains, such as
pediatric rehabilitation, physical activity, and chronic health
conditions [5,17,18]. Gamification in rehabilitation can enhance
therapeutic adherence and can be used to complement traditional
interventions for children with disabilities and promote physical
activity and other healthy behaviors [19]. The implementation

of gamification has the potential to enhance individuals’
adherence to medical protocols and successfully manage their
health conditions [20-22]. The inclusion of social support as a
gamification component has been recognized as encouraging
for enhancing one’s social abilities [23-25]. Previous research
has also indicated that the use of gamification has the potential
to trigger desirable emotional experiences and enhance users’
levels of satisfaction and self-esteem [26-30]. Furthermore,
game design components have become more accessible,
cost-effective, and enticing as video games have gained
popularity [10].

Ryan et al [31] introduced an integrative process model that
incorporates the fundamental elements of self-determination
theory, which is a motivational theory. They argued that actions
can support or thwart the satisfaction of basic psychological
needs, namely autonomy, competence, and relatedness and
consequently influence the quality of motivation. Depending
on whether the individual’s needs are supported or not, it may
then influence mental health outcomes (eg, depression and
anxiety) and physical health outcomes (eg, exercise and weight
control) [31]. Research has demonstrated that gamification can
both facilitate and diminish intrinsic motivation [32]. Therefore,
the integration of gamification features in mobile apps entails
certain nuances.

Gamification elements such as rewards have the potential to
enhance motivation toward continued performance and
consequently healthier behaviors; however, numerous research
studies indicate that the use of extrinsic motivators or the
provision of controlling feedback can significantly diminish
intrinsic motivation by impeding individuals’sense of autonomy
[33,34]. The presence of increased levels of extrinsic motivation
in the context of gamification is not sufficient as the only
criterion for evaluating its advantages [35]. Cheating may also
escalate as individuals get involved in attempts to attain greater
levels of achievement, primarily driven by the rewards [23]
Furthermore, there is a prevailing prediction that a significant
proportion of gamification implementations will be doomed to
failure because of inadequate understanding regarding the
effective design principles of gamification [36]. The
development of gamified health solutions frequently lacks
collaboration with health professionals, potentially
compromising their efficacy and diminishing their credibility
[23,28]. When gamification to promote health fails to prioritize
the user-centered approach and neglects to consider the unique
attributes and demographic factors of potential users, their
effectiveness may be undermined [23,28,37,38].

As a result, tailoring the gamification features based on the
users’ profiles is crucial to enhance their engagement [39].
Given the diverse needs of children with disabilities, it is
imperative for researchers and mobile developers to possess a
comprehensive understanding of gamification principles and
strategies. This knowledge will enable them to effectively
customize gamification features to cater to the specific
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requirements of this target population. Although there is a
growing interest in using gamification elements in mobile apps,
there is still a lack of comprehensive understanding in the field
of childhood disability. Currently, there is no literature review
investigating gamification in mobile apps designed for children
with disabilities.

Our scoping review aimed to bridge the following knowledge
gaps:

First, there is a deficiency in the systematic identification and
categorization of gamified mobile apps (eg, treatment and
educational) that are specifically designed for children with
disabilities. Understanding the existing evidence in this niche
field is crucial to evaluating the scope and diversity of available
gamified mobile apps.

Second, there is a lack of comprehensive documentation on the
specific health-related outcomes these apps target.
Understanding the existing evidence will help us recognize
which health-related outcomes have been targeted in this
population and help identify disabilities and health-related
outcomes that could have been neglected.

Third, there is a lack of comprehensive documentation on the
characteristics of gamification strategies and tactics used in
these mobile apps. A comprehensive review of gamification
types and levels is required to understand how the game
elements address the unique needs of children with disabilities.

Fourth, the underlying justification for incorporating
gamification elements into mobile apps for this specific group
remains unclear.

Objective
Addressing the abovementioned knowledge gaps is imperative
to advance the use of gamification in mobile apps for children
with disabilities. Therefore, this review aimed to explore the
current use of gamification strategies and tactics in mobile apps
for children with disabilities. The four specific objectives are
as follows: (1) to identify gamified mobile apps designed for
children with disabilities, (2) to identify health-related outcomes
that these mobile apps aim to target, (3) to identify the different
types and levels of gamification strategies and tactics
implemented in these mobile apps (4) to determine the reasons
for incorporating gamification elements into mobile apps

Methods

Overview
Scoping reviews help identify the types of current literature in
a specific field and key characteristics related to a particular

context, and analyze the knowledge gaps, while systematic
reviews investigate the conflicting results and address any
variation in current practices, or compare new interventions
against gold standard, established interventions [40]. As there
was no current review exploring the current evidence in
gamification for children with disabilities and identifying the
types of gamification elements in these mobile apps, we sought
a scoping review to answer our research objectives. The
methodological frameworks proposed by Arksey and O’Malley
[41] and the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) checklist [42] (Multimedia Appendix 1) were used
to guide this scoping review.

Search Strategy
The database searches were performed in November 2023 in
the following web-based databases: MEDLINE, PsycINFO,
CINAHL, Embase, the ACM Digital Library, and IEEE Xplore.
The selection of databases, keywords, and relevant indexing
(eg, Medical Subject Headings and other database-specific
search techniques) were finalized in collaboration with the
experienced librarian. The full search strategy is presented in
Multimedia Appendix 2. In summary, we had 2 main themes:
children with disabilities (population) and gamification in mobile
apps (exposure). Regarding the full search strategy used on
MEDLINE for the first theme, we combined different key
disability terms (lines 1-51) with pediatric population terms
(lines 53-55) and parent-related terms (lines 57-62). For the
second theme, we combined key terms for mobile apps (lines
64-67) and gamification (line 68). The combination of these 2
themes helped us find any papers that studied mobile apps for
children with disabilities. The inclusion criteria for the selection
of the papers are discussed in Inclusion Criteria section. To
ensure the comprehensiveness of the search, the primary author
(EM) manually searched the reference lists of the relevant
studies and existing reviews. Furthermore, EM searched the
JMIR homepage [43], where no new studies were found. All
the research results found in the databases were imported to the
Rayyan reference manager website [44], where duplicates were
identified and removed.

Inclusion Criteria
We included a peer-reviewed research article if the conditions
presented in Textbox 1 were met.
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Textbox 1. Inclusion criteria for included peer-reviewed research articles.

Inclusion criteria

• Publication language: there were no limits imposed on the language of the studies.

• Type of publication: peer-reviewed journal articles and conference proceedings

• Type of study: qualitative, quantitative, or mixed methods

• Time: published between January 2008 and November 2023. The reason for the selected start date was that the App Store and Google Play were
launched in 2008, and almost all mobile apps were developed after 2008. Furthermore, another reason for the start date was that the concept of
gamification was first introduced by Deterding et al [13] in 2008

• Population: children (aged up to 18 years) with any of the following disabilities: autism spectrum disorder, developmental delays, cerebral palsy,
attention-deficit/hyperactivity disorder, dyslexia, intellectual disabilities, Turner syndrome, deglutition disorders, child behavior disorders, speech
disorders, sensory disorder, motor disability, brain injuries (eg, traumatic brain injury), or any other brain-based disabilities

• Exposure: mobile apps on any device (smartphone, tablet, or iPad) and platform (Android or iOS) designed for children with disabilities. The
mobile apps were included if they incorporated at least 1 gamification element (gamification strategy or tactics)

• Outcome: any health-related outcome that relates to the child’s developmental functioning and general health status

We did not include theses, dissertations, protocols, abstracts,
and letters to the editor; however, their references were screened
for relevant studies. Nongamified mobile apps were excluded.
Furthermore, apps labeled as “serious games” were excluded
as they are complete games and fall outside of the scope of this
review. Given the unique characteristics of mental health
conditions and other disorders such as obesity and cancer in
children and adolescents, we excluded these disorders; however,
if there was any health-related comorbidity among children with
disabilities (eg, if the study was on children with disabilities
who are obese), we included them.

Study Selection
First, we tested the selection criteria, with 2 reviewers (EM and
PYY) screening titles and abstracts independently until we
reached an interrater agreement of 90%. The same process was
followed for the full-text review of potentially relevant studies
but with 2 dyads of reviewers (EM and PYY and EM and AC).
Upon full-text screening, 1 reviewer (EM) manually searched
the target journal and the reference lists of the included articles,
abstracts, protocols, etc, and no relevant articles were found.
Any disagreements were resolved through discussion to reach
a consensus on a final decision, or a third adjudicator was
implicated (KS and RC).

Data Abstraction and Charting
The data extraction form was developed and calibrated among
each dyad of reviewers (EM and PYY and EM and AC) with 3
random articles. As the percent agreement was greater than 90%
in each dyad, the data abstraction of the remaining articles
began, and the conflicts were resolved through discussion. For
each study, we extracted data on the study’s first author, country,
study design, population (eg, autism), sample characteristics
(eg, size and age), mobile app name, device (smartphone, tablet,
or iPad), platform (Android or iOS), app purpose, type of
gamification strategy and tactics, health-related outcomes, and
any reasons for implementing gamification in the mobile apps.

Data Synthesis and Analysis
Both quantitative and qualitative analyses were performed. A
frequency analysis was conducted to illustrate the distribution
of studies by publication year, country of origin, disability type

in studies, gamification strategies and tactics, and the
gamification level incorporated by mobile apps.

The gamification framework proposed by Cugelman [12] was
used to assess the gamification elements present in these mobile
apps. This framework consists of two sections: (1) gamification
strategies, which are the persuasive principles of gamification
and (2) gamification tactics, which are the on-screen features
of gamification that app users interact with. The concepts of
gamification tactics and strategies proposed by Cugelman [12]
were used to operationalize gamification in this review. This
framework consists of 7 gamification strategies and 10
gamification tactics.

Descriptive statistics were calculated to examine the level of
gamification incorporation into mobile apps, as we wanted to
understand if the number of gamification features might
influence the outcomes. As there is no previous research
exploring the level of mobile-based gamification for children
with disabilities, we used arbitrary cutoff points to estimate the
gamification level used in previous research in a different field
[45]. The level of gamification strategies was labeled as none
(no gamification strategies), low (1-2 gamification strategies),
medium (3-5 gamification strategies), and high (6-7 gamification
strategies). Similarly, the level of gamification tactics was
classified as none (no gamification tactics), low (1-3
gamification tactics), medium (4-7 gamification tactics), and
high (8-10 gamification tactics).

The primary author (EM) performed the content analysis to
identify the health-related outcomes targeted by these mobile
apps and the rationale for applying gamification in the apps.
Further verification was done through discussion and
collaboration with another author (RC) with expertise in
conducting reviews and data synthesis.

Results

Study Selection
The flowchart of the search strategy and study selection is
depicted in Figure 1. The initial database search yielded 28,549
citations; after the removal of duplicates, 20,535 (71.93%)
citations remained for the title and abstract screening. The first
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screening phase led to 505 (2.46%) included and 20,030
(97.54%) excluded documents. The studies were excluded
because they did not fit our inclusion criteria (eg, wrong
population and wrong exposure). The second screening phase

consisted of a full-text review of the 505 (2.46%) included
documents, resulting in 38 (7.5%) included studies for this
scoping review.

Figure 1. Flowchart of the review process.

Study Characteristics
Table 1 presents an overview of the study characteristics of all
38 articles included in the scoping review. Although we selected
2008 as the beginning year, all studies were published after
2013, demonstrating that gamification is a recently evolving
field. The studies were implemented worldwide, with 37%
(14/38) of the studies from Asian countries and 24% (9/38) of
the studies from the United States. Most studies (29/38, 76%)

used a quantitative research approach and were primarily
quasi-experimental (9/29, 31%) or randomized clinical trials
(RCTs; 6/29, 21%) studies. All 38 articles included in this
review were written in English. Autism spectrum disorder (ASD)
was the most common condition reported in 18 (47%) of the
38 included studies, followed by vision impairment (4/38, 11%)
and dyslexia (4/38, 11%). Multimedia Appendix 3 [46-83]
demonstrates details regarding the study and participant
characteristics.
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Table 1. Characteristics of included studies (n=38).

Value, n (%)Characteristics

Year of publication

23 (61)2018-2023

15 (39)2013-2017

0 (0)2008-2012

Country

9 (24)United States

5 (13)Australia

4 (11)Malaysia

3 (8)United Kingdom

2 (5)Canada

2 (5)Hungary

2 (5)Singapore

2 (5)Indonesia

1 (3)Spain

1 (3)Japan

1 (3)Türkiye

1 (3)Saudi Arabia

1 (3)United Arab Emirates

1 (3)India

1 (3)Myanmar

1 (3)South Africa

1 (3)Romania

Study design

26 (68)Quantitative

8 (21)Mixed methods

4 (11)Qualitative

Disability

18 (47)Autism spectrum disorder

4 (11)Vision impairments

4 (11)Dyslexia

2 (5)Attention-deficit/hyperactivity disorder

2 (5)Mild traumatic brain injury

2 (5)Neurodevelopmental disabilities

1 (3)Physical disabilities

1 (3)Pervasive developmental disorder

1 (3)Mild intellectual disabilities

1 (3)Complex needs (physical disabilities, learning, and communication difficulties)

1 (3)Hearing impairments

1 (3)Concussion
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Mobile App Characteristics
Table 2 [46-83] demonstrates results regarding the general
characteristics of mobile apps and gamification. A total of 32
unique gamified mobile apps were identified in the 38 included
studies. Approximately 44% (14/32) of the identified mobile

apps fell into the treatment category, designed to help children
with disabilities improve their skill competencies, such as story
creation and story sharing, and social communication.
Educational (n=13, 41%) and assessment (n=3, 9%) apps were
the second and third most observed categories. One app was
specifically designed for managing symptoms.
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Table 2. Summary descriptions of studies included in the scoping review.

Gamification tacticsGamification strategiesHealth-related out-
come

App categoryApp nameStudy, year

Provides clear goals and offers a
challenge

Goal setting, capacity to over-
come challenges, fun, and
playfulness

Social communication
and story-telling abili-
ties

TreatmentOur storyKucirkova et al [46],
2014

Offers a challenge, levels, points,
shows progress, feedback, and
gives reward

Goal setting, feedback on per-
formance, reinforcement, com-
paring progress, fun, and play-
fulness

Different rehabilita-
tion goals, such as
sensory awareness,
imitation, and social
interaction

TreatmentTOBYMoore et al [47],
2015

Offers a challenge, levels, points,
shows progress, feedback, gives
reward

Goal setting, feedback on per-
formance, reinforcement, com-
paring progress, fun, and play-
fulness

Different rehabilita-
tion goals, such as re-
ceptive language, so-
cial skills, and prag-
matic language

TreatmentTOBYParsons et al [48],
2020

Offers a challenge, levels, points,
shows progress, feedback, and
gives reward

Goal setting, feedback on per-
formance, reinforcement, com-
paring progress, fun, and play-
fulness

Social communicationTreatmentTOBYParsons et al [49],
2019

Provides clear goals, offers a
challenge, points, feedback, gives
rewards, and provides badges

Goal setting, the capacity to
overcome challenges, feedback
on performance, reinforcement,
fun, and playfulness

Social communicationTreatmentGuess whatPenev et al [50],
2021

Provides clear goals, levels, points,
feedback, gives rewards, provides
badges, and story or theme

Goal setting, feedback on per-
formance, reinforcement, fun,
and playfulness

Enjoyment and moti-
vation in learning

EducationalLexiPalSaputra [51], 2016

Provides clear goals, feedback,
gives rewards, provides badges,
and story or theme

Goal setting, feedback on per-
formance, reinforcement, fun,
and playfulness

Self-management and
relaxation

TreatmentSMARTSchmidt et al [52],
2020

Offers a challenge, shows
progress, feedback, and give re-
wards

The capacity to overcome
challenge, feedback on perfor-
mance, reinforcement, fun, and
playfulness

LanguageTreatmentVOISThida et al [53],
2020

Provides clear goals, points, and
gives rewards

Goal setting, reinforcement,
and social connectivity

Medication adherenceTreatmentGROWJEC-
TOR

Urakami [54], 2021

Story or themeFun and playfulnessLearning road safetyEducationalNRaYing et al [55], 2016

Feedback and story or themeFeedback on performance, fun,
and playfulness

Emotional learningEducationalNRChua et al [56],
2017

Offers a challenge, feedback, and
points

Goal setting, the capacity to
overcome challenges, feedback
on performance, and reinforce-
ment

Sequencing skillEducationalNRDoenyas et al [57],
2014

Levels, points, and shows progressReinforcement and compare
progress

Visual acuityTreatmentNRHolmes et al [58],
2016

Levels and pointsGoal setting, fun, and playful-
ness

Visual acuityTreatmentDig RushKelly et al [59],
2016

Provides clear goals, levels, and
points

Goal setting and social connec-
tivity

Memory and manage-
ment of symptoms

Treatment or
symptoms man-
agement

AutiAidAburukba et al [60],
2017

—bSocial connectivityUser’s literacy on
autism

Assessment and
educational

Autism-
World

Alnaghaimshi et al
[61], 2020

Feedback and gives rewardsFeedback on performance and
reinforcement

Manage daily routinesSymptoms man-
agement

AutiSoftBarta et al [62],
2017

Provides clear goals and story or
theme

Goal setting, fun, and playful-
ness

Social communicationTreatmentSideKicks!Birtwell et al [63],
2019
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Gamification tacticsGamification strategiesHealth-related out-
come

App categoryApp nameStudy, year

Points, feedback, shows progress,
and story or theme

Feedback on performance, rein-
forcement, fun, and playfulness

Reading skillsEducationalMr. ReadBorhan et al [64],
2018

Offers a challenge, feedback,
points, and story or theme

Feedback on performance, rein-
forcement, fun, and playfulness

No specific behaviorAssessmentFarmAppBrkic et al [65],
2022

Feedback, gives reward, and story
or theme

Feedback on performance, rein-
forcement, fun, and playfulness

Letter recognitionEducationalDyslexia Ba-
ca

Daud and Abas [66],
2013

Offers a challenge, gives rewards,
and story or theme

Reinforcement, fun, and playful-
ness

Multiple cues respond-
ing

EducationalGO-GoDehkordi and Rias
[67], 2014

Provides clear goals and levelsGoal settingConcentration and im-
pulse control abilities

TreatmentAdaptAD-
HD

Gómez and Carro
[68], 2014

Points, feedback, and shows game
leaders

Feedback on performance and
reinforcement

Logical thinking and
deductive reasoning

EducationalSlidersGuzsvinecz et al
[69], 2017

Provides clear goals and feedbackGoal setting and feedback on
performance

Self-management of
pediatric concussion

Symptoms man-
agement

NeuroCareHu et al [70], 2019

Feedback and shows progressFeedback on performance,
compare progress, fun, and
playfulness

Audiovisual speech
perception

EducationalListening to
Faces (L2F)

Irwin et al [71],
2015

Provides clear goals, offers a
challenge, points, feedback, gives
rewards, and provides badges

Goal setting, the capacity to
overcome challenges, feedback
on performance, reinforcement,
fun, and playfulness

Social communicationTreatmentGuess whatKalantarian et al
[72], 2019

Feedback, gives rewards, and story
or theme

Feedback on performance, rein-
forcement, fun, and playfulness

Reading skillsEducationalNRMacdonald et al
[73], 2022

Levels and pointsCapacity to overcome chal-
lenges and reinforcement

Visual acuityTreatmentNRManh et al [74],
2018

Offers a challenge, points, and
story or theme

Capacity to overcome chal-
lenges, reinforcement, fun, and
playfulness

No specific behaviorAssessmentPaediatric
Attention-
Deficit/Hy-
peractivity
Disorder Ap-
plication
Software
(PANDAS)

Mwamba et al [75],
2019

Feedback, gives rewards, and story
or theme

Feedback on performance, rein-
forcement, Fun and playfulness

No specific behaviorAssessmentColourSpotTang et al [76], 2021

Provides clear goals, levels, points,
feedback, gives rewards, provides
badges, and story or theme

Goal setting, feedback on per-
formance, reinforcement, fun,
and playfulness

Enjoyment and moti-
vation in learning

EducationalLexiPalCahyono [77], 2022

Story or theme, provides clear
goals, shows progress, and offers
a challenge

Fun and playfulness, goal set-
ting, compare progress, and ca-
pacity to overcome challenges

Multiple behavioral
skills

TreatmentAutism As-
sistant

Chistol et al [78],
2023

Story or theme, points, and re-
wards

Fun and playfulness, reinforce-
ment, and social connectivity

Oral healthEducationalNUS careTan et al [79], 2023

Provides clear goals, feedback,
gives rewards, provides badges,
and story or theme

Goal setting, feedback on per-
formance, reinforcement, fun,
and playfulness

Self-management and
relaxation

TreatmentSelf-Monitor-
ing Activity
Regulation
and Relax-
ation Treat-
ment
(SMART)

Schmidt et al [80],
2022

Feedback, points, story or theme,
gives rewards, provides clear
goals, and shows progress

Fun and playfulness, feedback
on performance, reinforcement,
goal setting, and compares
progress

Therapy adherenceTreatmentZingoJohnson et al [81],
2022
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Gamification tacticsGamification strategiesHealth-related out-
come

App categoryApp nameStudy, year

Feedback, points, story or theme,
gives rewards, provides clear
goals, and shows progress

Fun and playfulness, feedback
on performance, reinforcement,
goal setting, and compares
progress

Therapy adherenceTreatmentZingoJohnson et al [82],
2023

Story or theme, feedback, and
gives rewards

Fun and playfulness, reinforce-
ment, feedback on performance

Oral healthEducationalBrush UpKrishnan et al [83],
2021

aNR: not reported.
bNot applicable.

A variety of health-related outcomes were identified, including
a wide range of developmental, therapeutic, and educational
skill competencies. Social communication (5/32, 16%),
self-management (4/32, 11%), visual acuity (3/32, 9%), and
oral health (2/32, 6%) were the most observed outcomes in the
review. Only 2 (6%) studies investigating the LexiPal app
targeted psychological outcomes such as motivation and
engagement.

Multimedia Appendix 3 demonstrates other details regarding
the participant and mobile app characteristics [46-83]. Regarding
the 32 platforms, 14 (44%) apps were exclusively designed for
iOS and 10 (31%) apps for Android, with 3 (9%) apps available
on both platforms. In addition, 3 (9%) studies did not report the
platform used. Of the 32 apps, 12 (38%) gamified apps were

delivered on smartphones, 10 (31%) exclusively on iPads, 5
(16%) on both smartphones and tablets, 3 (9%) on both
smartphones and iPads, and 2 (6%) exclusively on tablets. Most
studies (28/32, 88%) did not report on costs related to app
development.

Gamification Characteristics
Table 3 outlines the number and percentage of each gamification
strategy and tactic adopted by 32 gamified mobile apps in this
review. The most popular gamification strategy among 32
mobile apps was fun and playfulness (n=23, 72%), resulting in
a higher number of gamification tactics (on-screen features)
such as story or theme, avatars, a graphic representation of story
characters, fun videos, and sound effects.

Table 3. Number of gamification strategies and tactics (n=32).

ReferenceValue, n (%)

Gamification strategies

[46-53,55,56,59,63-67,71,73,75,76,78,79,81,82]23 (72)Fun and playfulness

[47-53,56,57,62,64-66,69-73,76,81,82,83]17 (53)Feedback on performance

[47-54,57,58,62,64-67,69,72-77,79-82,83]17 (53)Reinforcement

[46-52,54,57,59,60,63,68,70,72,78,81,82]14 (44)Goal setting

[46,50,53,57,72,74,75,78]7 (22)The capacity to overcome challenges

[47-49,58,71,78,81,82]5 (16)Compares progress

[54,60,61,79]4 (12)Social connectivity

Gamification tactics

[47-53,56,57,62,64-66,69-73,76,81,82,83]18 (56)Feedback

[47-51,54,57-60,64,65,69,74,79,81,82]14 (44)Points

[51,52,55,56,63-67,73,75,76,78,79,81,82,83]14 (44)Story or theme

[47-54,62,66,67,72,73,76,79,81,82,83]13 (41)Gives rewards

[46,50-52,54,60,63,68,70,72,78,81,82]11 (34)Provides clear goals

[46-50,53,57,65,67,72,75,78]8 (25)Offers a challenge

[47-49,51,58-60,68,74]7 (22)Levels

[47-49,53,58,64,71,78,81,82]7 (22)Shows progress

[50-52,72]3 (9)Provides badges for achievements

—a0 (0)Shows game leaders

aNot applicable.

Furthermore, more than half (17/32, 53%) of mobile apps
adopted feedback on performance and reinforcement (17/32,

53%). This finding is consistent with the high presence of
on-screen features such as visual and verbal feedback, providing
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points and stars, and giving monetary and nonmonetary rewards
upon completing a specified task. Finally, social connectivity
was the least common gamification strategy observed in the
apps (4/32, 12%), resulting from a low presence of on-screen
social connectivity features. Only 12% (4/32) apps provided a
social connection like a chat room for users where they can send
messages [54,60,61,79]. The most common tactics, meanwhile,
were feedback, points, and rewards. None of the apps displayed
who the game leaders were.

Table 4 demonstrates the levels of gamification strategies and
tactics adopted by 32 gamified mobile apps. Only 1 (3%) app
did not adopt any gamification tactics [61]. Although more than
half (18/32, 56%) of the mobile apps had adopted a medium
level of gamification strategies, only 25% (8/32) of the mobile
apps had incorporated a medium level of gamification tactics,
known as on-screen features.

Table 4. Level of gamification incorporated in mobile apps (N=32).

ReferenceValue, n (%)

Number of gamification strategies adopted

—a0 (0)0 (none)

[55,56,58-63,67-70,74]13 (41)1-2 (low)

[46-49,51-54,57,64-66,71-73,75,76,78,79,81,82,83]18 (56)3-5 (medium)

[50,72]1 (3)6-7 (high)

Number of gamification tactics adopted

[61]1 (3)0 (none)

[46,54-60,62,63,65-71,73-76,79,83]23 (72)1-3 (low)

[47-53,64,72,78,81,82]8 (25)4-7 (medium)

—0 (0)8-10 (high)

aNot applicable.

We identified the rationale for using gamification in apps in 16
(42%) of the 38 included studies. Multimedia Appendix 4
[50-52,56,57,60,62-66,76,77,80-82] presents the complete
results. The two most cited reasons were (1) to promote user
engagement and motivation and (2) to increase the intervention
effects. Some of the underlying reasons for the first theme are
as follows: encourage use [52,65] and increase engagement with
the intervention [50,81]. For example, the SMART app and
FarmApp provided feedback on performance and offered
different reinforcement features to keep users more involved
with the app content [52,65].

Regarding the second theme, the researchers applied
gamification to enhance learning [51,56,63,64] and increase
intervention efficacy [66,76,81,82]. As an example, the Zingo
app incorporated a digital pet where users, by adhering to the
prescribed therapies in the app, receive stars to make changes
to avatars. In addition, children and clinicians can monitor their
weekly progress in the app.

Discussion

Principal Findings
This scoping review aimed to offer an overview of existing
research using gamification in mobile apps for children with
disabilities. A total of 38 studies and 32 unique mobile apps
were identified, and most incorporated a limited number of
gamification strategies and tactics. Of the 32 apps, 18 (56%)
were specifically designed for children with ASD, while 14
(44%) were for children with other types of disabilities.

Social communication impairments are a clinical indicator of
ASD [84]. Notably, mobile apps designed for children with
ASD identified in this scoping review were predominantly
focused on enhancing communication and social skills
[46,49,63,72]. Our review found that 2 educational apps were
designed specifically for children with ASD to acquire
knowledge and skills related to oral health [79,83].

This review identified 4 (12%) of the 32 mobile apps that
specifically target the self-management of children with
disabilities. Previous research indicates that effective
self-management behaviors could enhance health-related
outcomes in children with complex needs [85]. Self-management
interventions for individuals with intellectual disabilities
primarily target self-management in the workplace,
self-management of medical conditions, and self-management
of daily activities [86]. Similar to the previous literature, the 4
(12%) mobile apps identified in this review focused on the
management of symptoms in children with ASD [60], traumatic
brain injury [52,80], and concussion [70] and on managing the
daily routines of children with ASD [62].

