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Abstract
Background: Serious games have been found to have enhancing and preventative effects on cognitive abilities in healthy older
adults. Yet, there are few results on the effects in older seniors with age-related low cognitive impairments. Their special needs
were considered when designing and using innovate technology in the area of prevention, which is especially relevant owing to
the continuously aging population.
Objective: The objective of this study was to evaluate the impact of a serious game on the cognitive abilities of seniors in order
to potentially implement innovative resource-oriented technological interventions that can help to meet future challenges.
Methods: In this controlled trial, we tested the serious game MemoreBox, which features modules specifically designed for
seniors in nursing homes. Over a period of 1 year, we tested the cognitive abilities of 1000 seniors at 4 time points using the
Mini-Mental Status Test. Only half of the participating seniors engaged with the serious game.
Results: The study included an intervention group (n=56) and a control group (did not play; n=55). Based on the in-game data
collection, a second intervention group (n=38) was identified within the original intervention group, which exactly followed the
planned protocol. There were no noteworthy differences between the demographic and main variables of the overall sample. The
large reduction in the sample size was due to the effects of the COVID-19 pandemic (drop-out rate: 88.9%). The CI was set at
5%. Mixed analysis of variance (ANOVA) between the cognitive abilities of the intervention and control groups did not show a
statistically significant difference between time and group (F2.710,295.379=1.942; P=.13; partial η²=0.018). We noted approximately
the same findings for mixed ANOVA between the cognitive abilities of the second intervention and control groups (F3,273=2.574;
P=.054; partial η²=0.028). However, we did observe clear tendencies and a statistically significant difference between the 2
groups after 9 months of the intervention (t88.1=−2.394; P=.02).
Conclusions: The results of this study show similarities with the current research situation. Moreover, the data indicate that the
intervention can have an effect on the cognitive abilities of seniors, provided that they regularly play the serious game of
MemoreBox. The small sample size means that the tendency toward improvement cannot be proven as statistically significant.
However, the tendency shown warrants further research. Establishing an effective prevention tool as part of standard care in
nursing homes by means of an easy-to-use serious game would be a considerable contribution to the weakened health care system
in Germany as it would offer a means of activating senior citizens in partially and fully inpatient care facilities.
Trial Registration: German Clinical Trials Register DRKS00016633; https://tinyurl.com/2e4765nj
(JMIR Serious Games 2022;10(2):e33169) doi:10.2196/33169
KEYWORDS
serious game; cognitive function; mental health; seniors; care facilities; aging; cognitive impairments; health technology
https://games.jmir.org/2022/2/e33169
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Introduction
The Social Challenge of an Aging Population
The demographic changes in mainly industrialized societies
include aging of the population because of falling birth rates,
increased life expectancy, improved medical care, and adequate
nutrition [1,2]. The proportion of people aged 65 years is
forecasted to increase from 17% in 2008 to an estimated 30%
by 2060, and the number of people aged over 80 years would
triple [3]. This age shift is leading to a rapidly growing
proportion of the population in need of medical and general
care given that the risk of acute and chronic diseases increases
with age [4-6]. At the same time, the proportion of healthy
caregivers is decreasing [7]. The aging process and the reasons
for entry into the need for long-term care are highly
individualized, and in Germany, they usually lead to
accommodation in nursing homes [8].
Besides losses in physical abilities, cognitive functions in
particular are subject to strong age-associated degradation
processes in people over 65 years. Population-based
epidemiological studies report that 3% to 19% of adults over
65 years of age experience mild cognitive impairment, with
more than half of these adults developing dementia within 5
years [9]. Both age-related physical and cognitive impairments
lead to increased social isolation in older people in nursing
homes [10,11], which in turn has a negative impact on mental
health [12]. Empirical research shows that cognitive
deterioration processes can be counter-balanced; cognitive
training can help healthy older people to significantly improve
their cognitive performance and maintain these gains in the long
term [13,14].
Different areas of cognitive functioning, such as memory [15],
processing speed [16], executive functions [17], and attention
[18], can be successfully trained in older people. These findings
highlight the relevance and need of prevention, as well as the
early detection of cognitive decline [19].

Opportunities of Prevention
The World Health Organization [20] defines health promotion
(prevention) as “[...] a process that enables all people to have a
greater degree of self-determination about their health and thus
empowers them to strengthen their health.” Numerous studies
on demographic change point out that the intensity of prevention
and health promotion measures, especially in nursing homes,
must increase [21]. Research findings provide a clear indication
that health-promoting interventions in long-term inpatient care
should not only counteract existing physical and cognitive
limitations but also promote remaining skills and health
resources [22]. Finally, such interventions would also have
positive effects on the number of cases and thus the health care
system overall [23].

Serious Games for Prevention
Serious games are games which, in addition to the fun of the
game, have a serious added value. They are suitable for not only
imparting knowledge, but also prevention, therapy, and use in
care [24]. Although studies have shown that seniors play
computer games [25], it is noticeable that there are only a few
https://games.jmir.org/2022/2/e33169
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studies on serious games and older people, with an even more
limited number of studies including older adults in care facilities
(also limited availability) and even fewer studies on nursing
home residents with cognitive impairments [26]. Serious games
for seniors are developed with special features. For example,
attention must be paid to simple operation, customizable
development potential, intuitive and easy-to-remember game
mechanics, and game principles [27,28]. Lau et al [29] also
emphasized the combination of cognitive challenge and
stimulation for physical activity, which makes serious games a
multifactorial and extensive prevention medium. Thus, training
with serious games provides synergy effects that cannot be
achieved with separate training of physical and cognitive skills
[30]. Despite the limited research, Chao et al [31] found 22
studies for their meta-analysis that investigated the effects of
serious gaming on older people. The results showed promising
indications that serious gaming in older people has a positive
impact on physical skills, cognition, and psychosocial
experience. There are also some studies specifically on serious
gaming, cognition, and older people. So far, these studies have
yielded diverse results. A very recent meta-analysis [32], which
examined 18 randomized studies about the effectiveness of
serious gaming on the cognition of older people, reported
moderate effects on general cognitive functions and memory.
In addition, Mura et al [33] showed in their meta-analysis that
people with neurological disabilities benefit from serious gaming
in their cognitive functions, especially in executive functions
and visuospatial perceptions, but there was no effect on attention
and global cognition. These results demonstrate that there are
few effects for special cognitive functions, but the effect sizes
are often not large enough to be beneficial. Moreover, Sala et
al [34] conducted publication-bias analyses in meta-analyses
regarding this topic, which suggested that the actual effect of
exergames on overall cognitive function is small or even
nonexistent.

Pilot Study on MemoreBox: A Serious Health Game
Launched in 2014, MemoreBox is a science-based,
computer-based, gesture-controlled game console, specifically
adapted to the needs and abilities of seniors in nursing homes.
It aims to promote, activate, and reactivate the seniors’
cognitive, motor, and psychosocial skills in a preventive and
therapeutic fashion (RetroBrain R&D, developing company of
MemoreBox). In a German pilot study with 72 seniors [35],
which was conducted over a period of 6 months, MemoreBox
players showed more beneficial development of their cognitive
performance, among other health effects, compared with
nonplayers (effect of time: playing intervention group, n=28
[χ22=12.653; P=.002; r=2.39]; nonplaying control group, n=29
[χ22=2.495; P=.29]). The positive pilot led to a longitudinal
nationwide German study on MemoreBox to evaluate its
physical, cognitive, and mental health effects. A detailed
methodological discussion of the longitudinal study has been
provided elsewhere [36]. This work will evaluate the data from
this study relative to cognitive aspects.
The goal of the study is to investigate the impact of the serious
game MemoreBox on the cognitive abilities of seniors. Previous
considerations with regard to demographic change highlight
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e33169 | p.5
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the need for knowledge about the preventive effect of
interventions (physical and psychological). Thus, studies, such
as the one presented in this paper, are key to contribute to a
growing knowledge base in this area. In order to meet future
challenges, it will be essential to turn to novel, resource-oriented,
and technology-based ideas that offer possible solutions. One
of these ideas could be serious games, and they have the
potential to reactivate existing cognitive resources in senior
citizens, which is a topic that we aim to explore further in this
paper.

Methods
Study Design
The current intervention study has a quasiexperimental design
with 8 repeated measures. To evaluate the effectiveness of
MemoreBox, a large-scale study was conducted in 100 German
care facilities, recording and examining a total of 1000 seniors
in a playing intervention group and a nonplaying control group
over the course of a year. Seniors were allocated to either the
intervention group or control group based on their preference,
that is, if they wanted to play serious games or just participate
in the study without playing.

Intervention
MemoreBox (see detailed description above), a serious game
that was specifically designed for seniors in care facilities,
constituted the focus of the intervention study. MemoreBox
was developed a few years ago by health care professionals
(physical therapists, medical doctors, and psychologists) based
on empirical research. It is a purely computer-based digital
intervention that requires the handling of technology, but was
designed in a way that it would be as accessible as possible
through pure gesture control. Its technical features allow the

Kleschnitzki et al
recording of a player’s movements, including, for instance,
inclinations, movement angles, body balance, and movement
radius. These movement data can be used in future studies to
analyze potential changes in movement or agility. In addition,
there is a point system included in the games to promote
motivation, and the level of difficulty (sensitivity) can be
adjusted.
The intervention included 6 coordinated movement games,
which combine preventive, therapeutic, and rehabilitative
aspects, aimed at playfully training the physical, mental, and
social skills of seniors. Every senior has an individual QR code
that records their (movement) data by means of a Kinect camera
(Microsoft Corp). The games can be played while sitting or
standing, individually or in groups.
The intervention for this study, training through games, was
carried out 3 times a week for 1 hour each in a group using a
fixed training plan that was developed in advance by therapists.
This ensured that each participant used each game (with their
different therapeutic foci) once a week. Each training session
was supervised by a trained therapist. The preventive training
program can be used independently of age-related indications.
As shown in Figure 1, there are currently 6 games
(motorcycling, bowling, table tennis, singing, postman, and
dancing) that are based on everyday activities and focus on
different combinations of balance, memory, ability to react,
hand-eye coordination, and flexibility.
In addition, MemoreBox provides a record of the amount,
duration, and regularity of the game recorded by each person.
The data allowed us to differentiate people in the intervention
group and subdivide them further into those who regularly
played according to the training plan and those who belonged
to the intervention group but only exercised irregularly (see the
Participants section below).

Figure 1. Game modules, and some of their potential therapeutic characters.
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Operationalization
Standardized questionnaires on cognition, motor skills, and
psychosocial health were administered every 3 to 6 months and
were thus completed by participants at 4 to 5 points in time.
Given that only cognitive skills are addressed in this study, the
corresponding Mini-Mental Status Test (MMST), which has
been described in more detail elsewhere [37], was used. It is a
screening method for identifying cognitive deficits and
monitoring progress. The German-language version was created

Kleschnitzki et al
by Kessler et al [38]. With 30 items, the MMST checks cognitive
performance in the following 5 dimensions: temporal and spatial
orientation, attention and arithmetic ability, memory, language
comprehension, and ability to act. The reliabilities provided in
the manual for observer agreement (r=0.83) and retest (r=0.89;
24 hours apart) are high. There were 4 measurements (Figure
2), where trained nursing staff carried out the MMST. In
addition, the objective technical data of the gaming behavior
(duration and frequency) were present and were needed.

Figure 2. Survey times, periods of the operationalization and drop-out reasons. CG: controls group; IG: intervention group.

Participants
The sample consisted of an intervention group and a control
group. The intervention group included 56 participants (38
females and 18 males) aged between 62 and 96 years (mean
age 81.84 years, SD 6.78 years). For this study, the technical
data from MemoreBox on gaming behavior were used to identify
those within the intervention group who played regularly
(according to the training plan) in order to obtain more precise
insights into the effects of the training. Another intervention
group (second intervention group) of 38 senior citizens, who
trained regularly for 1 year, was identified. Of the 38 participants
in the second intervention group (regular end of the game), 28
(74%) were females and 10 (26%) were males, with an age
range of 71 to 96 years (mean 83.61 years, SD 5.38 years). The
control group included 55 participants (41 females and 14 males)
aged between 60 and 107 years (mean age 84.24 years, SD 9.33
years). The distributions of age (mean 83.03 years, SD 8.2 years)
and gender (66 females, 71%; 28 males, 29%) of the total sample
roughly corresponded to the current findings on the need for
care in Germany [39].
https://games.jmir.org/2022/2/e33169
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All participants were residents of care facilities in Germany. A
total of 100 care facilities were included. When selecting the
facilities, care was taken to ensure that the facility structure was
very diverse (eg, private, state, church, city, and country). For
both groups, severe mental or neurological illnesses and age
below 60 years were exclusion criteria. In addition, the health
status, comorbidities, and medications in both groups were
surveyed.

Recruitment
After the nursing staff of the facilities passed on the information
materials to the residents, the seniors could volunteer to
participate in the study. A similar procedure was used to assign
participants to the intervention or control groups. The
participants voluntarily assigned themselves to 1 of the 2 groups.
Given that this voluntary group assignment led to unequal
groups with different parameters, the group data were
parallelized for comparison purposes after data collection was
completed.
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Dropout and Missing Data Resulting From the
COVID-19 Pandemic

Statistical Analysis

The global COVID-19 pandemic, which has caused major
changes in care facilities in Germany at least since March 2020,
led to the inevitable interruption of the study and thus of the
planned surveys in most of the participating care facilities. Due
to the large number of nationally participating institutions, the
individual on-site situation and the local restrictions imposed
because of COVID-19 differed greatly from one care facility
to the next. In 11 nursing homes, the study design could be
continued unhindered based on the training plan because of
special facility conditions, which ultimately led to a sample size
of 111 (56 in the intervention group and 55 in the control group)
in this study (Figure 2). The surveys were subject to a very brief
interruption (3 months), which led to an analyzable and
sufficiently interpretable data set in the sense of the originally
intended study design for 4 measurement times with different
intervals. Additionally, the intervention group (n=56) was further
divided into the following 2 groups: a group of participants for
whom the data in MemoreBox indicated that they had
participated in the training relatively regularly despite the
pandemic conditions (second intervention group, n=38) and a
group of participants for whom the data showed that they had
participated irregularly (n=18).
The MMST was originally planned to be administered every 6
months. However, due to the changes in the nursing homes as
a result of COVID-19, an additional measurement was carried
out after the first easing of the lockdown in the summer of 2020,
to have a kind of “second start value.” This step resulted in 4
MMST measurement times, with the interval between the first
2 measurements being 6 months and the further 2 intervals being
3 months each (Figure 2).

To ensure comparability, the intervention and control groups
were compared and parallelized in terms of the characteristics
of the dependent variables at baseline (T0). For the statistical
significance test, the confidence interval was set at a level of
α=.05. To examine the 2 intervention groups in comparison
with the control group, a mixed analysis of variance (ANOVA)
was used. The dependent variable was cognitive impairment,
the time factor with 4 values (T0 [Q3 2019], T1 [Q2 2020], T2
[Q3 2020], and T3 [Q4 2020]) functioned as an inner-subject
factor, and group membership functioned as a between-subject
factor (2 factor levels).

Ethics Approval
This study was approved by the Ethics Committee of Charite
Berlin (Ethikausschuss am Campus Benjamin Franklin; review
number: EA4/035/19).

Results
Overview
We outline the results and separate the intervention group into
the original intervention group and the second intervention
group (ie, those seniors who completed the training for a year
according to the plan).

Baseline Comparison/Descriptive Statistics
There were no noteworthy differences between the demographic
and main variables in the overall sample. Moreover, in the newly
created classification, the groups at time T0 (baseline) did not
differ significantly in demographic and main variables (Tables
1 and 2).

Table 1. Baseline measurement of variables and their differences between the intervention group and control group.

a

Variable

Intervention group (N=56), Control group (N=55),
mean (SD)
mean (SD)

t (df)

P value

95% CI

Age

81.84 (6.78)

84.24 (9.33)

−1.55 (98.58)

.13

−0.67 to 0.08

Care levela

2.49 (0.89)

2.67 (0.83)

−1.02 (99)

>.99

−0.60 to 0.19

Financial medium scoreb

2.03 (0.88)

2.00 (1.04)

0.121 (68)

.90

−0.44 to 0.50

Health condition scorec

3.28 (1.07)

3.10 (1.27)

0.79 (103)

.43

−0.23 to 0.54

Health behavior scored

2.34 (0.79)

2.53 (0.97)

−1.11 (109)

.27

−0.58 to 0.16

Health assessment scoree

2.84 (0.80)

2.89 (0.83)

−0.33 (109)

.74

−0.44 to 0.31

MMSTf mean score

1.32 (0.25)

1.29 (0.26)

0.536 (109)

.59

−0.27 to 0.47

MMST total score

24.77 (4.60)

24.47 (4.86)

0.329 (109)

.74

−0.31 to 0.43

0 (no need for care) to 5 (most severe impairments).

b

0=<€1000; 1=€1000-€1500; 2=€1500-€2000; >€2000.

c

0 (healthy) to 5 (chronically ill).

d

0 (not taking care of their health) to 5 (taking great care of their health).

e

0 (“I rate my health as very bad”) to 5 (“I rate my health as very good”).

f

MMST: Mini-Mental Status Test.

https://games.jmir.org/2022/2/e33169

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e33169 | p.8
(page number not for citation purposes)

JMIR SERIOUS GAMES

Kleschnitzki et al

Table 2. Baseline measurement of variables and their differences between the second intervention group (regular players) and control group.
Variable

Second intervention group Control group (N=55),
(N=38), mean (SD)
mean (SD)

t (df)

P value

95% CI

83.61 (5.38)

84.24 (9.33)

−0.412 (88.54)

.68

−0.49 to 0.34

Care level

2.42 (0.94)

2.67 (0.83)

−1.30 (82)

.20

−0.72 to 0.15

Financial medium scoreb

2.00 (0.83)

2.00 (1.04)

0.00 (58)

>.99

−0.51 to −0.51

Health condition scorec

3.41 (1.04)

3.10 (1.27)

1.22 (86)

.23

−0.16 to 0.68

Health behavior scored

2.37 (0.75)

2.53 (0.97)

−0.84 (91)

.40

−0.59 to 0.24

Health assessment scoree

2.89 (0.73)

2.89 (0.83)

0.02 (91)

.98

−0.41 to 0.42

MMSTf mean score

1.32 (0.23)

1.29 (0.26)

0.60 (91)

.55

−0.29 to 0.54

MMST total score

24.76 (4.25)

24.47 (4.86)

0.30 (91)

.77

−0.35 to 0.48

Age
a

a

0 (no need for care) to 5 (most severe impairments).

b

0=<€1000; 1=€1000-€1500; 2=€1500-€2000; >€2000.

c

0 (healthy) to 5 (chronically ill).

d

0 (not taking care of their health) to 5 (taking great care of their health).

e

0 (“I rate my health as very bad”) to 5 (“I rate my health as very good”).

f

MMST: Mini-Mental Status Test.

Outcome

creating the second intervention group (n=38) based on the
amount, duration, and regularity of game play.

There was no normal distribution in the sample, which can be
neglected with a sample size of >30 [8]. In addition, the F tests
carried out showed similar results. The sphericity was also not
given (0.04). Owing to the violation of this requirement, a
Greenhouse-Geisser correction of the degrees of freedom was
carried out.

On performing mixed ANOVA for group differences between
the second intervention group and the control group, no
statistically significant interaction between time and group
membership was found (F3.273=2.574; P<.054; partial η²=0.028;
Figure 4).

First, we analyzed the whole sample (N=111) to explore if there
was a potential distinction between the intervention group and
the control group. The mixed ANOVA showed no statistically
significant interaction between time and group membership
(F2.710,295.379=1.942; P<.13; partial η²=0.018). There was also
no significant main effect for time, which corresponded to no
significant difference over time (F2.710,295.379=0.383; P=.75;
partial η²=0.04; Figure 3). There was also no significant main
effect for group membership (F1.109=2.405; P=.12; partial
η²=0.022).
The clear tendencies of the MMST estimates of both participant
groups, which are clearly shown in Figure 3 but were not found
to be statistically significant, were another reason for a closer
look at the intervention group and the decision to further divide
participants based on the available MemoreBox data, that is,
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However, the level of significance was only just exceeded, and
at a level of significance of 10%, a clear main effect and thus
an interaction of time and group affiliation could be identified.
Hence, we could conclude that there were clear tendencies that
playing with MemoreBox over a year improved the cognitive
abilities of the participants who played regularly, whereas they
deteriorated in the control group both in real numbers and in
statistical comparison. The main effect of time (F3.273=0.337;
P=.78; partial η²=0.004) and group membership (F1.91=2.701;
P=.10; partial η²=0.029) for this ANOVA did not show
statistical significance. The subsequent t tests (Table 3) showed
a statistically significant difference between the groups in terms
of their MMST values after 9 months of the intervention
(t88.1=−2.394; P=.02). This effect was already apparent after 6
months, but was easily canceled out after 12 months.
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Figure 3. Results of the Mini-Mental Status Test (MMST) of the intervention group (all participants) and control group over time.
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Figure 4. Results of the Mini-Mental Status Test (MMST) of the second intervention group playing regularly and the control group at all 4 measurement
times.

Table 3. Results of the t test for the intervention and control groups at 4 different measurement times.
Time point comparisona

a

Control group

Second intervention group

Control group vs second intervention group

t (df)

P value

t (df)

P value

Time point

t (df)

P value

T0–T1

1.433 (54)

.16

−1.341 (37)

.19

T0

−0.298 (91)

.77

T1–T2

0.379 (54)

.71

1.156 (37)

.26

T1

1.725 (89.7)

.09

T2–T3

−0.221 (54)

.83

1.357 (37)

.18

T2

2.349 (88.1)

.02b

T0–T3

1.681 (54)

.10

−0.893 (37)

.38

T3

1.597 (91)

.11

T0: Q3 2019, T1: Q2 2020, T2: Q3 2020, T3: Q4 2020.

b

Significant at 95% CI; N=93.
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Discussion
Principal Findings
The baseline comparison showed that the intervention and
control groups did not differ statistically in any variable at the
beginning of the intervention and were therefore deemed
comparable. The relevant sociodemographic variables roughly
corresponded to the current findings about the need for
long-term care in Germany [39].
The mixed ANOVA showed no significant impact on the
cognitive abilities of those subjects who played regularly over
the course of a year compared with the control group. However,
owing to the size of the sample and the statistical significance,
we hypothesize that the intervention had a potential impact on
cognition.
This impact could not be detected among irregular players. An
independent samples t test between the groups after 9 months
of the intervention showed a statistically significant difference
between the groups, which was not visible at earlier
measurement times.
Furthermore, the figures and graphics indicate development
tendencies in a way that the control group estimates decrease
over the period of the investigation (1 year) from an initial
average MMST value of 24.47 to an average MMST value of
23.25. However, this change was not statistically significant.
Nevertheless, this development was understandable, given that
a decline in cognitive abilities can be expected for this group
of participants (ie, senior citizens) within 1 year [40-42]. In
addition, within a year, the MMST values for the total sample
fell below the frequently set limit value for normal cognitive
function (24 points), which may indicate normal dementia
development. However, by contrast, the values of the second
intervention group showed an opposite trend (from 24.76 to
25.42).
Overall, despite the described limitations, the results clearly
showed a tendency that supports the effectiveness of the
intervention and suggests a positive impact on the cognitive
abilities of seniors in nursing homes. Thus, the results of this
study contribute considerably to our knowledge base in this
novel and still underresearched area by providing insights into
the challenges and complexities, as well as potential
developments and implementations of serious games that can
be further explored in future research. Moreover, the results
indicate that serious games (ie, here MemoreBox) can have a
positive impact on the cognitive abilities of seniors and should
therefore be increasingly recognized and implemented to provide
opportunities for engaging health promotion.