Children with developmental delays, including those with
learning disabilities, ASD, and attention-deficit/hyperactivity
disorder, generally have lower academic achievements than
those without developmental delays. The most impacted
domains are cognitive, attention and memory, visual-motor
skills, and behavioral functioning [87]. Similarly, several mobile
apps identified in this review targeted memory [60], reading
skills [73], letter recognition [66], multiple cues for responding
[67], concentration and impulse control abilities [68],
audiovisual speech perception [71], and behavioral skills [78]
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to help children with disabilities attain a higher level of
academic achievement.

The major objective of the 9% (3/32) assessment mobile apps
in this review was to assess users’cognitive control and memory
[65], visual acuity [76], and screen children with
attention-deficit/hyperactivity disorder [75]. These apps did not
focus on any specific changes in behavioral, developmental, or
other health-related outcomes.

The Gamified Apps and Their Impact
The findings of our scoping review shed light on the relationship
between gamified mobile apps and health-related outcomes in
children with different disabilities. Multimedia Appendix 5
[46,48-50,54,57-59,64,72-74,77,83] provides a comprehensive
overview of 15 studies that have reported the impact of gamified
mobile apps as interventions across different populations and
conditions. Quantitative studies show mixed results, with
significant improvements in targeted health-related outcomes
such as social responsiveness, language skills, and visual acuity.
However, studies with comparison groups often reveal that
traditional methods (eg, patching for amblyopia) may still be
more effective in some cases. For example, in 3 studies on
children with amblyopia (a type of visual disorder where usually
one eye gets poor vision), the 3 mobile apps had treatment goals
that aimed to improve the visual acuity of these children. The
results of 2 RCT studies showed an improvement in visual acuity
using the mobile app [58,59], whereas in 1 RCT, there was no
difference in visual acuity level using the mobile app compared
to traditional intervention (patching) and even was less effective
[74].

Furthermore, gamified systems can intrinsically motivate
individuals to start and maintain the execution of healthy
behaviors [88]. A meta-analysis by Bai et al [89] showed that
gamification can improve student learning outcomes by fostering
motivation among learners. In addition, 2 studies using the
LexiPal mobile app among children with dyslexia focused on
psychological outcomes such as motivation and engagement
[51,77]. The study by Cahyono [77] showed that LexiPal has
the potential to increase extrinsic motivation through a reward
system and intrinsic motivation through activity levels and fun
features; however, a longer intervention is necessary to assess
the impact of gamification on long-term motivation and
engagement of learners.

Moreover, the importance of user preferences and the need for
more personalized gamification is highlighted. For example,
the variability in the effectiveness of mobile apps in children
with different levels of disability in 2 (5%) of the 38 identified
studies suggests that personalization is crucial [46,49].
Personalized (or adaptive) gamification is a method for
enhancing the design of game-based systems by tailoring tasks,
game rules, and features to match each user’s preferences or
skill level [90]. Personalized gamification can be implemented
through (1) customization, where users can select the elements
they wish to use, and (2) automatic adaptation, in which the
system selects the game design elements for each user,
potentially with some user input. Therefore, developers and
researchers are encouraged to consider integrating personalized
gamification elements into their apps to improve user

engagement and, consequently, the effectiveness of mobile apps
on health-related outcomes.

Finally, it is noteworthy that most (11/15, 73%) identified
studies with an intervention did not have comparison groups,
which makes it challenging to draw definitive conclusions
regarding the effectiveness of various mobile apps.

Gamification Strategies and Tactics
Following the gamification framework proposed by Cugelman
[12], the most common gamification strategies were fun and
playfulness, feedback on performance, reinforcement, and goal
setting, whereas social connectivity was the least commonly
used strategy, followed by comparing progress. Moreover,
feedback, points, story or theme, and rewards were the most
common on-screen features, while showing game leaders
(leaderboards), badges, and showing progress were the least
common elements applied to mobile apps.

The fun and playfulness strategy (23/32, 72%) was the
gamification principle most applied to mobile apps. There was
frequent use of on-screen tactics such as stories, themes, avatars,
graphic representations of information, fun videos, and audio
effects. Incorporating these features requires a significant
amount of computational resources, time, and knowledge [91].
Most (23/32, 72%) of the mobile apps in this review had
comparable playfulness elements to enhance children’s
experience of fun and motivate them to use the app on a regular
basis. Previous studies showed that playful and fun experiences
in mobile apps will increase positive attitudes toward mobile
apps when the users can engage in pleasurable experiences
[92,93].

Feedback on performance and reinforcement were among the
most frequently used gamification strategies in mobile apps.
This finding aligns with the results of previous research
identifying successful behavior-change techniques in gamified
mobile apps [56]. Previous reviews on gamification in other
populations found that 94% and 81% of health apps had
incorporated feedback on performance and reinforcement,
respectively, and achievement- and progress-oriented elements
such as in-app rewards [12,94]. In our scoping review, the most
prevalent types of reinforcement were points (14/32, 44%) and
tangible rewards (13/32, 41%), aligning with previous reviews,
and indicating a positive direction toward promoting health
behavior change through these strategies. This finding also
emphasizes that easy-to-implement game features, such as points
and feedback through messaging are the most widely used
gamification features to promote engagement and motivation
[94]. Nevertheless, the outcomes were frequently measured only
through in-app behavior (eg, completing tasks in the app for
rewards).

We found that achievement- and progress-oriented rewards
were given to users as a result of their change in specific
behaviors, such as completing cognitive assessments [65] or
participating in daily language test challenges [66]. For instance,
when children with ASD used the TOBY iPad app, an early
intervention tool, they had to choose a specific picture from a
set of pictures. Upon completing the task, they would gain
tokens (points), which could be used to choose a reward [47-49].
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Another app, LexiPal, an educational app for children with
dyslexia, used various game elements, such as points, feedback,
and rewards. Upon successfully completing 1 round of tasks, a
pop-up window would appear to illustrate the score and reward.
If the child gets a score of 4 to 5, they earn a golden cup reward
and receive text and audio feedback [51]. Users were rarely
rewarded for behavior changes external to the app. For instance,
in the Urakami app, users who completed outpatient therapy
sessions could collect points, which could be exchanged to
purchase in-app avatars [54].

A growing body of literature has criticized the paucity of use
of incentives through points, badges, and leaderboard elements
in digital health solutions [95]. Points were among the most
frequently applied game elements in our review, whereas badges
and leaderboards were incorporated by a minority of apps. Many
studies have investigated the effectiveness of a combination of
points, leaderboards, and badges to increase outcomes such as
engagement in physical activity. Several studies have shown
that the application of these game features could significantly
enhance individuals’ physical activity [20]. In contrast, several
studies found that points and leaderboards did not significantly
impact walking compared to a nongamified version of the same
app [96,97]. In addition, Maher et al [98] found that a
combination of rewards and leaderboards led to a short-term
increase in physical activity but there was no long-term positive
impact on health behavior. Further research is needed to
investigate the impact of using game features for short- and
long-term impacts in the childhood disability field.

Goal setting is a known intervention strategy for successful
health behavior change [99]. In our review, 44% (14/32) of the
mobile apps used goal setting to promote user engagement.
Previous research has outlined that combining goal setting with
showing progress, feedback, and rewards can significantly
enhance intrinsic motivation toward behavior [100]. Although
feedback and rewards have been extensively applied to the
identified apps in our review, comparing progress elements has
been underused. There is a vast amount of literature on the
possible benefits of rewards and feedback, yet each element’s
effectiveness still needs to be determined [101]. Another concern
is that these features may enhance extrinsic motivation rather
than intrinsic motivation, which leads to the weak maintenance
impact of gamified apps [102]. Therefore, we recommend
further investigating the independent effects of individual
mobile-based gamification elements on children with disabilities.

Despite the potential advantages of social connectivity on young
people’s well-being [103], only 4 (12%) of the 32 apps
implemented a social connectivity strategy. They provided the
users with access to chat rooms [61], the ability to share the
points with parents [60], and the ability to send messages to
parents and health professionals [54,79]. The scarcity of social
connectivity options found in our review contrasts with previous
research indicating that social networks could positively impact
health behavior change insofar as app users can interact with
other users and share their points and experiences with one
another. [103,104]. A recent review identified several social
support features where app users could interact with others
through sharing posts and sending private messages [105].
However, previous studies highlighted the potential negative

aspects of social connectivity in mobile apps. For example,
concerns were raised about inappropriate content sharing and
messaging between children and information inaccuracy in the
technology space [106,107]. Therefore, while much research
on the potential effectiveness of social connectivity has been
carried out, some critical issues need to be investigated in the
childhood disability field. Moreover, no apps provide
leaderboards. This may suggest a deliberate decision in the
design, as children with disabilities are generally a particularly
susceptible group who may experience increased levels of stress
when comparing themselves to their peers [108,109]. A
meta-analysis of qualitative studies of students shows that
gamification can cause anxiety and jealousy among students
[89]. For example, Johnson et al [81] did not incorporate some
traditional gamification elements, such as badges and
leaderboards, considering the needs of children with
neurodevelopmental disabilities in their study. Therefore,
researchers in this field should investigate the specific needs
and potential stressors of children with disabilities when
considering the incorporation of gamification elements such as
leaderboards.

Level of Gamification and Reasons to Apply
Gamification
This review highlights that most (18/32, 56%) identified apps
implement a medium level of gamification strategies and a low
level of gamification tactics, with few (1/32, 3%) adopting a
high level of gamification strategies or tactics. The Guess What
app used the greatest number of gamification tactics (6 of 7).
All identified apps in our review used at least 1 gamification
strategy, which supports previous research findings that
gamification is meant to significantly improve psychological
outcomes [110,111]. While gamification tactics, also known as
on-screen features, are considered to be part of persuasive app
design to promote engagement and motivation [12], most
identified apps implemented a low (23/32, 72%) number of
gamification tactics. Children with disabilities are an
underserved group that faces numerous barriers to accessing
health services [112]. Designing digital solutions for children
with disabilities requires collaboration among childhood
disability researchers, mHealth experts, and children and their
families. The provision of these solutions such as gamified
mobile apps for children with disabilities has the potential to
reduce health inequities.

However, the level of incorporated gamification tactics should
be interpreted with caution in our review. One vital theoretical
issue is that multiple gamification frameworks have different
definitions of gamification and categorizations of game
elements. For example, Lister et al [11] used “gamification” to
define levels, rewards, prizes, and competitions but not avatars;
meanwhile, Johnson et al [110] used “gamification” to describe
all these game elements. Similarly, multiple studies separate
feedback and rewards [11,113], whereas Sardi et al [9] counted
them as 1 game mechanic. Although we used the framework
proposed by Cugelman [12] to define gamification in our study,
it would be difficult to make a definite conclusion regarding
the level of gamification, as the number of game elements varies
in different frameworks. Therefore, there is a need to have a

JMIR Serious Games 2024 | vol. 12 | e49029 | p.1423https://games.jmir.org/2024/1/e49029
(page number not for citation purposes)

Mahmoudi et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


solid framework for mobile-based gamification for childhood
disabilities.

Furthermore, researchers applied gamification to apps for
various purposes. We found justification for applying particular
game elements in 16 studies. Of the 16 studies, 9 (56%) used
gamification elements to promote engagement and motivation.
Gamification aims to include playful elements to transform a
typically boring activity into one that is enjoyable and engaging
[9]. For example, FarmApp, which is a mobile app used to assess
cognitive skills among children with neurodevelopmental
disabilities, incorporated interactive game-like elements to be
more motivating and enjoyable for children to complete the
assessments [65]. In addition, the SMART app, which is for the
self-management of children with traumatic brain injury, was
redesigned and implemented gamified components to encourage
youth with mild traumatic brain injury to use the app daily and
manage their symptoms [52]. These findings align with the
purpose of gamification as a tool to increase engagement and
motivation [10,12].

In contrast, gamification was also applied to increase the impact
of the intervention. Many mobile apps included game elements
to increase the efficacy of the intervention. For instance,
gamification was used in the ColourSpot app to encourage users
to complete the intervention [76]. In the Dyslexia Baca app,
visual graphics were incorporated to assist children with dyslexia
in understanding the intervention instructions [66]. In another
example, Johnson et al [81] used various gamification tactics,
such as avatars, weekly progress monitoring, and earning stars,
to engage children in their therapy prescription app. These
justifications align with the previous literature showing that
engaging apps, such as gamified apps, can enhance the
effectiveness of interventions by encouraging users to use them
consistently and frequently [114]. Although the capacity of
gamification to promote engagement and motivation has been
extensively studied [10,12,110], more research is needed to
confirm the ability of gamification to increase intervention
efficacy.

Limitations and Recommendations
Although this scoping review was guided by the PRISMA-ScR
framework [42], it has some limitations. First, the primary aim
of our review was to summarize a record of all gamified apps
for children with disabilities from 2008 to 2023; however, we
did not assemble any information on the effectiveness of
gamified apps on any evaluation metric. By including broad
search keywords in the search strategy, we had a high volume
of document titles and abstracts to screen. Nevertheless, this
enhances the risk of accidental exclusion of relevant citations.
To minimize this, before both abstract and full-text screening,
we performed pilot testing on a random sample of documents,
and any discrepancies were resolved by KS. This ensured that
the title and abstract screening was appropriate before the
full-text screening.

In addition, although our scoping review was inclusive (no
restrictions on study design), we excluded studies of children
with mental concerns (eg, anxiety and depression) or other
health issues (eg, obesity and cancer). Given the unique
characteristics of mental health problems in children and

adolescents, we recommend an independent review of gamified
mobile apps for children with mental health issues.

Furthermore, unpublished studies were not included in this
scoping review. Because many mHealth apps are privately
designed, development or evaluative information for these apps
is not available in the public domain, which may result in a
substantial knowledge gap. Although private companies have
been increasingly transparent in publishing data in recent years
[115], this knowledge gap cannot be addressed in this scoping
review. Therefore, the results of this review are not generalizable
to commercial apps for children with disabilities.

Although the consultation exercise is a vital yet optional
component of the scoping review framework proposed by
Arksey and O’Malley [41], it was not conducted in this review.
Specifically, we are conducting a separate project to seek out
stakeholder input to further inform this area of research. The
primary author (EM) used the results of this scoping review to
inform the interview guide of a qualitative project where
different stakeholders, including children and youth with
disabilities, parents or caregivers, clinicians, and representatives
of community organizations, shared their perspectives about
different gamification elements. The findings from this research
will not only enhance the results of our scoping review but also
make an important contribution to the deeper understanding of
best practices in developing gamified mobile apps for children
with disabilities.

Scoping reviews aim to rigorously survey the current body of
literature and identify crucial concepts, types of evidence, and
knowledge gaps. Typically, they are not structured to evaluate
the effectiveness of the interventions. In accordance with this
methodology, our review did not assess the effectiveness of the
identified gamified mobile apps; however, we reported a
summary of the mobile app’s impact on child outcomes. Indeed,
systemically evaluating the effectiveness would be challenging,
given the considerable heterogeneity in the types of disabilities,
mHealth strategies used, and the wide range of outcomes
applied. Recognizing this limitation, there is a need for future
research to evaluate the effectiveness of these gamified mobile
apps on specific populations and outcomes.

Finally, limited evidence was provided in this review on the
extent to which health behaviors “outside the app” were
augmented in children with disabilities, and its association with
the gamification features proposed. Johnson et al [110]
conducted a review to assess the impact of gamified
interventions on health and well-being in a broader population
indicating that gamification could have a positive impact on
healthy behaviors (eg, physical activity). Future research should
investigate the association of gamification features in mobile
apps with subsequent healthy behaviors “outside the app” for
children with disabilities.

Conclusions
This review provides a summary of the current literature on
mobile-based gamification used for children with disabilities
reported after 2008. A total of 6 databases were comprehensively
searched, and 38 studies with 32 unique apps were identified
that focused predominantly on treatment goals and were in most
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cases used in children with ASD. This review demonstrates that
gamified mobile apps for children with ASD are mainly
designed to enhance communication, social skills, and oral
health knowledge. In addition, several mobile apps address
self-management in various conditions, academic achievements
in learning disabilities, and psychological outcomes such as
motivation and engagement, demonstrating their potential in
improving diverse health-related outcomes in children with
disabilities. The results of this study showed that gamification
could provide potential benefits across different populations

and conditions; however, there were mixed results regarding
its impact and benefits. These results can guide other researchers
in the childhood disability field in recognizing disabilities or
behavioral outcomes that have been neglected, thus informing
future mobile app development and research on those
disabilities. Collectively, this information will enable the
researchers in this field to understand how gamification can
improve intervention effects on relevant outcomes and meet the
specific needs of this population.
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Abstract

Background: Among the older population, Parkinson disease (PD) stands out as a leading contributor to disability. Clinically,
the foremost objectives in managing PD involve proactively delaying and preventing disability. Understanding the pivotal role
of gait and balance in daily functionality holds substantial clinical significance, signaling imminent disability and prompting a
reevaluation of management approaches. A key priority lies in identifying novel and effective interventions for symptoms that
substantially contribute to disability.

Objective: This paper presents a systematic review that critically examines the existing body of literature on the use of technology
in the rehabilitation of older patients with PD. By synthesizing current evidence, we aim to provide insights into the state of the
field, identify gaps in knowledge, and offer recommendations for future research and clinical practice.

Methods: A systematic review of the literature was conducted in September 2023 analyzing manuscripts and papers of the last
5 years from the PubMed, Scopus, Embase, Web of Science, and CINAHL databases following PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines. A total of 14 papers were included. The inclusion criteria are as
follows: (1) randomized controlled trial, (2) PD in people aged 65 years and older, and (3) use of technology in the rehabilitation
training in the older population.

Results: A large portion of effective interventions relies on the incorporation of technology, particularly through virtual reality
exergames. This technology appears to have effects not only on the cognitive aspect but also on the physical domain. The analysis
of the results clearly indicates that, in terms of gait and balance performance, the technological intervention outperforms the
traditional approach, irrespective of the specific technology employed.

Conclusions: This systematic review seeks to shed light on the evolving landscape of technology-assisted rehabilitation for
older individuals with PD. As we delve into the available evidence, we will assess the extent to which technology can serve as a
valuable adjunct to conventional therapy, offering new avenues for optimized care and improved outcomes in this growing patient
demographic. As we sift through the existing evidence, our goal is to evaluate the potential of technology as a valuable supplement
to traditional therapy, presenting fresh opportunities for enhanced care and better outcomes in this expanding patient demographic.

(JMIR Serious Games 2024;12:e53431)   doi:10.2196/53431

KEYWORDS

technological intervention; Parkinson disease; randomized controlled trail; older adults; efficacy

Introduction

Neurological disorders stand as the primary cause of global
disability [1]. Within this category, Parkinson disease (PD) is

exhibiting the most rapid increase in disability, fatalities, and
prevalence, with an anticipated doubling within the next 2
decades [2]. In Europe, the current PD population exceeds 1.2
million, contributing to an annual economic burden of €13.9
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billion (US $15.5 billion) [3]. The annual cost per individual
rises with the severity of the condition, while nonmotor
symptoms significantly contribute to hospitalizations and
institutionalizations. Beyond the challenging aspects of PD
itself, individuals with PD grapple with notable comorbidities
and a high frequency of falls [4]. Aging is correlated with an
accelerated motor progression of the disease; reduced
responsiveness to levodopa; heightened severity in gait, posture,
and cognitive impairment; and an increased likelihood of
developing dementia [5].

With the aging of the global population, the prevalence of PD
is on the rise, making it an increasingly significant public health
concern. Effective management and rehabilitation strategies are
essential to mitigate the debilitating effects of this condition
and to enhance the functional independence of older individuals
living with PD.

From a clinical perspective, the top priorities in PD management
include the delay and prevention of disability [6]. Despite
symptomatic relief through medical, surgical, and rehabilitative
interventions, older individuals with PD experience a persistent
deterioration in disability, marked by a decline in quality of life,
diminished functional mobility, decreased performance in daily
activities, and worsening neurological impairments. Guidelines
suggest early initiation of physical therapy at the onset of the
disease for addressing functional decline [7]. However, the
evidence regarding its effectiveness in delaying symptom onset
or reducing severity is not robust. Recognizing the crucial role
of gait and balance in daily function has significant clinical
implications, indicating impending disability and necessitating
a reassessment of management strategies. The identification of
new and effective interventions for symptoms contributing to
significant disability is a key priority [8]. In particular, there is
a growing body of evidence indicating that exercise and physical
activity interventions can slow the rate of functional mobility
decline, ultimately improving quality of life, as tertiary
prevention solutions [8].

Over the years, advances in technology have revolutionized the
field of health care, offering innovative tools and interventions
for the diagnosis, monitoring, and treatment of various medical
conditions. In recent decades, there has been a growing interest
in harnessing the potential of technology to aid in the
rehabilitation of patients with PD, particularly in the older
population. This shift reflects a broader trend toward
incorporating digital solutions into health care, driven by the
desire to optimize therapeutic outcomes and improve the overall
well-being of patients.

For this reason, recent research [9-11] indicates that balance
training delivered through technology leads to performance
enhancements that align with noticeable neurobiological changes
in the cerebral cortex [9,10]. This underscores the encouraging
potential of technological interventions in aiding individuals
with PD in managing balance and other motor disorders.

This paper presents a systematic review that critically examines
the existing body of literature on the use of technology in the
rehabilitation of older patients with PD. By synthesizing current
evidence, we aim to provide insights into the state of the field,

identify gaps in knowledge, and offer recommendations for
future research and clinical practice.

In this comprehensive review, we will explore a wide range of
technological applications, including wearable devices,
telerehabilitation platforms, virtual reality systems, and robotics,
among others. We will evaluate the effectiveness, usability, and
safety of these technologies in improving motor function,
balance, mobility, and overall quality of life in older patients
with PD. Furthermore, we will consider the potential challenges
and ethical implications associated with the integration of
technology into rehabilitation protocols for this vulnerable
population.

Methods

Overview
The methodology of this systematic review was based on the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1 [12])
[13], with the main aim of analyzing the use of technology in
the rehabilitation of older patients with PD.

We used the PICO (Population, Intervention, Comparator,
Outcome) framework as follows:

• P: Older patients with PD
• I: Rehabilitation program with technology
• C: Control group that receives a traditional rehabilitation

program
• O: The efficacy of the treatment

A systematic review of the literature was conducted in
September 2023. The data were collected from PubMed,
Embase, Scopus, CINAHL, and Web of Sciences, analyzing
manuscripts and papers of the last 5 years (from September
2018 to September 2023) in order to obtain the latest evidence
in the field. The inclusion criteria were as follows: (1)
randomized controlled trial, (2) PD in people aged 65 years and
older, and (3) use of technology in the rehabilitation training in
the older population. Systematic and narrative reviews were
excluded. Based on consultation with the multidisciplinary
research team, technological intervention studies were searched
using the following search terms and the combination thereof:
Parkinson, rehabilitation, technology, old*, elder*, effectiveness,
randomized control trial. The detailed search strategy used in
each database is reported in Multimedia Appendix 2. After the
preliminary search, 190 papers resulted from PubMed, 71 from
Embase, 87 from Scopus, 36 from CINAHL, and 1829 from
Web of Sciences. Since the CINAHL database was consulted
only after the first round of searches and after the duplicate
analysis, a different filtering of the results was chosen. In fact,
in order to narrow down the number of results, we looked for
papers containing the term “randomized control trial” in the
title. The findings were analyzed and screened by 4 experts of
the team: a bioengineer, a clinical neurologist, a psychologist,
and a physiotherapist. Rayyan software has been used in order
to remove duplicates. Identified studies were independently
reviewed for eligibility in a 2-step process; a first screening was
performed by 4 independent authors (EM, GP, RB, and MB)
based on the title and abstract. Then, full texts were retrieved
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for a second screening by the same 4 authors. At both stages,
disagreements among reviewers were resolved by consensus
and discussed with the other 2 authors (GA and VDD). After
these steps, 25 papers resulted from selected databases. An
additional researcher, with a background in biomedical
engineering, confirmed the accuracy of the papers’ selection
and screened for any possible omission. After the screening

based on the inclusion or exclusion criteria, conducted on the
full-text papers, 14 studies were selected. Figure 1 shows the
flowchart search strategy applied. Data extraction, performed
by 2 independent raters (EM and MB) included full reference
details, sample size, study population details, including gender
and mean age, type of technology used, outcomes, and results.

Figure 1. Descriptive analysis of the included clinical studies.

Quality appraisal of included studies was carried out by applying
the PEDro scale suggested for evidence-based reviews [14].
The final score was settled when 3 authors reached agreement
after repeated review and analysis.

Data Synthesis
A descriptive synthesis of the data was performed. The data
were grouped and analyzed based on the types of technological
interventions used and their reported outcomes. The main areas
of focus included cognitive and physical functioning,
specifically gait and balance performance. The synthesis aimed
to identify common findings and trends across the studies,
highlighting the efficacy of technological interventions
compared with traditional rehabilitation methods. No

meta-analysis was conducted due to the heterogeneity of the
study designs, interventions, and outcome measures.

Results

Study Quality Evaluation
A total of 14 papers were included [15-28]. Findings reported
in this section are organized under macroconcept areas of
interest.

Table 1 reports the quality evaluation of 14 population-based
studies. In particular, the PEDro score ranged from 6 to a
maximum of 8. The descriptive analysis of the technological
intervention and devices used in the studies selected is shown
in Multimedia Appendix 3.
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Table 1. Scores of methodological quality assessment of the included studies.

ScorePrecision
and vari-
ability

Compari-
son be-
tween
groups

Inten-
tion to
treat

Key out-
comes

Blinded
raters

Blinded
therapists

Blinded
subject

Baseline
compara-
bility

Con-
cealed al-
location

Random-
ized alloca-
tion

Eligibili-
ty

PEDro

8/11YYYYNNNbYYYYaDel Din
et al [15]

6/11NYNYNNNYYYYJäggi et
al [16]

6/11NYNYNNNYYYYLau et al
[17]

7/11NYYYNNNYYYYKim et al
[18]

7/11NYNYYNNYYYYMaranesi
et al [19]

7/11NYYYNNNYYYYGryfe et
al [20]

7/11NYNYYNNYYYYFeng et al
[21]

6/11NYNYNNNYYYYCikajlo
and Peter-
lin Potisk
[22]

7/11NYNYYNNYYYYCapecci
et al [23]

7/11NYNYYNNYYYYSpina et
al [24]

7/11NYNYYNNYYYYPazzaglia
et al [25]

7/11NYNYYNNYYYYYuan et
al [26]

8/11NYYYYNNYYYYCalabrò
et al [27]

8/11NYYYYNNYYYYAlagu-
moorthi
et al [28]

aY: yes.
bN: No.

General Characteristics of the Study Population
All the studies were focused on older people with PD with a
mean age of 69.8 (SD 14.4) years for the technological
intervention group and mean age of 70.3 (SD 7.3) years in the
control group. The number of participants involved in all the
studies is 578, ranging from a minimum sample of 18 patients
to a maximum of 128. There were 297 males and 281 females.

Descriptive Analysis and Outcome Measures
Table 2 shows the characteristics of the included studies. All
studies evaluated the impact of technological interventions on
physical and cognitive domains. Regarding evaluated domains,
cognitive functioning was assessed by 4 studies [16,17,20,22]
and physical functioning was assessed by 13 studies [15,17-28],
including gait assessment [15,17-20,23-25,27,28] in terms of
gait speed or gait performance, falls and fear of falling
evaluation [15,18,19,28], and balance estimation

[16-18,20,21,24,28]. Examining the technology employed, there
is a notable preference for using treadmills coupled with virtual
reality and exergames [15,17,18,27]. In addition, numerous
studies [16,19,23,24,28] incorporate sensitive pressure
platforms, both static and dynamic, often in conjunction with
nonimmersive virtual exercises. However, for the specific
pathology under consideration, the use of exoskeletons [20] or
gait robots [23] appears to be more restricted. It is worth noting
that nearly all studies consistently incorporate virtual
reality—whether immersive with visors or caves, or
nonimmersive through exergames. This technology appears to
have effects not only on the cognitive aspect but also on the
physical domain. The analysis of the results clearly indicates
that, in terms of gait and balance performance, the technological
intervention outperforms the traditional approach, irrespective
of the specific technology employed. However, from a cognitive
perspective, the improvement is limited.
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Table 2. Descriptive analysis of the included clinical studies.

ResultsOutcomesTechnologyPopulation

Participants in

CGb
Participants in EGa

Between: FRA was higher in PD
compared with older fallers and

Primary: FRAe index.

Secondary: walking activity
(total walking time per day,

Treadmill plus
virtual reality

N=62 (older fall-
ers with PD)

N=66 (older fallers

with PDc); 81 male/47
female, aged 78.03
(6.21) years (older

Del Din et al [15]

MCIf (P=.043). Walker activity
was lower in MCI and patientspercentage of walking time per

fallers with PD). HYd

stage: 2-3

with PD compared with older
fallers (P<.012)

Within: Walking activity did not
change. FRA significantly de-

day, number of bouts, and steps
per day)

creased for all groups following
both interventions (treadmill re-
duced FRA by 26%; treadmill +

VRg by 39%)

Primary: Overall adherence rate
was 96.5%. EG had an adherence
rate of >70%.

Secondary: no differences be-
tween EG and CG. Significant

Primary: feasibility (adherence
rate; attrition rate; occurrence

of adverse events; SUSh,

NASA TLXi score)

Secondary: cognitive (Go/no

go test; RTTj; D-KEFSk;

Cognitive-motor
training on the
exergame device.
Dividat Senso, a
pressure-sensitive
platform

N=21 (older peo-
ple with PD); 15
male/6 female;
aged 72.86
(10.14) years.
HY stage: 1-4

N=19 (older people
with PD); 12 male/7
female; aged 71.89
(9.09) years. HY
stage: 1-4

Jäggi et al [16]

time-group interaction effects for
5×StS, SPPB, RTT, go/no go
test, and D-KEFSTMTl); motor (gait speed;

SPPBm; TUGn; 5×StSo)

Primary: EG improves gait speed
and walking distance during

Primary: motor outcomes

(6MWTp, TUG, TUG cogni-
tive)

Secondary: cognitive outcomes:

(MoCAq, verbal fluency,

SDMTr)

Treadmill com-
bined with a first-
person immersive
video game target-
ing visuospatial
skills and work-
ing memory.

N=9 (older peo-
ple with PD); 6
male/3 female;
aged 71 (5) years.
HY stage: 1-3

N=9 (older people
with PD); 6 male/3 fe-
male; aged 64 (9)
years. HY stage: 1-3

Lau et al [17]

6MWT, TUG cognitive (P=.05).
EG improves TUG cognitive
more that CG (between group:
P=.04)

Secondary: EG improves MoCA
(P=.007) and SDMT (P=.01)

Primary: no significant differ-
ence in gait speed on the 10mWT

Secondary: EG shows significant
improvements in BBS score and
in MDS-UPDRS score.

Between: EG shows significant
difference in MDS-UPDRS

Primary: gait speed on the

10mWTs

Secondary: dual task interfer-
ence on gait speed on the
10mWT, balance (TUG), dis-

ability score (BBSt), fear of

falling (MDS-UPDRSu), freez-

Robot-assisted
gait training
(treadmill-based
exoskeleton
robot)

N=22 (older peo-
ple with PD); 7
male/15 female;
aged 67.5 (9.3)
years. HY stage:
2-3

N=22 (older people
with PD); 6 male/16
female; aged 68.7
(6.9) years. HY stage:
2-3

Kim et al [18]

ing of gait (KFES-Iv), brain
functional connectivity changes

(NFOGQw)

Primary: Between: POMA bal-
ance and POMA gait (EG vs CG)

Secondary: Between: Barthel In-
dex, 12-item Short Form Survey
(EG vs CG)

Primary: POMAx balance, PO-
MA gait, and POMA total

Secondary: gait speed, fear of
falling (FES-I), autonomy in
daily living activities (Barthel

Tymo system
(wireless plat-
form with nonim-
mersive virtual
reality exergame)

N=14 (older peo-
ple with PD); 5
male/9 female;
aged 75.5 (5.4)
years. HY stage:
2-3

N=16 (older people
with PD); 6 male/10
female; aged 72.7
(6.3) years. HY stage:
2-3

Maranesi et al
[19]

Index), and physical and psy-
chological state of the patients
(12-item Short Form Survey)

Primary: significant improve-
ment in SCOPA-COG in EG
than in CG

Secondary: significant improve-
ment in 6MWT in EG than in CG

Primary: cognitive function

(SCOPA-COGy) and mood

Secondary: gait speed, 6MWT,
freezing of gait, balance, and
quality of life

Gait robot (ex-
oskeleton)

N=14 (older peo-
ple with PD); 7
male/7 female;
aged 70.7 (7.3)
years. HY stage:
2-3

N=13 (older people
with PD); 4 male/9 fe-
male; aged 67.6 (5.9)
years. HY stage: 2-3

Gryfe et al [20]
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ResultsOutcomesTechnologyPopulation

Participants in

CGb
Participants in EGa

Within: BBS, TUG, and FGA
improve significantly in EG and
CG (P<.05).

Between groups: BBS, TUG,
UPDRS-III, and FGA in EG are
better than in EG (P<.05).

Motor ability (BBS, TUG, UP-

DRS-III, and FGAz)

Virtual reality
technology

N=14 (older peo-
ple with PD); 8
male/6 female;
aged 66.9 (4.6)
years. HY stage:
2-4

N=14 (older people
with PD); 7 male/7 fe-
male; aged 67.5 (4.8)
years. HY stage: 2-4

Feng et al [21]

Primary: time of manipulation
(group × time, P=.009), number
of successfully placed cubes
(group × time, P=.028), average
tremor (group × time, P=.002),
and UPDRS for upper limb
(U3=0.35). The LCD and 3D
groups substantially improved
their BBT score with training
(U3=0.7, U3=0.6, respectively).

Primary: effectiveness of treat-
ment (BBT, UPDRS)

Secondary: motivation effect
(Motivation Inventory)

Immersive VR
using 3D Oculus
Rift CV1

N=10 (older peo-
ple with PD), 5
male/5 female,
aged 67.6 (7.6)
years

N=10 (older people
with PD), 4 male/6 fe-
male, aged 71.3 (8.4)
years

Cikajlo et al [22]

Both groups showed significant
improvement in all outcomes. As
compared with baseline, with
robot-assisted gait training and
treadmill training, endurance and
gait capacity were enhanced by
18% and 12%, respectively, and
motor symptoms and quality of
life were improved by 17% and
15%, respectively. The maxi-
mum advantage was observed
with the Freezing of Gait Ques-
tionnaire score, which decreased
by 20% after either treatment.

Primary: motor function
(6MWT, TUG, 10MWT, mini-
mal clinically important differ-
ence)

Secondary: Freezing of Gait
Questionnaire, UPDRS

GE-O systemN=48 (older peo-
ple with PD), 24
male/24 female,
aged 67.0 (7.6)
years. HY stage:
≥2

N=48 (older people
with PD), 19 male/29
female, aged 68.1
(9.8) years. HY stage:
≥2

Capecci et al [23]

Between: no significant differ-
ences

Within: primary outcomes im-
proved in EG and CG.

Primary: Quantified balance
impairments (mini-BESTest,
BBS)

Secondary: Motor ability

(10MWT, 5×StS, PDQ-39aa,
TUG)

Hunova (robotic
platform)

N=11 (older peo-
ple with PD), 4
male/7 female,
aged 67.27 (4.85)
years. HY stage:
1-2

N=11 (older people
with PD), 5 male/6 fe-
male, aged 68 (6.9)
years. HY stage: 1-2

Spina et al [24]

Between: in EG increases BBS
score (P=.003), DGI score
(P=.003), and SF-36 mental
composite score (P=.037), and a
decrease in DASH scale score
(P=.009). In CG DASH scale
score decreases (P=.007).

Primary: changes in functional
standing balance (BBS)

Secondary: ability to adapt gait
to complex walking tasks

(DGIab); physical function of

the upper limb (DASHac); and
physical and emotional scores

(SF-36ad)

Nirvana (VR sys-
tem)

N=26 (older peo-
ple with PD), 17
male/9 female,
aged 70 (10)
years

N=25 (older people
with PD), 18 male/7
female, aged 72 (7)
years

Pazzaglia et al
[25]

Between: changes in MFES and
MDRT to the right and left sides
were significantly different in the
first 6-week period. Changes in
BBS, MFES, and MDRT to the
right and left sides were signifi-
cantly different in the second 6-
week period.

Primary: Quantified balance
impairments (BBS score)

Secondary: Quality of life and
motor/balance ability (SF-36,

MFESae, MDRTaf, and Maxi-
mum Step Length test)

Video
game–based
treatment

N=12 (older peo-
ple with PD), 9
male/3 female,
aged 66.5 (8.8)
years. HY stage:
1-3

N=12 (older people
with PD), 2 male/10
female, aged 67.8
(5.5) years. HY stage:
1-3

Yuan et al [26]
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ResultsOutcomesTechnologyPopulation

Participants in

CGb
Participants in EGa

Between: improvement in FGA
(P<.001), FES (P<.001), UPDRS
(P=.001), and overall GQI
(P<.001) in EG

Primary: gait performance
(FGA)

Secondary: brain oscillation
changes related to gait cycle;
gait and motor performance:
(UPDRS, BBS, FES, 10MWT,

TUG, and GQIag)

Treadmill plus
music

N=25 (older peo-
ple with PD), 9
male/3 female,
aged 73 (8) years.
HY stage: 2-3

N=25 (older people
with PD), 11 male/9
female, aged 70 (8)
years. HY stage: 2-3

Calabrò et al [27]

End of treatment: Between:
number of fallers (P=.77), BBS
(P=.658), TUG (P=.967), and
PDQ-39 (P=.402).

Follow-up 36th week: Between:
number of fallers (P=.039), BBS
(P=.867), TUG (P=.959), and
PDQ-39 (P=.405).

Primary: number of fallers

Secondary: fall rate; risk of
falling and quality of life (BBS,
TUG, and PDQ-39)

Nintendo Wii
Console

N=96 (with PD),
63 male/33 fe-
male, aged 68.5
(9.8) years. HY
stage: 2-3-4

N=96 (with PD), 51
male/45 female, aged
69.7 (10) years. HY
stage 2-3-4

Alagumoorthi et
al [28]

aEG: experimental group.
bCG: control group.
cPD: Parkinson disease.
dHY: Hoehn & Yahr.
eFRA: Falls Rate and Activity Exposure Index.
fMCI: mild cognitive impairment.
gVR: virtual reality.
hSUS: System Usability Scale.
iNASA TLX: NASA Task Load Index.
jRTT: reaction time test.
kD-KEFS: Delis-Kaplan Executive Function System; color-word interference test.
lTMT: Trail Making Test A and B.
mSPPB: Short Physical Performance Battery.
nTUG: time up and go.
o5×StS: 5 times sit to stand.
p6MWT: 6-minute walking test.
qMoCA: Montreal Cognitive Assessment.
rSDMT: Symbol Digit Modality Test.
s10mWT: 10-minute walking test.
tBBS: Berg Balance Scale.
uMDS-UPDRS: Movement Disorder Society-sponsored version of the Unified Parkinson’s Disease Rating Scale.
vKFES-I: Korean version of Falls Efficacy Scale-International.
wNFOGQ: New Freezing of Gait Questionnaire.
xPOMA: Tinetti Performance Oriented Mobility Assessment.
ySCOPA-COG: Scales for Outcomes in Parkinson’s Disease-Cognition.
zFGA: Functional Gait Assessment.
aaPDQ-39: 39-item Parkinson’s Disease Questionnaire.
abDGI: Dynamic Gait Index.
acDASH: Disabilities of the Arm, Shoulder and Hand.
adSF-36: 36-item Short Form.
aeMFES: Modified Falls Efficacy Scale.
afMDRT: Multi-Directional Reach Test.
agGQI: Gait Quality Index.
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Discussion

Principal Findings
This systematic review seeks to shed light on the evolving
landscape of technology-assisted rehabilitation for older people
with PD. Delving into the available evidence, we assess how
technology can serve as a valuable complement to conventional
therapy, offering new ways to optimize care and improve
outcomes in this growing patient demographic. In particular,
the included studies evaluated the impact of technological
interventions on physical and cognitive domains. Cognitive
functioning was assessed in 4 studies, while physical
functioning, including gait, falls, and balance, was assessed in
13 studies. Technologies used included treadmills with virtual
reality, exergames, and sensitive pressure platforms.
Exoskeletons and gait robots were less commonly used. Most
studies incorporated virtual reality, either immersive or
nonimmersive. The results indicate that technological
interventions significantly improve gait and balance performance
compared with traditional methods, though cognitive
improvements were limited.

PD poses a serious burden on patients, carers, families, health
care providers, and health authorities globally. Within the
relevant unmet need in the management of PD [10], identifying
preventive strategies, particularly tertiary, to mitigate severe
progression and ensure an adequate quality of life for older
patients is one of the most felt needs, with the final aim of
slowing disease progression, enhancing the long-term quality
of life, and reducing the costs associated with PD, as the
majority of expenses occur in advanced stages.

From our analysis, it seems that including technology into a
physical intervention can constitute a driver for ensuring the
adherence and compliance to rehabilitation trainings. In
particular, our analysis reveals an overall improvement in the
physical status and outcomes related to disease severity, even
if a not clear improvement in cognitive status and quality of life
was observed. This result may suggest the need of conducting
longer trials to collect evidence on the impact of rehabilitative
interventions with technology also in the long term. Moreover,
even if the adherence to rehabilitation training is high in hospital
facilities, this should be complemented and sustained with
training at home to stimulate compliance to physical exercise,
considering that patients with PD should remain active as long
as possible to counteract the disease progression. Additionally,
digital solutions can be a viable option to support the older
patients at home by coaching them in an interactive and
engaging way, as already demonstrated by numerous evidence
in the field [29].

In fact, although in a different context, our analysis has shown
that the most engaging interventions involved virtual reality
technology, which appears to be the most promising tool for
positively impacting cognitive domains due to its highly
interactive features. This is in line with recent findings that
highlight that virtual reality technology has a particularly

promising tool for investigating and rehabilitating gait and
balance impairments in people with PD by enabling users to
engage in an enriched and highly personalized complex
environment [30].

The inclusion of technology and virtual reality into rehabilitative
training imposes to stress the attention to assessing the usability
and accessibility of such technologies by including the
patients-in-the-loop since the design of the solutions in order
to be suitable and to not compromise the appropriate use. At
this purpose, even if there is a plethora of studies and disciplines
that underline the needs of involving older adults and vulnerable
user groups in the design process, also with a specific focus on
age-related conditions such as dementia [29], there has been
limited exploration of how individuals with PD can actively
participate in the design process [31], despite the fact that the
PD population represents an intriguing user group for design
investigation due to the intricate and individual nature of the
condition that includes physical and cognitive symptoms, with
fluctuations in severity, while dealing with emotional challenges
related to social stigma and embarrassment associated with their
condition [32].

However, this systematic review has its limitations. The low
number of studies and their heterogeneity do not favor valid
and generalizable conclusions, but this very limitation shows
that, despite the good promises, there is still a need to
experiment with technological interventions and, in particular,
with virtual reality, in the rehabilitation of people with PD.
Moreover, all the studies reported show more or less
significantly positive results: this aspect is typical of scientific
publications, in which there is a tendency to publish this kind
of study to the detriment of those with negative results. For the
purposes of research into the implementation of new
technologies for the treatment of patients with PD, it is very
important to know and take into account even those studies that
did not produce the desired results, so that lessons should not
be learned again.

The integration of technology into PD rehabilitation holds the
promise of enhancing the efficacy and accessibility of
interventions, addressing the unique challenges faced by older
individuals, and facilitating personalized, patient-centered care.
Future challenges of sociotechnical interventions should be
focused on unmet needs of the older population with PD by
combining a multidisciplinary, multicomponent, and
personalized approach and addressing challenges related to
health literacy, availability of physical and psychological
services, and the stigma associated with PD [10].

Conclusions
In summary, this systematic review seeks to shed light on the
evolving landscape of technology-assisted rehabilitation for
older individuals with PD. The integration of technology into
PD rehabilitation holds the promise of enhancing the efficacy
and accessibility of interventions, addressing the unique
challenges faced by older individuals, and facilitating
personalized patient-centered care.
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Abstract

Background: Fatigue is a common and debilitating side effect of chronic diseases, significantly impacting patients’ quality of
life. While physical exercise and psychological treatments have been shown to reduce fatigue, patients often struggle with
adherence to these interventions in clinical practice. Game-based eHealth interventions are believed to address adherence issues
by making the intervention more accessible and engaging.

Objective: This study aims to compile empirical evidence on game-based eHealth interventions for fatigue in individuals with
chronic diseases and to evaluate their effectiveness in alleviating fatigue.

Methods: A comprehensive literature search was performed across Embase, MEDLINE ALL, PsycINFO, Web of Science Core
Collection, Cochrane Central Register of Controlled Trials, and Google Scholar in August 2021. Study characteristics and outcomes
from the included studies were extracted, and a random-effects meta-analysis was conducted. Sensitivity and subgroup analyses
were performed to identify sources of heterogeneity.

Results: Of 1742 studies identified, 17 were included in the meta-analysis. These studies covered 5 different chronic diseases:
multiple sclerosis (n=10), cancer (n=3), renal disease (n=2), stroke (n=1), and Parkinson disease (n=1). All but 1 study used
exergaming interventions. The meta-analysis revealed a significant moderate effect size in reducing fatigue favoring the experimental
interventions (standardized mean difference [SMD] –0.65, 95% CI –1.09 to –0.21, P=.003) compared with control conditions
consisting of conventional care and no care. However, heterogeneity was high (I2=85.87%). Subgroup analyses were conducted
for the 2 most prevalent diseases. The effect size for the multiple sclerosis subgroup showed a trend in favor of eHealth interventions
(SMD –0.47, 95% CI –0.95 to 0.01, P=.05, I2=63.10%), but was not significant for the cancer group (SMD 0.61, 95% CI –0.36
to 1.58, P=.22). Balance exercises appeared particularly effective in reducing fatigue (SMD –1.19, 95% CI –1.95 to –0.42,
P=.002).
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Conclusions: Game-based eHealth interventions appear effective in reducing fatigue in individuals with chronic diseases.
Further research is needed to reinforce these findings and explore their impact on specific diseases. Additionally, there is a lack
of investigation into interventions beyond exergaming within the field of game-based learning.

(JMIR Serious Games 2024;12:e55034)   doi:10.2196/55034
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Introduction

Chronic diseases are a major cause of morbidity worldwide,
with their prevalence steadily increasing due to a growing and
aging population, improved disease detection, and advancements
in medical treatments, leading to greater longevity [1,2]. Chronic
diseases are conditions that persist over a long period or recur
frequently, often requiring ongoing medical attention [3,4]. The
management of chronic diseases is shifting from cure to care
and prevention strategies, with a particular focus on lifestyle
management [5]. In addition to the impact of the chronic disease
itself, several commonly associated symptoms—such as
depression, anxiety, and fatigue—affect quality of life and
should be included in routine care [6-8].

Fatigue is one of the most prevalent of these symptoms [8]. It
is defined as an overwhelming sense of tiredness and exhaustion
that arises without provocation and cannot be relieved by rest
[9,10]. Connolly et al [8] found that patients often report fatigue
as one of the most debilitating symptoms, significantly
impacting daily functioning and quality of life. They report that
fatigue occurs across a range of chronic diseases, including
multiple sclerosis (MS) and cancer. A recent meta-analysis
evaluated the prevalence of severe and chronic fatigue in a
cohort of individuals with chronic diseases, finding that 23%
experienced severe fatigue and 17% suffered from chronic
fatigue [11].

Over the past decades, nonpharmacological treatments for
fatigue have been increasingly developed and investigated.
Meta-analyses indicate that physical exercise can reduce fatigue
severity across various chronic diseases [12-17]. Other
successful interventions include psychological therapies—such
as cognitive-behavioral therapy, psychoeducation, or
mindfulness—whether as standalone treatments or in
combination with exercise, as well as relaxation therapies
[18,19].

Despite these findings, patients often struggle with adhering to
interventions [20,21]. Evidence indicates that the reasons for
nonadherence are diverse, including barriers such as time, costs,
location, comorbidities, and particularly a lack of motivation
[21-25]. To be successful, interventions should be designed to
address and overcome these barriers to adherence. This is the
goal of game-based interventions, which aim to make treatment
easily accessible and highly engaging. This is one reason why
such interventions have become increasingly popular in recent
years. Games are known to enhance motivation, attention, and
learning, among other benefits [26]. Game-based interventions
leverage these benefits by embedding therapeutic goals within
a game (serious gaming). Evidence indicates that these

interventions can significantly improve treatment adherence in
chronic conditions compared with standard care [27].
Additionally, from a financial perspective, game-based
interventions are attractive to health care providers and insurance
companies due to their cost-effectiveness [28-30].

Several studies have investigated the effects of game-based
eHealth interventions in individuals with chronic diseases,
yielding promising results across a range of outcomes. These
interventions include exergames (ie, game-based exercise
programs [31]), virtual reality (VR) tools [32], and serious game
applications [33]. For example, Kato et al [34] investigated the
effect of a serious game designed to improve adherence and
other behavioral outcomes in children with cancer, finding that
it successfully enhanced medication adherence and self-efficacy
in the target group. In a study by Del Corral et al [35],
exergaming was found to lead to significantly greater
improvements in exercise capacity, muscular strength, and
quality of life in children with cystic fibrosis compared with
the control group receiving conventional care.

With the accumulation of numerous studies over the past decade,
evidence in this field has been synthesized in meta-analyses.
Rutkowski et al [36] found that VR interventions appear to be
effective in alleviating fatigue in individuals with cancer. Cugusi
et al [37] reported small but significant effect sizes for
improving health-related quality of life with experimental
exergaming interventions in people with various chronic
diseases, including Parkinson disease, Alzheimer disease, and
stroke. Seiler et al [38] also found promising effects of various
types of eHealth interventions in reducing fatigue in individuals
with cancer.

However, to date, no meta-analysis has investigated the effects
of (1) different game-based eHealth interventions on (2) the
reduction of fatigue in (3) individuals with various chronic
conditions.

This paper aims to fill this gap by systematically aggregating
the findings from these studies to assess the effectiveness of
game-based eHealth interventions in alleviating fatigue. The
goal is to determine whether these interventions can serve as a
suitable alternative to conventional treatments.

Methods

Selection Criteria
We included randomized and nonrandomized controlled trials
that reported the effects of video game interventions on fatigue
in individuals with chronic diseases. For this study, we defined
a video game as a digital or electronic game where players
interact with the game by manipulating images on a video
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screen. A “game” was defined as an engaging, amusing, and
structured form of play conducted according to a set of rules
with the aim of achieving a specific objective. Chronic diseases
are defined as conditions that persist or recur over an extended
period and require ongoing medical attention or limit activities
of daily living [3,4]. We focused on pathological fatigue, defined
as physical, emotional, or mental tiredness/exhaustion related
to chronic disease or its treatment [39]. This type of fatigue is
characterized by its prolonged, severe, progressive nature or its
occurrence without provocation. For practical reasons, we
included only journal articles published in English. All studies
had to include a T1 measure with a measure of change from the
baseline and a control group from the same disease population
receiving a different or no intervention.

We excluded trials involving healthy volunteers, individuals
with acute diseases, and those with fibromyalgia. The clinical
population with fibromyalgia was excluded due to its high
heterogeneity, unclear etiology, and purely clinical diagnosis,
as there are no specific laboratory abnormalities associated with
it [40]. Therefore, fibromyalgia is unsuitable for this
meta-analysis due to its heterogeneous nature and unclear
etiology, making it difficult to detect the group effects of an
intervention. Articles focusing on different types of fatigue,
such as fatigue after exertion or transient fatigue, were also
excluded. Additionally, we excluded reviews, descriptive and
observational studies, study protocols, case studies, uncontrolled
studies, conference abstracts, trial registries, posters, and books,
as well as studies that used nonstandardized measuring scales
for fatigue.

Search Strategy
A medical information specialist from the Erasmus MC Medical
Library conducted a comprehensive literature search on August
25, 2021. To ensure the findings were up-to-date, a second
search was carried out on March 2, 2023. Both searches utilized
the following databases: Embase, MEDLINE ALL, PsycINFO,
Web of Science Core Collection, Cochrane Central Register of
Controlled Trials, and Google Scholar. For both searches, the
coverage years varied by database (Multimedia Appendix 1).
Nonetheless, the majority of articles were published within the
last 3 decades.

The search terms “game,” “video,” “fatigue,” and related
keywords were used. A separate search strategy was developed
for each database (Multimedia Appendix 1). We did not include
“chronic disease” or specific diseases as search terms, as we
deemed the risk of missing relevant studies due to incomplete
disease terms to be too high.

Selection Procedure
After removing duplicates, the titles and abstracts were screened
by 2 of the authors (LSW and JSL). The full-text papers were
then extracted and screened by the same authors along with an
additional author (BD). The selection of articles was compared
among the authors at all stages of the process. In cases of
disagreement, the articles were discussed until a consensus was
reached. The authors of the papers were contacted by email
when relevant information was missing or inconsistent. Articles
were excluded if the authors did not respond.

Assessment of Study Quality
For each study, the risk of bias was assessed by the author LSW
using the risk of bias 2 tool (Cochrane Risk of Bias Tool for
Randomized Trials) [41]. The assessment covered the following
categories: randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of reported results. Based on the
assessment of the individual categories, each study was
classified into 1 of 3 overall risk of bias levels: “low risk of
bias,” “some concerns,” or “high risk of bias.” The overall
classification was determined by the lowest rating among the
individual categories (eg, if 4 of the 5 categories were rated
“low risk of bias” but 1 was rated “high risk of bias,” the overall
classification would be “high risk of bias”).

Data Extraction
After the selection process, one author (LSW) performed data
extraction for each article. The extracted data included diagnosis,
author, year of publication, sample size, mean age, percentage
of female participants, interventions in both the experimental
and control groups, duration of the interventions in weeks, and
key findings. All data were entered into Comprehensive
Meta-Analysis (CMA) software version 2 (Biostat, Inc.).

Synthesis of Results
The analyses were conducted using CMA [42]. For our outcome
variable, fatigue, the mean scores and SDs for pre- and
postintervention (ie, baseline and T1) were either extracted
directly from the articles or calculated from median scores and
IQRs using the formula described by Wan et al [43]. We
followed the guidelines in the Cochrane Handbook for
Systematic Reviews of Interventions to calculate the pre-post
correlation [44]. It was calculated directly for studies where the
SD of change from baseline to T1 was available. For other
studies, we imputed the correlation by averaging the calculated
pre-post correlations. Additionally, we entered data on sample
size per condition, diagnosis, assessment instrument (Visual
Analog Scale [VAS] vs questionnaire), mean age, percentage
of female participants, modality and type of intervention
(nonimmersive, immersive VR, non–VR game; balance, fitness,
cognition), intervention duration in weeks, type of control
intervention (no care vs conventional care), setting (hospital vs
home), supervision, and, where possible, disease severity into
the CMA worksheet. Two of the included studies were crossover
randomized controlled trials (the remainder were parallel
randomized controlled trials). For 1 of the crossover studies,
we used only the T1 measure for comparison, which included
data only from the period before the crossover [45]. For the
other crossover study, we used data from both periods combined
(ie, before and after the crossover) because only these combined
data were available [46]. In studies measuring different
dimensions of fatigue, the dimension reporting the average
fatigue measure was used. In studies with 2 control groups—1
receiving a conventional intervention and 1 with no
intervention—we chose the inactive control group. In a study
comparing 2 interventions using different VR systems with a
control group, the aggregated mean of the 2 experimental
conditions was used [47]. For studies with 3 measurement
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points, data from the measures immediately before and after
the intervention were utilized.