Limitations
The quasiexperimental design, the innovative character of the
project, and the interruption by the global pandemic caused
limitations. The study design involved nonrandomized
assignment, no given double-blind procedure, and a small
sample size.
To conduct a survey study over the long period of 12 months
and avoid excessive drop-out rates, it is particularly helpful for
https://games.jmir.org/2022/2/e33169
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research projects in the geriatric field to keep the motivation to
participate as high as possible by means of voluntary instead
of randomized allocation. The baseline comparison should
represent the greatest possible compensation for this limitation.
Another major limitation is the small size of the sample that
was analyzed at the end. The attrition from the initial 1000
participants to 111 usable data sets (approximately 10%) was
very large. Due to the special circumstances of the participants
(age, illnesses, care, and morbidity) and the high effort for the
intervention group (1 year, 3 times a week commitment), the
target group had a high drop-out rate from the start, which can
be expected [43]. The sample size may also be a reason for the
lack of statistically significant differences between the groups.
A corresponding post-hoc power analysis with an alpha level
of 5% and a target power of 80% (90%) showed a minimum
number of 179 (231) cases to show a significant interaction
effect with moderate effect sizes (ηÇ=0.25) with a mixed
ANOVA in 2 groups and 4 measurements.

Comparison With Prior Work
Regarding the cognitive ability of the study participants, the
results showed that the condition in the control group
deteriorated slightly within 1 year, a finding that is in line with
previous research [40-42]. However, it can be assumed that
regular players at least maintained their cognitive abilities on
average and that the progression of cognitive impairments can
be slowed down by training. These effects and tendencies
confirmed the findings from a previous pilot study by Trauzettel
[35], who also tested the influence of MemoreBox on cognitive
abilities in 2 nursing homes and found a significant improvement
in the MMST values over a 6-month survey period, as well as
a significant difference between the intervention group and
control group at the last measurement time. The fact that
therapeutic computer-based training had a positive effect on
cognitive performance shows consistency with other research
findings [44]. This is particularly important regarding the
age-related decline in cognitive abilities [40]. Additionally, it
means that success can lie not only in growth, but also in
maintaining cognitive abilities [45]. Moreover, the results of
this study coincide with other studies in which comparable
interventions with therapeutic game consoles brought about
multidimensional improvements in older people [46-49]. In
addition, reviews reflect the high potential of serious games as
an efficient and motivating component in prevention and health
promotion [28,29,50-52].
Apart from the already reported contribution of the study to
advancing the knowledge base in this new research area and
the clear influence of the intervention in older people, it is also
important to highlight the “nursing home” as a novel space and
focus in research. Given that nursing homes require a
considerable amount of social, financial, and health resources,
this study focused on the implementation of serious games as
a means of potentially aiding with constrains in these resources.
It focused on the efficacies and points to positive effects relative
to the 3 resources. Thus, our study clearly highlights the
importance of this type of research as well as the attention this
area of research should receive in the future.
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In the following text, it will also be critically discussed why the
results presented here do not show statistical significance, as
the literature suggests. The initial values of all participants were
in a high range of approximately 24 points, which is not
considered to be dangerous. These high baseline values may be
a reason for the ambiguous significance in the sense of an
improvement, since older people with very low cognitive
baseline values tend to benefit more from cognitive interventions
than people who already show higher values before training
[53]. It remains to be seen whether the second intervention group
can maintain the generally stable MMST values and whether
this would be reflected in a comparison with the control group
over a significantly longer intervention period.
Another reason can be personal influences and associated other
everyday activities. As previous research shows, cognitive
activity throughout the life of a person is seen as an important
factor influencing cognitive performance in old age [54,55].
This could mean that the influence of the intervention is less
than assumed, since the level of activity in the previous life of
the individual played a more important role. Since improvements
in cognitive performance are associated, among other things,
with increased health-related quality of life [56] and, on the
contrary, a cognitive decline is associated with a lower
health-related quality of life [57], there might have been other
factors that impacted the results. The Hawthorne effect [58]
could be one factor, that is, positive effects on the examined
variables solely through conscious participation in the study
can (unconsciously) motivate the control group to change their
behavior. This could have resulted in stabilizing, compensatory,
or diffusing effects that do not correctly reflect the
characteristics in the constructs. Possible consequences are a
lack of reliability of the implemented intervention and a limited
construct validity, which could have resulted in an
approximation of the measured values for the second
intervention group and control group [59].
At the same time, the game concept of MemoreBox is based on
stimulating interactivity and communication with other
participants. Epidemiological studies have shown that social
relationships are highly relevant to cognitive health and can
even reduce the risk of death [60]. Being with other people
involves cognitive stimulation through verbal and nonverbal
communication. A lack of social relationships, on the other
hand, can favor dementia [61]. The changing group size from
5 persons initially to, in some cases, only 1 person at the end
of the 1-year intervention could therefore also have had an
impact on the results.

Future Perspective
Follow-up studies are much needed to evaluate the continued
effects of the changes and investigate the effectiveness beyond
the current influence of the game. Future studies should take
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into account a new group, which receives a different multimodal
offer (as similar as possible, but, for example, guided by
therapists), in order to differentiate more precisely the specific
areas of impact of the given serious game. Additionally,
analyzing the exact impact on preventive and health-promoting
changes could also be the focus of future research, which would
contribute further to the literature that has outlined the relatively
high benefits of serious games.
Establishing a high scientific standard requires not only a second
intervention group, but also various more specialized
instruments to document motor movements, which, in turn, can
potentially provide insights into the effectiveness of serious
games for different motor skill sets.
Furthermore, it is essential to carry out studies that have a larger
sample size. Owing to the already mentioned challenges of
recruitment and stability of the target group, there is a global
lack of studies with a high number of participants. Future
studies, like the present one, could obtain a larger sample size
by establishing interventions directly in nursing homes.
In addition to focusing on a higher number of participants, future
studies should also concentrate on follow-up examinations to
document long-term effects and, in general, collect data over a
fundamentally longer period of time. The potential
reactivation/preventive effects relative to certain motor skills
seem to take a long time, especially for the target group, as
shown by the results reported in this paper, as well as in other
relevant literature. Therefore, the duration of the studies must
be adjusted in order to better assess the actual long-term benefits
of serious games for the motor skills of seniors.

Conclusions
While confirming the current state of the research field, the
results of this study showed that the intervention had an impact
on the cognitive abilities of seniors, provided that they regularly
played the serious game of MemoreBox. A particularly novel
aspect of this study is that it was carried out in the actual care
sector. The authors see the study as a continuation of a pilot I
study [35]. Both studies have made it their task to consider the
behaviors and circumstances of senior citizens in a
resource-oriented and setting-related manner and thus to make
a scientific contribution to the limited research in this area [35].
The contribution of the paper is that it shows the positive
influence of serious games on the cognitive abilities of older
people and can thus be seen as an important building block
toward better understanding of preventive effects.
Implementing an easy-to-use serious game as an effective
(prevention) tool and making it part of the standard care in
nursing homes might contribute considerably to the weak health
care system, in which there tends to be a lack of activating offers
for senior citizens in partially inpatient care facilities [62].
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Abstract
Background: Stroke has the highest disability-adjusted life-years lost in any disease, and approximately one-third of the patients
get aphasia. Computers and tablets are innovative and aid in intensive treatments in speech rehabilitation for patients with aphasia.
However, mechanical training limits the help to patients.
Objective: This study aims to provide a framework for an integrated virtual reality (VR) app to provide speech rehabilitation
for patients with aphasia.
Methods: The content was generated through an in-depth literature review and discussion with experienced rehabilitation
physicians and occupational therapists. We then conducted a 2-round Delphi study with 15 experts from hospitals and universities
to rate the content using a 5-point Likert scale. The app was developed by an interdisciplinary team involving VR, medical science
of rehabilitation, and therapeutic rehabilitation. Pilot usability testing of this novel app was conducted among 5 patients with
aphasia, 5 healthy volunteers, 5 medical staff, and 2 VR experts.
Results: We designed 4 modules of speech rehabilitation: oral expression, auditory comprehension, cognition, and comprehensive
application. Our VR-based interactive and intelligent app was developed to provide an alternative option for patients with aphasia.
Pilot usability testing revealed user satisfaction with the app.
Conclusions: This study designed and tested a novel VR-based app for speech rehabilitation specifically adapted to patients
with aphasia. This will guide other studies to develop a similar program or intelligent system in a clinical setting.
(JMIR Serious Games 2022;10(2):e30196) doi:10.2196/30196
KEYWORDS
virtual reality; speech rehabilitation; stroke; app; Delphi
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Introduction
Background
Aphasia is an acquired language impairment following acquired
brain injury (ABI) that affects some or all language modalities,
including the expression and understanding of speech, reading,
writing, and gestures [1]. ABI is a rapidly growing public health
problem resulting from traumatic brain injury, stroke,
hypoxic-ischemic encephalopathy after cardiac arrest, and brain
tumors [2]. Stroke leads to the highest disability-adjusted
life-year loss in any disease, with over 2 million new cases
annually in China [3]. It is estimated that there are 1.1 million
stroke-related deaths in China per year, and this number is
increasing [3]. Globally, the number of stroke deaths is projected
to rise to 7.8 million by 2030 [4].
Approximately one-third of stroke patients experience aphasia
[1]. Patients with aphasia have a higher risk of not returning to
work than those without aphasia [5]. It is likely that an
individual's inability to reenter the workforce poststroke is due
to the presence of aphasia [5]. The incidence of stroke in
younger patients was considerably lower than that in the older
cohorts; however, it remains on the rise [6], and rehabilitation
needs are worthy of attention [5]. It has been reported that 94%
of individuals are diagnosed with cognitive or communicative
deficits. However, only 45% were referred for speech-language
pathology services [7]. Computers and tablets have proposed
innovative and intensive treatments for patients with aphasia in
language rehabilitation [8-10]. Naming abilities are improved
in patients who receive training, whereas no significant
improvements have been shown in verbal communication skills
[8,10]. A review concluded that many apps identified from the
Google Play Store, Apple App Store, and web searches are
available to adults with communication disorders for
speech-language therapy. However, few have been designed to
specifically meet this vulnerable population's engagement,
functionality, aesthetics, and information quality [11].
Mechanical training limits the help to patients. Communication
activity in real-world settings is more effective for patients in
improving their communicative ability [1]. Neither smartphones
nor computers can make a patient feel like they are in a real-life
environment. The development of virtual reality (VR)
technology has created interactive computer-generated worlds
through visual, listening, and touch simulations. This makes
patients more enthusiastic and more willing to speak. Patients
will be much more easily accessible to dangerous, expensive,
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uncontrollable, and inaccessible environments in VR than in
hospitals and will be able to try out new therapeutic strategies
[12]. It has been identified that speech treatment based on VR
is effective. The novel VR platform, EVA Park, is an online
virtual island that contains various simulated locations, including
houses, cafés, restaurants, health centers, hair salons, tropical
bars, and discos [13]. It is designed to enable patients with
aphasia to communicate successfully with 1 or more
conversation partners via speech using a headset and microphone
in real time [13]. Mirror neuron rehabilitation training software
combined with a 4-channel VR panoramic helmet and Z-channel
independent training equipment, including training contents of
nouns, verbs, phrases, and sentence listening and reading, is
effective for patients with Broca aphasia [14]. Additionally, due
to the VR system almost completely shielding interference from
the outside world, patients focus more on speech treatment [14].
However, these systems are semi-immersive VR environments
that require partners and the help of a therapist.

Objectives
This study aims to provide a framework for an integrated VR
app and perform a preliminary test of its usability and safety.
Few apps are explicitly designed to meet the requirements of
engagement, functionality, aesthetics, and information quality
[11]. Therefore, we intended to add interactive and engaging
elements by providing patients with opportunities to interact
with a virtual environment and practice speaking in real-life
scenarios.

Methods
Phase I
Designing the Contents of VR-Based Language
Rehabilitation: a Delphi Study
For the development of speech rehabilitation content based on
VR for patients with aphasia after stroke, a 2-round Delphi study
was conducted (Figure 1). The Delphi technique is used to obtain
the most reliable consensus among a panel of experts using a
series of questionnaires [15,16]. Experts can modify, add, or
delete content, as appropriate [17]. We listed the module name,
submodule name, specific contents, and a short description of
the training modes during each Delphi round. Between 2 rounds,
we revised the content based on expert feedback. In addition to
written descriptions, the drafts included pictures and visual
images.
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Figure 1. A 2-round Delphi study and development of the app. VR: virtual reality.

Ethics Approval
The Ethics Review Committee of Nursing and Behavioral
Medicine Research, School of Nursing, Central South
University, approved the study (E202118; approval date: 21
April 2021).

Procedures and Participants
Before round 1 of the Delphi study, we conducted a literature
review using the search terms “aphasia,” “speech,” “speech
treatment,” “language therapy,” “communication,” and
“rehabilitation” via the Wan Fang Database, Chinese National
Knowledge Infrastructure (CNKI), PubMed, and Web of Science
in September and October 2020 to identify available content
and modes related to language rehabilitation. We developed the
content by learning from a model of cognitive communication
competence [7]. It includes 7 functioning domains: individual,
contextual or environmental, cognitive, communication,
physical/sensory, emotional/psychosocial, and communication
competence. This model provides evidence that spans the fields
of speech-language pathology, psychology, neuroscience,
rehabilitation, and education, and concerns the complex interplay
between cognitive, communicative, emotional, and physical
factors. Rehabilitation platforms, such as Constant Therapy [18]
and Aphasia Therapy Online [19], were retrieved. In addition,
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we learned about existing computer- or tablet-based speech
rehabilitation systems.
In November 2020, we held group discussions with experienced
rehabilitation physicians and occupational therapists at the Brain
Hospital of Hunan Province and the Hunan Cancer Hospital to
determine the relationship between brain regions and language
production, the rehabilitation process of speech, and their
opinions about current speech treatment. In December 2020,
we held an online meeting with 2 experts in the Department of
Computing at the Hong Kong Polytechnic University to generate
ideas about potential content based on VR. Based on the
information collected, we developed an initial draft of 20
submodules in 6 modules. We designed a questionnaire for
experts to review and use a 5-point Likert scale to evaluate
which part should be included. Each piece was described with
a name, specific content, and a short description of the training
modes.
The panel consisted of experts with both theory-based and
practice-based backgrounds to obtain a variety of insights from
researchers. Experts with a theory-based background all
published papers in the speech treatment or rehabilitation fields.
Experts with a practice-based background were selected based
on their practical experience and publications. Additionally, we
approached our network and asked responding experts to provide
the names of essential experts in this field, such as a snowball
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sampling technique. The experts who participated in the first
Delphi round were also approached in the second round. In
total, 21 experts were invited by email, WeChat, or an in-person
meeting to participate in the 2 rounds of the Delphi study. It
contained detailed information about the goal, study procedure,
first-round questionnaire, experts’ demographic information,
and their judgment and familiarity with the corresponding field.
Of the 21 experts, 15 (71.4% response rate) responded to the
invitation.

First Round
Questionnaire
The first-round questionnaire was composed based on the
contents identified by the literature review and group
discussions. This resulted in a questionnaire consisting of 6
structured modules and 20 submodules. Experts were invited
to rate these contents on a 5-point Likert scale ranging from 1
(not at all important) to 5 (extremely important). They were
asked to modify, add, or delete content, as appropriate, and to
provide suggestions they supposed were reasonable. The
experts’ demographic information, as well as their judgment
and familiarity with the corresponding field, was required. We
reminded those who did not complete the survey following the
initial invitation at 2-3-week intervals by WeChat or email.

Data Analysis
Microsoft Excel 2003 and IBM SPSS Statistics (version 26.0)
were used for data analysis and processing. The responses of
the experts were independently analyzed by 2 researchers, and
the data were double-entered to minimize typing errors. We
listed and combined similar recommendations. The mean, SD,
and coefficient of variation (CV) were calculated. The CV is
defined as the SD divided by the mean used to describe the
relative dispersion degree of the items' importance evaluation
by experts [20,21]. A lower CV value represents a higher degree
of coordination among the experts' opinions [21]. After
calculating the mean (SD) and CV that the contents should
include, we removed all capabilities for which the mean score
was less than 4.0 and the CV was over 0.2. Consensus among
the experts was evaluated using the Kendall coefficient W test.
It refers to the level of intraexpert agreement for all indicators
[22]. Statistical significance was considered at a 2-tailed P value
of <.05 [21]. Cs represents the experts' familiarity with the
research field, and Ca represents the judgment criteria the
experts are based on [21]. The defined values are listed in Tables
1 and 2. Cr represents the authority coefficient of experts, which
is the mean of the sum of familiar Cs and Ca [23]. We then
produced the round 2 questionnaire. Complete data were
collected from 15 (71.4%) of the 21 panel members, and the
results were used to revise the contents and establish a second
questionnaire for round 2 of the Delphi exercise.

Table 1. The value of judgment (relevance) criteria.
Criterion

Influence degree
Great

Medium

Small

Theory analysis

0.5

0.4

0.3

Working experience

0.3

0.2

0.1

Referring to literatures

0.15

0.1

0.05

Self-intuition

0.05

0.1

0.15

Table 2. The degree of familiarity with content.
Familiarity degree

Very familiar

Familiar

General

Unfamiliar

Very unfamiliar

Self-evaluation

0.9

0.7

0.5

0.3

0.1

Second Round
Questionnaire
In February 2021, we held an online meeting with 2 experts in
the VR field to discuss the content based on VR before the
second round. Experts who completed the first-round
questionnaire were invited to participate in round 2. Again, we
reminded those who did not complete the survey following the
initial invitation at 2-3-week intervals by WeChat or email. The
experts rated each revised section again. They were asked to
rate how much they agreed that each element could be used and
to comment on each part. Additional advice about the content
that they assumed reasonable was required.
Data Analysis
Analysis following round 2 aimed to identify any consensus on
the contents and determine whether an additional round was
https://games.jmir.org/2022/2/e30196
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needed. Microsoft Excel 2003 and IBM SPSS Statistics (version
26.0) were used for data analysis and processing. We predefined
a mean score of no less than 4, a CV no more than 0.2, and a
2-tailed P value of the Kendall coefficient W test of no more
than .05 among experts that the contents should be included.
The mean, SD, and CV values were calculated for each part.
The Delphi survey was completed when all the items in the
questionnaire met the aforementioned criteria.

Phase II
Development of the VR-Based Speech Rehabilitation
App
In November 2020 and February 2021, we held online meetings
with 2 experts in the VR field to discuss this project. A variety
of devices and components can deliver a VR experience, with
the main categories including smartphone VR headsets, tethered
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personal computer (PC)-based VR headsets (eg, HTC Vive), or
stand-alone VR headsets (eg, Oculus Quest). HTC Vive and
Oculus Quest create a more immersive experience and provide
the user with a stronger sense of presence than smartphone VR
owing to resolution, frame rate, and sufficient input mechanisms
[24]. To provide an alternative option for patients under
significant financial pressure, we chose to use smartphone VR
and developed a mobile-based VR speech rehabilitation app.
Smartphone VR headsets delivered a VR experience through a
smartphone fitted on a headset, which was as simple as the
original Google Cardboard. These types of VR apps are
affordable and cost-effective [24]. Moreover, patients can also
use existing smartphones.
The VR scene was deployed on mobile phones using the Google
Cardboard VR plug-in. Combining Google Cardboard equipment
and mobile phones makes it a portable and cheap VR equipment
that most patients can afford. The software can be used to
receive language rehabilitation whenever and wherever possible.

Bu et al
The entire VR scene was developed and constructed using the
Unity game engine, and Adobe Photoshop was used for 2D
assets. Unity is a bridge connecting artificial intelligence (AI)
platforms, VR scenes, and back-end data storage. It uploads the
designed text content to the Baidu AI platform and obtains a
synthesized voice. The synthesized voice is used in the VR
scene as a voice instruction to guide the user. Cardboard VR
delivers pictures, words, videos, and synthesized voices to
patients that substitute therapists in traditional treatment
methods. The patients will see the designed questions and
relevant materials in the VR scene and will record their voice
answers using a mobile phone microphone or register their head
rotation as an input for selecting answers in multiselection
questions. Unity would then record their responses according
to their head rotation or send the recorded voice to the Baidu
AI platform to get the recognized text back. The results will be
stored in an Excel sheet and sent to the therapist's email address
with the patient’s name. Figure 2 elaborates on the detailed
VR-based aphasia therapy process.

Figure 2. Detailed VR-based aphasia therapy process. AI: artificial intelligence; VR: virtual reality.

Pilot Application and Usability Testing of the App
We conducted feasibility exercises of the app on 5 patients with
aphasia, 5 healthy volunteers, 5 medical staff, and 2 VR experts
between 25 and 65 years of age (mean 39.53 years, SD 16.54
years). All 5 patients with aphasia were hospitalized for speech
rehabilitation for 2 weeks, and all of them had ischemic stroke.
The aphasia quotient (AQ) of the Chinese version of the Western
Aphasia Battery ranged from 58 to 75 after 2 weeks of
face-to-face training. This feasibility exercise allowed us to
better understand and potentially reduce the likelihood of
adverse effects in patients with aphasia who may have been
more sensitive to sensory effects (eg, motion sickness and
discomfort). Interviews were the measurements used in the
experiments. The outline of interview questions after the
participants’ experience with the mobile-based VR speech
rehabilitation app is as follows: (1) What groups do you think
this mobile-based VR speech rehabilitation app is suitable for?
(2) How does the mobile-based VR speech rehabilitation app
differ from face-to-face language rehabilitation? (3) What would
encourage or hinder app adoption after using the mobile-based
VR speech rehabilitation app? (4) What is your overall rating
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of the mobile-based VR speech rehabilitation app? All
interviews were recorded using a digital voice recorder and
transcribed verbatim within 24 hours. The researcher explored
participants’ feelings about the app by asking questions in a
private environment, and they were encouraged to put forward
new questions and content.

Results
Results of the Delphi Study
Expert Panel
Table 3 lists the main characteristics of the 15 (71.4%) of 21
experts who participated in the first and second Delphi rounds.
The 15 experts’ academic background included the medical
science of rehabilitation or rehabilitation therapy. Of them, 14
(93.3%) were from 3A hospitals, 5 (33.3%) of them took a
position in the university, and 2 (13.3%) of them were
professors. Detailed demographic characteristics of the Delphi
panel are presented in Table 3. The reliability of the experts is
presented in Table 4. The mean value of the expert authority
coefficient (Cr) was 0.84. The authority of the experts was high;
thus, the results of this study are trustworthy.
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Table 3. Characterization of experts participating in the Delphi panel (N=15).
Characteristic

Participants, n (%)

Gender
Male

2 (13.3)

Female

13 (86.7)

Age (years)
<35

6 (40.0)

≥35

9 (60.0)

Education
University diploma

9 (60.0)

Master’s degree

4 (26.7)

Doctoral degree

2 (13.3)

Academic background
Medical science of rehabilitation

5 (33.3)

Rehabilitation Therapeutic

10 (66.7)

Working experience (years)
5-9

5 (33.3)

10-14

5 (33.3)

≥15

5 (33.3)

Main area of the work role
Clinical

10 (66.7)

Clinical and research

5 (33.3)

Professional title
Intermediate

12 (80.0)

Deputy senior

1 (6.7)

Senior

2 (13.3)
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Table 4. Reliability of experts (Caa, Csb, and Crc).
Expert number

a

Criterion score
Theoretical analysis Working experience Referring to literature

Self-intuition

Ca

Cs

Cr

1

0.4

0.3

0.1

0.1

0.9

0.7

0.8

2

0.5

0.3

0.1

0.1

1

0.7

0.85

3

0.5

0.3

0.05

0.05

0.9

0.5

0.7

4

0.4

0.3

0.15

0.1

0.95

0.9

0.925

5

0.5

0.3

0.1

0.05

0.95

0.9

0.925

6

0.4

0.3

0.1

0.05

0.85

0.9

0.875

7

0.4

0.3

0.15

0.1

0.95

0.7

0.825

8

0.4

0.3

0.15

0.1

0.95

0.7

0.825

9

0.4

0.3

0.1

0.1

0.9

0.7

0.8

10

0.4

0.3

0.1

0.1

0.9

0.9

0.9

11

0.4

0.2

0.05

0.1

0.75

0.7

0.725

12

0.5

0.2

0.05

0.1

0.85

0.7

0.775

13

0.4

0.3

0.1

0.1

0.9

0.9

0.9

14

0.4

0.3

0.1

0.1

0.9

0.9

0.9

15

0.5

0.3

0.15

0.1

1.05

0.9

0.975

Ca: judgment criteria the experts are based on.

b

Cs: experts' familiarity with the research field.

c

Cr: authority coefficient of experts.