First, effect sizes were calculated as standardized mean
differences (SMDs) to account for possible differences in
measurement scales. We conducted a meta-analysis to determine
the overall effect sizes for the experimental condition compared
with the control condition using a random-effects model. The
more conservative random-effects model was chosen over the
fixed-effects model due to the expected heterogeneity among
studies and because random-effects models are recommended
for analyzing data collected in real-world settings rather than
controlled laboratory environments [48]. Heterogeneity was

estimated using the I2 index, which describes the percentage of
variation attributable to study heterogeneity rather than chance
[49], with ≥75% indicating considerable heterogeneity. To
explore sources of heterogeneity, we performed sensitivity
analyses (by excluding low-quality studies and outliers),
moderator analyses, and meta-regressions. Low-quality studies
were defined as those with a high risk of bias, as identified by

the risk of bias assessment. Outliers were defined as studies
where the 95% CI did not overlap with the 95% CI of the pooled
effect size. For the moderator analyses, studies were grouped
by diagnosis, age, and type of experimental and control
interventions, provided there was more than 1 study per group.
Additionally, we conducted analyses excluding studies using
VAS, exploring the impact of supervision, and distinguishing
between studies conducted at home versus those conducted in
a hospital setting. A random-effects meta-regression using the
method of moments was conducted with gender and disease
duration as predictors. For studies on MS, we additionally
performed a meta-regression with disease severity, which was
measured using the Expanded Disability Status Scale (EDSS)
[50], as a predictor. This is shown in Figure 1.

Finally, to check for publication bias, we generated a funnel
plot by plotting the SMD against the SE of all studies and
assessed it for asymmetry. Additionally, we quantified potential
publication bias statistically using the Egger test of the intercept
[51].

Figure 1. Scatterplot showing the meta-regression of all multiple sclerosis studies with the Expanded Disability Status Scale (EDSS) as the predictor
variable.

Results

Study Selection
A total of 3741 articles were identified through the literature
search, of which 2268 remained after duplicate removal. An
overview of the selection process is shown in Figure 2. After
screening titles and abstracts, and discussing differences in
opinion between the authors (for 14 articles), a total of 53
articles were selected for full-text screening. After independently
screening the full text of these studies, the authors discussed
discrepancies in study selection for 8 studies until a consensus

was reached. Authors were contacted for missing information
in 2 cases. We received a reply for 1 article, which led to its
exclusion. The other study was excluded due to the lack of a
response. In total, 19 articles were excluded after full-text
review. Most were excluded because the fatigue measure
pertained to exertion from the intervention itself. Relevant data
were then extracted from the remaining 19 studies. During this
process, 2 additional studies were excluded due to data
inconsistencies; we contacted the authors but did not receive a
reply. This left us with a total of 17 studies included in the data
synthesis for the meta-analysis.
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Figure 2. Preferred Reporting Items for Systematic Reviews (PRISMA) flowchart-diagram for study selection.

Characteristics of the Included Studies
Table 1 presents the characteristics of the included studies,
organized by participant diagnosis: MS (n=10) [45,47,52-59],
cancer (n=3) [46,60,61], renal disease (n=2) [62,63], Parkinson
disease (n=1) [64], and poststroke (n=1) [65]. The studies were
published between 2013 and 2023 and were all randomized
controlled trials, including 2 crossover trials [45,46] and 15
parallel trials [47,52-65]. The number of participants ranged
from 20 to 52. The mean age of participants ranged from 7.9 to
68.7 years, with only 1 study [60] including children. For the
16 studies that included adults, the age range was 32.3-68.7
years (median 45 years) [45-47,52-59,61-65]. The mean
percentage of female participants ranged from 0% (0/42) to
90% (38/42; median 61.50%). Sixteen studies used VR
exergames, which included either balance exercises (n=5)
[47,52,55,57,65] or fitness exercises (n=11) [45,46,53,56,58-64].
One study used a serious Nintendo DS game designed to train
cognitive functions such as working memory, spatial

recognition, processing speed, and mental reasoning in healthy
individuals [54]. Thus, the term “game-based eHealth
interventions” is technically too broad. Throughout this paper,
we used this term to include the serious gaming study as well.
The VR technology varied across studies, with most using
nonimmersive VR systems (n=14) [45-47,52,53,55,56,58-64].
The control interventions also exhibited some heterogeneity
across studies. We categorized the control interventions into 2
groups: the conventional training group (n=7)
[46,52,53,55,59,64,65], which involved traditional nonvideo
game interventions targeting the same abilities as the
experimental intervention, and the no-exercise control group
(n=10) [45,47,54,56-58,60-63], which involved no specific
intervention beyond the normal level of activity. The duration
of the interventions varied significantly between studies, ranging
from 2 to 24 weeks (median 8 weeks). Fatigue was measured
using various questionnaires, with 1 study using a VAS to assess
fatigue severity [62].
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Table 1. Study characteristics and key findings of the included studies that reported on the effect of game-based eHealth interventions on the reduction
of fatigue in people with chronic diseases. Studies are sorted according to diagnosis.

Key findingsInterventionParticipantsDiagnosis and study

Duration
(weeks)

ControlExperimentalFemale, n/N
(%)

Age (years),
mean

N

Multiple sclerosis

Significant decrease

in fatigue (MFISb) af-

12Conventional train-
ing

Balance, nonimmer-

sive VRa
22/36 (61)4236Brichetto et al

[52]

ter treatment com-
pared with the base-
line and control
groups

No significant de-
crease in fatigue after

treatment (FSSc)

10Conventional train-
ing

Fitness, nonimmer-
sive VR

18/30 (60)46.330Cuesta-Gómez et
al [53]

No significant de-
crease in fatigue after
treatment (MFIS)

8No exerciseCognition, Game-
boy

26/35 (74)43.835De Giglio et al
[54]

Significant decrease
in fatigue (MFIS) af-

6Conventional train-
ing

Balance, nonimmer-
sive VR

22/32 (69)37.432Khalil et al [55]

ter treatment com-
pared with the control
group

No significant de-
crease in fatigue in the

8No exerciseFitness, nonimmer-
sive VR

43/59 (73)40.259Ozdogar et al
[56]

experimental and con-
trol groups (MFIS)

Significant decrease
in fatigue (MFIS) in

6Conventional rehabil-
itation

Fitness, nonimmer-
sive VR

21/31 (68)37.630Ozdogar et al
[59]

the experimental
group compared with
baseline and the con-
trol group

Significant increase in
sleep quality in the

8No exerciseFitness, nonimmer-
sive VR

20/31 (65)40.331Ozdogar et al

[58]d

experimental group
compared with base-
line and the control
group

No significant in-
crease in sleep quality

8No exerciseFitness, nonimmer-
sive VR

21/34 (62)40.834Ozdogar et al

[58]e

in the experimental
and control groups

Significant decrease
in fatigue (FSS) after

8No exerciseBalance, immer-
sive VR

30/39 (77)32.339Ozkul et al [57]e

treatment compared
with baseline and the
control group

Increased fatigue after
treatment in both ex-

24No exerciseFitness, nonimmer-
sive VR

27/30 (90)49.329Thomas et al

[45]e

perimental and control

groups (FSIf)

Significant decrease
in fatigue (FSS) after

8No exerciseBalance, nonimmer-
sive VR

38/42 (90)43.742Yazgan et al

[47]e

treatment compared
with baseline and the
control group

Cancer
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Key findingsInterventionParticipantsDiagnosis and study

Duration
(weeks)

ControlExperimentalFemale, n/N
(%)

Age (years),
mean

N

Change in fatigue was
similar in both groups

(PedsQLg)

8No exerciseFitness, nonimmer-
sive VR

10/36 (28)7.836Hamari et al [60]

Increase in fatigue af-
ter the intervention in
the experimental
group and a signifi-
cant decrease in the
control group (POMS-

sf Fatigueh)

2Conventional train-
ing

Fitness, nonimmer-
sive VR

4/22 (18)44.822Kobayashi et al
[46]

No significant de-
crease and no signifi-
cant difference in
change in fatigue be-
tween groups (FACT-

Fi)

12No exerciseFitness, nonimmer-
sive VR

0/46 (0)68.746Villumsen et al
[61]

Renal disease

Significant decrease
in fatigue in the exper-
imental group but not
in the control group

(VASj)

8No exerciseFitness, nonimmer-
sive VR

20/48 (42)59.348Cho and Sohng
[62]

Significant decrease
in fatigue in both

groups (NFSHDk); no
significant difference
between groups

4No exerciseFitness, nonimmer-
sive VR

28/64 (44)59.364Chou et al [63]

Parkinson disease

Significant decrease
in fatigue in the exper-
imental group but not
in the control group
(FSS)

12Conventional train-
ing

Fitness, nonimmer-
sive VR

8/20 (40)6120Ribas et al [64]

Stroke

No significant de-
crease and no signifi-
cant difference in
change of fatigue be-
tween groups (FSS)

6Conventional train-
ing

Balance, immer-
sive VR

16/52 (31)6352de Rooij et al
[65]

aVR: virtual reality.
bMFIS: Modified Fatigue Impact Scale.
cFSS: Fatigue Severity Scale.
dWith restless legs syndrome.
eWithout restless legs syndrome.
fFSI: Fatigue Symptom Inventory.
gPedsQL: Pediatric Quality of Life Inventory.
hPOMS-sf: Profile of Mood States—short form.
iFACT-F: Functional Assessment of Cancer Therapy—Fatigue.
jVAS: Visual Analog Scale.
kNFSHD: Novel Fatigue Scale for Hemodialysis.
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Risk of Bias of Studies
Study quality was low or moderate in all studies (n=5 and n=12,
respectively), with none rated as high quality (Figure 3). The
primary reasons for low-quality ratings were issues with the
randomization process and handling of missing data.

While all studies were randomized, 2 utilized a
cluster-randomization procedure, with treatment allocation based
on either the days participants visited the hospital [62] or the
hospital wards to which they were assigned [63]. For Chou et
al [63], we can assume that participant allocation was concealed
from the investigator; however, this was not clear for Cho and
Sohng [62]. For the other studies, the randomization process
was truly random. However, there was some concern about the
risk of bias in 9 of the 17 (53%) studies
[52,53,55,56,59-61,63,65] due to missing or doubtful
information about allocation concealment.

In 10 of the 17 (59%) studies [45-47,53-57,60,62], there was
concern about the risk of bias because the authors did not
implement an intention-to-treat analysis to account for missing
or lost data. However, the missing data were either balanced
across studies or not substantial enough to significantly impact

the results. By contrast, 2 (12%) studies [46,47] exhibited a
high risk of bias due to substantial issues with missing data.

In 8 of the 17 (47%) studies [46,47,53,55,57,58,60,62], it could
not be ruled out that the missing data were related to the
outcome itself (ie, fatigue), potentially influencing the overall
results. Possible reasons related to the outcome were lack of
motivation or excessive fatigue preventing participation. Issues
related to participants’ schedules or travel time were judged as
unrelated to the outcome. In 4 of these studies [46,55,58,62], a
high risk of bias was concluded as it was likely that the missing
data depended on the true value of the outcome. In the other 4
studies [47,53,57,60], there were some concerns about the risk
of bias, but the proportion of missing data and reasons for it
were balanced across groups.

The risk of bias in the measurement of outcomes was low across
all studies. However, there was some concern regarding the
selection procedure of reported results in 16 of the 17 (94%)
studies [45-47,52-61,63-65]; specifically, 16 (94%) studies did
not indicate whether the analysis followed a prespecified plan
[45-47,52,54-65]. Additionally, 4 (24%) studies began before
the trial had been preregistered.

Figure 3. Risk of bias assessment for all included studies.

Main Analyses
It was possible to calculate effect sizes for fatigue reduction
across all studies. Figure 4 presents the SMD and 95% CIs for
each study. A negative effect size indicates that the experimental
intervention was more effective in reducing fatigue compared
with the control intervention. In 4 studies [45,46,53,61], the
effect sizes were positive, meaning that the control intervention
was more effective in reducing fatigue than the experimental
intervention. Three studies were identified as outliers, 2 [46,62]

of which were also rated as low quality. The third outlier was
the study by Villumsen et al [61], which also reported no
reduction in fatigue following the intervention. This lack of
effect may be related to the study’s population, which consisted
entirely of males with a mean age of 68.7 years, the oldest
among all the studies. The authors suggest that the lack of
supervision over the exercise intensity in the home-based
intervention might explain the findings. The overall effect size,
calculated using a random-effects model, indicated a significant
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moderate effect of video game interventions on fatigue reduction
compared with control interventions (SMD –0.65, 95% CI –1.09
to –0.21, P=.003). However, there was considerable

heterogeneity (I2=85.87%). To investigate the sources of this
heterogeneity, several additional analyses were conducted.

First, we performed sensitivity analyses by excluding the
low-quality and outlier studies. This included 4 studies
[46,47,55,62] with a high risk of bias and 1 additional outlier
[61], leaving us with 10 studies. Despite this more rigorous
analysis, the effect size remained significant (SMD –0.42, 95%
CI –0.74 to –0.10, P=.01). Although heterogeneity was reduced,

it remained substantial (I2=54.88%). When the study using a
VAS was excluded (n=1) [62], the effect size was smaller but
still significant (SMD –0.55, 95% CI –0.95 to –0.14, P=.009).

Second, we performed moderator analyses with diagnosis, type
of intervention, type of control condition, and age as moderators
for all groups where data from more than 1 study were available.
Grouping studies according to diagnosis revealed a large and
significant effect size for MS (SMD –0.87, 95% CI –1.34 to
–0.41, P<.001, n=10). After removing low-quality and outlier
studies, the effect size decreased to a trend (SMD –0.47, 95%

CI –0.95 to 0.01, P=.05, I2=63.10%, n=6). For cancer, the pooled
effect size was positive, indicating that the control intervention
was more effective than the experimental intervention, but this
effect size was not statistically significant (SMD 0.61, 95% CI
–0.36 to 1.58, P=.22, n=3). For both MS and cancer,

heterogeneity was reduced but remained substantial (I2=77.9%

for MS and I2=72.33% for cancer). For renal disease, with only
2 studies available [62,63], the pooled effect size was –1.13
(95% CI –2.32 to 0.05, P=.06), and heterogeneity was notably

high (I2=96.08%).

Interventions involving balance exercises (n=5) showed a large
effect size of –1.19 (95% CI –1.95 to –0.42, P=.002). By
contrast, for fitness interventions (n=10), the effect size was
nonsignificant (SMD –0.44, 95% CI –1.02 to 0.13, P=.20).
Heterogeneity remained substantial for both categories

(I2=62.78% for balance exercises and I2=87.15% for fitness
interventions). We could not pool effects for cognitive
interventions, as only 1 study investigated this category [54].
Sensitivity analysis, which excluded low-quality and outlier
studies, confirmed these results while substantially reducing

heterogeneity (I2=58.83% with n=3 for the balance group and

I2=23.60% with n=6 for the fitness group). These findings
suggest that game-based balance exercises, in particular, are
effective interventions for reducing fatigue in individuals with
chronic diseases.

Grouping studies by the type of control group used revealed
nonsignificant effect sizes for the conventional training control

groups (SMD –0.49, 95% CI –1.12 to 0.15, P=.20, I2=86.7%,
n=7), but significant effect sizes for the no-exercise control

groups (SMD –0.75, 95% CI –1.33 to –0.18, P=.01, I2=85.6%,
n=10).

Significant differences were found when comparing participants
with a mean age below 55 years (SMD –0.65, 95% CI –1.16 to

–0.13, P=.02, I2=84%, n=12), but no significant difference was
observed for those above 55 years (SMD –0.68, 95% CI –1.59

to 0.23, P=.15, I2=90%, n=5).

Third, we conducted a meta-regression using the method of
moments in a random-effects model to estimate the effect of
gender and duration of intervention on the impact of game-based
interventions. Neither gender nor duration significantly
influenced the effect size for fatigue reduction (P=.08 and P=.86,
respectively). However, the presence of supervision and the
location of the studies have significantly influenced the effect
size. For both factors, a meta-regression was conducted using
a random-effects model. Supervision significantly affected the
effect size, with supervised interventions showing a significant
effect (SMD –0.86, 95% CI –1.39 to –0.33, P=.001), whereas
interventions without supervision showed no significant effect
(SMD 0.04, 95% CI –0.42 to 0.49, P=.88). The meta-regression
also revealed a significant effect for studies conducted in a
hospital setting (SMD –0.79, 95% CI –1.30 to –0.30, P=.002),
contrasting with those conducted at home, which showed no
significant effect (SMD 0.04, 95% CI –0.61 to 0.69, P=.90).

We performed an additional meta-regression with disease
severity as a predictor for all the MS studies where it was
reported (n=9; not reported in n=1) [45,47,52-59]. Increased
severity was associated with a smaller effect of the intervention
(SMD –0.27, 95% CI 0.06-0.48, P=.01). When high risk of bias
studies were excluded, the association remained, although
slightly weaker (SMD 0.25, 95% CI 0.02-0.49, P=.04, n=5)
[46,47,55,58,62].
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Figure 4. Random-effect meta-analysis for the effect of serious gaming on fatigue. ES: effect size; MS: multiple sclerosis; PD: Parkinson disease; RD:
renal disease. *With restless leg syndrome; **without restless leg syndrome.

Publication Bias
The funnel plots for all included studies and the MS subgroup
displayed asymmetry [45,47,52-59]. The Egger test of the
intercept confirmed that this asymmetry was statistically
significant, with P values of .006 and .004, respectively,
indicating evidence of publication bias. This suggests an
overrepresentation of studies with positive results, which should
be considered when interpreting the findings. However, after
excluding studies with a high risk of bias, the observed
asymmetry was no longer statistically significant (P=.25)
[46,47,55,58,62].

Discussion

Principal Findings
In recent years, the digitalization and gamification of
interventions have garnered increasing attention as alternatives
or complements to conventional treatment approaches. This
paper aimed to evaluate the efficacy of game-based eHealth
interventions in reducing fatigue among individuals with chronic
diseases. We included 17 randomized controlled trials published
between 2013 and 2023, encompassing 5 different types of
chronic diseases. The relative recency of publications and the
small number of studies illustrate that the field of (game-based)
eHealth is still in its infancy. The types of interventions were
fairly homogeneous, with all but 1 study focusing on exergaming
interventions [54]. The remaining studies evaluated a serious
game aimed at improving cognition. This trend, although on a

smaller scale, mirrors the evidence base for conventional
rehabilitation approaches for fatigue, where the majority of
studies also focus on physical exercise interventions. However,
given the positive findings for psychological interventions,
particularly when combined with exercise interventions [18],
future eHealth interventions should also explore these
approaches.

Findings from this meta-analysis suggest that current
game-based eHealth interventions may effectively reduce fatigue
in people with chronic diseases. With a moderate effect size,
these interventions could potentially be more effective for
fatigue compared with other treatment goals, such as knowledge
and self-management [66], self-efficacy [67], and health-related
quality of life [37], where previous meta-analyses reported
smaller effect sizes. Additionally, they appear to be as effective
as many conventional (non–game-based) interventions, which
typically report moderate effect sizes [18]. Some meta-analyses
investigating the effect of exercise therapy on disease-related
fatigue (such as in cancer and chronic obstructive pulmonary
disease) reported larger effect sizes for physical exercise
therapies [13,15], a finding also supported by individual studies
in this meta-analysis [47,52,55,57,62,64]. The comparable
effectiveness of game-based eHealth interventions is crucial for
them to become a viable alternative to conventional
interventions. Thus, this result represents an important first step
in exploring the potential of game-based eHealth interventions.

With regard to individual chronic diseases, findings from this
meta-analysis were less straightforward. Game-based
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interventions appear effective for MS, but not for cancer. Cancer
is a heterogeneous disease with variable cancer-related fatigue.
The underlying pathophysiology is relatively well investigated
and is likely multifactorial, involving inflammation, disruptions
in the hypothalamic–pituitary–adrenal axis, and activation of
the autonomic nervous system [68,69]. However, it is influenced
by several factors including the type of cancer, the stage of the
disease, and the treatment—all of which varied across and within
the study populations of the included cancer studies. The
considerable heterogeneity of the cancer group, including a
wide mean age range from 8 to 69 years, might explain the lack
of a treatment effect in this group. By contrast, MS typically
presents with a more homogeneous course, commonly consisting
of exacerbations and stable phases [70], and all of the MS
studies included here focused on patients in a stable phase. As
the onset of MS typically occurs between 20 and 40 years of
age [71], the study population for MS was more homogeneous
in terms of age, ranging from 31 to 49 years. Besides
disease-related differences, variations in results might be
attributed to statistical power issues due to the limited number
of studies [72]. This limitation increases the likelihood of
fluctuations due to chance, particularly in the cancer group,
where 1 study was an outlier [61] and another was of low quality
[46]. Interestingly, 1 of the cancer studies [46] found that the
experimental group experienced an increase in fatigue after the
intervention. The authors suggested that this might be due to
an inappropriate exercise load, as patients were unable to adjust
it according to their needs in the experimental condition.
Additionally, “fatigue” might have been interpreted as “exercise
load,” given that the Profile of Mood States—short form
(POMS-sf) measuring scale used in the study assesses “general
fatigue” nonspecifically.

Another striking finding of this meta-analysis was the clear
difference between balance exercises and fitness exercises. The
balance exercises showed a markedly larger effect size in
reducing fatigue compared with fitness exercises (SMD –1.19
vs SMD –0.17). It is important to note that the balance exercise
group was more homogeneous in terms of patient diagnoses,
with only 1 study including patients after stroke and the rest
consisting of patients with MS [65]. The fitness group included
patients with 4 different diagnoses, which might contribute to
the observed heterogeneity and complicate the comparison with
the balance group. However, a similar observation is evident
within the MS studies: all 4 balance studies favored the
experimental intervention [47,52,55,57], whereas only 3 [57-59]
of the 6 fitness studies did [45,53,56]. These findings contrast
with a recent randomized controlled trial by Callesen et al [73],
which reported conventional balance training and exercise
training as equally effective in reducing fatigue among patients
with MS. However, our results align with Hebert and Corboy
[74], who demonstrated a significant relationship between
fatigue and balance in patients with MS. Additionally, evidence
from healthy participants suggests that balance exercises not
only improve balance but also muscle strength [74,75]. This
dual benefit might make balance exercises more effective than
pure strength exercises in reducing fatigue, as they address both
balance and strength—factors associated with fatigue.
Additionally, balance exercises might be more enjoyable and
less demanding than fitness exercises. It is also worth noting

that 2 studies in the balance group incorporated additional
interventions: 1 included walking alongside balance exercises
[57] and another combined Pilates with balance exercises [65].
Given the small number of studies in the balance group (n=5),
the effects of these 2 studies significantly influence the overall
effect size for this group. Overall, the observation that balance
exercises appear particularly effective in reducing fatigue is
intriguing and warrants further investigation in future research.
It also underscores the importance of developing tailored
treatment programs for fatigue, as the underlying mechanisms
may vary between different diseases [76].

In this meta-analysis, only 4 studies utilized tailored
interventions specifically designed for rehabilitation [53-55,65],
while the remaining 13 studies used off-the-shelf commercial
games [45-47,52,56-64]. According to serious game design
theory, considering the unique interests and needs of the target
group leads to the best outcomes [77,78]. Nonetheless, 6
[47,52,60,62-64] out of the 11 studies using commercial games
were successful in alleviating fatigue [45-47,52,54,56,60-64].
Gender did not appear to influence the effectiveness of the
interventions, which contrasts with the assumption of game
design theory. This suggests that the success of commercial
games might stem from their broad appeal, as developers aim
to meet the needs of diverse target groups to maximize their
reach. Yet again, age, particularly a mean age below 55 years,
had a significant effect on the effectiveness of the intervention.
The literature presents mixed findings regarding the influence
of age and gender on treatment outcomes in eHealth
interventions. Some studies report differences attributed to these
variables [79,80], while others do not [81,82]. From an economic
perspective, it is important to determine whether the costly
tailoring of games yields better results compared with
conventional or commercial interventions. Further research is
needed to address this question.

Limitations and Implications for Future Research
The current meta-analysis has several limitations that should
be considered when interpreting the findings. First, a notable
limitation is the lack of adherence to open science principles,
particularly the absence of preregistration before conducting
the research.

Second, evidence for publication bias was found among the
studies included in this analysis. This suggests that the findings
may not fully represent the true effects due to a potential
overrepresentation of studies with positive results [83,84].
However, when studies with a high risk of bias were excluded,
the asymmetry was no longer significant, indicating that
publication bias was not evident in the remaining studies.

Third, the included studies exhibited substantial heterogeneity
concerning the target group, interventions, software used, and
intervention duration. Although we utilized a random-effects
model to account for this variability, considerable heterogeneity
remained in the findings. Our sensitivity and moderator analyses
managed to reduce, but not entirely resolve, this heterogeneity.
Potential sources of heterogeneity that were not examined are
the type of software used for the interventions, whether fatigue
was a primary or secondary outcome, and intervention intensity
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and frequency, rather than just duration. We opted to focus on
duration because this information was available for all studies.

Fourth, the overall number of studies was rather limited,
covering a small variety of chronic diseases and interventions.
This limitation was particularly pronounced for studies involving
children, which is concerning given that up to 21% of children
with chronic disease experience severe fatigue [85]. The need
for effective treatment in this population is as urgent as it is for
adults. Additionally, no high-quality studies were available for
analysis, as determined by the Cochrane risk of bias assessment
tool. However, it is worth noting that this tool has been reported
to have relatively low reliability [86] and is considered more
conservative compared with other risk of bias assessments [87].

Fifth, adherence to the study protocol and treatment satisfaction
were not systematically measured nor compared with
conventional active intervention groups. This aspect is crucial
for determining whether game-based interventions are indeed
more motivating than their conventional counterparts and should
be a focus of future studies.

Sixth, on a more technical note, different measurement scales
for fatigue were used across studies. One study used the VAS
to measure fatigue, which is methodologically suboptimal as it
is not specifically developed or validated for fatigue assessment
and does not differentiate between various aspects of fatigue.
To minimize the impact of this on the results, a second analysis
was conducted, excluding the study that used VAS. The result
remained significant, although the effect size was smaller. This
suggests that while the VAS had a substantial influence on the
outcome, it was not the sole contributor, as the significant effect
appears robust. Although we attempted to mitigate potential
discrepancies by standardizing outcome measures using the

SMD, variations in psychometric properties may have influenced
the results within the studies themselves. Additionally, we had
to impute SDs for 1 study [58], means and SDs for 3 studies
[53,57,60], and pre-post correlation for 14 studies
[45,46,52-55,58-65]. This introduces a degree of uncertainty to
our findings, as the reliability of these estimates is uncertain.

Finally, the findings presented here reflect short-term outcomes.
As most of the studies did not include follow-up measures, we
are unable to draw any conclusions about the long-term efficacy
of game-based eHealth interventions.

Overall, more studies are needed across all age groups and
various chronic diseases where fatigue is a side effect, to better
determine whether these interventions are suited for each
disease. These studies should adhere to rigorous design and
methodology, including follow-up measures, to assess long-term
treatment effects and the use of an intention-to-treat analysis
approach for data analysis. We recommend testing not only
commercial games but also developing more tailored and
personalized games that allow for the investigation of treatments
beyond physical activity. In particular, a combination of
psychological interventions and physical activity is warranted
[18].

Conclusions
Based on the current meta-analysis, we cannot yet make clear
recommendations for the use of eHealth interventions in clinical
practice. However, we can cautiously conclude that eHealth
interventions are effective in reducing fatigue in chronic
diseases. As the number of studies in this field is steadily
increasing, we hope to soon be able to back up our findings and
extend them to other chronic conditions as well.
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Abstract

Background: Many studies have shown a direct relationship between physical activity and health. It has also been shown that
the average fitness level in Western societies is lower than recommended by the World Health Organization. One tool that can
be used to increase physical activity for individual people is exergaming, that is, serious games that motivate players to do physical
exercises.

Objective: This scoping review of recent studies regarding exergame efficacy aims to evaluate which sensing modalities are
used to assess exergame efficacy as well as motion quality. We also analyze how the collected motion sensing data is being
leveraged with respect to exergame efficacy and motion quality assessment.

Methods: We conducted 2 extensive and systematic searches of the ACM Digital Library and the PubMed database, as well as
a single search of the IEEE Xplore database, all according to the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement. Overall, 343 studies were assessed for eligibility by the following criteria: The study should be
peer-reviewed; the year of publication should be between 2015 and 2023; the study should be available in English or German;
the study evaluates the efficacy of at least 1 exergame; sensor data is recorded during the study and is used for evaluation; and
the study is sufficiently described to extract information on the exergames, sensors, metrics, and results.

Results: We found 67 eligible studies, which we analyzed with regard to sensor usage for both efficacy evaluation and motion
analysis. Overall, heart rate (HR) was the most commonly used vital sign to evaluate efficacy (n=52), while the Microsoft Kinect
was the most commonly used exergame sensor (n=26). The results of the analysis show that the sensors used in the exergames
and the sensors used in the evaluation are, in most cases, mutually exclusive, with motion quality rarely being considered as a
metric.

Conclusions: The lack of motion quality assessment is identified as a problem both for the studies and the exergames themselves
since incorrectly executed motions can reduce an exergame’s effectiveness and increase the risk of injury. Here we propose how
to use the same sensors both as input for the exergame and to assess motion quality by presenting recent developments in motion
recognition and sensing.

(JMIR Serious Games 2024;12:e52153)   doi:10.2196/52153
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exergame efficacy; motion quality assessment; vital signs; body sensors; camera; virtual reality
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Introduction

Exergames are interactive games with the additional goal of
engaging players in physical activity to promote a healthy
lifestyle and increase players’ physical fitness [1,2]. Increasing
availability of commercial sensing technologies has allowed
exergames such as Beat Saber (Beat Games) [3] for various
virtual reality (VR) systems and Ring Fit Adventure (Nintendo)
for Nintendo Switch [4] to reach a large audience and become
highly commercially successful, selling more than 4 million
and 14 million copies, respectively [5,6]. Typically, these
exergames use sensing technologies as input devices to either
control an in-game avatar or detect the execution of specified
motions. However, previous studies on motion-based games
suggest that exergames should also give feedback on the
motion’s quality and provide specific guidelines to follow [7,8].
Without these measures, players may not perform the demanded
motions correctly, leading to diminished health benefits and
risk of injury [9].

A common research question with regards to exergames is that
of their efficacy. Efficacy refers to the effectiveness or ability
of exergames to achieve their intended goals or their desired
effect. This goal can be defined as an increase in the
participants’performance, physical activity, or motivation [10].
Previous reviews and meta-analyses on exergames generally
confirm the existence of positive effects associated with
exergames [10-13]. Nevertheless, the reviews primarily assert
that exergames are most effective in facilitating light- to
moderate-intensity physical activity, and only a small proportion
of exergames have demonstrated the ability to significantly
increase physical activity levels among users [14-16].
Furthermore, previous reviewers have primarily focused on
assessing the efficacy of exergames in specific populations,
such as children and adolescents without [11,12,16] or explicitly
with adults with overweight [13] or older adults [15,17-19].
Only a few reviews encompass a broader range of participants
and do not specifically focus on any particular population [14].

The evaluation process, particularly sensor technology usage,
is typically not the focus of existing reviews. Hence, this paper
investigates recent studies on the efficacy of exergames to
identify which sensing technologies are used both in the
exergames themselves and in their evaluation. We further review
whether current exergames and their evaluations include any
motion quality assessment. Motion Quality as a term is not
clearly defined and is often visually evaluated by a professional
physiotherapist or sports scientist. One of the most
comprehensive approaches to defining the term is given by
Skjaerven et al [20], who found that motion quality has many
different aspects, including biomechanical as well as
physiological and temporal characteristics. Therefore, motion
quality assessment requires evaluating the motion of all relevant
body parts at every point in time. Since we want to focus on the
study design and methodology, with little regard for results or
target group, we opt for a scoping review approach. For each
study, we assess how the sensing data is being leveraged with
respect to exergame efficacy and motion quality assessment.
Based on our findings, we discuss how state-of-the-art methods
for assessing motion quality and already used sensing

technologies could be used to improve the efficacy of exergames
and reduce the risk of injury during play.

Methods

Overview
The goal of this scoping review was to identify sensing
modalities in recent studies that evaluate exergame efficacy.
For this, 3 systematic searches were conducted in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement [21] and PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) [22]. A
PRISMA-ScR checklist is provided in Multimedia Appendix
1. The database searches were conducted at different points in
time by one of the researchers, each without a detailed review
protocol.

Search Strategy and Search Terms
Due to the interdisciplinary nature of the research field, 3
different databases were included in the review. To cover both
computer science and clinical research, the ACM Digital Library
and the subject-specific PubMed database were searched on
September 14, 2022, and again on July 14, 2023. A final search
on the engineering-focused IEEE Xplore database was
conducted on January 15, 2024.

We defined 4 main requirements for studies to be included in
our review. First, studies have to feature the evaluation of an
exergame. Second, the evaluation has to be conducted
quantitatively with sensors with regard to the game’s efficacy.
Third, the games should focus on general fitness or sports to
avoid studies focusing on activities of daily living. Finally, the
studies should be recent, which we defined as being published
between 2015 and 2023. Based on these requirements, relevant
search terms were identified, combined, and generalized as
follows:

(exergam* OR “fitness game”)

AND (efficacy OR evaluat* OR “heart rate” OR vo2 OR
oxygen)

AND (fitness OR sport)

For ACM Digital Library, the search terms were searched for
in the categories “Title,” “Abstract,” and “Author Keyword,”
each category connected with an OR operator, whereas for
PubMed and IEEE Xplore, the search terms were typed “as is”
into the “Query Box” and “Command Search,” respectively. A
detailed search strategy is given in Multimedia Appendix 2.

Study Eligibility Criteria and Selection
Afterward, the following eligibility criteria based on the
previously stated requirements were defined. The results were
screened and filtered accordingly:

1. Publication type: Peer-reviewed study
2. Publication year: 2015 to 2023
3. Available in English or German
4. The study evaluates the efficacy of at least one exergame
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5. Sensor data is recorded during the study and used for
evaluation

6. The study is sufficiently described to extract information
on the exergames, sensors, metrics, and results

The studies were split among the authors to be screened by
abstract and assessed for eligibility. The results of this screening
process were then presented and discussed conjointly.

Data Extraction and Data Analysis
Eligible studies were evaluated with regard to their general
study design (including participant numbers and focus group),
their evaluation methods (including evaluation metrics, vital
signs, and sensor usage), and the exergames used (including
exergame sensors as well as additional motion sensing). The
results were again discussed, assessed for relevance for the
review, and generalized conjointly.

Results

Overview
The first search yielded 253 studies of which 30 were removed
before the screening process as they were duplicates or not
available in English or German. An additional 31 studies were
identified through previous work of included authors and citation
searching, resulting in a total of 258 studies included in the
screening process. 208 studies were excluded in this screening

process based on the eligibility criteria stated above, leaving a
total of 49 eligible studies. The second search yielded an
additional 40 studies, of which 32 were excluded from the
screening process. The final search, conducted on the IEEE
Xplore database, yielded another 50 studies. After screening by
title, abstract, and eligibility criteria, 10 studies were deemed
fitting, resulting in a total of 67 studies that were included in
our review.

Table 1 gives a brief summary of the vital sign-sensing statistics.
Multimedia Appendix 3 [23-89] and Multimedia Appendix 4
[23,24,26-58,60-90] feature additional tables that present details
for all 67 studies included in the review. Multimedia Appendix
3 provides an overview of the study design, participants, and
how efficacy was assessed. Participation numbers ranged from
6 [23] to 360 [24], with a median of 28. There was a large
variety of different focus groups, with the biggest group being
healthy adults (n=19 studies). Multimedia Appendix 4 details
the exergames and corresponding sensors used in each study
and gives information on additional motion sensing if there
were any. Not all studies explicitly mention all the exergames
evaluated; some feature the evaluation of a multitude of different
games, and some tested games they developed themselves.
Overall, the 67 studies included in our review feature the
evaluation of approximately 49 different exergames. The overall
review process with all screening steps is outlined in the
PRISMA flow diagram in Figure 1.

Table 1. Summary of vital sign sensing statistics. Detailed statistics for each study can be found in Multimedia Appendix 3.

Evaluation criteria analyzed over timeEvaluated metricsMeasured vital signs

OtherMotivationIntensity or PAdPerfor-
mance

OtherEEcMETbpeak VO2 or
% max VO2

peak HR or
% max HR

mean
HR

OtherVO2HRa

1061118451516213135182252Number
of studies

1591627672224314652273378Propor-
tion of
studies,
%

aHR: heart rate.
bMET: metabolic equivalent of task.
cEE: energy expenditure.
dPA: physical activity.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [21] flow diagram of the systematic review process.

Vital Sign Sensing Technologies
As per our inclusion criterion, all 67 studies aim to assess
efficacy. For that, 54 studies used sensors to measure vital signs,
while 11 studies relied only on motion sensing, and 2 studies
assessed efficacy without any sensors but with standardized
tests only. The majority, that is, 52 of the 54, measured the
player’s heart rate (HR), and 22 measured the oxygen uptake
(VO2) (more details in Table 1). Furthermore, 18 studies
measured other vital signs such as blood pressure, blood lactate
concentration, and carbon dioxide production.

Efficacy Assessment
In the context of exergames, efficacy refers to the effectiveness
or ability of exergames to achieve their intended goals or their
desired effect under optimal or controlled conditions. Efficacy
is distinguished from effectiveness, with efficacy focusing on
how well an approach works in ideal conditions, while
effectiveness considers its performance in real-world or practical
situations [91]. However, this distinction is not always clearly
made by the researchers [25]. Therefore, in the context of this
review, the 2 terms are used interchangeably. Typical goals for
exergames can be defined as an increase in the participants’
performance, physical activity, or motivation [10,92]. Exergame
efficacy is usually evaluated by analyzing these metrics over
time or in comparison with conventional physical exercises.
Often, they are estimated by measuring vital signs, doing
standardized tests, or filling out questionnaires. Efficacy is a
highly individual metric and will vary for different activities,
different target demographics, and from person to person [10].

When looking at the studies’ approaches to assessing exergame
efficacy, several different study designs were identified. First
of all, a distinction can be made by whether the studies evaluate
a single group or compare 2 or more groups. The former is

referred to as a within-subject or cross-over study. The latter
category is referred to as controlled studies, which again can
be split into 2 subcategories. Randomized controlled studies
compare randomly split groups, while cross-section studies
compare nonrandomized groups based on preexisting conditions.
The studies can also be categorized by how many measurements
are done. Single-measurement studies use measured metrics
and questionnaires to compare the participants’ performance,
motivation, and general physical activity with nongaming-related
exercises. Alternatively, studies with the repeated-measures
design, focusing on the long-term effects of exergaming, do the
same measurements more than once to observe longitudinal
developments. The latter approach was used by 22 studies, while
the other 45 studies focused on the first approach. Details on
the study design of every included study can be found in
Multimedia Appendix 3.

Acute Effects
A total of 53 out of the 67 (79%) studies focus on efficacy
evaluation by measuring vital signs in their studies. Out of all
analyzed studies (more details in Table 1), 35 reported mean
HR, and 31 reported peak HR or proportionate maximum HR
(%max HR), with the maximum HR commonly being
age-predicted. Ventilation-based evaluation took place in 21
analyzed studies, reporting peak VO2 or proportionate maximum
VO2 (%max VO2).

Based on the recorded vital signs, 15 studies processed their
participants’ data to indicate the recorded energy expenditure
(EE) for the exergame activity. In total, 16 studies calculated
and reported the metabolic equivalent of task (MET) values for
each activity. A total of 8 studies overlapped with studies
reporting EE. Furthermore, noteworthy vital-sign-based
evaluation metrics are systolic and diastolic blood pressure
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[26-29], heart rate reserve [30-33], pulse wave velocity with
total peripheral resistance and stroke volume [34], respiratory
exchange rate [35,36], lactate concentration [37,38], maximum
power output [39], muscle activity [40], concentration through
EEG (electroencephalography) [41]. In 3 studies, other derived
indicators are used: play intensity and hemodynamic reactivity
are calculated based on players’heart rate [37], and the so-called
activity counts are based on accelerometer measurements
[42,43]. Many studies used subjective questionnaire scales for
assessment, which we do not evaluate as they are unrelated to
vital sign sensing.

Long-Term Effects
Although many analyzed studies (35 out of 67) comprised more
than 1 session of playing exergames, only a minority evaluated
changes over time (22 out of 67), and thus qualifies as a
longitudinal study in the context of this paper. The evaluation
time for longitudinal studies ranged from 4 weeks [44-47] to 6
months [48].

As detailed in Multimedia Appendix 3, most researchers
analyzed players’ performance. The performance evaluation
was predominantly done objectively by tracking changes in
anaerobic [46,49,50] or muscular fitness [51,52], functional
strength [50], peak VO2 [28,48], postural control [45], reaction
time [24], or cognitive function [53]. The performance was
sometimes evaluated subjectively using exercise self-efficacy
score [54].

Other evaluation metrics analyzed over time include changes
in intensity, usually based on HR or EE [29,45,55,56], whereas
further research publications evaluated playtime for different
physical activity levels [28,48,51]. In addition to performance
and intensity, 6 research publications analyzed changes in
motivation, such as play frequency and duration [56] as well as
flow [45], player engagement [55] or enjoyment [54], and
happiness [57].

Motion Sensing Technologies
The 67 reviewed studies assess various exergames that use
different motion sensing technologies, among which the Kinect
for Xbox 360 (Microsoft Corp) [93] is the most commonly used
(26 out of 67). The Kinect combines a regular RGB
(red-green-blue) camera with a depth sensor and can thus be
considered a camera-based system. In addition, 1 study each
included an exergame using the EyeToy (London Studio) for
PlayStation 2 [54] and PS Move (Sony Interactive
Entertainment) for PlayStation 3 [44], resulting in 28 out of 67
studies featuring at least one camera-based system. Ergometers,
dance mats, balance boards, and other sensing technologies
specialized for specific motions are used in 21 out of 67 studies
and, thus, make up the second-most common type of motion
sensing technology.

VR systems and body-worn inertial measurement units (IMUs)
are featured less commonly. Only 5 out of 67 studies feature
body-worn IMUs for motion sensing, and only one of them uses
IMUs not included in a smartphone or game controller.
Furthermore, 7 studies evaluate exergames that use the Nintendo
Wii remote controllers held in the player’s hands. These
controllers are not body-worn and combine an IMU and an

infrared sensor with an external emitter for tracking. Together
with VR systems, which were used in 16 out of 67 studies as
either standalone or within the so-called ExerCube (Sphery AG)
[94], they make up the category of hybrid sensing (overall
n=22). Finally, one study [58] features a game that does not use
any form of motion sensing.

Out of the 67 studies, 21 did additional motion sensing during
the exergaming for evaluation purposes. Common motion
sensors used for this task are body-worn accelerometers and
IMUs (used in 12 studies) and force plates (used in 4 studies).
Furthermore, 2 studies used hybrid motion-capture systems,
and 2 used camera-based systems. A specialized system to
measure reaction times, an exercise bike, surface
electromyography, and a handgrip dynamometer were used in
1 study each.

Motion Quality Assessment
Motion quality, as a term, is not clearly defined and is often
visually evaluated by a professional physiotherapist or sports
scientist. One of the most comprehensive approaches to defining
the term is given by Skjaerven et al [20], where they investigated
the lived experiences of a group of expert physiotherapists in
search of essential characteristics and features of the term. They
found that motion quality has many different aspects, including
the biomechanical “characteristics of path and form in [motion]”
as well as the physiological and temporal “characteristic of flow,
elasticity, vitality, and rhythm in [motion].” Therefore, to
provide specific feedback on the full motion quality, it would
be necessary to assess the whole motion by tracking and
evaluating the motion of all relevant body parts at every point
in time, independent from the gameplay.

An essential part of exergaming is the game’s ability to track
and analyze the player’s motions to judge the player’s gameplay
and their exercise quality. Often, exergames focus on the
gameplay aspect, only evaluating motions implicitly by requiring
players to interact with the virtual environment, for example,
slashing, collecting, or avoiding virtual objects [3,39,40,95,96].
Alternatively, some games combine both evaluations by having
players fit a predefined shape [59,97,98]. While such an
approach might be suitable to verify if players are performing
a specific motion at all, it only enables detecting static poses or
certain joints without analyzing the holistic motion execution.

None of the 49 games featured in the studies explicitly assess
the quality of exercises performed. However, 7 studies use
additional motion sensing to do some form of quality assessment
during their evaluation. In addition, 4 of these 7 studies focus
on specific motion aspects, such as assessing the angular
displacement or range of motion of certain joints [41,55],
quantifying postural sway [45], and evaluating shoulder
flexibility [26]. Only 3 studies [44,51,60] assess the players’
motion quality as a whole, using a multitude of sensors and
either a standardized test or a professional physiotherapist.
However, for 2 of the studies, these assessments do not happen
during the exergame but are used to identify general motion
quality at times when the subjects are not playing. The final
study [44] employs an expert to do an analysis of gross upper
body biomechanics based on video recordings of the subjects
during the exergames. Therefore, this is the only study in our
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review that fulfills the condition of holistically evaluating all
relevant body parts at every point in time during the exercise,
which we consider necessary for motion quality assessment,
according to Skjaerven et al [20]. However, this is not an
automated process and instead requires manual input from an
expert.

Discussion

Overview
To the best of our knowledge, this review represents the first
work analyzing sensor usage in studies that examine exergame
efficacy. We found 67 eligible studies, which we analyzed with
regard to sensor usage for both efficacy evaluation and motion
analysis. Overall, HR was the most commonly used vital sign
to evaluate efficacy (n=52), while the Microsoft Kinect was the
most commonly used exergame sensor (n=26). The results of
the analysis show that the sensors used in the exergames and
the sensors used in the evaluation are, in most cases, mutually
exclusive.

Principal Findings
From the review, 2 main conclusions can be drawn: First, the
majority of papers focus on measuring vital signs to infer a
physical activity metric. Second, an overall lack of motion
quality assessment can be stated among exergame studies. For
the studies, this lack of quality assessment can lead to undetected
and unwanted influences on the results. For example, it might
be hard to differentiate if a lack of efficacy should be attributed
to the exergame or to the participants’ execution, especially in
longitudinal studies. Furthermore, it also poses a problem for
the exergames themselves since the players are incentivized to
optimize for score, which might lead to optimal gameplay that
does not coincide with a correct exercise execution and might
lead to injuries instead of increased health [9]. Therefore, in the
following outlook, we outline how different types of sensor
technologies could be used with existing motion analysis
techniques to assess motion quality in exergames.

Outlook

Quality Assessment Based on Cameras

Overview

While the traditional approach of motion analysis by a camera
is a hybrid one with visual markers attached to certain body
parts, a lot of recent research has focused on markerless methods
solely based on single-camera video images [99]. This gives
cameras a few advantages over other sensing methods: They
are unobtrusive to the players and allow them a full range of
motion; they can be easily set up and moved around, and they
are comparably cheap and widely available [99]. The recent
approaches can be differentiated by their modality: While classic
RGB cameras are mostly used when no depth information is
needed, so-called RGB-D (red-green-blue-depth) cameras like
the Microsoft Kinect [93] are able to also record depth
information [100,101].

RGB-D

As stated, 26 of the 28 exergames considered in the review that
used cameras for the gaming input relied on the Kinect RGB-D
camera. In addition to the advantages of cameras already listed,
the Kinect also has its origin in gaming, making it a widespread
tool not only for scientists but also for game developers.
However, all papers in our review use the Kinect only as input
for the games, not for an explicit motion quality assessment.
This is surprising as, outside of the exergaming context, RGB-D
cameras are used in several motion research areas, such as gait
analysis [102-104] and fall detection [105], where they have
shown to be a reliable tool to capture and evaluate full-body
movements. Sporadically, the Kinect has been used in
exergaming-related motion analysis as well, albeit not for quality
control in an efficacy assessment study. Examples include
motion dissimilarity analysis [106] or interrater reliability
evaluation between a Kinect system [107] and a human rater.

RGB

In contrast, classic RGB cameras are not commonly used as
motion sensors in exergaming, aside from rare examples [108].
This is also apparent from our review since only 2 exergames
used an RGB camera compared to the 26 using the Kinect.
However, studies without exergame context have shown that
modern RGB-based systems are well-suited to do quantitative
motion analysis. Systems like MonoCap (Zhejiang University)
[109], OpenPose (Carnegie Mellon University) [110], and
MediaPipe Pose (Google) [111] have proven that full-body pose
estimation can be done with high accuracy. One of the most
well-researched applications of RGB-based motion analysis is
gait analysis, which can either be done with a feature-based
approach using pose estimation [112-114] or a feature-less
approach directly on the images [115,116]. More complex
medical applications such as joint load prediction [117] and
motion limitation analysis [118] indicate the method’s ability
to do precise quality assessment of human movements.
Furthermore, RGB cameras have already been used in sports
analysis [119]. These use cases imply the suitability of RGB
cameras as a tool for both gaming input and quality assessment
in exergaming.

Quality Assessment Based on Hybrid Sensing
Techniques
The release of consumer-grade virtual reality systems
contributed to the development of many immersive exergames.
An analysis of the 29 top VR exergames from a recent review
[120] shows that players prefer games providing a high level
of exertion (equivalent to real-world exercise level), whereas a
high level of immersion is important for distraction (reducing
perceived exertion). Most reviewed exergames using hybrid
sensing technology indeed provide a playful fitness experience;
nevertheless, existing approaches often fail to analyze motion
execution to detect errors or to provide specific feedback on
motion quality. For example, approaches letting players fit a
predefined shape [59,97,98] might be suitable to verify if players
are performing a specific motion at all. However, they only
enable the detection of static poses without analyzing motion
execution. Furthermore, many VR exergames enabling
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interaction with VR objects usually depend only on hand-held
devices and often lack lower body movement.

To overcome this limitation, other researchers use additional
off-the-shelf VR sensors. Previous studies already concluded
that VR sensors are feasible for clinical, research, and industry
usage [121,122]. For example, Martin-Niedecken et al [90,123]
demonstrated how trackers attached to wrists and ankles can be
used to recognize different exercises, such as burpees, lunges,
and punches. The motion quality, presented by a star ranking,
is then assessed according to how well players reached
predetermined target points and how quickly they returned to
their initial pose. A further study [124] also analyzes the entire
motion execution of different yoga poses and thereby identifies
execution errors.

Another possibility to assess motion quality is marker-based
motion capture systems, for example, OptiTrack (NaturalPoint
Inc.) [125] and Vicon Tracker (Vicon Motion Systems Ltd.)
[126]. These systems are the gold standard for tracking
individual joint positions and angular movements with high
accuracy and low latency [127,128]. However, as such systems
require several markers and cameras, they can be obtrusive and
not suitable for home or clinical environments. Nevertheless,
previous research publications have already demonstrated that
motion capture suits are reliable for analyzing holistic motion
executions during dance [129], identifying exercise execution
errors during physical exercise [130], or conducting kinematic
trunk motion analysis [60].

Quality Assessment Based on Body-Worn Sensors
IMUs consisting of an accelerometer, a gyroscope, and
sometimes a magnetometer are the most common types of
body-worn sensors. They are integrated into commercial devices
such as smartphones, smartwatches, and fitness trackers. Among
other things, they are often used to track fitness activities and
activities of daily living. Compared with camera-based or hybrid
approaches, they are particularly well suited to track
nonstationary activities. In the following, we will not discuss
other body-worn sensors, such as EMG sensors, because of their
limited availability and applicability.

While regular body-worn IMUs do not provide as extensive
motion data as camera-based or hybrid systems, exergames
could use them as robust, low-cost sensors to assess specific
quality metrics and enable tracking without a stationary setup.
An example of this can be seen in the commercially successful
exergame Ring Fit Adventure (Nintendo) for the Nintendo Wii,
which tracks and assesses performed exercises through IMUs
placed at the thigh and the inside of an elastic ring held by the
user. Alternatively, commercial IMU-based systems such as
Xsens (Movella) [131], Noraxon Ultium Motion (Noraxon)
[132], or the Teslasuit (Teslasuit, Deep Divers Ltd) [133] could
be used for an extensive motion analysis in a mobile setting
[130].

Whereas some exergames in our reviewed papers use controllers
that incorporate an IMU, none rely purely on body-worn sensors
for tracking. In 7 papers [41,43,51,60-64], body-worn IMUs
are used to assess physical activity. Only Ko et al [41] and
Mueller et al [60] additionally use body-worn IMU data for

quality assessment by determining the users’ range of motion
and back posture respectively.

In their review, Rana and Mittal [134] show that wearable
sensors can be successfully deployed for kinematic analysis in
a variety of sports applications. While these included sports
applications such as swimming [135,136], which are ill-suited
for exergames, most sports applications presented could be
integrated into exergames. Particularly noteworthy applications
are swing sports such as tennis [137-143] and badminton
[140,144], in which IMUs can either be wrist-worn or integrated
into the racket to track and assess individual swings, as it can
be difficult to track these with stationary setups in a practical
setting.

Limitations
This scoping review is prone to the same search-related
limitations as other reviews of this type. First, only articles
published in international journals and full articles published
in conference proceedings written in English or German are
considered. Therefore, potentially relevant studies published in
other languages may have been missed. Second, some articles
were excluded from the analysis because the required
information to assess their eligibility based on the inclusion
criteria was not provided. Third, we assess a lack of
reproducibility for the ACM Digital Library. In general, a very
high volatility can be noted in the amount of records ACM’s
search function returns when changing individual words or
operators. Since the current search results in less records than
the original search, which were all included in the review, we
consider this to be a minor limitation. Finally, out of the 67
studies included in this scoping review, 8 studies were not found
firsthand using the search terms but instead through previous
work of included authors and citation searching. This may
indicate that there would have been even more fitting search
terms for the review question. However, due to the author’s
experience with the topic and the unambiguity of the results,
we are confident that we were able to mitigate any possible
negative effects and that the included studies present a complete
overview of the current state of research.

In addition to limitations related to the search, we can also note
2 limitations related to the scope of evaluation. They are a
deliberately chosen result of our research focus, which means
to analyze the studies’ methodology with regards to sensing
instead of their results. First, the definitions for the terms
“efficacy” and “motion quality” used in this paper focus on how
these 2 metrics are evaluated and do not go into detail on what
qualifies as “good” efficacy or motion quality. Instead, we
evaluate how well the studies are able to assess efficacy and
motion quality with the methodology and especially the sensors
they use. Therefore, we do not define what a “high/low quality
motion” may look like as this question is highly specific to the
individual motion and therefore cannot be answered generally.
For the same reason, we also do not go into detail on the cohorts’
age, sex, and focus group as they are predominantly relevant to
the studies’ results.
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Conclusions
In this paper, we conduct a scoping review of recent studies that
examine exergame efficacy to determine which sensors are
being used and how they are being used during gameplay and
evaluation. Our results show that most studies evaluate exergame
efficacy by measuring vital signs, the most common being heart
rate (52 out of 67) and oxygen consumption (22 out of 67).
However, motion quality is only assessed in 7 out of 67 studies
despite being an important factor in an exergame’s effectiveness
and risk of injury. Furthermore, out of the 49 exergames
evaluated in the reviewed studies, none feature quality

assessment during or after gameplay, and only 3 studies feature
motion quality assessment beyond the exergame’s feedback.

Since exergames already use motion sensing technologies to
track the player’s motions, they could also be used for external
quality assessment. Therefore, we discuss recent advances in
the field of motion analysis and potential use cases of different
sensors commonly used in exergames. We come to the
conclusion that many of the same sensing technologies typically
used in exergames and exergame studies are well-suited for
additional motion quality assessment to ensure consistent
exergame effectiveness and reduce the likelihood of injury while
exergaming.
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Abstract

Background: Serious games (SG) have emerged as promising tools for cognitive training and therapeutic interventions, especially
for enhancing executive functions. These games have demonstrated the potential to support individuals with diverse health
conditions, including neurodevelopmental and cognitive disorders, through engaging and interactive experiences. However, a
comprehensive understanding of the effectiveness of SG in enhancing executive functions is needed.

Objective: This systematic review aims to assess the impact of serious games on executive functions (EF), focusing on attention,
working memory, cognitive flexibility, and inhibitory control. In addition, it explores the integration of SG into educational and
therapeutic settings for individuals with cognitive and neurodevelopmental conditions. Only open access articles published from
2019 to the search date were included to capture the most recent advancements in the field.