First Round
The Kendall coefficient of concordance (W) was 0.204 (P<.001).
Of the 6 modules and 20 submodules rated by the panel
members in the first round (Table 5), the CV of 2 submodules
(syllabic and naming with verbs, nouns, and adjectives) and the
CV of the arithmetic therapy module that did not meet the
criteria were removed (Table 6). In addition, 2 experts
recommended to delete the arithmetic therapy module. Pictures
and videos describing daily life were added based on the
recommendations of 3 panel members. In addition, naming

therapy was combined with oral expression therapy based on
the advice of 2 panel members. Furthermore, 2 panel members
suggested that single characters could be deleted because they
are not as easy to express as phrases, so we deleted those. Some
respondents suggested additional executive functioning, reading,
and writing training. However, this app is meant to improve
patients' oral expression abilities, so reading and writing are
beyond our consideration, in particular, executive functioning
and writing. Due to smartphone VR and technological
limitations, we were unable to add writing training to VR. The
revised content contained 4 modules and 17 submodules.

Table 5. Modules in round 1.
Module

Task

1

Oral expression therapy

2

Auditory comprehension therapy

3

Cognition therapy

4

Naming therapy

5

Arithmetic therapy

6

Comprehensive application
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Table 6. Scoresa in round 1.
Mean (SD)

CVb

Read and repeat task: syllabic

4.13 (0.99)

0.24c

Read and repeat task: single characters, including the 150 most commonly used Chinese characters

4.60 (0.91)

0.20d

Read and repeat task: some phrases, including categories of digital, fruit, animals, vegetables, transportation, kitchen
supplies, daily necessities, body parts, food, address, location, and sports

5 (0)

0.00

Read and repeat task: sentences, including proverbs and daily expressions

4.87 (0.35)

0.07

Answering some questions related to everyday life

4.80 (0.56)

0.12

Listening and matching: included digital, color, pictures, and words

4.93 (0.26)

0.05

Yes-no questions

4.93 (0.26)

0.05

Listening to the passage and answering questions

4.73 (0.46)

0.10

Attention training

4.27 (0.80)

0.19

Memory training

4.13 (0.74)

0.18

Reasoning and problem solving

4.47 (0.83)

0.19

Picture naming

4.93 (0.26)

0.05

Naming with verbs, nouns, and adjectives

4.33 (0.90)

0.21c

Naming a list of items with the exact nature

4.93 (0.26)

0.05

4.27 (1.16)

0.27c

4.80 (0.56)

0.12

Interview task: The patient plays the role of a job seeker. A computer-generated virtual interviewer asks questions about 4.73 (0.59)
the patient’s personal information (eg, name, gender, age, nationality, education level, birth date, height, weight, specialty, address, and family members) and assesses their language skills by reading text and describing pictures.

0.13

Bedroom task: The patient plays the role of a mother. By communicating with the computer-generated virtual daughter, 4.80 (0.56)
the patient selects clothes for the virtual daughter according to the weather conditions and discusses breakfast and what
to choose for dinner and the kind of transportation to use.

0.12

Ordering task: The patient acts like a customer to order in a virtual restaurant; communicates with a virtual server syn- 4.80 (0.41)
thesized by the computer; requests a certain number of dishes, desserts, cakes, and drinks; and completes the payment.

0.09

Park task: By buying tickets, paying, and asking for directions in the virtual ticket office, together with a computergenerated virtual friend, the patient enters a virtual park. The patient and the virtual friend communicate with each
other about the scene.

0.09

Tasks
Oral expression therapy

Auditory comprehension therapy

Cognition therapy

Naming therapy

Arithmetic therapy
Addition, subtraction, multiplication, and division
Comprehensive application
Supermarket task: A computer-generated virtual customer purchases goods. The patient has to pick items, count the
total amount of money that the virtual customer has selected, and return the change.

a

4.80 (0.41)

Likert scale: 1, not important; 2, somewhat important; 3, moderately important; 4 = important; and 5, very important.

b

CV: coefficient of variation.

c

CV>0.2.

d

Deleted on the recommendations of the 2 panel members.

Second Round
The results of the second round are presented in Tables 7 and
8 and Figure 3. All mean scores for importance were above
4.00, and the CVs were less than 0.20. The Kendall coefficient
of concordance (W) was 0.335 (P<.001). Finally, a consensus
was reached on 4 modules and 17 submodules. One expert
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suggested that patients should complete answering within the
allotted time. Some respondents suggested additional executive
functioning, reading, and writing training. However, this app
is meant to improve patients' oral expression abilities, so reading
and writing are beyond our consideration. The revised content
contained 4 modules and 17 submodules.
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Table 7. Modules in round 2.
Module

Task

1

Oral expression therapy

2

Auditory comprehension therapy

3

Cognition therapy

4

Comprehensive application

Table 8. Scores in round 2.
Mean (SD)

CVa

Read and repeat task: some phrases, including categories of digital, fruit, animals, vegetables, transportation, kitchen 4.93 (0.26)
supplies, daily necessities, body parts, food, address, location, action, and sports

0.05

Read and repeat task: sentences, including proverbs and daily expressions

5.00 (0)

0

Answering some questions related to everyday life

4.87 (0.35)

0.07

Naming task: picture naming

5.00 (0)

0

Naming task: naming list of items with the exact nature

4.93 (0.26)

0.05

Describing pictures and videos pertaining to daily life

4.67 (0.49)

0.10

Listening and matching: included digital, color, pictures, and words

5.00 (0)

0

Yes-no questions

4.93 (0.26)

0.05

Listening to the passage and answering questions

4.80 (0.41)

0.09

Attention training

4.27 (0.70)

0.16

Memory training

4.13 (0.74)

0.18

Reasoning and problem solving

4.20 (0.77)

0.18

Supermarket task: A computer-generated virtual customer purchases goods. The patient has to pick items, count the 4.80 (0.56)
total amount of money that the virtual customer has selected, and return the change.

0.12

Interview task: The patient plays the role of a job seeker. A computer-generated virtual interviewer asks questions
about the patient’s personal information (eg, name, gender, age, nationality, education level, birth date, height,
weight, specialty, address, and family members) and assesses their language skills by reading text and describing
pictures.

4.80 (0.56)

0.12

Bedroom task: The patient plays the role of a mother. By communicating with the computer-generated virtual
daughter, the patient selects clothes for the virtual daughter according to the weather conditions and discusses
breakfast and what to choose for dinner and the kind of transportation to use.

4.87 (0.52)

0.11

Ordering task: The patient acts like a customer to order in a virtual restaurant; communicates with a virtual server
synthesized by the computer; requests a certain number of dishes, desserts, cakes, and drinks; and completes the
payment.

4.87 (0.52)

0.11

Park task: By buying tickets, paying, and asking for directions in the virtual ticket office, together with a computer- 4.53 (0.64)
generated virtual friend, the patient enters a virtual park. The patient and the virtual friend communicate with each
other about the scene.

0.14

Tasks
Oral expression therapy

Auditory comprehension therapy

Cognition therapy

Comprehensive application

a

CV: coefficient of variation.
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Figure 3. Consensus on 4 modules.

Usability Testing of the App
All 17 (100%) participants could open the app. A user-centered
design philosophy was implemented to create additional
interactive and customizable features that indicated a high
degree of usability for patients with aphasia. Participants'
comments were collected and descriptively analyzed based on
the interview outline. The 4 responses were classified based on
their feedback. Figure 4 shows the functionality of the VR-based
aphasia therapy app.

In response to question 1, “What groups do you think this
mobile-based VR speech rehabilitation app is suitable for?”, 12
(70.6%) of 17 participants suggested that the user group could
include patients who were discharged or currently hospitalized.
Participants stated that with this app, they could correct and
refine their language skills, and 5 (29.4%) of 17 participants
recommended that the user group should include people,
especially those who are under significant financial pressure
and do not have easy access to medical treatment but would
prefer an opportunity to learn.

Figure 4. Functionality of the VR-based aphasia therapy app. VR: virtual reality.

In response to question 2, “How does the mobile-based VR
speech rehabilitation app differ from face-to-face language
training?”, all 17 (100%) participants mentioned the advantages
of in-home apps. Participants stated that this app reduces the
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difficulty of going to the hospital and is more convenient as
they do not have to worry about weather and traffic. In addition,
15 (88.2%) of 17 participants reported a high level of immersion
and engagement and thought that patients could thoroughly
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enjoy themselves when using this app without judgment from
others. Additionally, there is no need to worry about
self-abasement because of the inability to speak fluently.
Moreover, 4 (23.5%) of 17 participants critiqued the
effectiveness of this app because patients could not receive
immediate feedback, and the efficiency of using this app could
not be guaranteed.
In response to question 3, “After using the mobile-based VR
speech rehabilitation app, what would encourage or hinder your
adoption of the app?”, 15 (88.2%) of 17 participants mentioned
that the design and arrangement met patients’ daily
communication needs; they felt more secure because the training
content was designed by a professional rehabilitation team. In
addition, 15 (88.2%) participants mentioned that the app was
easy to use, and 3 (17.6%) reported low levels of motion
sickness.
In response to question 4, “What is your overall rating of the
mobile-based VR speech rehabilitation app?”, all 17 (100%)
participants indicated that the app was novel, and 5 (29.4%) of
17 participants gave some recommendations, such as considering
different training difficulties and increased functionality. All
patients expressed interest in language rehabilitation using the
new technology.

Discussion
Principal Findings
This study developed the first accessible and cost-effective
mobile-based VR speech rehabilitation app in China. Through
a 2-round Delphi study, panel members reached a consensus
on 4 modules and 17 submodules that benefit patients in gaining
essential daily communication language skills and various skills
in everyday life. Patients get opportunities to interact with the
virtual environment and can practice at any time. A review
systematically identified and evaluated a series of mobile apps
for speech-language therapy and found a lack of interactive and
engaging elements in the apps, which failed to make patients
self-manage [11]. The content we designed based on VR
emphasizes user experience, engagement, and visual appeal to
improve patient adherence. We developed real-life scenarios
and gaming factors for the VR environment. Patients get
opportunities to interact with a virtual environment to practice
language in natural context communication settings in VR. We
believe that the rehabilitation content will provide patients with
a strong basis for returning to society and work.
We developed the content by learning from a model of cognitive
communication competence [7]. Language processing is the
core of cognition and requires the participation of other
nonlinguistic cognitive functions [25,26]. Left hemispheric
stroke leading to impairments in language processing often
affects other cognitive functions, such as executive function,
attention, visuospatial perception, logical thinking, and memory
[27,28], which play an essential role in aphasia recovery and
rehabilitation [29-31]. Patients' language and nonlinguistic
cognitive functions cannot be separated owing to complex
neurobiological networks [32]. Nonlinguistic cognitive function
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in patients with poststroke aphasia influences language
rehabilitation outcomes [33].
Language rehabilitation combined with cognitive rehabilitation
can improve patients' communication skills [34]. The cognitive
domain includes processing, attention, working memory, social
cognition, reasoning, and problem-solving [7]. Therefore, to
improve the patients’ oral expression abilities, we designed
cognitive training pertaining to reasoning, memory, attention,
visuospatial perception, and logical thinking. A range of brain
regions are related to cognition, and these nonlanguage domains
play a role in the ability of patients with chronic aphasia [29].
To emphasize the communication demands of an individual's
life, the contextual domain is placed at the top of the cognitive
communication competence model [7]. A Cochrane review
concluded that communication activity in real-world settings,
or functional communication, could improve communicative
ability [1]. Communication practices should occur in an
ecological context. Therefore, we designed 5 virtual scenario
tasks focusing on everyday communication activities and
pragmatic conversational skills. Patients may receive language
practice opportunities in natural context communication settings
in VR. These tasks are a comprehensive practice for the patients,
and different short communication dialogues of everyday
activities and cognitive exercises were integrated, including
oral expression, naming, calculation, attention, memory, and
reasoning tasks. VR technology is a promising rehabilitation
tool and may be a useful alternative to conventional training
[35], but the scene in VR is inaccurate. However, we could
create almost everything in VR, and patients experience it as
an actual situation, which makes it easy to try new therapeutic
strategies. All learning in VR can be transferred to the real world
[12]. With clinician shortages and a higher prevalence of
aphasia, VR is not meant to replace skilled therapists but to ease
clinicians' burdens.

Limitations
This study had some limitations. First, a range of brain regions
are related to attention and executive functioning, and these
nonlanguage domains play a role in the abilities of patients with
chronic aphasia [29]. Owing to the limitations of intelligent VR,
we cannot design some daily instructions (eg, washing clothes,
cutting vegetables, cooking). VR could be used to provide an
enriched environment where patients could master skills related
to daily life that cannot be finished in the hospital. Learning in
VR can then be transferred to real-life situations. Second,
dialects vary across different areas of China. However, we did
not involve dialects from different regions of China to provide
options for those who have difficulty understanding and
expressing Mandarin. There are nonlanguage abilities that would
be worthwhile to consider in aphasia rehabilitation, such as
prosody and emotional tone in utterances. However, it is difficult
to implement these in the app. In addition, the usability of the
app was assessed by only 17 individuals, which may have biased
the usability results. In the future, we will design a more
significant multicenter trial with a longer-term follow-up.
Additionally, this app is meant to improve patients' oral
expression abilities, so reading and writing are beyond our
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consideration. In particular, owing to the current limitations of
technology, we cannot plug writing training into VR.

Conclusion
We conducted a Delphi study and developed a mobile-based
VR app. This study constitutes a step toward the development
of a combination of health and VR. We believe there is

Bu et al
significant potential to make our app an in-home app in the
future, contributing to the automation of rehabilitation
administration. However, further studies are needed to evaluate
the feasibility and efficacy of our app. We hope that our research
provides guidelines and references for others in the medical
field.
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Abstract
Background: Although nearly one-third of the world’s disease burden requires surgical care, only a small proportion of digital
health applications are directly used in the surgical field. In the coming decades, the application of augmented reality (AR) with
a new generation of optical-see-through head-mounted displays (OST-HMDs) like the HoloLens (Microsoft Corp) has the potential
to bring digital health into the surgical field. However, for the application to be performed on a living person, proof of performance
must first be provided due to regulatory requirements. In this regard, cadaver studies could provide initial evidence.
Objective: The goal of the research was to develop an open-source system for AR-based surgery on human cadavers using
freely available technologies.
Methods: We tested our system using an easy-to-understand scenario in which fractured zygomatic arches of the face had to
be repositioned with visual and auditory feedback to the investigators using a HoloLens. Results were verified with postoperative
imaging and assessed in a blinded fashion by 2 investigators. The developed system and scenario were qualitatively evaluated
by consensus interview and individual questionnaires.
Results: The development and implementation of our system was feasible and could be realized in the course of a cadaver
study. The AR system was found helpful by the investigators for spatial perception in addition to the combination of visual as
well as auditory feedback. The surgical end point could be determined metrically as well as by assessment.
Conclusions: The development and application of an AR-based surgical system using freely available technologies to perform
OST-HMD–guided surgical procedures in cadavers is feasible. Cadaver studies are suitable for OST-HMD–guided interventions
to measure a surgical end point and provide an initial data foundation for future clinical trials. The availability of free systems
for researchers could be helpful for a possible translation process from digital health to AR-based surgery using OST-HMDs in
the operating theater via cadaver studies.
(JMIR Serious Games 2022;10(2):e34781) doi:10.2196/34781
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Introduction
Health care is increasingly supported by digital technologies
[1]. Almost one-third of the world’s disease burden requires
surgical intervention [2], yet only a small fraction of the
potential applications of digital health is used in the surgical
domain [1]. Current digital health applications such as artificial
intelligence (AI)-based predictive models, the use of
telemedicine, and wearables do not touch the core of surgical
activity in the operating theater [3]. Assistance systems based
on augmented reality (AR) or robotics use, on the other hand,
would allow the surgeon’s core activities to benefit from digital
health in the coming decades [4]. However, the use of
autonomous robots in surgery is ambitious considering surgeons
take many years to become trained and surgical interventions
can often be very situation-specific. In this respect, unlike
robotics, AR as an assistance system for the surgeon supports
spatial perception and simultaneously incorporates the surgeon’s
experience. Thereby, AR-based surgery could be a near future
and feasible step toward digital health in the operating theater
[5].
Further technical development has made optical-see through
head-mounted displays (OST-HMDs) such as the HoloLens
(Microsoft Corp) commercially viable with broad use in the
industry [6]. Health care and surgery, in particular, are not
primarily affected by this development, among other things due
to the high regulatory requirements for medical devices. Any
researcher in medicine can quickly develop AI-based models
with a few lines of script code based on public data and provide
proof of performance. However, in surgery with next-generation
technologies like AR with OST-HMDs, this development is not
yet foreseeable [7].
By feeding back relevant information to the surgeon during
surgical tasks based on preoperative or intraoperative medical
imaging data or AI-based guided models, AR with or without
image-guided surgery (IGS) could overcome one of the main
problems of surgical procedures, which is that they mainly rely
on the surgeon’s spatial awareness or haptic perception in the
surgical field [4,5]. AR itself augments the otherwise real
environment with virtual objects, is located in a reality-virtuality
continuum, and includes a wide range of technologies [8].
Beside visual perception, AR can also refer to one or multiple
combined modalities of perception, such as auditory or haptic
[9].
AR applications have been used since the mid-1990s, mainly
for surgical procedures on rigid tissue in the head and neck
region. Examples of applications in the operating theater are
orthognathic surgery, oncology including parotid surgery, and
traumatology. Anatomical and pathological structures, drilling
and implant position, resection margins, and reconstructive
planning are visualized using different AR technologies [10,11].
Similar examples can also be found on cadavers [12-14].
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Due to the underlying technology with external monitors,
however, many of these deployed systems result in a dissociation
between the perceptual site and the operational field [5,10].
HMDs, on the other hand, enable an egocentric view [15] with
virtual objects directly displayed in the surgical field of view
[10]. Even though HMDs were first described in the 1960s [16],
the capabilities of the various HMDs used intraoperatively still
vary widely [17]. Basically, 2 classes of AR HMDs can be
distinguished [15], optical see-through and video see-through
HMDs, the former having the advantage of an unobstructed
view of the surgical field [17].
On the road to widespread use of this rapidly developing
technology, proof of performance is essential, especially in the
regulatory context. Cadaveric studies have long provided a
contribution to demonstrating the performance of new medical
technologies and are considered a prestudy proof of performance
prior to clinical trials [18]. However, cadaveric studies are rare
when using OST-HMDs [19-22], and it is still unclear whether
cadavers are generally suitable for testing surgical applications
with OST-HMDs.
In order to enhance the development of digital health in surgery,
we aimed to develop an AR- and OST-HMD–based system for
a cadaveric study using free technologies to make it available
and adoptable for research in various experimental surgical
scenarios as proof of performance. Furthermore, we wanted to
investigate if cadaver studies using this system would be suitable
for testing system feasibility, applicability in a surgical task that
relies primarily on spatial and haptic perception, and evaluability
of its surgical end point.
We chose a simple and understandable AR scenario on fresh
cadaver heads using a HoloLens, where the surgeon had to
reduce a fractured zygomatic arch, a common injury of the
human face.

Methods
System Development
Concept and Requirements
The purpose of our study was to develop an AR-based system
for IGS to be used in a surgical environment with human
cadavers. The aim was to augment the surgeon’s spatial
perception with 3D models based on previous medical imaging
by overlaying them on the surgical field using AR. This overlay
is intended to be adaptive by adjusting to the current position
of the cadaver and surgical instruments and to allow interaction
between both. Three essential feedback functions should be
provided here: feedback of the proximity of the surgical
instrument to surgical target structures by means of a visual
signal, an auditory signal, and a visual representation of the
movement of the surgical instrument. The graphical user
interface should allow intuitive selection of the different cases
with specific models and different functions by gestures via
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AR-based buttons. Furthermore, all described functionalities
should also be usable with voice commands to enable hands-free
working.
Overall, the system should be easily adaptable to different
surgical scenarios, cost-efficient, and easily replicable by third
parties, allowing it to be universally applicable as proof of
performance for OST-HMDs in surgery on cadavers.

Implementation
We aimed to achieve our requirements by using the
commercially available HoloLens 1 as one of the state-of-the-art
and most broadly used OST-HMDs combined with the
camera-based tracking system Vuforia (version 8.5.8, PTC Inc).
Our software prototype was developed using the C#
programming language with the popular game engine Unity
2018.4.13f LTS (Unity Technologies) and the Mixed Reality
Toolkit (version 2.3.0, Microsoft Corp) for rapid prototyping.
Our software prototype was then developed into a prerelease
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candidate of an open-source software as part of a master’s thesis
in computer science [23].
Based on medical imaging data, 3D models were created for
the cadavers and surgical instruments (Figure 1a). In order to
attach the mounts for image tracking, the cadavers were prepared
beforehand to obtain a definite reference point (Figure 1b and
Figure 2a). Subsequently, mounts were designed in Autodesk
Inventor Professional 2020 (Autodesk Inc), 3D printed using a
Fortus 450mc (Stratasys), and attached to the cadaver heads
and surgical instruments (Figure 1b and Figure 2b). The image
target was used for tracking the cadaver heads (Figure 1c) and
for the half-cube for holographic verification described below
(Figure 2c). The Vuforia multitarget (corresponds to a
combination of image targets so that the surgical instrument
can be tracked from both sides) was used for tracking the
surgical instrument; in our scenario, a Stromeyer hook (Figure
1c and Figure 2d).

Figure 1. System development: (a) Creation of virtual 3D representations (in purple) of the cadaver and surgical instruments based on computed
tomography images. (b) 3D printing of mounts with image targets for attachment to the cadaver and the surgical instruments for camera-based tracking.
(c) Superimposition of the virtual 3D models (purple) and real-world object (gray) resulting in an augmented reality (AR) object (cyan). (d) Performing
AR-based surgery with an optical see-through head-mounted display. Possibility of interaction between surgical target structures and instruments by
means of visual and auditory feedback. Software can be controlled via gestures using an AR-based graphical user interface. DICOM: Digital Imaging
and Communications in Medicine; CT: computed tomography; OST-HMD: optical see-through head-mounted display; AR: augmented reality.
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Figure 2. Technical setting: (a) To ensure a consistent method for tracking, a metal angle was attached to the bone of the forehead of each cadaver to
attach the tracking mount as not every cadaver head had proper dentition for a stable splint-based tracking. (b) An image target on the mount connected
to the forehead via the metal angle. (c) A half-cube for holographic verification can be used for testing the superimposition between real and virtual
objects to represent possible errors in the fit of an optical see-through head-mounted display (OST-HMD) or errors in tracking by user-verifiable reference
surfaces. (d) The surgical instrument (Stromeyer hook, in our scenario) with an attached tracking mount.