Methods: A comprehensive search was conducted on June 20, 2024, across Scopus, Web of Science, and PubMed databases.
Due to limited direct results linking SG and neurodiversity, separate searches were performed to analyze the relationship between
SG and EF, as well as SG and neurodiverse populations. Two independent reviewers assessed the quality and risk of bias of the
included studies using the Risk of Bias 2 tool for randomized studies and the Risk of Bias in Non-Randomized Studies of
Interventions tool for nonrandomized studies.

Results: The review identified 16 studies that met the inclusion criteria. Of these, 15 addressed the use of SG for improving EF
in neurodiverse populations, such as children with attention-deficit/hyperactivity disorder, autism spectrum disorder, and down
syndrome. These studies demonstrated significant improvements in various EF domains, including attention, working memory,
and cognitive flexibility. However, there was notable heterogeneity in sample sizes, participant ages, and game types. Three
studies specifically focused on individuals with down syndrome, showing promising results in improving cognitive functions.

Conclusions: SG hold considerable potential as therapeutic tools for enhancing EF across neurodiverse populations. They have
shown positive effects in improving cognitive skills and promoting inclusion in both educational and therapeutic settings. However,
further research is required to optimize game design, assess long-term outcomes, and address the variability in study quality. The
exclusive inclusion of open access studies may have limited the scope of the review, and future research should incorporate a
broader range of studies to provide a more comprehensive understanding of SG’s impact on neurodiversity.

Trial Registration: PROSPERO CRD42024563231; https://tinyurl.com/ycxdymyb
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Introduction

Background
Neurodiversity is a concept that articulates the inherent
variability in human neurological development [1]. It
acknowledges the diverse ways in which individuals think,
learn, and process information, emphasizing the importance of
respecting and valuing these differences [2]. The neurodiversity
approach is centered on strengths, aiming to comprehend and
support individuals with neurological distinctions, such as
autism spectrum disorder (ASD), attention-deficit/hyperactivity
disorder (ADHD), and down syndrome (DS) [3,4]. Promoting
neurodiversity necessitates cultural shifts within organizations
and can guide the efforts of developmental researchers [5].

Neurodiversity or the neurodiverse condition (NC) serves to
acknowledge and celebrate the inherent variability within the
spectrum of human neurological development [1]. It recognizes
that there is not a singular “correct” functioning for the brain;
rather, people exhibit a broad spectrum of ways of perceiving
and interacting with the world, and these differences deserve
respect and encouragement [6]. Coined in the 1990s to combat
stigma against individuals with ASD, ADHD, DS and learning
disorders like dyslexia, the term has evolved to encompass a
wider group of individuals who self-identify as neurodiverse
[4]. The associated approach underscores the creation of an
inclusive environment that meets the diverse needs of all
individuals, steering away from attempts to “fix” or “cure” them
[2].

One of the most studied cases of neurodiversity is DS [7-9].
This genetic disorder, the most common cause of cognitive
disability, manifests in various phenotypes, including congenital
heart defects and Alzheimer disease, impacting individuals to
varying degrees [10-12]. Viewing DS through the lens of
neurodiversity allows us to recognize and celebrate the unique
strengths of everyone, fostering a more inclusive understanding
of neurological differences and emphasizing the importance of
early interventions and appropriate medical care for improved
long-term outcomes [9,13,14].

Children diagnosed with DS may face additional related health
problems [15]. For example, it is common for a child with DS
to have low muscle tone that requires additional assistance for
gross motor developmental milestones such as crawling and
walking [5]. There are 3 types of DS: Regular Trisomy 21,
Mosaicism, and Translocation [16]. Regular Trisomy 21 is the
most usual form and occurs when all cells have an extra copy
of chromosome 21 [16]. Mosaicism is a rare form where only
some cells have an extra copy of chromosome 21 [16].
Translocation occurs when part of chromosome 21 attaches to
another chromosome [17].

Another usual NC is ASD [9,18]. Many children are diagnosed
with ASD, a condition that affects how they interact with others,
communicate, and learn [19]. Symptoms often appear in the

early years of life and can include challenges with social
communication and interaction, repetitive behaviors, focused
interests, and sensitivities to sensory input [5,6]. Understanding
emotions through facial expressions is a crucial part of social
interaction, and children with ASD may struggle with this skill
[20]. ASD exists on a spectrum, meaning the severity and
specific challenges can vary greatly between children [20].
Some children with ASD may be nonverbal, while others may
have strong verbal skills but struggle with social cues [20].

On the other hand, many children struggle with ADHD, one of
the most common mental health conditions in childhood [21].
Symptoms include inattention (difficulty focusing), hyperactivity
(excessive movement that disrupts the environment), and
impulsivity (acting hastily without thinking) [22]. ADHD can
be chronic and significantly impact a child’s life, affecting
academic achievement, friendships, and daily routines [22].
Untreated ADHD can lead to low self-esteem and difficulties
interacting with others [23]. This is particularly concerning
because ADHD often first appears during school years, when
social skills and academic success are crucial [23,24]. While
ADHD is more commonly diagnosed in boys, it can affect
children of all genders [22].

Other common NC are shown below:

1. Dyslexia: this is a learning disability that affects reading
fluency and comprehension [25].

2. Dyspraxia (Developmental Coordination Disorder): this
condition affects motor coordination and planning skills
[26,27].

3. Dyscalculia: this is a learning disability that affects math
skills [28,29].

4. Tourette Syndrome: this condition is characterized by
involuntary tics (movements or sounds) [30,31].

5. Synesthesia: this is a neurological condition where
stimulation in 1 sense (eg, hearing) leads to a perception in
another sense (eg, seeing colors) [32,33].

Traditional Intervention in Individuals With
Neurodiverse Conditions
Children with different NC may share some common
characteristics [9]. However, their strengths, challenges, and
responses to interventions are unique [1]. There’s no
“one-size-fits-all” approach, effective intervention plans must
be personalized to each child’s needs and family situation [1].
Some families require more support than others [4]. Intervention
strategies for children with NC must be closely linked to
assessments of their individual needs and their family’s
circumstances [3]. This ensures the intervention can be tailored
to maximize the child’s strengths and address specific challenges
faced by both the child and the family [4].

The typical sequence of developmental skill acquisition for
neurodiverse children may be slower for children with specific
NC, compared with typical developing children [9]. This can
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manifest in delays in learning skills like sitting, standing,
walking, or speaking compared with their peers. In addition,
these children may require more repetition and consistent
practice to learn new skills [1,4].

Due to frequent language delays in children with NC as dyslexia,
DS or ASD, early intervention to improve communication is
crucial [9]. Ideally, it should begin shortly after birth and be
integrated into their daily activities, making it an ongoing
process [3]. Collaboration with a speech-language pathologist
can provide consistent intervention for both the child and their
parents [3]. The focus should be on stimulating vocalization,
developing receptive and expressive language [3].

Motor development encompasses learning to perform actions
like sitting, standing, manipulating objects, caring for oneself,
and engaging in play or work activities. This process relies on
the brain’s ability to process sensory information and translate
it into purposeful movements [34]. Gross motor skills involve
larger muscle groups (neck, trunk, and limbs), while fine motor
skills involve precise use of hands and fingers [25]. Early
intervention in motor development is essential for children with
NC as dyspraxia or DS [25].

It is recommended that interventions for motor function use
techniques that [35] use diverse types of stimuli to generate
movement, depending on the child’s response, assist the child
in performing movements they are capable of but may not know
how to do independently, and support the child in
problem-solving and participating in the planning, initiation,
and execution of movements.

Interventions targeting social development focus on social
attention, social interactions, bonding, and play [16,19]. These
interventions help parents interact with their children, which is
especially important for children with DS as they often show
less initiative, react, and interact in more unpredictable ways,
express fewer emotions, and exhibit difficulties in their social
and communicative skills, making their interpretation
challenging [15,16].

There are various intervention approaches to consider for a child
with NC, including both traditional and nonconventional
therapies [3,4,9]. These approaches may vary in terms of
application, time, cost, and potential benefits or risks. Some
therapies incorporating sensory activities may be beneficial for
the child’s overall development [1]. Generally, it is important
for these therapies to be implemented by providers with
knowledge and experience in the field [1,3].

Executive Functions
Executive function (EF) is a general term used to describe the
cognitive processes necessary for regulating and controlling
adaptive and goal-directed behavior, which includes skills such
as working memory (WM; ie, short-term memory), the ability
to inhibit or stop specific actions, task switching, and planning

[36-38]. Decision-making as an executive function involves
reasoning processes to generate heuristics for intuitive or
analytical answers based on experience [36-38]. Verbal fluency,
an executive function task, involves the ability to generate,
produce, express, and relate words, encompassing both semantic
and phonemic fluency [36-38]. These skills can be divided into
2 categories: “cool” and “hot” skills. “Cool” skills are
knowledge-based cognitive processes, such as working memory
and planning [39], while “hot” skills are related to emotional
regulation and motivation, such as the ability to inhibit behaviors
and control emotions [39,40]. Together, EF skills allow
individuals to manage complex cognitive processes [41] and
are important for daily functioning, social interactions, and
academic success [18,42]. The unity and diversity of these skills
highlight the interconnected yet distinct nature of different EF
components [43,44].

Cognition encompasses the brain processes that allow us to
remember, think, act, experience emotions, and perceive our
environment [45]. Cognitive processes are diverse, complex,
and interrelated in significant ways [42]. Key aspects of
cognition include attention and exploration, learning and
memory, as well as the ability to reason and solve problem
[19,45]. Individuals with NC often exhibit weaknesses in various
EF, such as planning, organization, monitoring progress, and
work quality, as well as impulse control [45]. The interrelation
of these cognitive processes is supported by the framework of
unity and diversity within EF, where individual differences offer
insight into the broader cognitive structure [43,44]. Fortunately,
the frontal lobes, where these functions largely reside, continue
to develop in young adults, and improvement in EF has been
observed in many individuals with NC who receive different
kind of therapy [19,46]. Impulsive behaviors, such as running
or hitting, are likely to improve with age. However, in young
children, it is often necessary to provide support to enhance
their EF, for example, through the use of reminders to stay on
task or breaking tasks into smaller steps to assist with planning
and organization and providing reminders to control their
impulses [19,45].

Therefore, it is crucial to identify strengths and weaknesses in
EF in order to understand the developmental pattern of
individuals with NC throughout their lives, ultimately helping
them achieve success in cognition, academic ability, and social
activity [46]. Several studies on EF in individuals with DS have
focused on children and adolescents, using rating scales such
as the Behavior Rating Inventory of Executive Function
(BRIEF) [46] and the BRIEF-Preschool Version (BRIEF-P)
[47], which are parent or teacher-rated and designed to assess
multiple aspects of EF in children aged 6-18 years and 2-5 years,
respectively [46]. These scales include clinical subscales (eg,
working memory), broad indexes (eg, metacognition), and an
overall composite score (Table 1).
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Table 1. Components and descriptions of the BRIEFa and BRIEF-Pb scales [46-49].

DescriptionScale Name

Ability to interrupt or control behavior at the appropriate timeInhibition

Ability to move freely from one situation, activity, and aspect of a problem to anotherChange

Ability to modulate emotional responsesEmotional control

Ability to retain information in mind in order to complete a task or provide a responseWorking memory

Ability to manage demands of a current or future-oriented task within a specific situational
context

Planning and organization

Other subscales in the BRIEF

Ability to generate ideas, answers, and strategies to solve problemsInitiation

Proceed methodically in work, play’ and save space in cabinets and drawersOrganization of materials

Habits of checking work and personal follow-throughMonitoring

Broad indexes in BRIEF-P

Capacity for inhibition + emotional controlIndex of self-control to inhibit

Working memory + planning or organizationEmergent metacognition index

Capacity for change + emotional controlFlexibility index

Broad indexes in BRIEF

Capacity for inhibition + for change + emotional controlBehavior regulation index

Ability to initiate + working memory + planning or organization + organization of mate-
rials + follow-through

Metacognition index

BRIEF and BRIEF-P global composite

The set of executive functions–summary of all clinical subscalesExecutive global composite

aBRIEF: Behavior Rating Inventory of Executive Function.
bBRIEF-P: BRIEF-Preschool Version.

One of the main discrepancies in the brain of individuals with
NC is found in the areas of learning and memory [13]. The
hippocampus and the temporal lobe, which are essential for the
acquisition and retention of new information, show notable
differences in some NC as DS [13]. When a typically developing
child learns something new, their brain processes the
information, retains it in short-term memory, encodes it, and
then stores it in long-term memory [49]. However, in the case
of children with DS, the transfer of information to long-term
memory and its storage is not as straightforward or consistent
[49]. This may explain why these children often learn better
through repetition and review of concepts or tasks, rather than
a single exposure to the information [11]. Consequently, the
fact that a child with DS sees or hears something only once may
not allow them to retain the information [11].

Serious Games
Serious games (SGs) are games designed to achieve a specific
objective beyond entertainment, such as learning, training,
problem-solving, or decision-making [16,28]. These games
combine playful elements with educational or training elements,
making them useful in a wide variety of fields, including
education, health care, defense, business, government, and skills
training [21,23,50,51].

These games are designed for a formative or educational
purpose, rather than solely for entertainment purposes [16,48].
They focus on the specific design of the learning process by

creating scenarios that allow players to learn and practice
specific skills [15]. SG are a combination of methods and
technologies that educate and train players to change their
behaviors [16]. In education, SG are used to foster students’
emotional intelligence and raise awareness of relevant social
issues. In skills training, they are used for learning mathematics,
languages, and programming, among others [15].

In health care, SG are used by clinicians for patient rehabilitation
and different kinds of therapies [16]. They can be used to
improve treatment adherence, health education, and disease
prevention [28]. For example, SG has been developed for the
rehabilitation of patients with brain injuries, the treatment of
mental disorders, and education on healthy habits [16]. SG can
be an innovative alternative to improve the quality of health
care and the patient experience [31].

SG can take different forms and formats, from straightforward
digital games to advanced simulations utilizing 3D environments
[50,51]. These games often use gaming techniques such as
immediate feedback, competition, goal achievement, and
collaboration to keep players interested and engaged [25,32,33].
They are an effective form of interactive learning that combines
fun and education to achieve a specific outcome [29-31,52].

SG have proven to be a useful tool for intervening in EF in
children with NC [16,20,22,24,28]. These games can help
develop executive skills in a playful and enjoyable context, as
well as teach various academic subjects [51,53]. Consequently,
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the aim of this review article is to explore and analyze 3 topics
that have received significant attention in recent research: NC,
EF, and SG, focusing on how the latter has positively intervened
in children with NC. Knowing this context of variability and
unique needs within the spectrum of neurodiversity, the
following research question was posed: What are the effects of
using serious games on the executive functions of children with
neurodiversity?

Methods

Overview
To conduct this systematic review, the methodological
guidelines of PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) [54] were followed.
This approach ensures a rigorous and transparent process in the
search, selection, critical appraisal, and synthesis of relevant
studies. The following PICOS (Population, Intervention,
Comparison, Outcome, Study design) framework was used to
define the inclusion and exclusion criteria for the study as
follows:

1. Population: the study focuses on individuals with cognitive
disorders, encompassing neurodiverse conditions.

2. Intervention: the study evaluates the use of serious games
as an intervention tool to enhance executive functions in
this population.

3. Comparison: comparisons may involve no intervention,
traditional nonserious game-based interventions, or other
forms of nongame interventions.

4. Outcome: the objective is to measure the impact of serious
games on the development of executive functions in
individuals with neurodiversity.

5. Study design: methods consistent with a systematic review
were used, following the methodological guidelines of
PRISMA. These included a systematic literature search,
critical appraisal of included studies, and synthesis of
relevant findings.

Search Strategy
The search was performed using the Boolean method, including
the “AND/OR” operators only for studies that contained relevant

key terms. Original research articles that identified the SG and
neurodiversity and SG and EF were analyzed. The research was
performed on June 20, 2024, in 3 databases (Scopus, Web of
Science, and PubMed) using the next 2 search equations:

• (“serious games” OR “digital games”) AND
(neurodiversity)

• (“serious games” OR “digital games”) AND (“executive
functions”)

We opted to perform 2 search equations due to the lack of results
when attempting to combine the 3 main themes of the research
(serious games, executive functions, and neurodiversity). This
separation allowed for a more specific and focused search on
each of these aspects, facilitating the identification of relevant
studies for the systematic review.

From 2019 to the present, only articles published in open access
journals, all open access and journal type. Review articles were
not included. Furthermore, we only included studies that used
SG for children with neurodiversity or typical development
(TD) emphasizing the impact of development of EF. After the
exclusion of duplicates, the title and abstracts were read, with
nonrelevant articles excluded by age, document type, and study
type. The articles were selected after complete reading according
to the inclusion and exclusion criteria. Two reviewers
independently conducted their analysis using Rayyan, a web
and mobile app designed for systematic reviews [55], to mitigate
the risk of bias in article evaluations. This approach facilitated
the assessment of study quality based on parameters such as
randomization and blinding. In instances where discrepancies
arose regarding study quality, a third reviewer was consulted
for resolution.

Inclusion and Exclusion Procedures
For each search equation, the results were assessed against the
following inclusion criteria: first, the publication date of the
documents had to be within the last 5 years, specifically from
2019 to the present year. In addition, only research articles were
considered eligible for inclusion. These criteria are summarized
in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria for systematic review.

Inclusion criteria

• Open access: all open access.

• Publication year: 2019 to June 20, 2024.

• Document type: article.

• Source type: journal.

• Age: including < 18 years.

• Study Type: original research articles using serious games for neurodiversity or typical development.

Exclusion criteria

• Open Access: not all open access.

• Publication year: < 2019.

• Document type: reviews, conference papers, letters, and books.

• Source type: nonjournal sources.

• Age: ≥ 18 years.

• Study type: articles that did not specify the use of serious games.

Quality Assessment
During the quality assessment process, 2 objectives were
established to ensure the rigor and relevance of the studies
included in this systematic review. First, the focus was on
specificity in the research topic, ensuring that selected articles
were clearly centered on the use of SG as an intervention tool
to enhance EF in individuals with neurodiversity. This led to
the exclusion of studies that did not adequately specify the use
of serious games in this context. Second, depth of analysis was
prioritized by selecting studies that provided a detailed and
specific analysis of the impact of SG on EF in individuals with
neurodiversity, excluding those that only offered a general
overview of the topic without focusing on specific outcomes.
These criteria ensured methodological coherence and relevance
of the studies included for the objectives of this systematic
review.

For this literature review, we used the RoB2 [56] and ROBINS-I
[57] scales to systematically assess the quality and validity of
the studies included. Randomized studies were evaluated using
the RoB2 scale, while nonrandomized studies were evaluated
with the ROBINS-I scale. In addition, we used the ROBVIS
tool [58] to create risk-of-bias plots, which helped visualize the
bias assessments for each study. This comprehensive approach
allowed us to identify studies with a high risk of bias, providing
a more rigorous and reliable interpretation of the aggregated
results in our review.

Data Extraction
A brief description of the relevant data extracted from the
included studies in the systematic review is presented in Textbox
2.
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Textbox 2. Brief description of relevant data extracted from studies included in the systematic review.

Title

• The title of the study or intervention.

Reference

• The bibliographic reference of the study, including authors and year of publication.

Year

• The year in which the study was conducted.

Sample size

• The size of the sample, i.e., the number of participants included in the study.

Age

• The age of the participants in the study.

Health condition

• The specific health condition addressed by the study, for example, Down syndrome or other neurodiverse conditions.

Intervention

• The intervention or treatment applied to the participants.

Serious game name

• The name of the serious game used as part of the intervention.

Objective of the game

• The specific objective of the serious game in the context of the study.

Technology

• The technology used to implement serious games, such as computers, tablets, mobile devices, etc.

Software used

• The specific software used to run the serious game.

Supervision

• The level of supervision provided during the intervention, which may range from direct supervision to autonomous.

Sessions

• The number of sessions in which the intervention was administered.

Duration (min)

• The duration of each intervention session, measured in minutes.

Frequency (times/week)

• The frequency at which the intervention was administered, expressed as the number of times per week.

Period (month)

• The total time over which the intervention was conducted, expressed in months.

Executive Functions

• The specific assessment or measure of executive functions used in the study.

Experimental design

• The experimental design used in the study, which may include randomized controlled trials, longitudinal studies, etc.
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Validation

• Information about the validation of the study or the assessment tool used, such as construct validity or criterion validity.

The variables analyzed were extracted in the results. In case of
missing data, they were reported as NR (Not reported).

Results

The initial search included 267 articles from Scopus, Web of
Science, and PubMed. After removing duplicate studies and
applying the search filters included in the inclusion criteria, 50
potentially relevant articles were identified. Subsequently, 30

studies were excluded based on the screening of titles, keywords,
and abstracts. The eligibility of the remaining 20 full-text articles
was assessed, resulting in the exclusion of 4 articles for distinct
reasons, such as the lack of specification regarding the use of
serious games [59-61] and articles that provide only an overview
[62]. Consequently, 16 articles were included in the final
analysis. Figure 1 presents a flowchart detailing the
identification and selection process of the studies.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart for identification of studies by databases.

Multimedia Appendix 1 and Table 2 offer a comprehensive
overview of the extracted data from the included studies
[21-32,50,63-66], following the PRISMA methodology. The
appendix summarizes the relevant data, while Table 2 provides
a detailed analysis of key variables such as intervention,
sessions, duration (min), frequency (times/week), period
(month), executive functions, and experimental design. This

structured presentation allows for a direct comparison of
methodological approaches across studies. Understanding how
specific characteristics, as well as the volume and intensity of
interventions, influenced improvements in executive functions
across different neurodiversities is crucial. This enriched
discussion on intervention effectiveness clarifies current findings
and lays a solid foundation for future research in the field.

JMIR Serious Games 2024 | vol. 12 | e59053 | p.1482https://games.jmir.org/2024/1/e59053
(page number not for citation purposes)

Rodríguez Timaná et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Summary of experimental designs, intervention details, and outcomes across studies.

Experimental designExecutive functionsPeriod
(month)

Frequency
(times/week)

Duration
(min)

SessionsInterventionNo.

YesRegulating attention, in-
hibitory control

2230-4516Serious game and pencil
and paper format

1

YesRegulating attention, in-
hibitory control, Working
memory

<11901Serious game and com-
mercial cognitive training
system

2

NoRegulating attention,
working memory, prob-
lem-solving

32NRa24Serious game3

YesRegulating attention, plan-
ning and organization

, self-regulation

3NRa180NRaSerious game4

YesInhibitory control332025Exergame5

YesShifting taskNRaNRaNRaNRaPrototype game and
placebo version of the
game

6

YesRegulating, planning and
organization, working
memory, meta cognition,
shifting task, self-regula-
tion, inhibitory control,
problem-solving, cognitive
flexibility

6150NRaSerious game and conven-
tional therapy

7

YesPlanning and organization,
working memory, self-
regulation, inhibitory con-
trol, shifting task, cogni-
tive flexibility

31NRa12Serious game and thera-
peutic chess. control
group

8

YesWorking memory, shifting
task, inhibitory control

NRaNRa453Serious game9

YesRegulating attention, plan-
ning and organization,
working memory, inhibito-
ry control, cognitive flexi-
bility

NRaNRa101Serious game10

NoRegulating attention, plan-
ning and organization,
working memory, inhibito-
ry control, cognitive flexi-
bility

NRa1901Serious game11

YesInhibitory control<231515Serious game and no seri-
ous game

12

YesInhibitory control, shifting
task

<222012Serious game and mathe-
matical video game

13

YesInhibitory control, cogni-
tive flexibility, working
memory

NRaNRaNRa50Serious game14

YesRegulating attention, in-
hibitory control, working
memory, cognitive flexibil-
ity, planning and organiza-
tion

<221512Serious game and passive
intervention

15

YesRegulating attention, in-
hibitory control, working
memory

<252025Adaptive cognitive train-
ing program and commer-
cial program

16

aNR: not reported.
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Analysis of Included Studies With Implementation of
Experimental Design
Gallardo and Vergara [24] conducted a 2-factor ANOVA with
repeated measures, comparing 2 groups (experimental with SG
and control with traditional treatment) evaluated at 3 points
(start, ninth session, and end of treatment). The study included
children with ADHD in both groups. With 16 sessions of 30-45
minutes, conducted twice weekly over 2 months, the researchers
observed significant improvements in selective and maintained
attention and a greater reduction in impulsivity within the
experimental group.

Menestrina et al [50] compared an intervention with SG with a
control group using BrainHQ, with pre and postintervention
evaluations. Sessions lasted 60 minutes, and the number of
sessions correlated with improvements. Notable improvements
were found in attention and working memory, with variations
depending on neurodiversities such as ADHD and dyslexia,
leading to a recommendation for personalized interventions.

Coma-Rosellé et al [22] used participant observation of 27
children with ADHD, recording field notes and holding
interdisciplinary discussion groups. Sessions lasted 10-15
minutes over 3 months, resulting in improvements in planning
and attention with educator mediation. However, a more detailed
analysis is necessary to establish a clear relationship.

Mossmann et al [32] conducted a pilot study with 7 students
with TD using an exergame over 3 months, playing 1528 rounds,
and using exploratory analysis and logistic regression. The study
found performance differences based on difficulty levels and a
positive correlation between performance and difficulty.

Robb et al [26] performed a randomized controlled trial with 2
groups (active training and placebo), totaling 2 hours and 45
minutes in active training sessions. They observed improvements
in task switching in children with Prader-Willi syndrome, with
less improvement seen in the placebo group.

Schena et al [23] executed a randomized controlled trial
involving 60 children with ADHD, using interventions with
virtual reality and traditional therapies. Although specific details
were not provided, the study highlighted the need for further
analysis to determine the influence of volume and intensity on
different neurodiversities.

Rodrigo-Yanguas et al [21] conducted a randomized controlled
trial using a chess-based video game over 12 training sessions,
with 1 session per week divided into 3 blocks. They reported
improvements in emotional control and regulation of the ADHD
population analyzed but additional studies were recommended.

Crepaldi et al [27] used a quasi-experimental design with
sessions involving a serious game and standardized tests in TD
children. Although no significant differences were found in
serious game scores, there were positive correlations between
impulsivity scores, indicating the need for further research to
determine effectiveness.

Sanchez-Morales et al [29] applied contextual rapid design
techniques and participatory design without providing specific
data in TD children. They recommended including specific data
and correlational analysis to better understand the influence of
the interventions.

Ramos and Garcia [31] conducted a quasi-experimental study
with participant and control groups of TD children, using pre-
and postintervention evaluations. Sessions lasted 15 minutes,
3 times per week, over 5 weeks, leading to significant
improvements in inhibitory control, attention, and short-term
memory, with a recommendation for personalized interventions.

Lê et al [25] compared a digital game for fine motor skills
training with a math game in a controlled experimental design.
Although specific data were not provided, the intervention lasted
approximately 4 hours over 6 weeks, with TD children.
Improvements in motor and literacy skills were observed, with
a recommendation to include data on volume and intensity to
assess impact on EF across different neurodiversities.

Eng et al [64] used a within-subjects design to compare the
traditional Flanker Task with the gamified “Frankie’s Big
Adventure” in TD children. Specific data were not provided,
and future studies were suggested to address these issues,
emphasizing the need to evaluate the influence of volume and
intensity on the improvement of executive functions.

Feria-Madueño et al [65] conducted a randomized controlled
trial comparing active intervention (video game) with passive
intervention (video viewing). Over 6 weeks, with 3 sessions per
week, each lasting approximately 120 minutes and including
15 minutes of specific training, significant improvement in the
video game success rate was observed in TD children. The study
recommended including data on neurodiversities to evaluate
effectiveness across different profiles.

Richmond et al [66] performed a randomized controlled trial
comparing digital cognitive training with a control group of
ADHD children. The intervention consisted of 10 sessions (2
per week over 5 weeks), each lasting 30 minutes. They expected
a positive correlation between greater volume and intensity and
improvements in executive functions, with an analysis needed
to optimize interventions for different neurodiversities.