A graphical user interface was developed for the AR software
to make the virtual anatomical models of the respective cadavers
selectable via AR-based buttons and to adjust the software
(Figure 1d and Figure 3). It had 3 main functionalities: visual
feedback in the region of interest by a color transition of the
models from green to red when the tip of the virtual surgical
instrument touches the virtual cadaver model (Figure 4c and
4d), auditory feedback from an acoustic tone whose pitch was
modulated depending on the distance between the tip of the
virtual instrument and the virtual model (Figure 3a and 3b), and
visual feedback through virtual drawing (Figure 3d). In our
scenario, it was possible to trace the inner contour of the
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zygomatic arch with the tip of the Stromeyer hook and then
visualize it within a bounding box at different sizes and from
different directions to evaluate the shape of the inner zygomatic
arch contour. All functionalities described were also usable with
voice.
When a virtual model was selected, it was superimposed on the
real cadaver head by continuous tracking (Figure 1d, Figure 4c,
and Figure 4d). The surgical instrument was tracked throughout.
To evaluate the perceived superimposition between virtual and
real surgical instruments, a half-cube was printed with distinct
reference surfaces.
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Figure 3. Graphical user interface: (a) Display of the graphical user interface in the Unity development environment. Not all functions mentioned were
used in our scenario. The “Recalibrate” button can be used to align the virtual representation of the surgical instrument with the virtual representation
of the half-cube. For this, the real surgical instrument (Stromeyer hook) must be exactly aligned with the surfaces of the real half-cube for the holographic
verification. Acoustic feedback can be deactivated via the “Sound: Off” button. Additionally, the slider provides an adjustment of the sound functionality
depending on the distance [d] and the factor [a] with the formula [da]. To visualize the movement of the surgical instrument, the “Draw” function can
be used to display the trajectory by a 3D line. With the button “Enlarge drawing,” the drawing can be zoomed in and with the button “Delete drawing,”
the drawing function can be reset. A selection of radio buttons to choose the appropriate cadaver case. (b) Additionally, the virtual and real cadaver
head could be adjusted by hand movement, and the sensitivity of the adjustment could be controlled by a slider. This function was not used. (c)
Representation of the calibration function with the half-cube in blue, the surgical instrument in white, and the holder for the image target in green. (d)
Illustration of the visualization of the instrument trajectory.
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Figure 4. Cadaver trial: (a) A 3D model of the facial skull (white) of one of the cadaver cases with a color representation of the unfractured zygomatic
arch (cyan), fixed metal angle (purple), mounting (black), and image target (yellow). (b) A fresh cadaver head shows the placed mount and image target
for navigation. (c-d) Photograph taken through HoloLens as one of the investigators performs the cadaver trial. (c) The cadaver head is overlaid with
the virtual bone model. The zygomatic arch is shown in green because the tip of the virtual Stromeyer hook has not yet collided with the intended
position of the nonfractured zygomatic arch model. The Stromeyer hook is superimposed with an accurate virtual model of itself. (d) The tip of the
virtual Stromeyer hook now touches the model of the nonfractured zygomatic arch, resulting in a color change of the zygomatic arch model to red.

Ethics Approval
This article does not include studies with live human participants
or animals. Approval by the ethics committee of the University
Hospital RWTH Aachen (approval number EK 348/21) has
been granted. The investigators agreed to participate in the
study.

Cadaveric Trial
Preparation
Ten fresh cadaver heads were randomly selected. The initial
condition of the facial skeleton was first scanned with cone
beam computed tomography (CBCT, Dentsply Sirona). To
ensure a consistent method, a metal angle was attached to the
bone of the forehead of each cadaver to attach the tracking
mount (Figure 2a and 2b) as not every cadaver head had proper
dentition for stable splint-based tracking. Subsequently, all
zygomatic arches were randomly fractured by a direct blow
with a surgical hammer. The fractured state was then scanned
again with CBCT. Thereafter, all cadaver heads were frozen
until study examination. The resulting fractured zygomatic
arches had 1 to 5 fragments. A total of 16 zygomatic arch
fractures were classified as type II, 3 as type III, and 1 as type
IV, according to Yamomoto et al [24] (Multimedia Appendix
1).
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Based on the acquired medical imaging data, 3D models were
created for all cadaver heads with the initial situation and
fractured zygomatic arches. Both models were registered using
the best fit alignment feature of Geomagic Studio 2013 (3D
Systems Inc) and loaded into our software. In addition, a
Stromeyer hook, a surgical instrument routinely used to reduce
zygomatic arch fractures, was digitized and loaded into our
software. For tracking, mounts were then 3D printed for fixation
on the cadaver heads and on the Stromeyer hook (Figure 2d).

Trial
The cadaver heads were randomly assigned to the investigators
(a resident and a senior surgeon). One zygomatic arch side of
each head was randomly selected (based on a random number
generator) for reduction by the conventional method and the
opposite side by the AR-based method. Before reduction, the
investigators were able to view the CBCT imaging data with
the fractured situation on a computer. The conventional
reduction was performed with the Stromeyer hook through a
percutaneous incision and was based only on haptic perception.
The AR-based reduction was performed identically, with the
addition of a registered virtual model of the Stromeyer hook
and a registered virtual model of the intact zygomatic arch of
the corresponding cadaver displayed on the HoloLens. The
aforementioned functionalities of feedback through color
transition, virtual drawing, and audio signals provided the
investigators with additional visual and auditory perception
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(Figure 4c and 4d). For both methods, the time between the
percutaneous incision and performed reduction was measured.
After complete reduction, the corresponding cadaver head was
scanned with CBCT.

Evaluation
Based on postoperative imaging, 3D models of the cadaver
heads were created and registered with the corresponding
preoperative and initial situation using Geomagic Studio 2013.
The zygomatic arch was defined as the region from the temporal

Puladi et al
origin of the zygomatic process to a straight vertical extension
line at the posterior margin of the frontosphenoid process of the
zygoma and converted to separate models. The deviation of the
different models was then compared (settings: maximum
deviation 10 mm, critical angle 45.0°; display resolution set to
fine). The initial nonfractured model was used as a reference
and compared to the fractured model and subsequently to the
reduced model (Figure 5). The results obtained were exported
for statistical analysis.

Figure 5. Evaluation: (a) A fractured zygomatic arch visualized before reduction and (b) after reduction in axial cone beam computed tomography
slices. (c) The deviation of a fractured zygomatic arch is displayed in color in Geomagic Studio 2013 (3D Systems Inc). Red is for severe deviation (≥1
mm) and green for minor deviation (<1 mm). (d) The same case in Geomagic Studio 2013 after reduction.

Finally, reduction quality was classified into 4 levels based on
postoperative imaging by 2 noninvestigators in a consensus and
blinded fashion according to Yakomoto et al [24]: poor for
reduction without improvement in bone fragment shape and
continuity, fair for incomplete restoration but an improvement
in bone fragment shape and continuity, good for near-complete
restoration of shape with and without continuity of bone
fragments, and excellent for complete restoration of shape with
continuity of bone fragments.
The AR software was assessed using the System Usability Scale
(SUS) [25]. Afterward, a consensus interview with open-ended
questions was conducted with both investigators, and the
AR-based scenario was qualitatively assessed using an
individual questionnaire (Multimedia Appendix 2) on a 5-point
Likert scale (1=strongly disagree; 5=strongly agree).

Statistical Analysis
The R programming language (R Foundation for Statistical
Computing) was used for statistical analysis. Results were
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expressed as mean and standard deviation. The 95% confidence
intervals were calculated by bootstrapping with 1000 replications
[26].

Results
Surgical Outcome
Within the quantitative reduction measurement between
fractured and reduced zygomatic arches, our test scenario
showed a mean reduction of 0.78 mm (95% CI 0.37-1.29 mm)
for the conventional method and 0.52 mm (95% CI 0.23-0.77
mm) for the AR-based method (Figure 6a). The mean time to
perform zygomatic arch reduction using the conventional
method was 84 seconds (95% CI 52-116 s) and for the AR-based
method was 115 seconds (95% CI 54-198 s). A distinct
difference in zygomatic arch reduction was observed between
the resident and the senior surgeon. Of the 10 zygomatic arch
reductions performed by the senior surgeon, 9 were rated good
or excellent, while 6 of 10 performed by the resident were rated
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34781 | p.37
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good or excellent (Figure 6b). This distinct difference was not
present between the conventional and AR method, with 8 of 10
zygomatic arch repositions rated good or better for the
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conventional method and 7 of 10 for the AR method (Figure
6c).

Figure 6. Results: (a) The absolute surface deviation of the fractured and reduced model was calculated in comparison to the nonfractured model and
presented as a boxplot before and after reduction for the augmented reality–based method (in blue) and the conventional method (in yellow). Black
triangles represent individual measured values. The large red dot represents the mean value and black dots represent outliers. (b,c) Results of zygomatic
arch repositioning were determined by 2 investigators in a blinded fashion (for the method) and by consensus. Displayed as a 4-panel chart. Excellent/good
was rated as an adequate and fair/poor as an inadequate surgical outcome. (b) Comparison of the resident with the senior surgeon. (c) Comparison based
on the method used.

Evaluation by Investigators
Based on consensus interviews with both investigators, the
vertical field of view (FOV) was considered small and tracking
mounts could interfere in certain surgical scenarios. When using
the HoloLens 1, it was noted that an incorrect fit on the head
could also lead to an error in superimposition between virtual
and real objects. In this context, the simple half-cube for
holographic verification was perceived as helpful for evaluation.
Visualization of the fractured condition was preferred over the
nonfractured one for navigation.
In addition, an individual Likert questionnaire was performed
(Table 1). Both investigators agreed that the holographic
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visualization of the skeleton by means of an OST-HMD was
helpful for spatial perception (mean 4.5) and that it appeared
as an integrated part of the fresh cadaver head (mean 4.0). They
disagreed that the attached mount for tracking the surgical
instrument was perceived as disturbing in that scenario (mean
2.5). Both disagreed with the statement that they felt insecure
using the AR-based method (mean 1.5) and agreed that they
felt confident using the AR-based method when reducing the
zygomatic arch (mean 4.5). They also expressed a preference
to use the AR-based method on real patients (mean 4.5) and
strongly agreed that they found the AR-based method helpful
in the field of haptic surgery (mean 5.0). The average SUS for
the AR application was 90 and can thus be rated as best
imaginable.
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Table 1. Questionnaire resultsa.
Item

Resident

Senior surgeon

Mean

1. I found the holographic visualization of the zygomatic arch by means of OST-HMD helpful for my
spatial perception.

4

5

4.5

2. I felt the holographic representation of the zygomatic arch was an integrated part of the cadaver head.

4

4

4.0

3. I found the visual feedback from the color change during the zygomatic arch reduction helpful.

5

4

4.5

4. I found the auditory feedback by changing the tone amplitude during the zygomatic arch reduction
helpful.

4

5

4.5

5. I found the drawing function helpful for the visual representation of bone contours.

4

4

4.5

6. I found the navigation holder for the surgical instrument disturbing.

2

3

2.5

7. I think the ARc-based method is helpful in haptic surgery.

5

5

5.0

8. I felt more confident in the zygomatic arch reduction using the AR-based method.

5

4

4.5

9. I have felt insecure about the zygomatic arch reduction due to the AR-based method.

1

2

1.5

10. I would like to use the AR-based method on real patients.

5

4

4.5

b

a

1=strongly disagree; 5=strongly agree.

b

OST-HMD: optical see-through head-mounted display.

c

AR: augmented reality.

Discussion
Principal Findings
In our study, we demonstrated that it is possible to develop an
adaptable and usable AR-based system with OST-HMDs and
image-guided capacities for surgical interventions by combining
freely available technologies and evaluating them in a test
scenario on human cadavers. This system can be adopted by
researchers worldwide and adapted to their own surgical
scenarios. The implementation will require a HoloLens or
Unity-compatible OST-HMD, the ability to capture 3D medical
imaging data, and a 3D printer to produce suitable mounts for
the cadaver and surgical equipment. The software and models
of the 3D mounts are freely available under an open-source
license.
However, the presented system still has shortcomings. When
using HoloLens, we have found that an incorrect fit on the head
leads to a positioning error between the eyes and the
semitransparent display, causing perceptual errors. Only with
the correct fit were both real and virtual objects correctly
superimposed. For this reason, the simple half-cube we have
developed for holographic verification can be used for
evaluating the superimposition between real and virtual objects
to represent possible errors in the fit of an OST-HMD or,
additionally, errors in tracking by user-verifiable reference
surfaces (Figure 2c and Figure 3c). The FOV of the HoloLens
1 with 34° was perceived as relatively low [27], although it was
judged to be sufficient for our procedure. Depending on the
surgical procedure, it could also lead to poor ergonomics and
potentially affect the success of the surgical intervention. An
enlarged FOV like on the HoloLens 2 [27] could possibly
alleviate this.
Although the tracking mount was not found to be a disturbance
by the investigators, it could become a potential concern during
surgical procedures where space is limited or could lead to
https://games.jmir.org/2022/2/e34781

XSL• FO
RenderX

tracking errors because the tracking mount is obscured. One
solution would be a mount-free or electronic tracking method
to avoid disturbing surgeons in such situations [28].
Previous studies that evaluated image-based tracking using
Vuforia and a HoloLens indicated a position error of 1.74 to
1.94 mm [29,30]. Our visual evaluation using a printed half-cube
conformed to the range of the aforementioned studies (~2 mm).
We did not perform a reexamination because we used the same
system as the studies mentioned [29,30]. Overall, we considered
this sufficient for a majority of surgical scenarios for the first
proof of performance. However, the tracking was slow with
quick instrument or head movements. This could be improved
by increased hardware performance provided by the HoloLens
2 or by holographic remoting, where the main computational
load is carried out on an external computer [31]. During the
development of our system, we noticed that tracking with
Vuforia is faster when the image targets have a black
background, which further addressed performance limits [23].
Another alternative would be markerless registration, which
has shown an average positioning error between 3.3 to 9.3 mm,
depending on the spatial direction. In the future, this error might
be reduced with more powerful hardware and could be a serious
alternative, especially since markerless registration has no
potentially disturbing markers in the surgical field [32]. Manual
registration, which showed a mean error of alignment of 12.4
mm, would be another option. After appropriate training or
assistance by fiducial markers, the error was reduced to 10 mm
[11,33]. Consequently, image-based registration with Vuforia,
which is much more accurate, is still the method of choice for
most applications [29,30].
In our scenario, it was possible to visualize both the fractured
and nonfractured situation, as the healthy bone condition can
often be reconstructed with little effort by mirroring the
nonfractured side, especially for the face [34]. Since individual
bone fragments could not be tracked with our method, we
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presented the nonfractured situation as a guide for bone
reposition. During the consensus interview, this was perceived
as a disadvantage for conducting the reduction since the ideal
situation can be easily imagined by the investigators themselves.
Consequently, the fractured situation and, if necessary, an
additional nonfractured situation should be offered for
visualization in future examinations. The visualization of the
bone with shaded 3D models was perceived as an integral part
of the cadaver head. However, further research should focus on
whether the use of different display methods such as points,
lines, contours, planes, surfaces, wireframes, meshes, and
volumes offer advantages in surgical procedures with AR [5].
Our system provided visual and auditory feedback depending
on the distance of the surgical instrument working area and
intended reduction situation of the bone. This was realized
visually via a color change of the virtual zygomatic arch model
as well as via the possibility of graphical representation of the
movement path of the surgical instrument tip. The drawing
function can be used to show the internal contour of bones—in
our case, the contour of the fractured bone. If a fracture offset
is present, it would be represented by an offset of the drawing
line (Figure 3d). To our knowledge, this is the first time that an
intraoperative drawing function has been applied in surgery
with an OST-HMD. The acoustic feedback operated by
increasing the amplitude as a function of the distance between
the working area of the surgical instrument and surgical target
structure. The combination of visual and auditory feedback was
found to be helpful by the investigators. This is consistent with
the observation in an AR-based model scenario for a needle
biopsy performed by surgeons, where the combination of visual
and auditory feedback significantly reduced localization error
and increased the success rate [35].
It has already been shown that studies with OST-HMDs on
cadavers are suitable to measure the difference between the
planning of drill holes, placement of screws, or performance of
osteotomies and the actual performance [19-22]. Our study was
also able to demonstrate that cadaveric studies with OST-HMDs
are suitable to determine fracture reductions quantitatively and
qualitatively and thus in one of the veritable surgical end points.
In this regard, expected differences between a resident and a
senior surgeon were observed. The advantage of using fresh
cadavers is the presence of realistic and complex anatomical
conditions and thus a situation analogous to the living patient
without taking possible surgical risks.

Puladi et al
Studies on fresh cadavers, however, cannot determine clinical
outcomes such as pain, patient-guided range of motion,
dysfunction, or other clinical parameters. Nevertheless,
cadaveric studies can be used to provide a data basis for
subsequent clinical study planning. The technical system can
be evaluated and tested. The developed AR system did not result
in a large temporal difference from the conventional method in
our scenario. It is important to measure duration as an end point,
as surgery time is an important quality indicator. Prolonged
surgery durations lead to a greater number of complications for
the patient [36] and increased costs for the health care system
[37]. Furthermore, the quantitative (reduction in mm) and
qualitative (assessed reduction quality) data obtained can be
used to plan the sample size for larger cadaveric studies or
clinical trials. Procedures where the number of subjects to be
treated according to sample size planning is already very large
and thus the effect is at the same time very weak may therefore
not add much value and could be avoided in this way.
Overall, the number of studies with application of AR-based
surgery with OST-HMDs in cadaveric studies is small [19-22].
In contrast, AI-based models can be developed by any researcher
today with public data and a few lines of scripting. By this
method, breakthrough results in diagnostics and nonsurgical
therapy were achieved. However, a similar development for
surgery that digitizes the operation field is missing. For this to
happen, AR-based applications must become mass-market ready
and proof of performance must be provided. We hope that other
researchers will feel motivated to develop their cadaver test
scenarios with this prototype system.

Conclusion
The development and application of an AR-based surgical
system using freely available technologies to perform
OST-HMD–guided surgical procedures in cadavers is feasible,
but our presented open-source prototype should be further
developed. Cadaver studies are suitable for OST-HMD–guided
interventions to measure a surgical end point and provide an
initial data foundation for future clinical trials. In this regard,
it has been shown in our scenario that the effect of the AR-based
approach could be more likely to make a difference in residents.
This should be considered when planning future trials. The
availability of free systems for researchers could be helpful for
a possible translation process from digital health to AR-based
surgery using OST-HMDs in the operating theater via cadaver
studies.
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Abstract
Background: The use of health games is a promising strategy for educating and promoting healthy lifestyle behaviors among
children.
Objective: We aimed to describe the design and development of a serious game, called HelperFriend, and evaluate its feasibility,
acceptability, and preliminary effects in children in a pilot study. HelperFriend is a vicarious experiential video game designed
to promote 3 lifestyle behaviors among young children: physical activity, healthy eating, and socioemotional wellness.
Methods: Participants aged 8 to 11 years were recruited from an elementary school and randomized to receive a healthy lifestyle
behavior educational talk (control) or play six 30-minute sessions with HelperFriend (intervention). Assessments were conducted
at baseline (T0) and after the intervention (ie, 4 weeks) (T1). The primary outcome was gain in knowledge. The secondary
outcomes were intention to conduct healthy behaviors, dietary intake, and player satisfaction.
Results: Knowledge scores of intervention group participants increased from T0 to T1 for physical activity (t14=2.01, P=.03),
healthy eating (t14=3.14, P=.003), and socioemotional wellness (t14=2.75, P=.008). In addition, from T0 to T1, the intervention
group improved their intention to perform physical activity (t14=2.82, P=.006), healthy eating (t14=3.44, P=.002), and socioemotional
wellness (t14=2.65, P=.009); and there was a reduction in their intake of 13 unhealthy foods. HelperFriend was well received by
intervention group.
Conclusions: HelperFriend appears to be feasible and acceptable for young children. In addition, this game seems to be a viable
tool to help improve the knowledge, the intention to conduct healthy behaviors, and the dietary intake of children; however, a
well-powered randomized controlled trial is needed to prove the efficacy of HelperFriend.
(JMIR Serious Games 2022;10(2):e33412) doi:10.2196/33412
KEYWORDS
serious game; children; education and behavior change; healthy lifestyle behaviors; physical activity; healthy eating; socioemotional
wellness

Introduction
Healthy Lifestyle Behaviors
Unhealthy lifestyle behaviors (eg, physical inactivity, unhealthy
diet, and sedentary time) put individuals at high risk of
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developing several health conditions (eg, dental caries,
hypertension, diabetes, cardiopathy, and cancer) and are key
drivers of obesity and being overweight [1-3]. In contrast,
healthy lifestyle behaviors (eg, physical activity and healthy
diet) can provide a general feeling of well-being and are the
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foundation of disease prevention [4]. Individuals who embrace
healthy lifestyle behaviors can withstand health risks linked to
disability and illness in later life [4]. Healthy lifestyle behaviors
can benefit people of all ages; however, it is crucial to encourage
these behaviors from early childhood—when habits are
formed—because they are likely to be maintained during
adulthood [3,5,6].
Two critical healthy lifestyle behaviors for children are healthy
eating and physical activity. Children need to have a correct
diet [7], increase the intake of healthy food, decrease the intake
of unhealthy food [8], and engage in a minimum of 60 minutes
of moderate to vigorous physical activity daily [9]. These
behaviors help prevent weight gain in children [10,11] and are
included in the strategies to face the dramatic increase in
childhood obesity, given that childhood obesity is associated
with unhealthy eating and physical inactivity [12,13]. Despite
the importance of these behaviors, many children do not perform
them. For example, in Mexico, only 43.5% of children meet the
recommended intake of fruits [14], 22% of children meet the
recommended intake of vegetables [14], and 17.3% of children
engage in at least 60 minutes of daily physical activity [15].
The promotion of these behaviors should start when children
are young (between 8 and 11 years), because these are the years
during which rates of being overweight and obesity increase
significantly [15].
Lifestyle interventions should focus on healthy eating and
physical activity to have a more significant effect on health [10].
In addition, social and emotional factors should be taken into
account when developing lifestyle interventions because these
factors affect healthy eating and physical activity [16,17].
Therefore, it is essential that children also learn how to recognize
and manage emotions, establish and maintain constructive and
healthy relationships, make responsible decisions, and avoid
unhealthy social and emotional behaviors associated with eating
and physical activity [18,19].

Serious Games for Health
In recent years, the development of serious games as innovative
methods to support health education and treatment initiatives
and programs has increased [20]. Serious games integrate
engagement and fun elements (eg, stories, levels, rewards, and
feedback) with educational and psychological resources and
techniques to achieve health outcomes [21]. Serious games for
health can include the simulation of real-life situations,
collection of information that supports the identification of
behaviors, and provision of information and suggestions to
guide the process to improve attitudes and behaviors of players
[20]. Thus, they offer the possibility to support initiatives to
deliver education and health services to populations that
currently cannot or do not obtain necessary access to these
services due to costs, logistical issues, stigma, or convenience
[22]. There are currently serious health games for a wide variety
of purposes, such as health education, physical and
psychological therapy, and disease self-management [20,23].
Serious games are increasingly being used to encourage children
to adopt healthy lifestyle behaviors, leveraging the fact that
most children enjoy playing video games [24]. However, there
are mixed opinions about this strategy. One concern is related
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to screen time—screen time is considered to be a risk factor for
several health, emotional, and psychological problems in
children [25,26]. However, it appears that screen time for
playing video games does not represent as high a risk when
compared with that for watching television [27]. Another
concern is the effectiveness of these games because, while most
studies have reported positive effects on obesity-related
outcomes (improvement of weight-related parameters, physical
activity, or dietary behavior and knowledge), these effects were
small [28,29]. In addition, while many games focus on
improving health knowledge, this does not necessarily result in
behavioral change [28]. Conversely, several studies [30-32]
have shown that serious games offer an enormous advantage
for health promotion interventions in children.
Video games for promoting healthy lifestyle behaviors in
children are aimed to improve knowledge about nutrition, eating
habits, and exercise; increase physical activity while playing
(exergames); change eating behaviors; or combine several
approaches [28,31,33,34]. Nutrition and eating habits–related
games focus on the concepts of energy balance [35,36], MyPlate
guidelines [37], the 5 macronutrients of foods [38],
Mediterranean diet and behavioral moderation [39], healthy and
unhealthy nutrition [40,41], and dietary energy density [42].
Despite the importance of psychosocial or psychological aspects
of nutrition and eating habits, only one game considered these
aspects through the integration of the coping of stress technique
[42]. Although positive results were obtained in these studies
[35-42], there is still a need to understand the application and
limitations of such games as well as how to improve their
effectiveness, such as the inclusion of the underlying
mechanisms for behavioral change of video games [31] or the
integration of psychosocial aspects in video games [28]. In
addition, none of these games implemented a vicarious
experiential environment that includes behavior change
techniques to promote physical activity, promote healthy eating,
and address social and emotional issues related to these
behaviors in young children.

Objective and Hypotheses
We aimed to design and develop a motion-controlled serious
game for young children (HelperFriend) and evaluate its
feasibility, acceptability, and preliminary effects. We
hypothesized that children who played the game would
demonstrate (1) better knowledge, (2) greater intention to carry
out healthy lifestyle behaviors, and (3) improvements in dietary
intake and that (4) children would enjoy playing the game.

Methods
HelperFriend Video Game
Design and Development
HelperFriend was developed by a multidisciplinary team that
included nutritionists, psychologists, physical activity experts,
human–computer interaction experts, and software engineers
based on published design methodology [43]. The methodology
included activities from game implementation to evaluation
based on 4 essential principles: a procedure-centric approach,
expert collaboration, agile development, and low-cost modeling.
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The knowledge domains of HelperFriend are physical activity,
healthy eating, and socioemotional wellness.
HelperFriend integrates experiential and vicarious learning. In
experiential learning environment, learners engage in direct
experiences to enhance their knowledge, skills, and values
through human–environment interaction in a cycle of doing,
reflecting, concluding, and trying the learned experience [44].
In vicarious learning, individuals learn from the experiences of
others (eg, by observing the choices another person makes and
the consequences they have on their health). By observing the
behavior of others, individuals can identify difficulties and
expectations associated with behaviors and acquire the
information and competencies to perform the behavior
successfully [45].
In addition, several behavior change techniques [46] were
integrated into the game elements to generate an attractive and
stimulating environment in which knowledge and healthy
lifestyle behaviors are encouraged and reinforced: instruction
on how to perform the behavior, providing information about
health consequences, behavioral practice, behavioral
substitution, incentives and rewards, goal setting, reviewing
behaviors goal, monitoring behaviors, providing feedback on
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behavior, discrepancies between current behaviors and goals,
monitoring emotion consequences, and prompts or cues. These
behavior change techniques are based on behavioral, cognitive,
and social cognitive theories that have ample empirical evidence
to demonstrate their usefulness in adopting healthy lifestyles
[47-50].

Description
In HelperFriend, the players are secret agents who need to care
for a group of children who forgot healthy lifestyle behaviors
because a villain chef erased their memory. In each match, the
player needs to ensure that one of these children engages in
physical activity, eats well, and performs socioemotional
activities to improve their health (Figure 1). The children
characters continuously interact with the player, expressing their
necessities or stating situations for which they need help. Player
actions that improve the children's lifestyle behaviors add points.
The game session is finished when the player presses the finish
button. At the end, the player can earn extra points if their
decisions helped the child to meet healthy lifestyle
recommendations. The player has full-body interaction to
encourage physical activity and improve satisfaction and fun
[51]. A video of the game is provided as Multimedia Appendix
1.

Figure 1. The main screen of HelperFriend: (A) child being cared for, (B) coins score, (C) button to carry out physical activity, (D) button for feeding
the child, (E) button to carry out socioemotional activities, (F) health bar of the child, (G) game indicators section, and (H) finish button.

Modules
Overview
Each module increases in difficulty to keep players engaged
and having fun until the end of the video game. Modules have
3 components. The education component teaches basic health
knowledge. The training component encourages players to
practice healthy lifestyle behaviors. The challenge component
presents challenging situations in which players have to help
the children.
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Physical Activity
This module (Figure 2) addresses World Health Organization
physical activity recommendations for children and adolescents
(aged 5 to 17 years). Children and adolescents should engage
in a minimum of 60 minutes of moderate to vigorous physical
activity on a daily basis, most of which should consist of aerobic
exercise [9]. Engaging in more than 60 minutes of physical
activity provides additional health benefits. In addition, vigorous
physical activities and muscle and bone strengthening activities
each should be incorporated at least 3 days per week.
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Figure 2. Physical activity screens: (A) screen for selecting a physical activity, (B) child doing physical activity, (C) alert feedback screen because the
player selected a sedentary activity, and (D) physical activity situation in which the child needs the player's help.

Healthy Eating
This module (Figure 3) addresses diet. According to the Mexican
Official Standard [7], a correct diet for children is one that is
complete, balanced, innocuous, suitable, and varied. In addition,

this module addresses portion intake and recommendations that
children should eat approximately 5 times a day [52], increase
water and healthy food (including fruits and vegetables)
consumption, and decrease unhealthy food (eg, candies,
sweetened cereals, and sugary drinks) consumption [8].

Figure 3. Healthy eating screens: (A) screen teaching player about complete diet, (B) screen for selecting food, (C) feeding information screen, and
(D) feeding situation in which the child needs the player's help.

Socioemotional
This module (Figure 4) addresses social and emotional behaviors
related to physical activity and healthy eating. Children need
to acquire skills to recognize and manage emotions, establish
and maintain constructive and healthy relationships, take an
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interest in the well-being of others, and make responsible
decisions [18,19]. Examples of the social and emotional issues
included are low motivation to improve exercise and eating
habits, emotions associated with eating junk food, and the
influence of parents and friends on eating habits and physical
activity.
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Figure 4. Socioemotional wellness screens: (A) screen where the child shows a socioemotional situation to the player, (B) screen for selecting a
socioemotional activity, (C) alert feedback message because the player made an inadequate socioemotional activity choice, and (D) socioemotional
situation in which the child needs the player's help.

Intervention
Overview
We conducted a parallel randomized controlled pilot trial over
4 weeks between May and June 2019 in an elementary school
in Mexico.

Ethics
School administrators and teachers gave written permission for
the trial to be performed at school facilities. All study procedures
were approved by the institutional review board of the Centro
de Investigación Científica y de Educación Superior de
Ensenada (2S.3.1 HUM 2019). No changes occurred to the
methods after the beginning of the trial.

Participants
Students (n=40) from 3 school groups was considered for this
study. Inclusion criteria were being aged 8 to 11 years and not
receiving pharmacological treatment. Exclusion criteria were
having been diagnosed with or having an ongoing
neuropsychiatric disorder, a physical problem (because the game
required children to interact through whole-body movements),
and obesity treatment in the past 6 months. Written informed
consent was obtained from parents of children who expressed
interest in participating in the study.
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Design
Children were randomly allocated to either the control group
or the intervention group. The children in the intervention group
played HelperFriend during six 30-minute game sessions. All
playing sessions were conducted over 21 days. We set up 3
gaming stations in a room; each station contained a PC, a
50-inch screen, a Kinect sensor V2, and the HelperFriend video
game. Participants in the control group received only a
45-minute talk about the importance of healthy behaviors, such
as engaging in physical activity, eating healthy, and maintaining
socioemotional health; no further intervention was applied.

Outcome Measures
Outcomes were assessed in both groups the week after being
assigned to the groups (T0) and 4 weeks after baseline (T1).
The primary outcome was the gain in knowledge measured
using a questionnaire (developed by the research group and
designed specifically for the serious game). The questionnaire
was evaluated in a pilot with 5 children and adapted. The final
questionnaire consisted of 82 questions in 3 sections: physical
activity (13 questions, each with 3 response options), healthy
eating (64 questions, each with 3 to 5 response options in food
groups, food portions equivalence, correct diet, and
healthy/unhealthy food subsections), and socioemotional
wellness (5 questions, each with 4 response options). Figure 5
provides some examples of the questions. Children completed
the questionnaire by themselves. The sum of questions that had
been appropriately answered for each section was calculated.
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Figure 5. Healthy behaviors knowledge questionnaire example questions.

Secondary outcomes were intention to conduct healthy
behaviors, dietary intake, and player experience satisfaction.
Children’s intention to conduct healthy behaviors was measured
using a questionnaire tailored specifically for the serious game.
The questionnaire was pilot-tested with 5 children and adapted.
The final questionnaire (Multimedia Appendix 2) consisted of
33 questions in 3 sections: physical activity (4 questions),
healthy eating and correct diet (24 questions), and
socioemotional wellness (5 questions). These questions state
everyday situations that children experiment in their daily lives,
and they have to decide what action to take to solve the case.
Physical activity, healthy eating, and socioemotional wellness
questions have 3, 3, and 4 response options, respectively.
Questions related to correct diet have 3 response options and
use a graphical representation to facilitate children's answers (a
previous study [53] used similar graphical questionnaires with
children). For each question, there was only 1 appropriate
answer, and children completed the questionnaire by themselves.
The sum of questions that had been appropriately answered for
each section was calculated.
Dietary behavior was measured with a food frequency intake
questionnaire [41]. This questionnaire was explicitly designed
for the diet of school-age Mexican children and included features
of the highest validated food frequency questionnaires. It
consists of 78 food items considered to be indicators for healthy
and unhealthy eating behaviors. For each item, a 7-point scale,
from 0 (never) to 6 (two or more times per day), is used to
https://games.jmir.org/2022/2/e33412
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indicate the frequency that the food is consumed. Each question
was scored individually. In order to facilitate the completion of
the questionnaire, a facilitator read the questions to the children,
who only had to answer with the number of times that they had
eaten the food in the past month.
Player experience satisfaction was only assessed in the
intervention group (at T1). An adapted version of the Game
User Experience Satisfaction Scale [54] was used. The scale
consists of 23 questions in 7 domains: playability, narratives,
enjoyment, personal gratification, creative freedom, audio
aesthetics, and visual aesthetics. We asked participants to specify
their agreement level using a 5-point Likert scale, from 1 (totally
disagree) to 5 (totally agree). A score was calculated for each
domain.

Data Analysis
Data were analyzed using SPSS software (version 26; IBM
Corp). The statistical significance for all analyses was P<.05.
Variables are reported as means (with standard deviations) or
medians (with interquartile ranges). The normality distribution
of interval variables was tested using the Shapiro-Wilk test. For
metric data, differences between pretest and posttest were
analyzed using 1-tailed paired t tests. For nonmetric data, the
differences between pretest and posttest were analyzed using
Wilcoxon signed-rank sum tests. Differences between groups
were analyzed using 1-tailed independent t tests. The
relationships between subscale items were tested using Cronbach
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α. No power estimation was performed since this was a pilot
study.

Primary Outcome: Healthy Behaviors Knowledge
Knowledge of intervention group participants increased
significantly from T0 to T1 for physical activity (t14=2.01,
P=.03), healthy eating (t14=3.14, P=.003), and socioemotional
wellness (t14=2.75, P=.008). There were no significant changes
in the knowledge of the control group participants from T0 to
T1 for physical activity (t11=0.29, P=.39), healthy eating
(t11=–0.64, P=.27), and socioemotional wellness (t11=0.01,
P=.50). At T1, between-group differences were statistically
significant for physical activity (t25=1.98, P=.03), healthy eating
(t25=1.85, P=.04), and socioemotional wellness (t25=1.97,
P=.03); the intervention group scored higher than the control
group for all 3 (Table 1).

Results
Participant Characteristics
Of 40 children approached for the trial, 27 (68%) children agreed
to participate (age: mean 9.9 years, SD 0.9 years; girls: 16/27,
59%; boys: 11/27, 41%). The control group had 12 participants
(age: mean 9.8 years, SD 0.62; girls: 7/12, 58%; boys: 4/12,
33%), and the intervention group had 15 participants (age: mean
9.9 years, SD 0.94; girls: 9/15, 60%; boys: 6/15, 40%). We
created a game environment where children felt comfortable
during game sessions; however, 1 child missed 1 session, and
6 children missed 2 sessions. Participants in the intervention
group played an average of 3.1 hours.

Table 1. Outcomes of healthy behaviors knowledge and intention to conduct healthy behaviors.
Measure

Items,
n

Control group

Intervention group

Betweengroup postintervention
comparison

Baseline (T0),
mean (SD)

Postintervention
(T1), mean (SD)

P

Baseline (T0), mean Postintervention
(SD)
(T1), mean (SD)

P

P

value

value

value

Knowledge
Physical activity

13

4 (1.5)

4.08 (1.6)

.39

4.5 (2)

5.7 (2.4)

.03

.03

Healthy eating

64

38.9 (11.9)

38.3 (12.9)

.27

40 (9.2)

45.5 (7.1)

.003

.04

Socioemotional
wellness

5

1.83 (1.2)

1.83 (1.2)

.50

2.1 (1.2)

2.9 (1.4)

.008

.03

Intention to conduct healthy behaviors
Physical activity

4

2.4 (1.4)

2.3 (1.4)

.22

2.13 (1.6)

3.07 (0.8)

.006

.03

Healthy eating

24

13.9 (4.3)

14.2 (3.5)

.35

13.5 (3.5)

16.3 (2.2)

.002

.03

Socioemotional
wellness

5

4.4 (1.2)

4.5 (0.8)

.41

4.6 (0.5)

4.9 (0.25)

.009

.01

Secondary Outcomes
Intention to Conduct Healthy Behaviors
Intention to perform healthy behaviors in the intervention group
increased from T0 to T1 for physical activity (t14=2.82, P=.006),
healthy eating (t14=3.44, P=.002), and socioemotional wellness
(t14=2.65, P=.009). There were no significant differences in
intention to conduct healthy lifestyle behaviors for control group
participants for physical activity (t11=–0.80, P=.22), healthy
eating (t11=0.40, P=.40), and socioemotional wellness (t11=0.23,
P=.41). In addition, differences in T1 intention scores between
the intervention group and control group were statistically
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significant for physical activity (t25=1.95, P=.03), healthy eating
(t25=1.91, P=.03), and socioemotional wellness (t25=2.43,
P=.01); the intervention group scored higher than the control
group for all 3 (Table 1).

Food Frequency Intake
Participants in the intervention group reported reduced
consumption frequency of ham, sausage, soft drinks, wheat
burritos, hamburgers, breaded chicken, sopes, tamales, salt
peanuts, sweet cookies, potatoes chips, cake, and sweet soft
cakes. Participants in the control group indicated reduced
self-reported frequency intake of 5 healthy foods (cantaloupe,
carrot, fish soup, fish ceviche, and fresh fruit juice) and 1
unhealthy food (bottled fruit juice) (Table 2).
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Table 2. Outcomes of food frequency intake.
Classification

Baseline (T0) scorea, median (IQR)

Postintervention (T1) scorea, median (IQR)

P value

Ham

Unhealthy

2 (1.3)

1 (2)

.02

Sausage

Unhealthy

2 (1.3)

1 (2)

.02

Soft drinks

Unhealthy

1 (2)

1 (2)

.02

Wheat burritos

Unhealthy

1 (2)

0 (1)

.03

Hamburgers

Unhealthy

1 (1)

1 (1)

.01

Breaded chicken

Unhealthy

0 (1)

0 (0)

.048

Sopes

Unhealthy

2 (1.3)

0 (1)

.02

Tamales

Unhealthy

1 (1)

0 (1)

.02

Salt peanuts

Unhealthy

1 (1.3)

0 (1)

.04

Sweet cookies

Unhealthy

1 (1.3)

0 (1.25)

.01

Potato chips

Unhealthy

1 (1)

0 (1)

.03

Cake

Unhealthy

1 (1.3)

0 (1)

.04

Sweet soft cakes

Unhealthy

1 (0.3)

0 (1)

.02

Cantaloupe

Healthy

1 (1.25)

0 (1)

.047

Carrot

Healthy

1 (2)

0 (1)

.02

Fish soup

Healthy

0.5 (2)

0 (0)

.03

Fish ceviche

Healthy

2 (1.15)

0.5 (1)

.04

Fresh fruit juice

Healthy

1.5 (2.25)

0 (1)

.02

Bottle fruit juice

Unhealthy

1.5 (1.25)

0.5 (1)

.04

Intervention group

Control group

a

0 indicated never, 1 indicated one to three times per month, 2 indicated once per week, 3 indicated two to four times per week, 4 indicated five to six
times per week, 5 indicated daily, and 6 indicated two or more times per day.

Player Video Game Satisfaction
Satisfaction ratings were significantly higher than the neutral
value for all domains: playability (t14=7.04, P<.001), narrative
(t14=4.00, P<.001), enjoyment (t14=4.77, P<.001), creative
freedom (t14=7.69, P<.001), audio aesthetics (t14=4.33, P<.001),
personal gratification (t14=5.99, P<.001), and visual aesthetics
(t14=5.12, P<.001). Most participants agreed that the game was

easy to learn to play and use (14/14, 100%), has a clear history
(12/15, 80%), is fun and original (11/15, 73%), has good music
(12/15, 80%), has good graphics (12/15, 80%), and made them
feel successful when they overcame the game's challenges
(13/15, 87%). In addition, most participants wanted to play
HelperFriend again (12/15, 80%). All measures obtained
Cronbach α values ≥.73, except for narrative (Cronbach α=.56)
(Table 3).

Table 3. Player satisfaction questionnaire results.
Measure

Items, n

Cronbach α (n=15) Mean (SD)

Neutral value

P value

Lower

Upper

Playability

9

.76

4 (0.5)

3

<.001

2.8

5

Narrative

2

.56

3.9 (0.9)

3

<.001

1.5

5

Enjoyment

3

.73

4 (0.8)

3

<.001

2.7

5

Creative freedom

2

.73

4.1 (0.6)

3

<.001

3

5

Audio aesthetics

3

.90

4.1 (1)

3

<.001

1.7

5

Personal gratification

4

.75

4.2 (0.7)

3

<.001

2.5

5

Visual aesthetics

2

.85

4 (0.8)

3

<.001

2.5

5
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Discussion
Principal Findings
Knowledge
Children in the intervention group significantly improved their
knowledge about physical activity (t14=2.01, P=.03), healthy
eating (t14=3.14, P=.003), and socioemotional wellness
(t14=2.75, P=.008) after gameplay; thus, the first hypothesis
was verified. Previous studies have also shown that video games
for health can help children improve their understanding of
physical activity [55] and healthy eating [35,37-39,41,55]. Other
than in a recent study [42], in which stress and stress-coping
strategies were included, emotional and social issues related to
adopting healthy lifestyle behaviors have not been previously
taken into account in interventions with serious games that have
targeted healthy eating. We also identified that it is possible to
teach this type of issue with serious games. Our results support
those of a previous study [55], showing that it is feasible to
improve physical activity and healthy eating knowledge
together. These promising results may be explained by the
experiential and vicarious learning environment of the game in
which players observe the behavior of others [45] and engage
in direct experiences through doing, reflecting, concluding, and
trying the learned experience [44]. Conversely, because
improving health knowledge through serious games does not
necessarily result in behavioral change [28], we also plan to
adjust content and learning strategies in a future version.

Intention to Conduct Healthy Behaviors
Second, we hypothesized that the intention to conduct physical
activity, healthy eating, and healthy socioemotional behaviors
would be higher after the intervention; we also verified this
hypothesis. A previous study [40] also showed that video games
for health could help children improve dietary and exercise
attitudes, but we did not identify any studies on intention to
conduct healthy socioemotional behaviors. Improved intention
to engage in healthy behaviors may be as a result of integrating
multiple behavior change techniques—a cornerstone for efficacy
in behavior change interventions [56]. Because a change in
intention leads to a small to medium change in behavior [57],
these findings help assess the potential impact of video games
on children's lifestyle behaviors. The smallest increase in
intention was for socioemotional wellness, possibly because
the intervention group already scored higher at baseline, which
may be associated with the fact that the questionnaire contained
simple questions that make it easy to obtain a high score.

Food Frequency Intake
The third hypothesis stated that, after the intervention, children's
diets would improve. A lower intake frequency was found for
13 unhealthy foods (such as soft drinks, hamburgers, sweet
cookies, potatoes chips, and sweet soft cakes). These changes
are relevant because Mexican children commonly consume
these foods in schools and at home [58] and changes in children's
diets and eating habits can promote changes in the whole family
[59]. Our findings confirm that games to improve healthy food
consumption are beneficial, which has been demonstrated in
some earlier studies (eg, [36,39,41]), but not others (eg, [42]).
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Unlike some previous studies (eg, [35,39]), we only achieved
a reduction in the consumption of unhealthy foods. One possible
explanation is that providing information or visual images of
foods alone is insufficient to increase children's preferences for
the intake of healthy foods [60,61]. Instead, repeated exposure
to healthy foods is more effective for improving children's
preferences [61]—even more so than strategies based on rewards
[62]. A future version of HelperFriend should include behavior
change techniques (eg, self-monitoring, setting and examining
goals, and action planning) that directly support and encourage
healthy food intake. Surprisingly, the participants in the control
group indicated reduced intake of 5 healthy foods (cantaloupe,
carrot, fish soup, fish ceviche, fresh fruit juice) and 1 unhealthy
food (bottled fruit juice); however, we did not collect any other
information from the control group that could facilitate the
interpretation of this result.

Game Acceptance and Satisfaction
The fourth hypothesis was also verified; children felt good
during gameplay, and game acceptance was high. HelperFriend
obtained very positive results on personal gratification,
playability, creative freedom, enjoyment, narrative, and visual
and audio aesthetics—factors which have been shown to be
correlated with and predictors of learning [63]. However, for
four specific aspects, there is room for improvement: (1)
improving the fit of the difficulty curve of the game to the
capacities of the children, (2) simplifying the game flow to
foster player autonomy, (3) increasing socioemotional elements,
and (4) implementing a daily activity tracking system in the
game to make it easier for children to understand the daily
activities they have to carry out to have healthy lifestyles. These
characteristics could be essential aspects that positively influence
the general perception, acceptability, and effectiveness of the
game.

Limitations
First, the results should be cautiously interpreted because a
small group of children participated in the study. However,
given that we aimed to evaluate the feasibility, acceptability,
and preliminary effects of HelperFriend, our findings can offer
valuable information in designing health games for children to
improve lifestyle behaviors and that consider socioemotional
issues. Second, medium- and long-term effects were not
examined. Medium- and long-term studies could provide
interesting findings since video games, especially those
involving physical activity, can become boring quickly [64].
Third, we developed the intention questionnaire because we did
not find any available for young children; however, a detailed
review would be necessary prior to its use in a full randomized
controlled trial. Finally, the frequency of food intake was
self-reported. The results could be limited by the known
constraints of food frequency questionnaires, such as trouble
recalling experiences and over- or understatement of food intake
[65]. Nevertheless, food frequency questionnaires are the most
frequently used approach because they are easy to use, reliable,
and valid. In addition, there is previous evidence that children's
self-reported food intake is more accurate than that reported by
parents [66].
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We plan to conduct a randomized controlled clinical trial with
sample size calculation to address some of these limitations.
Moreover, we plan to extend the exposure period and conduct
repeated exposure to account for medium- and long-term effects.
Finally, we plan to improve the intention questionnaire and
include another behavioral test (eg, physical activity).