Risk of Bias
Figure 2 [21,23-26,31,50,64-66] shows the risk of bias
assessment in various studies using the RoB2 tool, which
consists of 5 main domains (D1 to D5). The evaluated domains
include bias arising from the randomization process (D1), bias
due to deviations from intended interventions (D2), bias due to
missing outcome data (D3), bias in the measurement of the
outcome (D4), and bias in the selection of the reported result
(D5). The overall risk of bias assessment is also presented for
each study.
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Figure 2. Tabular representation of risk of bias in individual studies evaluated using Risk of Bias 2 tool [21,23,24-26,31,50,64-66].

Most of the evaluated studies present a high risk of bias overall.
Specifically:

• Gallardo and Vergara [24]: shows “some concerns” in
domains D1, D2, and D4, and a high risk in D5, resulting
in a high overall risk of bias.

• Menestrina et al [50]: displays a high risk in domains D2,
D3, D4, and D5, with “some concerns” in D1, leading to a
high overall risk.

• Robb et al [26]: presents a low risk in D1 but a high risk in
the remaining domains (D2 to D5), resulting in a high
overall risk.

• Schena et al [23]: has “some concerns” in D1 and D3, and
a high risk in D4 and D5, leading to a high overall risk.

• Rodrigo-Yanguas et al [21]: shows a low risk in D1 and
D2, but a high risk in D3, D4, and D5, resulting in a high
overall risk.

• Ramos and Garcia [31]: presents “some concerns” in D1
and D3, and a high risk in D2, D4, and D5, leading to a
high overall risk.

• Lê et al [25]: has a high risk in D1, D4, and D5, and “some
concerns” in D2, resulting in a high overall risk.

• Eng et al [64]: presents “some concerns” in D1, D2, and
D3, and a high risk in D4 and D5, leading to a high overall
risk.

• Feria-Madueño et al [65]: shows “some concerns” in D1,
a high risk in D2, D4, and D5, and a low risk in D3,
resulting in a high overall risk.

• Richmond et al [66]: presents a low risk in D1, D3, and D4,
and a high risk in D2 and D5, leading to a high overall risk.

Figure 3 [22,27,29,30,32,63] shows the risk of bias assessment
in various studies using the ROBINS-I tool, which evaluates
nonrandomized studies. The evaluated domains (D1 to D7)
include:

1. D1: Bias due to confounding.
2. D2: Bias in the selection of participants.
3. D3: Bias in the classification of interventions.
4. D4: Bias due to deviations from intended interventions.
5. D5: Bias due to missing data.
6. D6: Bias in the measurement of outcomes.
7. D7: Bias in the selection of the reported result.
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Figure 3. Tabular representation of risk of bias in individual studies evaluated using Risk of Bias in Non-Randomized Studies of Interventions-I tool
[22,27,29,30,32,63].

Each domain is evaluated with categories including “Serious,”
“Moderate,” “Low,” and “No information.” The overall risk of
bias assessment is also presented for each study.

• Oliveira and Ramos [63]: this study has a serious risk in
D1 and a moderate risk in D2, D4, D5, D6, and D7, with a
low risk in D3. The overall assessment is moderate.

• Coma-Rosellé et al [22]: shows a moderate risk in D1, D2,
D5, D6, and D7, and a low risk in D3 and D4, resulting in
a moderate overall assessment.

• Mossmann et al [32]: has a moderate risk in D1, D2, D5,
and D7, and a low risk in D3, D4, and D6. The overall
assessment is moderate.

• Crepaldi et al [27]: presents a serious risk in D1, a moderate
risk in D2, D4, and D7, and a low risk in D3 and D6, with
no information in D5. The overall assessment is moderate.

• Sanchez-Morales et al [29]: shows a moderate risk in D1,
D2, D5, D6, and D7, and a low risk in D3 and D4. The
overall assessment is moderate.

• Song et al [30]: has a moderate risk in D1, D2, D5, and D7,
and a low risk in D3 and D6, with no information in D4.
The overall assessment is moderate.

Discussion

Principal Findings
This systematic review reveals that SG have a significant impact
on enhancing various executive functions across diverse health
conditions and age groups. The findings indicate that SG can
effectively improve attention, working memory, cognitive

flexibility, and inhibitory control. For instance, SG interventions
such as those studied by Gallardo and Vergara [24] and Schena
et al [23] demonstrated notable improvements in attention and
executive functions among children with ADHD. In addition,
studies like those of Feria-Madueño et al [65] and Lê et al [25]
illustrate the benefits of SG in sports performance and literacy
development.

Improvement of Cognitive Skills
The reviewed studies consistently show that SG can enhance
various EF across different health conditions and age groups.
For example, Gallardo and Vergara [24] found significant
improvements in attention and inhibitory control in children
with ADHD. Similarly, Schena et al [23] demonstrated
improvements in multiple EF, including working memory and
cognitive flexibility, through cognitive-behavioral training. In
addition, Feria-Madueño et al [65] indicated improvements in
attention processes and sports performance in young soccer
players.

Inclusion in Educational Settings
SG have been successfully integrated into educational settings
for children with diverse cognitive needs. Menestrina et al [50]
and Oliveira and Ramos [63] highlight how these games can
assist in the education of children with dyslexia and typical
development, respectively. In addition, games like “Apollo and
Rosetta” [32] and “Play with SID” [29] have been designed for
typically developing children to help identify and improve
cognitive deficiencies. Lê et al [25] demonstrates how digital
games can be used to train fine motor skills and improve literacy

JMIR Serious Games 2024 | vol. 12 | e59053 | p.1486https://games.jmir.org/2024/1/e59053
(page number not for citation purposes)

Rodríguez Timaná et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


development. Further investigation is required to explore how
SG can enhance the participation of neurodiverse individuals
in learning and educational spaces, fostering a more inclusive
environment.

Promising Therapeutic Tools
The variety of technologies used (PC, tablets, smartphones, and
VR) suggests that SG are promising therapeutic tools. This is
evident in studies such as those written by Coma-Rosellé et al
[22] and by Feria-Madueño et al [65]. Games like “IAmHero”
[23] show the potential of VR to enhance executive functions
in children with ADHD. In addition, Crepaldi et al [27]
highlights how serious games can be used to evaluate inhibition
mechanisms in children, demonstrating their utility in both
assessment and intervention.

Variability in Sample Sizes and Participant Ages
The included studies show considerable variability in sample
sizes and participant ages:

1. Sample sizes: sample sizes range from small-scale studies
with 5 participants, as seen in the study by Robb et al [26],
to large-scale investigations with hundreds of subjects, such
as Menestrina et al [50].

2. Age range: the studies cover a wide age spectrum, from
children as young as 3 years Coma-Rosellé et al [22] and
5 years Eng et al [64] to young adults up to 22 years
Rodrigo-Yanguas et al [21], reflecting the applicability of
SG across different developmental stages.

Technologies Used
The variety of technological platforms used in SG highlights
their versatility and accessibility:

1. Smartphone and tablet games: representing a significant
portion of the studies (eg, Coma-Rosellé et al [22] and
Ramos and Garcia [31]), these platforms demonstrate their
popularity and ease of access. Similarly, the assessment by
Song et al [30] was developed in unity for smartphone use
for cognitive control.

2. Computer games: used in several studies (eg, Oliveira et al
[63], Schena et al [23]), highlighting their versatility in
therapeutic interventions.

3. Virtual reality: although less common (eg, Schena et al
[23]), VR offers an immersive experience that can be
particularly beneficial in certain therapies.

4. Additional technologies: elements like cameras and sensors
were used in some studies to enhance the gaming experience
and provide more precise data for therapeutic purposes, as
in Sanchez-Morales et al [29].

Supervision and Session Design
The supervision and design of gaming sessions also varied
considerably:

1. Supervision: SG were supervised by health professionals,
researchers, or parents, providing both close supervision
and autonomy to the participants.

2. Session design: the duration, frequency, and number of
sessions varied depending on the study design and
intervention goals. Studies ranged from weeks to months,

allowing for the analysis of the potential long-term effects
of SG interventions on executive functions.

Limitations and Future Needs
While the findings are promising, there are limitations that need
to be addressed:

1. Lack of long-term validation: many studies lack long-term
follow-up, limiting the understanding of the sustained
effects of SG interventions.

2. Experimental design: some studies did not use robust
experimental designs, which could affect the validity of the
results.

3. Game design optimization: more research is needed to
optimize game design elements and assess their impact on
different aspects of neurodiversity. Therefore, serious games
have great potential to improve cognitive skills and promote
the inclusion and participation of people with diverse
cognitive profiles in educational settings. Emerging
technologies, such as web applications, robotics, and virtual
reality, also show promise as therapeutic tools. However,
more research is needed to explore long-term effects,
optimize game design, and assess their impact on various
aspects of neurodiversity.

4. Inclusion of both open access and traditional studies: the
focus on open access studies may have excluded relevant
research published in traditional formats, particularly from
research teams with limited funding for open access fees.
Future reviews should consider incorporating both types
of studies to provide a more comprehensive overview.

5. Limitation of time frame: the review focused on studies
from the past 5 years to capture the most current trends and
advancements. However, this approach may exclude
significant findings from older studies. This limitation
suggests that future reviews should include older studies
and conduct sensitivity analyses to compare the stability or
changes in results across different periods.

6. Risk of bias: the risk of bias assessment using the RoB2
and ROBINS-I tools revealed several limitations in the
included studies. Most studies evaluated with the RoB2
tool presented a high overall risk of bias, particularly due
to issues in randomization, deviations from intended
interventions, and missing outcome data. Similarly, studies
assessed with the ROBINS-I tool exhibited moderate to
serious risk of bias, mainly due to confounding factors,
selection of participants, and deviations from interventions.
These limitations highlight the need for more rigorously
designed studies to ensure the reliability and validity of the
findings in future research.

Conclusions
This paper presents a systematic review of SG and their
applications in enhancing executive functions within the
framework of neurodiversity. The review explores the current
landscape and emerging trends in the use of serious games for
cognitive training and therapeutic purposes, highlighting
advancements in game design and the integration of various
technologies. The diverse applications of SG in educational and
therapeutic settings are discussed, emphasizing their role in
promoting inclusion and supporting individuals with
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developmental and intellectual disabilities. Through detailed
analysis, the paper examines the effectiveness, potential benefits,
and challenges associated with SG, underscoring the need for
further research to optimize these tools for a broader range of
cognitive functions and diverse populations.

The insights gleaned from the reviewed articles on SG and
cognitive functions underscore the potential of these innovative
approaches within the context of neurodiversity. SG designed
specifically to enhance cognitive abilities and foster inclusion
in educational settings for individuals with intellectual
disabilities show promise. In addition, web applications featuring
serious games emerge as valuable adjuncts to therapy for
children with intellectual disabilities, promoting increased
engagement and potentially yielding improved outcomes while
aligning with the principles of neurodiversity.

Furthermore, the integration of robotics and serious games holds
promise as a therapeutic tool for children with developmental
disorders, offering avenues to enhance enjoyment and
motivation during therapy sessions. However, it is crucial to
acknowledge the variability in the effectiveness of serious games
across specific games and populations, emphasizing the
importance of meticulous evaluation and monitoring a
perspective aligned with the principles of neurodiversity that
recognize diverse cognitive responses.

The application of virtual reality as a tool for cognitive
rehabilitation in children with traumatic brain injuries and for
augmenting executive functions in children with ADHD further
aligns with the inclusive principles of neurodiversity. Game

design elements, including difficulty curves and adaptive
algorithms, play a crucial role in enhancing cognitive stimulation
and skill development among players, reflecting a tailored and
diversified approach that resonates with the concept of
neurodiversity.

In addition, the potential demonstrated by exergaming, which
combines aerobic exercise and gaming, in improving cognitive
functions and executive function in individuals with metabolic
syndrome, underscores the versatility of serious games in
catering to diverse populations. The development and evaluation
of serious games for cognitive training in older adults, yielding
positive effects on attention, EF, and speech processing capacity,
further highlight the potential of these tools across the lifespan
within the inclusive paradigm of neurodiversity.

While these findings illuminate the effectiveness of SG for
cognitive training, skill development, and rehabilitation, further
research is imperative to explore long-term effects, optimize
game design, and evaluate specific impacts on different
cognitive functions and populations all while embracing the
principles of neurodiversity to ensure a holistic and inclusive
approach.
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Introduction

Cardiovascular diseases are among the leading causes of death
and morbidity worldwide [1,2]. Cardiopulmonary resuscitation
(CPR) and early defibrillation increase survival chances [3].
Serious games (SGs) are tools used to enhance the learning
process through entertainment. Current strategies focus on
teaching CPR to the community and schoolchildren [4].

While other games exist for teaching basic life support (BLS),
no studies have validated these for children in low- to
middle-income settings. The SG Children Save Hearts teaches
the 5 resuscitation steps per International Liaison Committee
on Resuscitation (ILCOR) guidelines. Before use in schools, it
requires a formal usability assessment by game developers and
health care professionals to ensure ease of use, learning, and
interaction.

The primary objective was to evaluate the usability of the SG
Children Save Hearts among health care and IT professionals
using the System Usability Scale (SUS) [5], a validated usability
assessment tool.

Methods

Ethical Considerations
The study protocol was approved by the ethics committee of
the University of Marília, Brazil (CAAE: 57160121400005496).
All participants signed an informed consent form.

Study Design
We used a nonprobabilistic casual sample to include IT and
health care professionals. The usability test was conducted in
August 2022 in the university’s IT department after a 10-minute
lecture on the SG’s purpose. Children Save Hearts was
developed on the Microsoft Smile Game Builder platform and
implemented on Microsoft Windows (versions 7 to 11), targeting
schoolchildren aged 7 to 17 years. The script and storytelling
are based on the ILCOR 2020 guidelines. The game uses a
joystick and simple commands to simplify the user experience
(Multimedia Appendix 1). The design and testing process is
illustrated in Figure 1.
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Figure 1. Design of a serious game for teaching cardiopulmonary resuscitation among schoolchildren. BLS: basic life support; MVP: minimum viable
product; SAMU: Serviço de Atendimento Móvel de Urgência; SUS: System Usability Scale.

After completing the SG, participants answered a 10-question
survey on its usability using a Likert-type scale. The final grade
was converted to a 0 to 100 scale (Multimedia Appendix 2). A
grade above 70 was considered acceptable to proceed to a
minimum viable product. A sample size of 17 users was
required, based on a 10% estimated probability of encountering
an interface error, to identify 85% of the problems.

Statistical Analysis
Categorical variables are presented as absolute and relative
frequencies. Continuous variables are presented as medians
with IQRs. Normality was assessed with the Shapiro-Wilk test.
Comparisons were made between IT and health care
professionals. Continuous variables were compared using an
independent 2-tailed t test (for normal distributions) or the
Mann-Whitney U test (for nonnormal distributions). All analyses

were performed using R (version 4.1.0; R Foundation for
Statistical Computing).

Results

Children Save Hearts was used by 17 volunteers with a median
age of 22 (IQR 20‐26) years; 8 (47%) were male. Regarding
professional training, 8 (47%) held a bachelor’s degree in IT
and 9 (53%) were health care professionals. All participants
played the game and answered the questionnaire. The median
SUS score was 75 (IQR 72.5‐87.5; Table 1). Questions 2 and
4 had the lowest median scores, and questions 7 and 9 had the
highest. Health care professionals gave higher grades to all 5
domains when compared to IT professionals. The average time
spent in the game was 3.2 (SD 0.4) minutes.
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Table . Participant characteristics and System Usability Scale (SUS) scores by profession.

P valueHCPsa (n=9)IT professionals (n=8)All (N=17)

Participant characteristics

.07b24.00 (22.00-27.00)21.00 (18.75-22.75)22.00 (20.00-26.00)Age (years), median (IQR)

>.99c4 (44)4 (50)8 (47)Male sex, n (%)

SUS scores, median (IQR)

.08b4.00 (3.00-4.00)3.00 (2.00-3.25)3.00 (3.00-4.00)Question 1

.47b3.00 (2.00-3.00)2.00 (1.75-3.00)2.00 (2.00-3.00)Question 2

.36b4.00 (3.00-4.00)3.00 (3.00-4.00)3.00 (3.00-4.00)Question 3

.61b2.00 (2.00-3.00)2.00 (1.75-2.25)2.00 (2.00-3.00)Question 4

.07b4.00 (3.00-4.00)3.00 (3.00-3.00)3.00 (3.00-4.00)Question 5

.002b4.00 (4.00-4.00)3.00 (2.00-3.25)4.00 (3.00-4.00)Question 6

.009b4.00 (4.00-4.00)3.00 (3.00-3.00)3.00 (3.00-4.00)Question 7

.02b4.00 (4.00-4.00)3.00 (2.75-3.25)4.00 (3.00-4.00)Question 8

.03b4.00 (4.00-4.00)3.00 (3.00-3.25)4.00 (3.00-4.00)Question 9

.68b3.00 (3.00-4.00)3.50 (3.00-4.00)3.00 (3.00-4.00)Question 10

Analysis, median (IQR)

.05d34.00 (30.00-35.00)27.50 (25.50-30.50)30.00 (29.00-35.00)Total score

.05d85.00 (75.00-87.50)68.75 (63.75-76.25)75.00 (72.50-87.50)SUS grade

.54d3.25 (2.75-3.50)3.00 (2.50-3.25)3.25 (2.75-3.25)Score for ease of learning
domain (Q3, Q4, Q7, Q10)

.02b4.00 (3.67-4.00)3.00 (2.50-3.17)3.67 (3.00-4.00)Score for efficiency domain
(Q5, Q6, Q8)

.47b3.00 (2.00-3.00)2.00 (1.75-3.00)2.00 (2.00-3.00)Score for ease of memoriza-
tion domain (Q2)

.002b4.00 (4.00-4.00)3.00 (2.00-3.25)4.00 (3.00-4.00)Score for minimization of
errors domain (Q6)

.08b3.33 (2.67-3.67)2.67 (2.33-2.83)2.67 (2.67-3.33)Score for satisfaction do-
main (Q1, Q4, Q9)

aHCP: health care professional.
bMann-Whitney U test.
cFisher test.
d2-sample Student t test.

Discussion

We developed an SG, Children Save Hearts, to teach BLS to
schoolchildren. When tested on 17 IT and health care
professionals, it achieved an overall mean SUS score of 75,
suitable for implementation.

Novel technologies like virtual reality (VR) have been
successfully used in Europe to teach CPR to schoolchildren [6].
However, transferring this technology to limited-income
countries faces challenges, such as language barriers, VR device
acquisition, cultural context, and technical support. Previous
SGs for teaching CPR were developed and tested in high-income
countries [7]. Educational strategies for teaching CPR in

limited-income countries have focused on health care
professionals and students [8], not schoolchildren, highlighting
a significant gap in the literature. This is the first SG developed
in Brazil in Portuguese for schoolchildren.

Our study has some limitations. First, we had a small sample
size due to insufficient data to calculate sample size in usability
tests and financial constraints in contracting a software house.
Continuous usability monitoring with larger sample sizes is
needed to maintain external validation. Further studies should
target schoolchildren to assess the effectiveness of teaching
BLS in schools and explore user experiences to gain insights
into how users feel about SGs.
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Active teaching methods are crucial to improving survival rates
and translating accessible knowledge into practice. Programs
like Kids Save Lives [9] and World Restart a Heart Day [10]

are teaching schoolchildren that CPR is vital. Despite some
usability issues, the game is adequate for testing in
schoolchildren.
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Abstract

This research letter presents the co-design process for RG4Face, a mime therapy–based serious game that uses computer vision
for human facial movement recognition and estimation to help health care professionals and patients in the facial rehabilitation
process.

(JMIR Serious Games 2024;12:e52661)   doi:10.2196/52661
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physiotherapy; mime therapy; co-design; human face estimation; facial palsy; facial paralysis; motor rehabilitation; exergame;
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Introduction

Facial paralysis is a consequence of damage or injury to the
facial nerve, resulting in functional impairments. A challenge
of rehabilitation through exercise repetition is maintaining
patients' engagement and motivation in the intensive and
repetitive execution of the exercises necessary for successful
rehabilitation [1]. Repetitive and intensive movements are
recommended for progress in treatment [2], and the variety of
movements has significant effects on patient recovery [3].

In motor rehabilitation, exergames—serious games that require
physical exercise to play—add fun to exercises and allow
patients to forget about their condition and focus on the game
[4]. Studies conducted with games for motor rehabilitation have
achieved promising results [5] on patient motivation and
engagement [4]. This study aimed to co-design RG4Face—an
exergame for facial rehabilitation.

Methods

Ethical Considerations
This study was approved by the Research Ethics Committee of
Universidade Federal do Delta do Parnaíba (5.632.311). The
first author (DLS) provided explicit consent for use of his image
in Multimedia Appendices 1 and 2.

Study Design
To develop RG4Face, a co-design procedure (Figure 1) was
conducted with physiotherapists (n=16) and psychologists (n=5;
Multimedia Appendix 3) to obtain the necessary knowledge on
the game requirements.

In the first stage, a version of the game was developed with an
initial idea (Multimedia Appendix 1). In the second, we recruited
physiotherapists and psychologists to participate in co-design
meetings (August to November 2022) and answer a
questionnaire. We then presented the game to the participants
and allowed them to make suggestions. The prototype was
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essential to encouraging participation during meetings. In total,
5 meetings were held—4 with physiotherapists and 1 with
psychologists. The main activities of the meetings were
brainstorming sessions, in which the generation of game
requirements was encouraged for their incorporation into visual
elements, gamification, and game mechanics. Meeting results

allowed for the creation of a list of requirements. As a third
stage, we are concluding the implementation of RG4Face based
on the produced requirements. The game code was implemented
in JavaScript to provide new features for facial rehabilitation
via the Rehabilite Game platform [6].

Figure 1. Co-design timeline.

Results

Per its initial conception, RG4Face uses computer vision (via
a camera) for capturing, recognizing, and estimating human
facial movements. The game prototype was implemented via
the MediaPipe face mesh [7] to enable the recognition and use
of 1 movement (eg, raising eyebrows; ie, frontal muscle) to
control game elements. The game involves a spaceship moving
horizontally across the bottom of the captured video window
and firing a projectile when face movement is detected. The
main objective is to hit triangles that randomly appear on the
player's face.

Table 1 presents participants’ suggestions during co-design,
game requirements, and rationales.

RG4Face is in the testing phase and, prior to evaluations, can
recognize 6 movements used in mime therapy to improve facial
muscle strength and mobility (Multimedia Appendix 2). To
implement the recognition of these movements, MediaPipe was
used [7]. The face mesh model allows for the real-time tracking
of 468 3D landmarks on the human face that represent important
facial features (eg, eyes, eyebrows, nose, and mouth). Distances
between landmarks are calculated to recognize movements.

RG4Face provides a mirror therapy feature [8], which can mirror
the healthy side of the face to create a visual illusion that can
help reduce pain and improve function. RG4Face allows for
parameter adjustment on the Rehabilite Game platform. Health
care professionals can choose specific game mechanics for each
rehabilitation case, thereby customizing the game according to
patients’ needs and difficulties.
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Table 1. Functional and nonfunctional game requirements from the co-design procedure.

RationaleRefined requirementParticipants’ suggestions

••• Enable the game to become more attractive
and stimulating

Improve game colors and elements: border,
ship, projectiles, and collision

Improve the game scenario
• Improve the representation of the ship and

projectiles
• Choose attractive colors and contrasts

••• Gamification for each level, depending on
the patient's condition

Provide difficulty levelsInclude levels with difficulty levels

••• Patients with Bell palsy can benefit from itImplement a mirror therapy simulationProvide an option of mirror therapy for the
game

••• Increase patients’adherence to and engage-
ment with treatment

Create a scoring and bonus systemImplement better game mechanics for re-
wards

• Promote progression in the game

••• The level of sensitivity respects the move-
ment capacity of each patient

Implementation of sensitivity levels for
motion recognition

Movement sensitivity must be customized
according to the patient's degree of disability

••• They are interesting for the health care
professional to follow the patient's progress

Provide in-game metricsCreate metrics on the game platform to
monitor the rehabilitation process

••• The sound may be unnecessary for some
patients

Allow game sound to be optional (ie, turn
off the sound)

To avoid causing botheration to some types
of patients, the sound should be optional

••• Game elements should be clearly visibleMake game screen full, automatically ad-
justing to the aspect ratio

Consider visual acuity of the players
• The game scenario should be full screen

••• Adjustment of the distance between play-
er’s face and screen, in addition to improv-
ing movement recognition

Perform a prior calibration of the player’s
face

Head movement should not influence the
game

• Calibration is essential to avoid false posi-
tives and false negatives of movements

Discussion

We co-designed a serious game for facial rehabilitation that
represents a potential new approach to improving patients’
adherence to facial rehabilitation. The co-design procedure
allowed stakeholders to participate in defining game
requirements, thereby empowering the tool to meet the needs
and expectations of patients and be more engaging and
motivating.

Although there are studies that focus on games for rehabilitating
specific parts of the face (eg, eyes [9] and mouth [10]), to our
knowledge, no serious game for facial rehabilitation has been
proposed that can recognize the face movements used in mime
therapy. This study proposes the first such exergame.

Our results demonstrate that the co-design approach was
effective for creating a serious game with the potential to meet
patients' needs. We plan to evaluate the game with health care
professionals, healthy participants, and patients with facial
paralysis.
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Multimedia Appendix 1
Video presentation with the game prototype before the co-design procedure.
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Multimedia Appendix 2
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Video presentation with the game after implementing requirements from the co-design procedure.
[MP4 File (MP4 Video), 55743 KB - games_v12i1e52661_app2.mp4 ]

Multimedia Appendix 3
Demographic characteristics of participants.
[DOCX File , 15 KB - games_v12i1e52661_app3.docx ]
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Abstract

Virtual reality (VR) is an immersive technology in which delivery of psychological therapy techniques can be automated.
Techniques can be implemented similarly to real-world delivery or in ways that are not possible in the real world to enhance
efficacy. The potential is for greater access for patients to effective therapy. Despite an increase in the use of VR for mental
health, there are few descriptions of how to build and design automated VR therapies. We describe the development of Phoenix
VR Self-Confidence Therapy, designed to increase positive self-beliefs in young patients diagnosed with psychosis in order to
improve psychological well-being. A double-diamond, user-centered design process conducted over the course of 18 months was
used, involving stakeholders from multiple areas: individuals with lived experience of psychosis, clinical psychologists, treatment
designers, and VR software developers. Thirteen meetings were held with young patients diagnosed with psychosis to increase
the understanding and improve the assessment of positive self-beliefs, help design the scenarios for implementing therapeutic
techniques, and conduct user testing. The resulting Phoenix therapy is a class I United Kingdom Conformity Assessed
(UKCA)–certified medical device designed to be used on the standalone Meta Quest 2 (Meta Platforms) headset. Phoenix aims
to build up 3 types of positive self-beliefs that are connected to psychological well-being. In a community farm area, tasks are
designed to increase a sense of mastery and achievement (“I can make a difference”); in a TV studio, users complete an activity
with graded levels of difficulty to promote success in the face of a challenge (“I can do this”); and in a forest by a lake, activities
are designed to encourage feelings of pleasure and enjoyment (“I can enjoy things”). Phoenix is delivered over the course of
approximately 6 weekly sessions supported by a mental health provider. Patients can take the headsets home to use in between
sessions. Usability testing with individuals with lived experience of psychosis, as well as patients in the National Health Service
(aged 16‐26 years), demonstrated that Phoenix is engaging, easy to use, and has high levels of satisfaction.

(JMIR Serious Games 2024;12:e51512)   doi:10.2196/51512
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Introduction

Virtual reality (VR) has the potential to automate the delivery
of powerful psychological therapy techniques. This includes
direct translation of evidence-based techniques that are used in
traditional face-to-face therapies as well as techniques that are
not possible or difficult in the real world, potentially enhancing
efficacy. The automation of such techniques means therapies
can be more widely available in clinical services. However,
automation of psychological therapy in VR requires careful
execution to ensure there is precise translation of effective

techniques that link to clear clinical targets. In order for an
automated VR therapy to be effective, the design process must
be methodically and rigorously conducted.

We previously published 2 papers on the design process of
gameChange [1,2], a VR therapy targeting agoraphobic
avoidance in patients with psychosis. Most VR therapies have
been used to target avoidance of feared situations and reduce
anxiety [3]. We describe in this paper the development of a new
VR therapy with a different clinical target: the improvement of
positive self-beliefs and psychological well-being. Phoenix VR
Self-Confidence Therapy uniquely combines techniques derived
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from existing therapies with techniques that differ from those
used in the real world to target key processes that impact
psychological well-being. Additionally, since the development
of gameChange, there have been improvements in VR hardware
and programming capabilities. Primarily, this has included the
use of standalone headsets (ie, a gaming laptop is not required
to run the program, nor external cameras) such as the Meta
Quest 2 (Meta Platforms). Standalone headsets are more
affordable and accessible for patients and do not require a staff
member to set them up and be present throughout use.

VR for Psychosis

VR allows for the creation of 3D computer simulations of
environments that can be interacted with in a similar way to the
real world. Virtual environments elicit similar responses to their
real-world counterparts [4]. This makes it possible for people
to enter environments in the virtual world and learn new things
that can then apply to real-world situations. VR has a number
of advantages. It allows for full control over the environment,
including specific stimuli. Scenarios can be repeated and entered
gradually. People are more willing to enter virtual scenarios
precisely because they know the situations are not real; indeed,
one study indicated that three-quarters of people would rather
participate in VR-based exposures than real-world exposures
[5]. Lastly, VR therapies can be highly engaging; therefore,
they are more appealing for patients [6].

The use of VR among patients with psychosis has included
aided therapies (ie, using VR alongside traditional face-to-face
therapy). For example, Pot-Kolder and colleagues [7] compared
participants who received VR-based cognitive behavioral
therapy (VR-CBT) to those in a wait-list control group and
found that those who received VR-CBT had reductions in
paranoid ideation and anxiety. Patients received 16 sessions
with a psychologist, and VR was used together with face-to-face
therapy: psychologists provided in-the-moment feedback and
guidance on how to respond to situations differently while the
patient was in the headset. Another study examined the initial
feasibility and efficacy of VR therapy to target the impact of
negative symptoms (eg, poor motivation, blunted affect, and
difficulties experiencing pleasure). Patients received 12 sessions
of VR therapy using principles based on existing evidence-based
therapies (CBT and cognitive remediation). Environments were
simulated real-world scenes (eg a factory, pub, and rooms that
may be found in one’s house, such as a TV room). The VR
therapy was found to be acceptable and engaging, with patients
indicating increased levels of goal attainment [8]. As with the
Pot-Kolder et al [7] study, all sessions were completed with a
graduate-level psychologist, and tasks in VR were discussed
directly with the therapist in each session.

A significant advantage of VR is that therapy can be automated
and psychological principles embedded within the VR program,
including through the use of a virtual coach. This allows the
therapy to be supported by a range of staff members, including
peer support workers and graduate mental health workers,
thereby making it accessible to many more people. An
automated VR therapy developed by our team was shown to
significantly reduce fear of heights over the course of 2 weeks

[9]. In the largest trial of VR with patients to date, an automated
treatment developed by our team (gameChange) was found to
be effective at reducing agoraphobic avoidance in patients with
psychosis, particularly for people with severe levels of avoidance
[10,11]. VR scenarios were simulated everyday situations, such
as a physician’s clinic, bus, and café. Both gameChange and
Fear of Heights include a virtual coach who describes the
treatment principles and guides patients through the program.
Another study conducted by our team compared an automated
VR cognitive intervention with automated VR mental relaxation
to reduce paranoia and persecutory beliefs in patients with
psychosis. Both therapies included 4 sessions including anxiety
reduction techniques. The cognitive intervention was delivered
directly in VR by a virtual coach while the mental relaxation
intervention included audio files of relaxation techniques. Both
interventions were supported by a clinical or assistant
psychologist and produced large reductions in paranoia [12].

The studies mentioned above all use exposure-based techniques
to target anxiety, social avoidance, and paranoia, which are
typical treatment targets in traditional face-to-face therapies for
psychosis. They focus on encouraging patients to enter
simulations of real-world scenes such as a café, shopping center,
or pub in order to learn that they are safe and capable of coping
with anxiety. However, there are other important treatment
targets for patients with psychosis that may benefit from
interventions that encourage users to enter situations they may
not encounter in everyday life.

Positive Self-Beliefs and Psychological
Well-Being

Our new treatment focused on a different clinical issue in
psychosis: low self-confidence and psychological well-being.
Patients with psychosis can be self-critical, see themselves as
inferior to others, and feel a sense of failure [13]. Psychological
well-being is often low [14]. Negative self-beliefs exacerbate
the experience of other psychotic symptoms, including paranoia,
voice-hearing, and lack of motivation. The result is often a
withdrawal from everyday activities. Withdrawal further
increases the sense of defeat and means there are fewer
opportunities for people to have positive experiences, thereby
lowering self-confidence even more. A survey of 1800 patients
with schizophrenia found that increasing self-confidence is 1
of the top 3 treatment goals [14].

Psychosis often first presents in late adolescence or the early
twenties [15,16]. This is an age at which many people are in
school or university, beginning employment, and experiencing
other significant life events (eg, moving out of the family home,
entering into a significant romantic relationship, and making
new friends). Such changes can affect one’s self-beliefs and
psychological well-being and have a lasting impact. Therefore,
this is a key time to intervene as there are greater connections
on which to build (ie, colleagues and friends, hobbies and
interests, a sense of purpose through employment or study, and
family relationships). Indeed, intervening early during the
experience of psychosis has been shown to improve clinical
outcomes [17,18].
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Effective face-to-face interventions, drawing on CBT and
positive psychology techniques, can improve self-confidence
[19-22]. Some of these techniques involve helping patients learn
to increase positive self-beliefs—a mechanism for improving
psychological well-being—through direct experience (ie, being
in situations in which these positive self-beliefs can be activated
and maintained). It is these techniques that lend themselves
particularly well to implementation in VR therapies.

Design Process

Overview
An automated VR program with embedded therapeutic
principles requires a design process that ensures these principles
are correctly targeted and implemented. This means input from
end users is imperative. The overall aim is to create a program
that is easy to use, meaningful, accessible, and highly
satisfactory. The design process for Phoenix specifically used
a double diamond approach to achieve this aim. Similar to
gameChange [1], we used a person-centered design process
within the double diamond approach. This is an iterative
approach that ensures that the end user’s perspective and needs
are incorporated into all stages (in this case, the end users are
patients with psychosis).

The double-diamond design approach, developed by the Design
Council [23], involves exploring an issue widely then taking
focused action. It is organized into 4 phases: discover
(understanding lived experience of the clinical problem and
enhancing understanding and assessment of the key target),
define (set out the design brief), develop (refine storyboards,
program the application, and perform user testing), and deliver
(finalize implementation, perform debugging, and conduct final
usability testing). The design process for Phoenix will therefore
be described within each of these phases. The double diamond
approach was used for the overall look, feel, and design of
Phoenix, as well as for individual elements within the program
itself (eg, the virtual coach). Prior to beginning the design
process, a young person’s advisory group (YPAG) was formed,
facilitated by the McPin Foundation (a foundation that aims to
include people with lived experience of mental health difficulties
in mental health research). The YPAG included 14 members
aged 16‐30 years with lived experience of the clinical problem
(ie, low levels of positive self-beliefs in the context of the
experience of psychosis).

The research team at Oxford included clinical psychologists, a
treatment designer, and the software development team (3 VR
programmers, a 3D artist, and a lead computer scientist). As
with gameChange, the overall responsibility for final design
decisions was held by the chief investigator at Oxford.

Discover
Before the first meetings with the YPAG, clinical psychologists
and the treatment designer met weekly over the course of 2
months (January and February 2021) to develop a basic design
brief that would form the basis for initial discussions with the
YPAG. This design brief set the boundaries for the treatment
and how techniques could be implemented in VR. The initial
aim of the discover phase was therefore to further elaborate this

design brief. Using clinical expertise and findings from previous
face-to-face studies [19,24], we set the key mechanisms to be
targeted as well as the psychological techniques used to target
these mechanisms. The resulting design brief outlined the
clinical problem (low self confidence and psychological
well-being), the target audience (young people with a diagnosis
of psychosis), the clinical target (positive self-beliefs), the key
function of VR (provide experiences of positive beliefs in VR
to stimulate engagement in real-world activities), essential
elements (eg, a virtual coach who would guide users through
the program), and how it might fit in existing services (a discrete
form of standalone therapy that patients could take home and
use with the support of a mental health provider and
supplementary materials). The script for the program needed to
effectively communicate psychological principles using
accessible language and ensure that the content was appropriate
for the users. Additionally, the program needed to be certified
as a medical device and therefore developed with regulatory
and safety procedures in mind.

The first meetings with the YPAG primarily centered around
clarifying the terminology used to describe self-confidence, as
well as specific activities and situations in everyday life that
increase self-confidence and psychological well-being. At least
one member of the software development team, as well as all
members of the research team, attended these meetings. Given
the clinical target (positive self-beliefs), an important aspect of
these initial meetings with the YPAG therefore included the
identification of specific positive self-beliefs associated with
increased self-confidence and psychological well-being. It
became clear that existing measures did not provide a wide
enough range of positive self-beliefs, did not use clear and
precise wording, and would not select those in greatest need of
interventions to improve such beliefs. It was agreed that a
well-validated measure of positive self-beliefs—informed by
people with lived experience—should include key beliefs highly
connected to psychological well-being that can be targeted by
psychological approaches.

Therefore, as part of this discovery phase, we developed such
a measure: the Oxford Positive Self Scale (OxPos) [25]. Through
discussions with the YPAG, it was agreed this measure should
assess the key types of positive self-beliefs to be targeted in
VR. Three key types were identified: those relating to mastery
and achievement (“I have a purpose,” “I am capable,” and “I
can achieve things”); those relating to strength and resilience
in the face of a challenge (“I am strong,” “I am resilient,” and
“I don’t give up”), and those relating to enjoyment (“I can
relax,” “I can have fun,” and “I can switch off”). These beliefs
fed into all aspects of programming. The validation study for
the OxPos began during this phase and resulted in a 24-item,
easy to use, and psychometrically robust assessment of positive
self-beliefs linked to psychological well-being.

The YPAG also discussed their views on the virtual coach who
would guide users through Phoenix. Different ideas about the
coach were shared, including the possibility of a coach that was
nonhuman (ie, a robot or creature). Ultimately, it was agreed
that a human coach that was friendly, kind, and was ethnically
ambiguous and relatively gender neutral in appearance would
be maximally relatable and therefore most effective for guiding
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patients through Phoenix. Emotional attributes such as the
warmth of facial expressions and animations such as head
nodding were highlighted as particularly important for
therapeutic alliance [26]. Furthermore, following discussions
on the importance of terminology used to describe
self-confidence and positive self-beliefs, initial ideas on the
script for the coach were developed during meetings among the
research team. During this phase, how the coach would describe
the rationale behind Phoenix was discussed: that often, feelings
of vulnerability and difficult experiences can allow negative
self-beliefs to flourish and make it difficult to access positive
self-beliefs. Therefore, Phoenix is about redressing this balance.

Given that any suggestions for activities and environments in
VR needed to be programmable, weekly meetings among the
clinical psychologists, treatment designer, and software
development team at the University of Oxford were held in
parallel to meetings with the YPAG. Additionally, at least one
member of the software development team attended meetings
with the YPAG to provide input on what was programmable.
Due to the COVID-19 pandemic, meetings were conducted
remotely over Zoom (Zoom Video Communications Inc).

Define
The design brief was used as a living document that, in the
define phase, was elaborated in greater detail to set the
framework for the software development team. This included
identifying the broad virtual environments linked to the 3 key
types of positive self-beliefs and the activities within these
environments. For mastery and achievement, YPAG members
particularly identified activities that would tap into a sense of
responsibility, such as caring for animals. They also highlighted
the importance of simply completing tasks (ie, via a to-do list).
For strength and resilience, it was agreed that patients should
enter a challenging situation that would allow them to learn that
they could complete a task despite feeling anxious and therefore
feel a sense of accomplishment. Finally, for enjoyment, members
described wanting a situation that was relaxing, where patients
could immerse themselves in their surroundings and enjoy the
experience in the moment. It was agreed that this situation
should include an outdoor space.

Three environments were chosen: a community farm for mastery
and achievement, a TV studio for strength and succeeding in
the face of a challenge, and a forest by a lake for pleasure and
enjoyment. Initial sketches were drawn by the 3D artist and
provided to YPAG members in both 2D and 3D format for
feedback. When discussing activities to include in each
environment, the importance of multiple types of positive
feedback was emphasized (eg, animals’ facial expressions or
behavior, comments from the coach, and positive sounds when
tasks were completed). Therefore, these were incorporated in
all activities. In addition to the 3 environments where users
would complete activities, a fourth area was highlighted as
important: the welcome room where users were initially greeted
by the virtual coach. It was decided that this room should be a

calming, indoor space with elements of nature (ie, plants, a
room overlooking mountains). Similar to the other environments,
sketches were drawn by the 3D artist and provided to the YPAG
members for feedback. We also discussed having uplifting music
playing in the background; the music chosen was also provided
to the YPAG for feedback.

In this phase, the features and appearance of the coach were
also finalized with feedback provided by the YPAG on the look
and feel (ie, hair color, body shape, and clothing) as well as the
voice (eg, male vs female and young vs old). The YPAG
indicated that they would prefer a female coach. They wanted
a body shape that was tending more to gender neutral (eg, not
too feminine or masculine) and average in terms of size and
height (eg, not too thin). Her name (Farah) and voice were
therefore also finalized. Several voice actors were identified
from the Royal Academy of Dramatic Art in London, United
Kingdom, and clips were sent to the YPAG for feedback. A
voice actor was chosen and recording sessions for the script
took place in later phases of the design process. This occurred
concurrently with the development of the script.

The 3D artist also created an overall visual design manual
detailing the general look and feel of each element of the
program (including textures, lighting, color, animation, and
stylization) to ensure consistency across the environments. The
name of the therapy (Phoenix) and logo were also designed
during this phase, and feedback was provided by the YPAG.
Phoenix was suggested by the research team given that, in Greek
mythology, a phoenix is associated with the sun and a sense of
renewal. This fitted with the aim of the therapy—to encourage
patients to build up positive self-beliefs and rediscover
themselves. The logo was drawn by a consultant graphic
designer and included suggestions of color schemes, images of
the phoenix bird, and different fonts for the name.

Altogether, across both the discover and define phases, 7 virtual
meetings were held with the YPAG over the course of 3 months
(February-May 2021), totaling 76.5 YPAG person-hours. Email
consultations on the final version of the OxPos questionnaire,
logo, and project and coach names totaled an additional 19.75
YPAG person-hours.

Develop

Overview
The develop phase (June 2021-August 2022) included finalizing
and programming the specific activities within each of the 3
main environments, as well as the welcome room (Figure 1
provides screenshots). The welcome room includes large
glass-fronted windows looking out onto waterfalls, a lake, and
mountains, with the room itself containing plants and a fireplace.
Users can hear the sounds of birds and water splashing and
uplifting music. The coach greets users in front of the window
while describing the purpose of Phoenix and providing a tutorial
on how to use the equipment to navigate through the program.
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Figure 1. Pictures of the areas within the Phoenix VR Self-Confidence Therapy program.

In the mastery and achievement scenario (the community farm),
3 key activities were chosen, comprising 10 steps: caring for
animals (feeding one animal, building a hutch, and then feeding
multiple animals), growing plants (preparing the bed, planting
the seeds, watering the seeds, and picking crops), and
redecorating a house (hanging and populating items on shelves,
hanging pictures on the wall, and building a bird feeder). Rabbits
were chosen as the animals due to patient preference and design
complexity (ie, rabbits are relatively easy to design, animate,
and program in VR compared to other animals).

In the scenario designed to promote success in the face of a
challenge (the TV studio), the key element was being the center
of attention and having to perform a specific task, where an
audience would gradually increase in size and provide positive
feedback. The resulting activity requires users to read out
preexisting text from a teleprompter, with the scene being
gradually populated by an increasing number of characters (eg,
crew and audience). The audience (when present) claps at the
end of each reading. Other elements to increase difficulty
include the addition of cameras (being both off and on),
spotlights, and “on air” signs. The resulting scenario includes
10 levels of difficulty, with the final 2 levels requiring users to

make up a weather report rather than read a preexisting one
from the teleprompter.

For the pleasurable scenario (the forest), the main programming
focus was to ensure the scene was rich in terms of audio (eg,
birds singing, owls hooting, water splashing) and visual detail
in order to ensure full immersion. Four activities were ultimately
chosen: 2 exercises to promote relaxation (a savoring exercise,
whereby users are encouraged to focus on different elements
of the environment, and a progressive muscle relaxation
exercise, both delivered by the coach) and 2 games purely for
fun (a game whereby users throw pinecones into holes in trees
for points and a drumming game with different modes). The
YPAG also suggested giving users choice about whether they
complete activities in daylight or at night—therefore, this is
built into each exercise and each mode has different sounds and
sights.

The script for the dialogue of the virtual coach evolved as
activities were programmed. Preferences for wording were
elicited through feedback from the YPAG at all stages of the
design process. As the scenarios in Phoenix do not include social
interaction with other virtual characters, the script only includes
lines delivered by the virtual coach. Initial voice recording for
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the script took place at a recording studio in Oxford over 2
sessions in June and August 2022.

Software Development
The development of the Phoenix software was carried out by
the software development team (3 VR programmers, a 3D artist,
and a lead computer scientist) within the research team at the
University of Oxford. A key requirement was for Phoenix to
run on a standalone headset to allow for greater accessibility
and portability (ie, ensuring that participants could take the
headsets home and run Phoenix themselves, without the need
for additional hardware such as a laptop and link cable).
Therefore, Phoenix was developed to run on a Meta Quest 2
headset.

The 3D model for the virtual coach was created by the 3D artist
using Character Creator (Reallusion)and ZBrush (Maxon). This
model was then animated using iClone (Reallusion) software,
including blinking and lip-sync. The coach was programmed
to look at the user when speaking to them (or at other objects
in the scene at relevant moments). Virtual environments and
interactive objects were modeled using 3ds Max and Maya (both
Autodesk) and textured using Substance Painter (Adobe).

The 3D models were imported into a project in the Unity game
engine (Unity) where they were assembled into individual
scenes. The programmers added behaviors to create the various
activities and other scripts to control positioning and navigation.
The player rig and object interactions were based on Oculus
Unity Integration (Meta Platforms), with enhancements provided
by HurricaneVR (CloudWalkin Games).

A database was created in the cloud using Azure (Microsoft)
to facilitate identification of users, store their progress, and
receive a log of each session generated in real time by the
application. The session logs contained a chronological list of
details of significant events occurring during the session to
facilitate future analyses. This system allowed for offline use,
with data generated while the headset was not connected to the
internet being stored on the headset so that it could be synced
with the server later when an internet connection was available.

For efficiency of development, an iterative approach was used
whereby initial prototypes of environments and activities were
checked by the research team at the University of Oxford for
usability and effectiveness. Thus, the initial design and script
were continuously honed as each build of the application was
distributed and reviewed. Some decisions regarding scoping
and descoping of design elements became clearer only once a

prototype containing the whole experience in some form was
available. Once elements and activities were more fully
programmed, we ran usability testing sessions with members
of the YPAG.

Usability Testing
Usability sessions were completed in person with members of
the YPAG as well as 2 members of another project’s patient
involvement group to ensure a diversity of users. Testing
sessions took place at the Warneford Hospital site at the
University of Oxford in Oxford, United Kingdom, and the
McPin Foundation offices in London, United Kingdom. At least
one member of the research team (clinical psychologist or
treatment designer) and one member of the software
development team were present for all sessions. Sessions lasted
approximately 2 hours, with the first 1‐1.5 hours spent using
Phoenix (with breaks) and approximately 30 minutes for
debriefing. A usability questionnaire, created by our team, was
given to all users during the final user testing session. Users
were offered the choice to complete the questionnaire on their
own or with help from the research team. Additional feedback
was elicited during the debrief using specific questions about
what they had done in VR (ie, how they found interacting with
the objects, what they thought of the activities, and whether the
coach was helpful).

The first usability session was held with 4 users in May 2022
to provide feedback on the farm activities, welcome room, TV
environment, and forest environment (particularly the pine cone
game). The second usability session was held with one user in
June 2022 and the third and final usability session was held in
August 2022 with 7 users (3 of whom had attended the earlier
user testing sessions and 4 of whom had not) to review all
activities and provide feedback on Farah, the virtual coach. At
this point (August 2022), only 50% of the coach’s lines had
been animated. Table 1 and Table 2 show the results from the
usability questionnaire given during the final user testing
session. These results indicated that all users found it easy to
understand the coach’s instructions, carry out actions, and move
through the program. All users except one found it easy to
remember how to do things a second time. Four users found it
easy to know what to do in any given situation while 3 found
it difficult. This was likely because the coach’s lines had not
been fully programmed and a textbox with instructions was
used in its place. All users felt immersed in VR, were satisfied
with the experience, and enjoyed using the therapy. Two users
felt mildly nauseous while using VR while 5 did not.
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Table . First part of usability questionnaire completed by members of the young person’s advisory group (n=7) during Phoenix VR Self-Confidence
Therapy testing in August 2022.

Very difficult, nDifficult, nEasy, nVery easy, nQuestions

0340Knowing what to do in any

given VRa situation was…

0052Understanding the coach’s
instructions was…

0052Carrying out an action (for
example, planting the seeds,
throwing the pinecones)
was…

0052Moving through the pro-
gram was…

1141Learning what to do and
how to do it was…

0124Remember how to do things
a second time was…

aVR: virtual reality.

Table . Second part of usability questionnaire completed by members of the young person’s advisory group (n=7) during Phoenix VR Self-Confidence
Therapy testing in August 2022.

Disagree, nDisagree a little, nAgree a little, nAgree, nStatements

0034When using the VRa, I felt
like I was in the situation.

0007I was satisfied with the
overall VR experience.

0025I enjoyed using the treat-
ment.

5020The VR made me feel sick.

aVR: virtual reality.

Deliver
This phase of the design process (August 2022-May 2023)
included finalizing all activities, debugging, and conducting
final usability testing (as part of a cohort study with patients in
clinical services). As in the develop phase, an iterative approach
was used whereby finalized activities were checked by the
research team at the University of Oxford for usability and
effectiveness. The script was also finalized during this phase
after feedback from users in the cohort study and a last recording
with the voice actor for the coach took place in February 2023.
The final script is approximately 500 lines. When the design
and script were locked in, there was a pure bug-testing phase
involving the whole team (clinical psychologists and software
developers), during which the application was polished to
remove glitches and add final enhancements.

The cohort study for Phoenix examined usability, satisfaction,
and initial effectiveness of Phoenix in 12 young people with a
diagnosis of psychosis across 3 different mental health trusts
in the south of England. Patients were recruited over a 4-month

period (December 2022-March 2023). All patients were being
seen in National Health Service (NHS) services. The primary
outcome was usability (Table 3 and Table 4) and satisfaction
with the Phoenix program, with secondary outcomes of positive
self-beliefs (measured by the OxPos) and psychological
well-being (a full description of this cohort study was provided
by Freeman et al [27]). The same usability questionnaire
administered during user testing in the develop phase was also
used with patients in the case series. Compared with the first
usability testing session conducted in the develop phase, all
users found it easy to move through the program, understand
the coach’s instructions, carry out an action, learn what to do,
and remember how to do things a second time. Only one person
found it difficult to know what to do in any given situation. This
improvement in user experience is likely due to the coach’s
lines being fully programmed. Similarly, all users enjoyed the
treatment, all but one user were satisfied with the overall VR
experience, and all but one user felt immersed in VR when they
were using it. Only one user reported that the VR made them
feel sick.
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Table . First part of usability questionnaire completed by patients (n=11) in the case series for Phoenix VR Self-Confidence Therapy.

Very difficult, nDifficult, nEasy,nVery easy, n

0137Knowing what to do in any

given VRa situation was…

00110Understanding the coach’s
instructions was…

0047Carrying out an action (for
example, planting the seeds,
throwing the pinecones)
was…

0047Moving through the pro-
gram was…

0047Learning what to do and
how to do it was…

0038Remember how to do things
a second time was…

aVR: virtual reality.

Table . Second part of usability questionnaire completed by patients (n=11) in the case series for Phoenix VR Self-Confidence Therapy.

Disagree, nDisagree a little, nAgree a little, nAgree, n

01467. When using the VRa, I
felt like I was in the situa-
tion.

01198. I was satisfied with the
overall VR experience.

00299. I enjoyed using the treat-
ment.

911010. The VR made me feel
sick.

aVR: virtual reality.

Regulatory Process

As described in the original design brief, Phoenix is certified
as a class I medical device in conformity with the essential
requirements of Directive 93/42/EEC. The certification process
was run in parallel with the design process for Phoenix and
involved evaluating risks, software, usability, clinical safety,
and efficacy of the application. A medical device consultant
provided feedback on how to document the software
development to ensure it complied with requirements. This was
done via online project management and bug tracking software
(Jira/Confluence; Atlassian Corporation). The research team,
along with the consultant, developed and completed
documentation regarding potential hazards of use and embedded
mitigating factors, instructions for use, a data processing impact
assessment, software specifications, and a clinical evaluation
report (which included data on usability testing, described in
the Design Process section).

Phoenix VR Self-Confidence Therapy

The resulting Phoenix VR Self-Confidence Therapy program
is designed to be delivered over the course of approximately 6
weekly sessions. The activities within Phoenix spark positive

self-beliefs that are consolidated through real-world activities.
Although key positive self-beliefs are embedded within each
broad area and explicitly named by the coach, patients are also
encouraged to identify additional positive self-beliefs on which
to focus. Key techniques, aided by the mental health provider,
include helping patients identify their strengths and the activities
linked to those strengths, develop the ability to fully immerse
themselves in and therefore savor positive activities, and
increase engagement in meaningful activities.

Users start out in the welcome room and, after an introduction
to Phoenix and tutorial on how to use the program, choose from
the 3 environments. They can repeat activities and return to the
welcome room at any time. Prior to each activity, they are
provided with a description of the purpose and what steps need
to be taken to complete it. After completion, Farah provides
positive feedback and encouragement. Farah directs users to
pay attention to the feelings of enjoyment and achievement
elicited by the activities in Phoenix and encourages them to
elicit these same feelings in their daily life. Handouts with
positive psychology techniques supplement the delivery of
Phoenix.

Users also have the option to take the headset home with them
to use in between sessions. This means that in-person sessions
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may or may not involve the use of VR depending on patient
preference. The mental health provider helps users set practices
to complete between sessions aimed at continuing to build
positive self-beliefs, with sessions focused on reviewing these
practices and consolidating the learning made from using
Phoenix.

Clinical Evaluation

Ethical Considerations
Ethical approval for the cohort study and the randomized
controlled trial (described below) was obtained from an NHS
research ethics committee (22/LO/0273). The study abided by
the Ethical Principles of Psychologists and Code of Conduct.
The McPin Foundation followed all appropriate safeguarding
policies and ethical considerations during the design process.

Next Steps
Twelve patients completed Phoenix as part of the cohort study
and 11 provided outcome data [27]. Uptake of Phoenix was
high: 9 users had 6 sessions and 8 patients consistently used

Phoenix on their own in between sessions. Satisfaction was high
and there were few side effects. All users rated the quality of
the VR therapy as good or excellent. An initial evaluation of
positive self-beliefs and psychological well-being showed large
improvements. Therefore, the cohort study is now being
followed up with a randomized controlled trial in 4 mental health
trusts in the south of England.

Eighty patients will take part [28]. Half of the participants will
receive Phoenix in addition to their usual treatment and half
will continue with their usual treatment only. There will be 2
follow-up assessments: one at 6 weeks (after treatment
completion) and one at 12 weeks. Assessments will be
completed by research assistants who are blind to the treatment
allocation. The primary outcome is positive self-beliefs
(measured by the OxPos), with secondary outcomes of
well-being, everyday confidence, depression, anxiety,
hopelessness, activity levels, and quality of life. Service use
will also be measured for an analysis of health economics. For
those who receive Phoenix, satisfaction and side effects will
also be assessed.
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VR-CBT: virtual reality–based cognitive behavioral therapy
YPAG: young person’s advisory group
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