Conclusions
HelperFriend, a vicarious experiential health game for promoting
physical activity, healthy eating, and socioemotional wellness,

Espinosa-Curiel et al
appears to be feasible and acceptable for young children.
Preliminary results suggest that this game improves knowledge
about and the intention to conduct healthy lifestyle behaviors
and improves dietary intake in children. In future versions of
HelperFriend, some game elements should be improved and
other behavior change techniques that promote children's intake
of healthy foods should be integrated. Given that this was a
pilot study with a limited sample size, a well-powered
randomized controlled trial is needed to determine the efficacy
of HelperFriend.
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Abstract
Background: Stroke is a leading cause of disability. It is difficult to devise an optimal rehabilitation plan once stroke survivors
are back home. Conventional rehabilitative therapies are extensively used in patients with stroke to recover motor functioning
and disability, but these are arduous and expensive. Virtual reality (VR) video games inspire patients to get involved in their
therapeutic exercise routine in a fun way. VR in the form of games provides a fruitful, secure, and challenging learning environment
for motor control and neural plasticity development in rehabilitation. The effects of upper limb sensorimotor functioning and
balance are the main focus of this trial.
Objective: The aim of this study is to compare the effects of VR training and routine physical therapy on balance and upper
extremity sensorimotor function in patients with stroke.
Methods: It was a single assessor-blinded randomized clinical trial. A total of 74 participants with their first chronic stroke
were included and rehabilitated in a clinical setting. The lottery method was used to randomly assign patients to either the VR
group (n=37) or the routine physical therapy group (n=37). The VR group received a 1-hour session of VR training for 3 weekdays
over 6 weeks, and the routine physical therapy group received different stretching and strengthening exercises. The outcome
measuring tools were the Berg Balance Scale for balance and the Fugl-Meyer Assessment (upper extremity) scale for sensorimotor,
joint pain, and range assessment. The assessment was done at the start of treatment and after the 6 weeks of intervention. Data
analysis was done using SPSS 22.
Results: The trial was completed by 68 patients. A significant difference between the two groups was found in the Berg Balance
Scale score (P<.001), Fugl-Meyer Assessment for motor function (P=.03), and Fugl-Meyer Assessment for joint pain and joint
range (P<.001); however, no significant difference (P=.19) in the Fugl-Meyer Assessment for upper extremity sensation was
noted.
Conclusions: VR training is helpful for improving balance and function of the upper extremities in the routine life of patients
with stroke; although, it was not found to be better than conventional training in improving upper limb sensation. VR training
can be a better option in a rehabilitation plan designed to increase functional capability.
Trial Registration: Iranian Registry of Clinical Trials RCT20190715044216N1; https://www.irct.ir/user/trial/40898/view
(JMIR Serious Games 2022;10(2):e29830) doi:10.2196/29830
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Introduction
Stroke is a leading cause of disability, and it is difficult to devise
an optimal rehabilitation plan for patients with stroke once they
are discharged from the hospital [1]. Almost 85% of patients
with stroke have hemiparesis after stroke while 55% to 75% of
stroke survivors have motor dysfunction. South Asian people
(people of India, Pakistan, Sri Lanka, Bangladesh, Nepal, and
Bhutan) have a higher risk of stroke because of compromised
cardiac and metabolic rate [2,3]. Treatment for stroke is initiated
with drugs [4], and surgery might be another option to repair
any constriction or narrowing of blood vessels [5,6]. Patient
rehabilitation is an important part of treatment. The main
purpose of rehabilitation is to improve the quality of life for
patients with stroke and make them independent [7,8].
Conventional rehabilitative therapies are extensively used to
help patients with stroke recover motor functioning and
disability. However, the application of conventional techniques
is arduous and expensive, and requires transportation of patients
to tertiary care hospitals especially in countries like Pakistan
where hospitals are less in number. Virtual reality (VR) training
in the form of games [9] provides a fruitful, secure, and
challenging learning environment for motor control and neural
plasticity development after stroke. VR video games inspire
patients to get involved in their therapeutic exercise routine in
a fun way [10]. Depending on the remodeling and reorganization
of brain function, previous studies found that VR can be a great
alternative for quick functional recovery after stroke [11]. Mirror
neurons in the cortex can be activated through observational
learning by VR training. Participants who received sensory
input in VR training were also more likely to learn the desired
motor behavior [12]. The feedback can help to promote the
development of use-dependent cortical plasticity, which could
lead to improved motor control. Furthermore, the functional
improvement induced by VR training could significantly boost
participants’ confidence and self-efficacy in a new environment.
Moreover, another advantage of VR is that it can greatly save
on labor and cost of patients [13].
Stroke is seen to be more prevalent in countries like Pakistan,
as the people are more inclined toward using local drugs like
naswar, pipe smoking, and beetle leaf chewing (paan). Thus,
there is higher incidence of stroke in middle-aged populations
(<45 years) [14-16]. The study aimed for a younger population
with stroke and found cost-effective treatment protocols at the
same time. The unique needs of young people with stroke and
the promising opportunity provided by a low-cost serious game
would be a beneficial addition in treatment strategy. There is
inadequate evidence in the literature to generalize effects on
upper limb sensorimotor function and gait through commercial
gaming in young patients with stroke. Studies on effectiveness
of VR programs in comparison to traditional methods on
functional-motor improvement of an upper limb are needed in
low-resource countries to reduce cost and time through
target-oriented interventions. This study was conducted to
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compare the effects of VR training and routine physical therapy
on balance and function of upper limbs in patients with stroke
from the lower- and middle-class populations. This study is
conducted to accept or reject the hypothesis that VR has a
significantly better effect on balance and upper limb function
in patients with stroke.

Methods
Study Design and Participants
This study was a single assessor-blinded randomized clinical
trial. Participants were recruited by convenient sampling at
Kanaan Physiotherapy & Spine Clinic, Lahore, Pakistan, from
September 2018 to December 2020. Diagnosed patients with
subacute and chronic stroke were included in the study. The
inclusion criteria were patients aged between 40 to 60 years
irrespective of gender; unilateral involvement of extremity and
the first episode of stroke was either hemorrhagic or ischemic
in origin evident by computed tomography scan or magnetic
resonance imaging [17]; at least a score of 2 or more on the
medical research council scale; and patient is stable, alert, and
able to follow the instructions of physical therapists. Patients
with ischemic heart disease with unstable angina, history of
seizures, Parkinson disease, severe aphasia that can limit
participation or feedback, cognitive mental condition that can
interfere with comprehension of commands, any systematic
disease, BMI, or poor speech were excluded from the study.
Written informed consent was obtained from each participant
prior to data collection. The participants were randomly assigned
to two groups by lottery method: VR (n=37) and routine physical
therapy (n=37) groups [16].

Outcome Measures
All values were measured before and after the 6 weeks of
intervention. The Berg Balance Scale (BBS) was used to assess
balance. It is a 14-item list with each item consisting of a
five-point ordinal scale ranging from 0 to 4, with 0 indicating
the lowest level of function and 4 the highest level of function.
A score of 56 indicates functional balance. A score of <45
indicates individuals may be at greater risk of falling. The
Fugl-Meyer Assessment (FMA) tool for upper extremities (UEs)
was used to assess sensorimotor function, joint range, and pain.
The motor section of the FMA-UE has 33 points that evaluates
aspects of movement, reflex, coordination, and speed. Each
domain contains multiple items, each scored on a 3-point ordinal
scale (0=cannot perform, 1=performs partially, 2=performs
fully). Sensation has 6 points, while joint range and pain have
12 points each. Scoring is based on direct observation of
performance. FMA-UE is a valid and reliable tool that measures
the function of upper limbs, wrists, and hands while the BBS
is also a valid and reliable tool to assess balance [18,19].
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Interventions
Virtual Reality Training (Group I)
Wii comes with a console, adapter, infrared sensor bar, 2
wireless nunchucks, remote with wrist straps, sensor bar, Wii
balance board, and Wii Sports kit. The Wii Sports (tennis and
boxing), Wii balance board, and Wii Cooking Mama games
were the main games used. Depending upon the participant’s
ability, the training complexity and intensity were increased by
higher levels in the game. The therapist stood behind the
participant for protection and support, and the participant was
able to grab the handrail if they needed to avoid falling [20].
Patients in this group had a 1-hour session 3 days a week for a
period of 6 weeks.

Routine Physical Therapy (Group II)
These include stretching exercises for tight muscles (eg,
shoulder, elbow, and wrist flexors). The strengthening program

Anwar et al
includes exercises for weak extensor muscles and balance
training, and coordination exercises to improve motor control
and deficit. Each muscle group was targeted for strengthening
exercises in upper limbs. Manual resistance was applied and
increased according to the patient’s condition. The patients in
this group got 1-hour sessions, 3 days a week for a period of 6
weeks.

Sample Size
The sample size was calculated by sample size software [21,22].
The sampling technique used was convenient sampling with a
statistical power of 80% and ∂=0.5. Recruitment of 76
participants was done with an expected dropout of (10%) during
the intervention. One patient was excluded for not meeting the
criteria, and 1 left due to personal reasons. During the
intervention, 3 patients from each group were lost to follow-up
as shown in Figure 1.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

Ethical Approval
The study protocol was approved by the Ethical Committee of
the
University
of
Lahore
(approval
IRB-UOL-FAHS/373-III/2018).

Randomization
Eligible participants were initially screened by a research
assistant. All participants were asked to sign the informed
consent. Subsequently, the participants were assessed by a
blinded independent assessor at baseline and were randomized.
The randomization was done by lottery method. Patients were
given the allotted intervention by a trained physical therapist.
After 6 weeks of the intervention, another assessment was done
by a blinded independent assessor.
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Statistical Analysis
SPSS 22.0 (IBM Corp) was used for the statistical analysis.
Descriptive statistics were applied for all outcome measures.
To check the normality of data, the Shapiro-Wilk test was
performed. Data were found to be normally distributed, so
parametric tests were applied. An independent t test was used
to compare data between the groups, while a paired t test was
used for analysis within the group. Statistical significance was
set at P<.05.

Results
The data were normally distributed. The mean age of the VR
training group was 51.56 (SD 7.199) years, while the mean age
for the routine physical therapy group was 51.35 (SD 5.783)
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(page number not for citation purposes)

JMIR SERIOUS GAMES

Anwar et al

years. The mean height of the VR training group was 1.68 (SD
0.11) meters, while the mean height for the routine physical
therapy group was 1.69 (SD 0.09) meters. The mean weight of
the VR training group was 86.50 (SD 11.41) Kg, while the mean
weight for routine physical therapy was 86.35 (SD 11.7) Kg as
shown in Table 1.
There was statistically significant differences between
posttreatment BBS values of the 2 groups with P<.001. The
balance increased to a greater extent post treatment for the VR
training group with a mean value of 36.62 (SD 7.76) as

compared to the routine physical therapy group (mean 26.94,
SD 6.46) as shown in Table 2. The mean of the FMA score for
motor function in the VR training group was 49.71 (SD 10.03)
as compared to 33.47 (SD 11.07) in the routine physical therapy
group, which was clinically more significant in the VR group.
There was no significant difference in the FMA score for
sensation across the 2 groups with P=.19. There was significant
difference in the FMA for joint pain and joint range across the
2 groups with P<.001 as shown in Table 2. A paired sample t
test was used to compare the values within each treatment group.

Table 1. Demographic characteristics (N=68).
Study groups

Patients, n

Value, mean (SD)

Age (years; virtual reality training)

34

51.56 (7.199)

Age (years; routine physical therapy)

34

51.35 (5.783)

Weight (kg; virtual reality training)

34

86.50 (11.41)

Weight (kg; routine physical therapy)

34

86.35 (11.70)

Height (m; virtual reality training)

34

1.68 (0.11)

Height (m; routine physical therapy)

34

1.69 (0.09)

BMI (kg/m2; virtual reality training)

34

30.66 (4.24)

BMI (kg/m2; routine physical therapy)

34

30.60 (4.67)

Table 2. Pre- and postintervention results for virtual reality and routine physical therapy treatment: t test between group statistics (N=68).
Berg Balance Scale and FMAa for upper extremity Treatment group

P value

Virtual reality training, mean (SD)

Routine physical therapy, mean (SD)

Berg Balance Scale score

<.001

Pre

18.38 (5.19)

19.68 (5.23)

Post

36.62 (7.76)

26.94 (6.46)

FMA for motor function

<.001

Pre

19.97 (5.45)

21.03 (7.24)

Post

49.71 (10.03)

33.47 (11.07)

FMA for sensation

.19

Pre

7.62 (2.15)

7.24 (2.41)

Post

8.44 (1.99)

8.44 (2.5)

FMA for joint range

<.001

Pre

12.82 (4.26)

11.88 (3.88)

Post

18.18 (3.71)

14.56 (4.13)

FMA for joint pain

a

<.001

Pre

12.47 (3.79)

11.65 (3.16)

Post

19.62 (2.86)

14.62 (4.00)

FMA: Fugl-Meyer Assessment.

Discussion
Principal Findings
The aim of the study is to compare the effects of two techniques,
VR training and routine physical therapy, on balance and
function of upper extremities in patients with stroke. Virtual
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training is a modern technique that has more interest now
because of its affordability and that patients can easily use it at
home as well. VR training improved balance, pain, range of
motion, and motor function of the upper extremities. However,
there was no significant effect on sensation.
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This study had a significant result in the improvement of the
balance during group analysis. Posttreatment balance in the VR
group had a mean value of 36.62 (SD 7.76), as compared to the
routine physical therapy group (mean 26.94, SD 6.46). Similar
results were seen in a study conducted by Jeon et al [23] that
suggested that VR in combination with balance training had
significant improvement in patients with stroke as compared to
the VR alone. Another study conducted by Aramaki et al [24]
showed that VR training improved balance and upper limb
function, and improved the quality of life in patients with stroke,
who also reported that VR is more effective in improving
dynamic balance as compared to conventional treatment.
Specifically, balance in walking was the most underperformed
activity of patients with stroke, so improvement in it would be
a substantial help for them. Most of the patients considered
playing games as a fun activity in their leisure time. Routine
physical therapy was found to be somewhat boring for patients
and less attractive [11]. The results of this study will help
therapists to use VR for the rehabilitation of patients with stroke.
A patient tries to use his muscles, and thus, coordination with
the brain improves. Most of the postural muscles are involved
in an upright position. On the contrary, routine physical therapy
is somewhat passive, and thus improvement is slow. Postural
muscles should be targeted in treatment protocols. Sometimes,
stroke directly affects the patient’s ability to manage the
surrounding environment. So, it is difficult to balance yourself
when you are unsure about your position in the surroundings
[25-27]. This study proved that VR improves functional
independence of patients after stroke.
In this study, both groups experienced positive improvements
in the FMA on the motor function level. The study’s
posttreatment results of motor function in patients with stroke
had a mean value of 49.71 (SD 10.03) in the VR group, while
in the routine physical therapy group, where the mean value
was 33.47 (SD 11.07) after treatment, the score was substantially
higher than the baseline, suggesting a clinically meaningful
increase in the VR training community relative to the routine
physical therapy group. A study conducted by Maier et al [28]
investigated whether VR training was beneficial for upper limb
motor recovery as compared to conventional therapy. A review
conducted by Levin and Demers [12] also concluded that VR
training has significant results in improving balance and motor
function of upper limbs in stroke rehabilitation.
Motor function in upper limbs improves during virtual training
because this system provides extra spatial transformation and
uncoupled eye-hand movements; it also enhances movement
control and creates an entertaining environment, further
motivating patients. Repeated motions improve motor learning
and patient’s functional and anatomical reorganization [29].
The study showed nonsignificant results of sensation by using
VR in patients with stroke, the VR group posttreatment mean
value was 8.44 (SD 1.99) as compared to the routine physical
therapy group (mean 8.44, SD 2.5). A study conducted by Yeh
et al [17] showed that the VR system helps promote functional
movements and motor control like pinching and grasping
activity, with significant results, but our sensory control patients
strongly intended to continue it for a long time. Another study
conducted by Serrada et al [30] highlights the sensory training,
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but limited evidence was available on the sensory impairment
of patients with stroke. Further evaluation is required to analyze
the effectiveness for active sensory training. Vigorous methods
and high-class research is needed to measure outcomes of
sensory rehabilitation. This largely overlooked topic is an
important component for stroke rehabilitation.
This study showed significant results in joint range of motion
in the VR group. The VR group had a posttreatment mean value
of 18.18 (SD 3.71) as compared to the routine physical therapy
group (mean 14.56, SD 4.13). A study conducted by Aşkın et
al [31] stated that kinetic VR training improved UE motor
function and range of motion in patients with stroke. Another
study conducted by Huang et al [32] suggested that VR training
improves fine hand movements and active ranges of motion,
and promotes coordination, which support the results from our
study.
A study conducted by Choi and Paik [33] showed that a VR
mobile game–based program for upper limb rehabilitation had
significant results with conventional therapy, and it was a good
tool for rehabilitation of the UE, indicating that the joint range
is achieved in patients with stroke by VR training. Different
visual and auditory sounds engage patients in activity, and
patients spend more time in performing activities. This creates
a desire of interaction, and at the end, a desired joint movement
is achieved [33], similar to kinetic VR where shoulder flexion,
abduction external rotation, and elbow extension significantly
improved by repetitive training more than once a day.
The study results showed significant results in improving pain
in the poststroke treatment VR group, which had a mean value
of 19.62 (SD 2.86), as compared to routine physical therapy
group, which had a mean of 14.62 (SD 4.00). A study conducted
by Shahrbanian et al [34] showed that VR training helped in
pain management as compared to conventional therapy. A study
conducted by Powell and Simmonds [35] suggested that
musculoskeletal pain caused activity limitation, but VR training
could improve pain and enhance movement speed, which also
supports our study results.
Another study conducted in 2014 by Triberti et al [36] stated
that VR training improved pain. It is a distraction and analgesic
tool, and creates an environment in which the patients immerse
themselves in a 3D computer-generated environment. This
pleasurable and colorful environment diverts attention from
noxious stimuli. It provides a psychological effectiveness,
reduces anxiety, and promotes positive emotions so patients
feel relaxed and experience less pain [36].
VR has a great neurobiological impact on neuroplasticity that
results in an improved volume of gray matter, improved
cognitive efficiency, and higher electroencephalographic beta
wave concentrations. Innovative brain-computer interfaces assist
clinical applications of VR by allowing a direct effect on the
electric activity caused by different cortical areas of the brain
to ensure efficient control of connected gaming devices. Healthy
people may use VR as a storytelling tool to rewrite their own
stories as part of an integrative process of self-improvement
and personal growth [37,38].
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This study has some limitations, as VR training is a
comparatively new technique in Pakistan, which is why patients
faced difficulties with familiarity despite the fact that it is being
used widely for rehabilitation in higher-income countries. Few
outcome measures were used in the trial, so we suggest that
more outcome measures be used in future trials. This trial did
not have long-term follow-up assessments to check continuous
effects. These limitations need to be addressed in future studies.

Anwar et al

Conclusions
In this study, VR training was an effective way to improve
balance, sensorimotor function, joint range, and pain of the
upper limbs. Routine physical therapy is beneficial, but VR
training can be more target-oriented. This study has a lot of
potential in the field of stroke rehabilitation, as it demonstrated
that low-cost technologies can offer additional benefits to usual
care. Moreover, further randomized controlled trials are required
to find the effects of VR in different occupational performances
in patients with stroke.
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Abstract
Background: Serious games for the training of prevention behaviors have been widely recognized as potentially valuable tools
for adolescents and young adults across a variety of risk behaviors. However, the role of agency as a distinguishing factor from
traditional health interventions has seldom been isolated and grounded in the persuasive health communication theory. Fear
appeals have different effects on intentions to perform prevention behaviors depending on the immediacy of the consequences.
Looking into how to increase self-efficacy beliefs for health behavior with distant consequences is the first step toward improving
game-based interventions for adverse health outcomes.
Objective: This study aimed to investigate the effect of agency on self-efficacy and the intention to drink less alcohol in an
interactive digital narrative fear appeal. Furthermore, the communicated immediacy of threat outcomes was evaluated as a potential
moderator of the effect of agency on self-efficacy.
Methods: A web-based experimental study was conducted with university students (N=178). The participants were presented
with a fear appeal outlining the consequences of excessive alcohol use in a fully automated web-based interactive narrative.
Participants either had perceived control over the outcome of the narrative scenario (high agency) or no control over the outcome
(low agency). The threat was either framed as a short-term (high immediacy) or long-term (low immediacy) negative health
outcome resulting from the execution of the risk behavior (drinking too much alcohol).
Results: A total of 123 valid cases were analyzed. Self-efficacy and intention to limit alcohol intake were not influenced by the
agency manipulation. Self-efficacy was shown to be a significant predictor of behavioral intention. The immediacy of the threat
did not moderate the relationship between agency and self-efficacy.
Conclusions: Although agency manipulation was successful, we could not find evidence of an effect of agency or threat
immediacy on self-efficacy. The implications for different operationalizations of different agency concepts, as well as the
malleability of self-efficacy beliefs for long-term threats, are discussed. The use of repeated versus single interventions and
different threat types (eg, health and social threats) should be tested empirically to establish a way forward for diversifying
intervention approaches.
Trial Registration: ClinicalTrials.gov NCT05321238; https://www.clinicaltrials.gov/ct2/show/NCT05321238
(JMIR Serious Games 2022;10(2):e32218) doi:10.2196/32218
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young adults; college students; alcohol abuse; drinking; EPPM; fear appeals; agency; serious games
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Introduction
Background
Overview
Excessive alcohol abuse is an alarmingly large cause of death
in European Union member states, as well as in Norway,
Switzerland, and the United Kingdom [1]. This is especially
the case among young adults, with 1 in 4 deaths between the
ages of 20 and 24 years occurring because of alcohol-related
illness or injury. College students, who make up a large part of
this age group, are often confronted with the social facilitation
of alcohol use, leading to problematic drinking behaviors [2].
Given the prevalence and risk of excessive alcohol use,
prevention-focused approaches should receive more attention
to educate and train young adults to moderate their drinking.
Fostering the execution of preventive behaviors demands the
development of interventions that are effective in eliciting the
desired change in behavior to avert short-term (eg, alcohol
poisoning) and long-term adverse health outcomes (eg, liver
disease) of excessive alcohol use.
We argue that the use of interactive digital narratives (IDNs)
could be a promising tool to enable the training of preventive
behavior through direct interaction with the narrative as a
protagonist. In contrast to traditional passive narratives, an IDN
involves computer-based interactive storytelling that allows the
user to intentionally influence a nonlinear narrative. This means
that the interactor is not only experiencing fictional reality but
can also be part of it by being able to make meaningful decisions
that affect narrative outcomes [3]. What sets serious games apart
from more traditional passive forms of media is the opportunity
to interact with and affect what happens in the game, making
it important to establish the effect of interaction on outcomes
that are relevant to serious game interventions. This study aimed
to connect the theoretical construct of agency of interactors as
the perceived meaningfulness of interaction with self-efficacy
beliefs about health behaviors for immediate and long-term
health threats.

Fear Appeals
Fear appeals have been widely assessed and used by many health
communication researchers for interventions that focus on
behavioral changes. Fear appeal communication aims to
stimulate behavior change through the provision of a threat that
causes a fear response. The message receiver is assumed to be
motivated to resolve the arousal caused by the fear response
and is presented with a solution to avert the threat. If the appeal
is successful, the message perceiver adopts the prevention
behavior. The term prevention behavior is used to describe the
behavior needed to avert a health threat. For example, in the
case of messages promoting vaccinations to prevent an infection
with a disease, receiving the vaccination constitutes prevention
behavior.
Fear appeals are commonly used in many public health
campaigns, making use of mostly text-based or pictorial stimuli
to elicit fear responses. One of the most widely applied, as well
as well-researched, theories on the underlying process of fear
appeal communication is the extended parallel process model
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(EPPM) [4]. The core assumption of the EPPM is the processing
of threat information as either eliciting a fear control process
(ie, the mitigation of threat-related processing through reactance)
or a danger control process, which results in the adoption of
threat prevention behavior. A meta-analysis on the effectiveness
of EPPM-based fear appeals in the general health domain
showed positive effects on behavior (as well as attitudes and
intentions), with this effect being increased by the use of
messages perceived as high in severity and susceptibility [5].
In other words, the success of the intervention is determined by
first appraising the threat as serious and personally relevant
(severity and susceptibility) and, second, seeing the prevention
behavior as effective in averting the threat (response efficacy)
and believing that one is capable of executing the prevention
behavior (self-efficacy). The perception of self-efficacy has
been shown to be a core determinant of fear appeal effectiveness
in influencing the execution of prevention behaviors when
severity and susceptibility are high [6].
Witte [4] posited that high self-efficacy means that a person
needs to believe that he or she has the ability to execute a
response that is recommended to him or her in the context of a
fear appeal (ie, preventive health behavior). According to the
EPPM, perceived efficacy (self- and response efficacy)
communicated in a fear appeal determines whether a fear
message is accepted. It is important to note that the evidence
for the abovementioned effects does not rely solely on studies
dealing with the health threat of alcohol exclusively but rather
encompasses studies across a variety of risk behaviors such as
smoking, drug use, and risky driving. Previous work supports
the notion that fear appeals, specifically those addressing alcohol
use among young adults, can raise efficacy and affect intention
to drink alcohol (see the studies of Stainback and Rogers [7]
and Moscato et al [8]); however, work in this domain remains
scarce. Moreover, studies on the assessment of interactive
narrative interventions in this area are nonexistent.

Narrative Appeals
Fear appeals used in public campaigns often make use of simple
narratives through pictures and textual information that are
aimed at persuading the message receiver by providing a way
of averting the threat (ie, increasing efficacy beliefs). These
simple narratives (eg, a picture of a man losing his leg because
of smoking) heighten the relevant affective responses for
persuasion (ie, fear and compassion), leading to more persuasive
fear appeals [9]. Although these simple narratives are seen as
more personally relevant than pure factual information, they
are limited by the brevity of the narrative content. Although
concise messages and pictorial stimuli engage narrative
processing of the content [10], for more elaborate narrative
appeals, the difference lies in the elaboration of the threat and
solution. The additional context of narrative content strengthens
transportation and identification through a heightened loss of
self-awareness [11]. Evidence for this can be found in many
studies showing narrative persuasion through heightened
identification with the protagonist and transportation into the
story world [12-14]. The term story world describes the structure
surrounding the events of the story, which includes the locations
and persons relevant to the events taking place [15].
Transportation into the story world plays an important part in
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narrative persuasion as higher transportation can result in
affective and cognitive responses that are consistent with what
the protagonist in the story world experiences [16].
In their review of narrative interventions, De Graaf et al [17]
concluded that further research on how content is embedded
into the narrative is needed. More specifically, they pointed to
the integration of narratives into causal structures as an
important way forward for health narratives. De Graaf et al [17]
based this conclusion on the work by Dahlstrom [18], who
showed that the integration of persuasive appeals as having an
effect on character actions leads to lower resistance to
persuasion. Although the aforementioned study was not
conducted in the health domain, we can assume a possible
transfer of this causality effect to interactive game-like formats.
Although a passive narrative appeal can affect character
intentions to enhance persuasion, an interactive appeal could
potentially increase this effect by making the message receiver
an active participant in the behavior addressed by the appeal.
Earlier research clearly points to evidence supporting the
effectiveness of narrative appeals, but there is little work on the
potential influence of providing the message receiver with
agency in interactive narrative appeals that strengthen the causal
connection between prevention behavior and threat aversion.

The Role of Agency for Self-efficacy Beliefs
The term agency has been widely used for different forms of
interaction with games and IDNs. In IDN research, agency is
most commonly conceptualized as the perceived meaningfulness
of action with regard to narrative outcomes. As argued by
Murray [19] and other researchers in the field, control over
narrative progression enables higher affective engagement,
which is important for effective persuasion in narrative appeals
[20]. According to Murray [19], agency is the “power to take
meaningful actions and see the results of our decisions and
actions.” This definition was extended by Tanenbaum and
Tanenbaum [21]. They described the need for players to develop
competence in how their actions affect the story world, and this
need can be fulfilled through the provision of agency. This
competence in learning that player actions have consequences
(also called procedural literacy) on the story world is a necessity
for meaningful interaction (ie, the operationalization of agency).
For example, the ingestion of certain foods within the game
world results in an increase in the (visible) weight of the main
character.
Many investigations have provided interactive elements in their
message design (see the studies by Winskell et al [22] and
Carvalho et al [23]) but do not contrast interactive to passive
appeals directly, making generalizations about the impact of
perceived agency difficult. Only a few studies have compared
interactive with noninteractive fear appeals, and these studies
found contradictory results. The study by Panic et al [24] on
children suggested that the interactive game used for the appeal
distracted participants, thereby preventing the processing of the
appeal content. In contrast, Kim et al [25] found that a
game-based fear appeal resulted in stronger intentions to quit
adverse behavior than a brochure. However, it has to be noted
that these findings are hard to ground in assumptions of
interaction alone, as the difference in the format of the appeal
https://games.jmir.org/2022/2/e32218
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introduces more differences between conditions than interaction
alone.
Although seldom investigated experimentally, operationalizing
agency through meaningful interaction seems promising in how
this could relate to self-efficacy for threat prevention behaviors.
Through the experience of agency, prevention behaviors can
potentially be trained, and self-efficacy beliefs can be
strengthened. Agency itself is only concerned with the
experience of meaningful interactions within the narrative,
whereas self-efficacy is concerned with the transfer of beliefs
about behaviors in the real world. Self-efficacy is defined as
the belief of an individual that they can execute a behavior
recommended by a fear appeal message [4]. In existing work,
self-efficacy is sometimes used interchangeably with efficacy
beliefs in the game itself, where the experience of meaningful
interactions within the game is assumed to be related to
heightened self-efficacy beliefs for this in-game behavior for
the remainder of the game [26]. However, for this study, our
focus is not on in-game efficacy but on the transfer of
experienced agency to real-life self-efficacy beliefs.
Real-life self-efficacy beliefs are amenable through experimental
manipulation in persuasive communication [6]; however, no
previous study has investigated whether an interactive fear
appeal that is high in agency increases real-life self-efficacy for
the behavior executed in the game, as opposed to a passive
appeal. The relationship between in-game agency and
self-efficacy needs to be further grounded in the assumptions
of social learning theory [27] to explain the potential transfer
from in-game behavior to real-life efficacy beliefs. The social
learning theory posits self-efficacy as an outcome of social
learning processes. By using narrative experiences, behavior
can be modeled through the observation of role models, which
increases the salience of attitude formation in real-life contexts
and increases self-efficacy on the part of the person interacting
with the narrative [28]. Although observation alone contributes
to self-efficacy beliefs, the effect is deemed greater for the
execution of the target behavior by the person himself or herself.
The interaction in an IDN can be hypothesized to increase
self-efficacy through the development of competence in
prevention behavior (as rooted in perceived agency).
In line with this, in this study, we expect that self-efficacy beliefs
about real-life prevention behaviors can be affected by the
provision of agency in an interactive narrative fear appeal.
Although it is only a stepping stone in examining the process
of persuasive IDNs for behavior change, the role of interaction
as a key differentiator in the experience between passive and
active media has rarely been investigated in a highly controlled
narrative environment.

The Issue of Distant Threats
Although fear appeals for immediate threats have been shown
to be effective, there is less evidence showing EPPM’s
effectiveness for temporally distant threats [5]. For example,
although smoking in adolescents has an impact on future health
(low immediacy), interventions informing about immediate
negative outcomes (high immediacy), such as bad breath, have
been shown to be more effective in evoking behavior change
[29]. This poses the question of how to design interventions
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that try to elicit prevention behaviors for threats that do not have
immediate consequences or where immediate consequences are
perceived as unlikely to occur.
As discussed by Klimmt and Hartmann [26], players are causal
agents in IDNs, who derive their engagement with the game by
experiencing efficacy from successfully conducting actions. The
immediacy of a response causes temporal congruency between
the cause and effect between player actions and game events.
In the case of a cause-effect chain with high immediacy, there
is little question on the part of the player with regard to their
agency and, therefore, their self-efficacy to affect the story
world. In terms of integrating a distant threat into an IDN, the
narrative format allows the author to advance time in the story
world, which opens up the opportunity to present players with
an immediate causal connection between executed behavior and
long-term consequences. Using this temporal flexibility of a
narrative format, we hypothesized that the effect of agency on
self-efficacy is moderated by the framing of the threat as either
short-term (high immediacy) or long-term (low immediacy)
adverse health outcomes.

Goals of This Study
This study aimed to assess the effect of agency and threat
immediacy on self-efficacy and, consequently, the intention to
perform prevention behaviors. The following hypotheses were
tested using an IDN in this study:
1.

2.

3.

Hypothesis 1: Higher agency in the narrative progression
of the IDN fear appeal results in higher perceived
self-efficacy for prevention behavior.
Hypothesis 2: The effect of agency on self-efficacy is
moderated by framing the threat as an adverse health
outcome with either high or low immediacy.
Hypothesis 3: Higher perceived self-efficacy will lead to a
higher intention to perform the target behavior.

Methods
Design
Data were collected from November 26 to December 18, 2020.
The hypotheses, study design, and planned analyses were
preregistered using the preregistration platform provided by the
Wharton Credibility Lab. The independent variables were
agency (low or high) and threat immediacy (low or high).
Self-efficacy and behavioral intention served as the dependent
variables in this study.

Ethics Approval
This study was approved by the Research Ethics and Data
Management Committee (REDC) of the Tilburg School of
Humanities and Digital Sciences (TSHD) and was conducted
as a 2×2 between-subjects experimental study (reference
number: REDC 2020.141).

Participants
A total of 178 participants were recruited from the Human
Subject Pool of Tilburg University. All participants were
enrolled in a master’s or bachelor’s degree program and received
0.5 course credits for participation in the study. Participants
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were allocated equally across all 4 conditions, and the study
was conducted entirely on the web. No personally identifiable
data (including IP addresses) were collected to ensure the
anonymity of all participants.
Data were collected in 2 phases. The first half of the participants
(95/178, 53.4%) who enrolled in the study were allocated to the
high-agency condition. After the completion of data collection
for high-agency participants, the second half (83/178, 46.6%)
of the participants were assigned to the low-agency condition.
The low-agency narratives were matched in terms of narrative
content to the narratives of the high-agency group who took
part in the study before them. All participants were randomly
assigned to either the high- or low-immediacy conditions. Given
the short time frame of data collection and the absence of events
that could have an influence on drinking-related behavior (eg,
public events), we assumed the time gap between the
participation of the first and second halves of the participants
to not affect our measures. Sufficient computer literacy and
English language capabilities were assumed among the student
population used in this study.
Participants were included in the analysis if they (1) were aged
>18 years, (2) spent >480 seconds completing the survey, (3)
passed both attention checks relating to narrative content, (4)
correctly identified their experimental condition in the
manipulation check, (5) did not choose to drink an alcoholic
drink for all decisions in the interactive narrative, and (6) did
not show signs of alcohol abuse. Participants were excluded if
they were aged <18 years (2/178, 1.1%) or completed the
questionnaire in an unreasonably short amount of time (14/178,
7.9%). In addition, participants were excluded if they failed 1
of the 2 attention checks, indicating that the narrative was not
read attentively (21/178, 11.8%), or they failed the manipulation
check asking them to recall whether they were presented with
short- or long-term (high or low immediacy) consequences of
excessive drinking (9/178, 5.1%). All participants who chose
an alcoholic drink for all decision points in the narrative were
excluded (3/178, 1.7%). Choosing to drink an alcoholic drink
for all presented decisions would lead to the participants not
executing the prevention behavior (choosing not to drink
alcohol); therefore, they were also not presented with a
self-efficacy statement. This means that participants would not
be exposed to a full fear appeal, as they only received a severity,
susceptibility, and response efficacy statement. As elaborated
earlier, according to the EPPM, without self-efficacy, a fear
appeal is unlikely to lead to the adoption of the proposed
prevention behavior. Hence, 1.7% (3/178) of participants had
to be excluded as they chose to drink alcoholic drinks for all
the presented decisions. Finally, 3.9% (7/178) of participants
were excluded because of signs of alcohol dependence as they
scored >15 on the Brief Young Adult Alcohol Consequences
Questionnaire (B-YAACQ) [36]. As the inclusion of participants
with dependence would have skewed the results for the
self-efficacy measure, it was decided to exclude them so that
the results were more representative of a prevention-focused
intervention applied to a healthy population.
The final sample used for analysis comprised 123 participants,
with 59 (48%) in the high-immediacy condition and 64 (52%)
in the low-immediacy condition. The split between high and
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low agency was almost equal to 49.6% (61/123) of participants
in the high-agency group and 50.4% (62/123) of participants in
the low-agency group.
The sample was representative of a student sample with a mean
age of 21.4 (SD 3.086) years. Most held either a high school
(53/123, 43.1%) or bachelor’s diploma (55/123, 55.3%), with
few (2/123, 1.6%) participants having completed their master’s
degree. There was a large gender imbalance in the sample, with
approximately 72% (88/123) of the sample being female.

Procedure
The entirety of this study took place on the web. Participants
signed up through the Tilburg University Human Subject Pool.
They were first presented with an information letter and then
informed consent before agreeing to participate in the study.
Next, demographic data (age, gender, and education) were
collected, and participants were instructed to imagine being in
the place of the protagonist for the entirety of the narrative. On
the basis of their condition, they were presented with 1 of the
4 IDNs. After completion of the narrative, participants were
asked to fill out several questionnaires. First, the 2 dependent
measures—self-efficacy and behavioral intention—and the
perceived fear measure were presented. Next, the participants
had to fill in the attention check by answering 3 questions
concerning the content of the narrative. This was followed by
manipulation checks. Following this, severity, susceptibility,
response efficacy, and perceived agency were measured. Finally,
questions regarding disinhibition, perceived control over
drinking, and frequency of drinking too much alcohol, as well
as the alcohol dependence measure, were presented. After
completing the questionnaires, participants were debriefed and
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offered to watch a video to potentially restore any adverse
effects resulting from the study.

Stimulus Material
Overview
The narratives showed a fictional scenario in which the
participant was presented with a fear appeal message, together
with a pictorial fear stimulus (including severity, susceptibility,
and response efficacy statements). Pictures were added
throughout the story to (1) improve transportation into the story
world, which has been shown to improve narrative persuasion
[12], and (2) strengthen the fear response when participants are
presented with the threat during the fear appeal message
presentation [31].
The first part of the fear appeal message (Figure 1, left) was
embedded into the narrative as a message that is displayed while
the protagonist watches a video on the web during breakfast.
The narrative subsequently presents participants with the risk
situation—a house party—where the risk behavior—drinking
alcohol—and, hence, the opportunity to perform the prevention
behavior (declining a drink) is likely to be encountered. After
completing the narrative scenario of the party, the protagonist
of the story arrives at home. The last page of the narrative details
the death of the protagonist or another person from organ failure,
depending on whether the prevention behavior was executed
by the participant (Figure 1, right). This event was described
as having occurred either immediately after the party (high
immediacy) or several months later (low immediacy). The entire
narrative, as well as the decisions, were implemented in the
survey using the survey platform Qualtrics.

Figure 1. Excerpts from the narrative fear appeal comprising (1) severity and susceptibility, (2) response efficacy, (3) self-efficacy, and (4) threat
avoidance messages in the high-immediacy condition.

The scenario of a house party was chosen as it is a familiar
example to our target population and should, therefore, be easy
to imagine and connect to real-life risk situations (to enable
behavior transfer). Choosing organ failure as a threat made it
possible to keep the threat congruent across different immediacy
conditions while only changing the time frame. The threat
needed to be severe to cause sufficiently high levels of perceived
fear, whereas the pictorial stimuli needed to be congruent with
the threat without invoking disgust. Disgust has been shown to
https://games.jmir.org/2022/2/e32218
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potentially undermine appeal content when combined with fear
stimuli [32]. The pictorial stimulus was taken from the Set of
Fear Inducing Pictures developed by Michalowski et al [33]
(picture index: blood_60) as part of the Nencki Affective Picture
System [34]. This picture was chosen as it hides obvious features
of the person and to avoid the influence of differences in
identification with the patient and the moderate scores on
valence and arousal around the midpoint in nonphobic
individuals (as observed by Riegel et al [35]). According to
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e32218 | p.69
(page number not for citation purposes)

JMIR SERIOUS GAMES
Tannenbaum et al [5], the effectiveness of a fear appeal underlies
a u-shaped curve of the relationship between the amount of
induced fear and successful persuasion of the individual. To
avoid potential reactance because of the evocation of an
excessively high fear response, a moderately fear-arousing
pictorial stimulus was selected.

Agency
A total of 4 different versions of the narrative fear appeal were
created (1 per condition).
As shown in Figure 2, agency was manipulated by giving
participants choices at the end of every node (high agency) or
by simply having them advance to the next page of the narrative
by clicking the arrow button without making a decision (low
agency). To be presented with the self-efficacy message in the
high-agency condition, the participant had to execute the
prevention behaviors (turning down an alcoholic drink) at the
fictional party. To nudge participants to execute the prevention
behaviors while retaining perceived agency, the participants
were presented with 4 different decisions where they were able
to decline or accept an alcoholic drink (Figure 2, nodes 2-5)

Engelbrecht et al
using a foldback structure. This means that although the content
presented to participants might differ slightly depending on the
decision selected, the narrative would fold back to central events
to enable the presentation of all participants with the same
decision points. Once a participant declined the drink at any of
the decision points, he or she was presented with a self-efficacy
statement (Figure 2, row 2, denoted as plus SE) and was no
longer able to choose options related to alcohol consumption.
For example, a participant who accepted the alcoholic drink
offer at the first decision point (Figure 2, node 2) will
subsequently be presented with another 2 opportunities to turn
down the alcoholic drink while the protagonist is making his
way to the kitchen to obtain it. In decision 2, he can decide to
walk past the living room and continue the pursuit of obtaining
alcoholic drinks from the kitchen or decide not to drink that
night (Figure 2, node 3) and enter the living room to chat with
some friends who offer soft drinks. A participant who declines
the initial drink offer for the first decision will still be asked to
either enter the living room or continue toward the kitchen;
however, these decisions (and all subsequent ones) will no
longer be framed in terms of obtaining an alcoholic drink.

Figure 2. Overview of narrative nodes and progression for the high-agency condition. SE: self-efficacy.

Every participant received only 1 self-efficacy message, as
subsequent choices were no longer related to the prevention
behavior. The ending of the story highlights the meaningfulness
of turning down the drink by showing the adverse consequences
that drinking could have had that night (Figure 1, section 4)
while the protagonist arrived home safely because of the
decision made by the participant. Participants who chose to
drink an alcoholic drink at all 4 decision points (Figure 2, node
2-5) were presented with a different ending (Figure 2, top row,
node 6) that detailed the death of the protagonist from alcohol
poisoning (high-immediacy condition) or long-term alcohol use
(low-immediacy condition). Participants in the low-agency
condition were presented with a preset combination of nodes
(without decision options) matched with the participants in the
high-agency condition. Low-agency participants simply read
the story and could not influence the decisions of the protagonist.
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Immediacy
To manipulate outcome immediacy, the fear appeal at the
beginning of the narrative was presented as organ failure because
of excessive alcohol consumption over a short period (high
immediacy) or continuous consumption of large amounts of
alcohol over a period of months (low immediacy). Similarly,
the threat aversion message (Figure 1, right side) was also
adjusted to reflect either the aversion to a long-term or
short-term health threat.

Measures
Demographics
Demographic data were collected to account for appropriate
randomization between the conditions. Participants were asked
to indicate their age, gender, and educational background.
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Dependent Measures

Manipulation Check Perceived Agency

Self-efficacy beliefs were measured by adapting the item stems
from Shi and Smith [36] to fit this study. Participants rated their
perceived self-efficacy on 7-point Likert scales ranging from
strongly disagree to strongly agree for 3 items. As the standards
for what constitutes too much alcohol differ between individuals
and are therefore difficult to specify in terms of the frequency
of alcoholic drinks consumed [30], the items were formulated
in terms of being able to limit alcohol intake to low amounts.
For example, “I am able to limit my alcohol intake to low
amounts.” Reliability analysis of the 3-item self-efficacy
measure (mean 6.049, SD 0.988) indicated good reliability of
the scale (Cronbach α=.882).

To validate agency manipulation, a scale was included to
measure perceived agency after the participants experienced
the narrative. The items for perceived agency were adapted from
Fendt et al [39]. A question was dropped as it related to game
enjoyment rather than perceived agency. The conceptualization
of agency by Fendt et al [39] is congruent with the concept of
agency applied in this study; for example, “I felt that the actions
I took were meaningful within the context of the story.” Items
were measured on 7-point Likert scales from strongly disagree
to strongly agree. Reliability analysis of the 5-item perceived
agency measure (mean 4.524, SD 1.522) indicated good
reliability of the scale (Cronbach α=.881).

Behavioral intention was measured using items adapted from
Fisher et al [37]. Although other studies have used a single-item
probability question (eg, see the study by Carrera et al [38]),
the approach by Fisher et al [37] uses contextual cues to assess
behavioral intentions. As we believe the risk behavior to be
especially likely to be exhibited in these situations, the
contextual questions are more likely to reflect behavioral
intentions rooted in real-life experiences. For example, “I intend
to limit my alcohol intake to low amounts when being with
friends.” The 3 items were scored on 7-point Likert scales from
strongly disagree to strongly agree. The reliability analysis of
the 3-item behavioral intention measure (mean 6.187, SD 1.193)
indicated good reliability of the scale (Cronbach α=.882).

Manipulation Check Immediacy

EPPM Measures
Items for the fear measure were taken from the Witte [4]
recommendations for a different health threat. A total of 6 items
were scored on 7-point Likert scales ranging from not at all to
very much. The items asked participants about the intensity of
affective response toward the message; for example, “How
much did this message make you feel frightened?” Reliability
analysis of the 6-item fear measure (mean 3.092, SD 1.357)
indicated good reliability of the scale (Cronbach α=.898).
Items for perceived susceptibility and severity were adapted
from Shi and Smith [36]. Although the items from Fisher et al
[37] more closely resemble the items proposed by Witte [4],
they do not explicitly connect the behavior and risk outcome
for the response efficacy rating scales. Furthermore, Shi and
Smith [36] used 3-item scales rather than the 2 items used by
Fischer et al [37] and explicitly based their assumptions for
their study on the Witte [4] EPPM rather than the focus on
protection motivation theory used by Fisher et al [37].
Severity, susceptibility, and response efficacy items were
measured with 3 items each on 7-point Likert scales from
strongly disagree to strongly agree. As with the self-efficacy
and behavioral intention measures, the measures are phrased in
terms of either drinking too much or drinking less to account
for individual differences in the perception of the
appropriateness of alcohol intake.
The reliability analysis of severity (3 items; mean 6.333, SD
0.744; Cronbach α=.571), susceptibility (3 items; mean 2.832,
SD 1.216; Cronbach α=.744), and response efficacy (3 items;
mean 4.640, SD 1.308; Cronbach α=.792) showed moderate
scale reliability.
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To check whether participants perceived a difference in the
immediacy of the presented threat, they were asked to recall the
content of the threat message presented at the beginning of the
narrative. Participants had to indicate whether the protagonist
died because of drinking too much frequently over a long period
(low immediacy) or drinking too much at a party over a short
period (high immediacy).

Sample Characteristics
To account for potential individual differences between
participants, disinhibition, drinking frequency, alcohol
dependence, and perceived control over drinking behavior were
measured. Behavioral inhibition, measured by a subscale of the
Sensation Seeking Scale-V by Zuckerman [40], has been
extensively linked to differences in arousal to media messages.
Specifically, subscale 3 (disinhibition) has been shown to
indicate that low sensation seekers exhibit stronger affective
responses to fear appeals addressing alcohol use [41] and are
highly correlated with the risk of heavy drinking behavior [42].
The items to measure disinhibition were taken unchanged from
the scale by Lee and Shinn [41] but altered from 9-point to
7-point Likert scales ranging from strongly disagree to strongly
agree.
The subscales for measuring frequency and perceived control
regarding excessive alcohol consumption were taken from
Carrera et al [38]. The items on perceived control were changed
from a binary question format to Likert scale statements.
Frequency was measured by asking participants how often they
drink alcohol in excess and was measured on a 7-point Likert
scale ranging from never to very frequently. Perceived control
was measured by 2 items asking participants whether they could
control and stop drinking alcohol whenever they wanted. These
2 items were measured on 7-point Likert scales ranging from
strongly disagree to strongly agree.
As alcohol dependence is difficult to measure accurately in
student populations, the B-YAACQ was developed by Kahler
et al [30] to measure the consequences of alcohol-related
behaviors indicating dependence. An example item is “My
drinking has gotten me into sexual situations I later regretted.”
The B-YAACQ comprises 24 statements scored with binary
yes or no answers. A score of >15 positive answers indicates
alcohol dependence.
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Analysis
The conceptual model shown in Figure 3 was analyzed using
the PROCESS [43] plug-in in SPSS in conjunction with template
mode 7 (moderated mediation model). This enabled the analysis
of the direct effect of agency on self-reported perceived
self-efficacy (hypothesis 1; path a1), moderation of the
relationship between agency and self-efficacy by the outcome

Engelbrecht et al
frame (hypothesis 2; path a2), effect of self-efficacy on
behavioral intention (hypothesis 3; path b), and potential direct
effect of agency on behavioral intention (path c′). A total of
5000 bootstrap samples were used for the analysis.
The a priori power calculation assumed a medium effect size
(f=0.25) with the desired power level of 0.8 for our 2×2 research
design. To reach adequate power, 32 valid samples were needed
per condition.

Figure 3. Moderated mediation model for the relationship between agency and behavioral intention. H:hypothesis.

Results

found between the conditions. Thus, the randomization was
successful.

Deviation From Preregistration

Manipulation Check

For the main data analysis, a 2-way ANOVA was preregistered
to test the effects of agency and immediacy on self-efficacy.
However, we later realized that a more advanced model that
also takes into account the possible moderating effect of
immediacy provides a better fit for the data; hence, we report
the analysis in the following sections. It should be noted that
the preregistered ANOVA yielded essentially the same outcome.

An independent-sample t test (2-tailed) was performed to check
for the effectiveness of the agency manipulation by comparing
the condition (low or high agency) with the perceived agency
measures. There was a significant difference between the
low-agency (mean 4.132, SD 1.596) and high-agency (mean
4.921, SD 1.342) conditions (t121=−2.965; P=.004), indicating
an effective manipulation of agency.

Randomization Check

Hypothesis Tests

A total of 123 cases were analyzed. We first examined our
control variables to ensure that their scores were equally
distributed across all 4 conditions.

The analysis of path a1 indicates that the different levels of
agency (low or high) are not significant predictors of the
self-efficacy measure (path a1: t119=−1.182; P=.24; 95%
bias-corrected and accelerated [BCa] CI −1.634 to 0.412),
indicating that we had found no evidence to support hypothesis
1. There was also no interaction effect between agency and
outcome frame as a predictor of self-efficacy (path a2: t119=.610;
P=.54; 95% BCa CI −0.483 to 0.913). This indicates that the
relationship between agency (low or high) and self-efficacy was
not affected by the difference in outcome frames (high
immediacy and low immediacy) presented to the participants
(hypothesis 2). Looking at path b, we see that self-efficacy is a
significant predictor of behavioral intention (path b: t120=5.135;
P<.001; 95% BCa CI 0.354-0.798; hypothesis 3). Given that
self-efficacy is the mediator in this model, agency did not have
a direct effect on behavioral intention (path c′: t120=−0.325;
P=.75; 95% BCa CI −0.437 to 0.314). Therefore, we observed
no evidence to assume that the manipulation of agency and
threat immediacy affected behavioral intention measures. An
overview of these effects can be found in Table 1.

Three 1-way ANOVAs were conducted to test whether group
assignment had an effect on the perceived control over alcohol
intake, inhibition, or age. We obtained no significant results for
group membership on perceived control (F3,119=0.813; P=.49),
inhibition (F3,119=0.531; P=.66), and age (F3,119=2.287; P=.08),
indicating that the conditions did not have significantly different
distributions of scores for alcohol intake, inhibition, and age.
Chi-square tests were administered to ascertain the potential
differences in the distribution of drinking frequency and gender
across conditions. For drinking frequency, participants were
grouped as nondrinkers, rare drinkers, or occasional and frequent
drinkers. There were no significant differences in distributions
across conditions for gender (N=123; χ23=3.8; P=.28) or
drinking frequency (N=123; χ26=5.8; P=.44). In summary, no
significant differences in perceived control over drinking
behavior, inhibition, drinking frequency, age, and gender were
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Table 1. Effects overview of the hypothesis tests for the moderated mediation model.
Estimate (SE)

t test (df)

P value

95% CI

Agency→self-efficacy

−0.611 (0.517)

−1.182 (119)

.24

−1.634 to 0.412

Self-efficacy→behavioral intention

0.576 (0.112)

5.135 (120)

<.001

0.354 to 0.798

0.215 (0.352)

0.610 (119)

.54

−0.483 to 0.913

−0.062 (0.189)

−0.325 (120)

.75

−0.437 to 0.314

Direct effects

Interaction effect
Agency×immediacy→self-efficacy
Total effects
Agency→behavioral intention

Exploratory Findings
Additional exploratory analyses were conducted to contextualize
the null effects. A median split was conducted by analyzing the
effect of agency on self-efficacy for participants scoring high
on susceptibility to ascertain whether the appeal or the
pre-existing characteristics of the sample caused a potential
floor effect for the susceptibility measure. The adjusted sample
(75/123, 61%) showed no significant relationship between the
agency and self-efficacy measures (t73=1.928; P=.06). Similarly,
we evaluated whether a possible ceiling effect of self-efficacy
measures might have influenced the overall effect of agency on
behavioral intention. After conducting the median split, it was
found that only a small number of participants (40/75, 53%)
scored below the median, with a relatively large proportion
scoring exactly on the median (24/75, 32%). Given the low
variability in the sample and, thus, only a limited sample, it was
decided not to conduct any further analysis on the remaining
32.5% (40/123) of participants.

Discussion
Principal Findings
Although the manipulation of agency was found to be
successful, this study found no effect of agency on perceived
self-efficacy, and this relationship was also not influenced by
the framing of the threat as a short-term (high immediacy) or
long-term (low immediacy) adverse health outcome. A
significant effect was found for the relationship between
self-efficacy and behavioral intention. To point forward for
future studies, the null findings of this study need to be discussed
with regard to their contribution by contrasting the different
approaches taken for this study.

Operationalization of Agency
In this study, agency had no significant effect on the
self-efficacy perceptions of the participants. Agency was
operationalized as the one-time execution of an action with a
meaningful impact on the outcome of the narrative. To achieve
this, a foldback structure was used to ensure that participants
would encounter the same narrative content and be presented
with a complete fear appeal where the prevention behavior was
executed, and a self-efficacy message could be displayed.
Although the manipulation check showed a difference in
perceived agency between high- and low-agency conditions,
the perceived agency might still not have been impactful enough
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to cause a change in the self-efficacy measure. Owing to the
nonexistence of related work on the effects of agency on
self-efficacy, these results are difficult to compare with other
operationalizations of agency in the field. However, looking at
the different theoretical conceptualizations of agency, we can
derive possible explanations.
The manipulation in this study could conceivably be seen as a
low-agency condition if agency is defined as the balance of
affordances and constraints provided by the system [44]. Using
the foldback structure increases constraints for affordances (ie,
the number of choices) in our narrative, leading to less agency
than using a system that provides more choices (ie, branches)
to the user. It can be argued that agency is restricted to only one
possible outcome in our narrative. According to Crawford [45],
the degree of interactivity is determined by the functional
significance of a choice and its perceived completeness.
Perceived completeness means that the number of choices
corresponds to the readers’ imagined number of possible
choices. Although functional significance was high in this study,
relating decisions back to story outcomes, perceived
completeness was very limited. This highlights the antagonistic
relationship of targeted interventions using a game-like format.
With less authorial control over the story, the intervention can
exert little control over the presentation of the message in terms
of the content and chronology of persuasive aspects. This is
especially the case when applying a health intervention
framework (such as the EPPM), which segments the intervention
into distinct parts.
Heightening perceived completeness could be achieved, given
the successful use of illusory agency, presenting options that
are perceived to be more complete even if they fold back to the
same outcomes, or by loosening authorial control in more open
experiences such as a sandbox game that enables emergent
storytelling. The question is whether the elicitation of
self-efficacy through agency is reliant on control over the
chronology of message components or whether heightened
agency through emergent storytelling can make up for the loss
in control by providing a closer link between the protagonist
and the message receiver in terms of perceived completeness
of the available actions. Taking this a step further, there is
evidence to form the assumption that agency does have an effect
on persuasion, even if the agency manipulation is completely
decoupled from the persuasion attempt and simply induced as
a state before the intervention (eg, see the study by Damen et
al [46]).
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The wide range of used agency definitions and their
heterogeneous operationalization make generalizations about
agency effects in health interventions difficult. For future
studies, the plural modality of agency should be taken into
account [47] and tested experimentally to establish discriminant
validity for different agency constructs. This means that not
only the kind of agency needs to be taken into account but also
how this can be operationalized most effectively, within or
outside the intervention, to heighten the extent of perceived
agency in participants.

Immediacy and the Malleability of Self-efficacy Beliefs
In this study, we found no significant effect of threat immediacy
on the relationship between agency and self-efficacy. Organ
damage was chosen as the threat as it can be a result of either
short-term or long-term risk behavior and was henceforth
communicated as a consequence of a single night or multiple
months of drinking. There is ample work evaluating the effect
of fear appeals on one-time versus repeated risk prevention
behaviors, showing that appeals advising the one-time execution
of behaviors are more likely to succeed [5]. However,
comparisons of short- and long-term outcomes in fear appeal
threats are scarce, making it difficult to base the manipulation
on existing work in the field. Although the manipulation checks
ensured that participants noticed the manipulation, this might
not have made the framing of threat immediacy salient enough
to result in a significant effect on the relationship between
agency and self-efficacy.
In most IDN research, as well as game studies, behavior transfer
between digital and real-life behavior is often assumed to be
high when the digital execution matches that of real-life analog
behavior. The prevention behavior for the threat in this study
does not constitute a one-time behavior, as it needs to be
executed multiple times for the threat to be averted. With regard
to immediacy in this study, there is, therefore, a mismatch
between both our short- and long-term threats and our digital
narrative in which the prevention behavior (rejecting a drink)
is only executed once. Although a single appeal message can
influence self-efficacy for repeated prevention behaviors (eg,
see the study by Smith and Stutts [29]), in this study, a single
execution of the behavior might not have been enough to affect
self-efficacy beliefs. A possible explanation could be the depth
of processing of the message itself, which hinders message
acceptance and, therefore, undermines possible effects on shortand long-term threat prevention. Presentation with a single
persuasive message activates the systematic processing of this
message. Heuristic processing occurs only after repeated
exposure, which breaks down resistance to persuasion and
heightens fear appeal effectiveness [36].
A possible direction for future studies would be to make the
long-term, as well as the short-term, impact of risk behavior
more salient through the provision of repeated interventions.
As discussed by Shi and Smith [36], EPPM-based fear appeals
with long-term threats are more effective after 3 exposures than
after a single exposure. It is unclear whether this also holds for
short-term threats. Future research should investigate whether
intervention repetition affects self-efficacy differently for threats
with high and low immediacy.
https://games.jmir.org/2022/2/e32218

XSL• FO
RenderX

Engelbrecht et al

Lack of Susceptibility
The null effects for agency and threat immediacy could also
result from the low perceived susceptibility of the target
population (young adults) to the threat used in this study (organ
failure because of excessive drinking). The so-called optimism
concerning the likelihood of adverse health effects has been
well established in other studies and potentially creates reactance
during persuasive attempts for risk behaviors involving drinking,
drunk driving, and smoking in young adults [48-50]. Organ
failure is an extreme health threat that might be too abstract (ie,
perceived as unrealistic) for young adults, leading to low
perceived susceptibility. It can be argued that although organ
failure from one night of binge drinking is immediate in a
temporal sense, it is quite distant when it comes to the perceived
likelihood of affecting young adults. This means that although
general severity and response efficacy evaluations can be
perceived as high, the link to personal relevance does not come
into play because of low perceived susceptibility and the high
baseline of perceived self-efficacy for this population (ie,
optimism).
The issue of perceived threat susceptibility can be further
explained by our exclusion criteria. The criteria specifically
excluded participants who showed signs of alcohol dependence
when they might actually have been participants for whom the
threat would be most relevant and the preappeal efficacy would
be low. However, as the aim is to increase the effectiveness of
early intervention approaches, more effective ways of eliciting
prevention behaviors for normal populations should still be
investigated more thoroughly.
An alternative approach could be the use of appeals that do not
focus on health threats to increase susceptibility as a prerequisite
for successful narrative persuasion. Health threats themselves
have been the main focus of health-related interventions and
are effective for older cohorts; however, this might not always
be the case for younger populations. As suggested by Pechmann
et al [51], the use of social threats seems to be more effective
for younger populations as they are more immediate than health
threats are perceived, leading to higher perceived susceptibility.
Therefore, it would be valuable to extend this line of research
by trying to evaluate the effectiveness of appeals addressing
short-term versus long-term social threats. As argued previously,
the potentially weak cause-effect chain perceived by young
participants could also potentially be strengthened through the
use of social threats, which in turn might strengthen the effect
of agency. If the threat is seen as relevant and the prevention
behavior as effective, having participants execute the prevention
behavior to avert a social threat might heighten self-efficacy,
given high perceived agency over the narrative outcome.

Methodological Limitations
This study did not use a pre- or postmeasures design to account
for the potential influence of baseline beliefs already present in
participants before the appeal message was presented. However,
it has to be noted that disinhibition, drinking frequency, alcohol
dependence, and perceived control over drinking behavior were
measured to account for individual differences between
participants. These were measured after the appeal message so
as to minimize the influence on the responses to the IDN appeal.
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Although we believe that these constructs relate to either stable
traits or general behavior and therefore should not have been
influenced by the manipulation, we cannot fully discount the
potential influence of the IDNs on these constructs.
Furthermore, it should be noted that the current sample was
predominantly women (88/123, 72%). Previous studies have
shown gender differences in the effectiveness of fear appeals,
which might have influenced the results. In general, this sample
might not be representative of the general population.
Finally, this study fell short of its goal of collecting a total of
140 valid samples, leading to a potential shortcoming in
statistical power, given the complex study design. Furthermore,
it could even be that the authors assumed a medium effect size
for a single intervention transferring virtual behaviors to
real-world beliefs and behavioral intentions.

Contextual Factors
Finally, the context of this study must be mentioned. The study
was conducted during the COVID-19 pandemic, which limited
the participants’ exposure to risk situations and could have
skewed the general perception of the appeal as personally
relevant. Although there was no active lockdown in place at the
time of data collection, there was a limit to the number of people
allowed to gather more generally. This made the otherwise
common risk environments that facilitate drinking, such as
parties, almost nonexistent. As social facilitation of drinking is
one of the core determinants of risk behavior related to excessive
alcohol use for college students [2], the context during which
the data collection took place could have affected self-efficacy
beliefs because of nonexposure to the threat in real life.
Considering the abovementioned limitations of this study, going
forward, the findings should be replicated in a nonpandemic
context to be generalizable for the target population.

Conclusions
In this preregistered study, no significant effects were found for
agency on self-efficacy and behavioral intention. In addition,
we observed no effect for the influence of threat immediacy on
the relationship between agency and self-efficacy.

Engelbrecht et al
The multitude of conceptual distinctions of different forms of
agency and the different ways of integrating them into IDNs
provides a challenge that needs further evaluation to affect
self-efficacy and, more generally, behavioral change. There is
a need to empirically test the difference between conceptually
different agency concepts to establish their impact on
persuasiveness in narrative health interventions. Although there
is evidence to assume the effects of interaction on antecedents
of narrative persuasion (eg, identification and transportation),
more work is needed to understand how different agency
conceptualizations directly affect the processing of health
messages. In addition, more work is needed that empirically
contrasts passive and interactive interventions to isolate the
effects. Much of the previous work done in this field use
fully-fledged serious game experiences without passive controls,
making it difficult to ascribe effects to single factors in such
complex systems. With regard to the theoretical assumptions
underlying narrative fear appeals, the personal relevance of the
content should be ensured through pilot testing before the
deployment of the intervention. Without creating the personal
relevance of the narrative fear appeal, the intended effects could
be undermined because of a lack of perceived susceptibility to
the threat. Understanding how different kinds of threats are
perceived by different target populations should be investigated
more thoroughly to adapt interventions more effectively.
Furthermore, the effect of intervention repetition for different
kinds of prevention behaviors is poorly understood, making
generalizations across different fear appeal threats difficult. A
systematic approach contrasting one-time and repeated
prevention behaviors for different kinds of threats could
establish a clearer picture of the potential necessity of
adaptations for threats that are the result of repeated risk
behaviors.
In conclusion, despite the null findings for the effects of agency
on self-efficacy, this study highlights the potential for further
exploration of agency concepts and threat types in terms of their
embedding into a narrative intervention.
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Abstract
Background: Game-based learning appears to be a promising instructional method because of its engaging properties and
positive effects on motivation and learning. There are numerous options to design game-based learning; however, there is little
data-informed knowledge to guide the choice of the most effective game-based learning design for a given educational context.
The effectiveness of game-based learning appears to be dependent on the degree to which players like the game. Hence, individual
differences in game preferences should be taken into account when selecting a specific game-based learning design.
Objective: We aimed to identify patterns in students’ perceptions of play and games—player types and their most important
characteristics.
Methods: We used Q methodology to identify patterns in opinions on game preferences. We recruited undergraduate medical
and dental students to participate in our study and asked participants to sort and rank 49 statements on game preferences. These
statements were derived from a prior focus group study and literature on game preferences. We used by-person factor analysis
and varimax rotation to identify common viewpoints. Both factors and participants’ comments were used to interpret and describe
patterns in game preferences.
Results: From participants’ (n=102) responses, we identified 5 distinct patterns in game preferences: the social achiever, the
explorer, the socializer, the competitor, and the troll. These patterns revolved around 2 salient themes: sociability and achievement.
The 5 patterns differed regarding cheating, playing alone, story-telling, and the complexity of winning.
Conclusions: The patterns were clearly interpretable, distinct, and showed that medical and dental students ranged widely in
how they perceive play. Such patterns may suggest that it is important to take students’ game preferences into account when
designing game-based learning and demonstrate that not every game-based learning-strategy fits all students. To the best of our
knowledge, this study is the first to use a scientifically sound approach to identify player types. This can help future researchers
and educators select effective game-based learning game elements purposefully and in a student-centered way.
(JMIR Serious Games 2022;10(2):e30464) doi:10.2196/30464
KEYWORDS
gamification; serious games; game-based learning; medical education; computers; new technology; focus group; play; qualitative;
player types; taxonomy; theory; framework
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Introduction
In health professional education, there has been a growing
interest in game-based learning because of its engaging
properties and positive effects on students’ motivation and
learning [1]. Yet, the understanding of how and when to
implement game-based learning in educating health
professionals remains in its infancy [1] as well as in other
educational domains [2]. Although there are myriad ways to
design game-based learning strategies [2-4], there is little
good-quality evidence to guide the choice of the most effective
game-based learning design in a given educational context [1].
This, in turn, may increase the likelihood of choosing suboptimal
or even counterproductive game-based learning strategies [5].
Hence, there is a need for empirical research to inform future
game-based learning design [1].
Some scholars have stated that educational games are designed
by academics who do not understand the culture, art, and science
of games [6-8]. This may result in educational learning tools
that can either be a success or a failure with respect to playability
and engagement. On the other hand, games developed by game
designers with little or no understanding of the theory and
practice of game-based learning can be fun to play but are also
hit-or-miss with respect to educational goals and outcomes.
Indeed, designing an educationally sound game-based learning
tool is a challenging task and depends highly on the synergy
between pedagogy and engagement [5-8].
Practical applications of game-based learning have not been
substantiated by a significant body of scientific research [1,3,9],
which could be interpreted as corroboration for the
abovementioned assertions. Researchers in health professional
education generally take an educational approach to game-based
learning without considering the body of knowledge available
in the field of game research. For example, most game-based
learning research in health professional education focused on
one specific game attribute (ie, the effects of scoring and
rewards) [1,2,10], although many other game attributes have
also been investigated [3,11]. Moreover, game elements that
motivate some learners may actually demotivate others [12-14]
indicating that personal preference is a crucial element for
motivation to play [15-18]. Game [19] and game-based learning
[5,20] research consistently demonstrated that people vary
greatly in what they like in play and games. Outside the domain
of education for health professionals, individual differences in
age, gender, culture, and personality play a role in a person’s
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preferences for specific types of play, games, and responses to
different game-based learning designs [20]. Linking personality
traits with game-based learning design solutions that best fit
each particular trait has been shown to improve learner
experience (eg, perceived playfulness) [12,21-27], motivation
[28-31], and performance [28,30]. Hence, preferences should
be considered in designing game-based learning strategies to
engage and motivate an entire cohort of students (not only a
subgroup).
In the field of game research, the concept of player types is used
to characterize users who share preference for a specific type
of play, which enables game designers to create an optimal user
experience [32]. In an earlier and probably best-known player
typology [18], users of a multiplayer role-playing game were
classified on the basis of two in-game behaviors—(1) acting
versus interacting and (2) world versus player—which resulted
in 4 different player types: socializers (users who like to interact
with other players, eg, the game is a tool to meet other people),
explorers (users who like to interact with the world, eg, discover
new areas, and immerse themselves in the game world),
achievers (users who like to act on the world, eg, prefer gaining
rewards, points, and equipment from the game world), and
killers (users who like to act upon other players, eg, thrive on
beating other people) (Figure 1). Since then, various player
types have been proposed [17,19,33-35]. However, there are
major concerns with these player typologies. Many are not
supported by empirical evidence [35]. Instead, they are based
on researchers’ prior experience in developing games [18,33],
on nonscientific literature [36,37], or on combinations of some
of the aforementioned player types [38]. Player typologies based
on empirical data [17,19,39] tend to be based on research into
a specific game genre, which means the typologies may be
biased and incomplete. In addition, surveys that were used (eg,
Likert-scale surveys [17,19,39]) may have unnecessarily limited
respondents’ answers and, thereby, researchers’ interpretations.
Hence, important information may have been overlooked [40].
In this study, we aimed to identify player types among a
representative group of education for health professional
students, independent of game context. As the first study of its
kind, we aimed to explore the widest possible range of
preferences for game and play in this group. We formulated the
following research question: What patterns in students’
perceptions of play and games (ie, player types) can be identified
and what are their most important characteristics?
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Figure 1. Typology [18] with 4 player types based on 2 themes: player vs world and acting vs interacting.

Methods
Design
To investigate students’ perceptions of play, we applied
Q-methodology [41], which is a mixed methods research
technique that aims to account for all key subjective viewpoints
on a certain matter [42]. The qualitative component of
Q-methodology allows the expression of subjective opinions
to be considered, and the quantitative component uses statistical
analysis in order to group participants with shared opinions.
Q-methodology is used to cluster individuals based on shared
opinions rather than based on latent variables, which is the case
in regular factor analysis (or R-methodology). The
Q-methodology technique has been used before in medical
education, although for different purposes (eg, for identifying
different patterns of self-regulating learning behavior [43-45]).
Q-methodology is characterized by two main stages: (1)
designing a set of statements and let participants sort that set of
statements, and (2) by-person correlation and factor analysis of
a sample of the included participants.

Ethics
We obtained ethical approval for this study from the Netherlands
Association for Medical Education (NVMO 2019.1.11).

Setting and Participants
This study was conducted in May 2019 at the Faculty of Medical
Sciences of the University of Groningen, the Netherlands. The
6-year undergraduate medical and the 6-year undergraduate
dental curriculum both consist of a 3-year Bachelor and a 3-year
Master’s phase. In both curricula, teachers used face-to-face
and web-based teaching methods and sometimes apply
game-based learning, but not on a regular or structural basis.
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We invited all medical and dental students (3000 eligible
undergraduate students) to participate in our study by posting
an announcement on the web-based learning environment (called
Nestor) of the university. Participants were informed about the
purpose and procedures of the study. Their participation was
anonymous, voluntary, and confidential. Participants had the
right to withdraw from the study at any time. All participants
provided informed consent. In appreciation for their time and
effort, each participant received a 5€ (approximately US $5.66)
gift certificate.
Although there is no decisive minimum or maximum number
of participants for performing Q-methodology research [43],
generally, the number of statements should exceed the number
of participants [46], and 40 to 60 participants is considered
adequate [47,48]. To achieve a highly diverse sample—which
is recommended for Q-sort analysis [46,48]—we purposively
selected participants. Therefore, we asked participants to
complete a sociodemographic questionnaire (eg, age, gender,
and whether or not they considered themselves a gamer) prior
to the sorting process that also included a question about the
participant’s favorite game. For our purposive sample, we
included only participants who had specified a favorite game.
We identified the game genre to ensure each game genre was
represented evenly in the final sample. In addition, only
participants who had performed the sorting task in 12 minutes
or more were included. We conducted pilot testing and found
that the average sorting time was 25 minutes (range 2-3 minutes)
and that reading the statements and swiftly sorting the statements
took at least 12 minutes; thus, for less than 12 minutes, the sort
was regarded as ill-considered. If there were participants with
identical favorite games, only one participant was included.
Participants’ preferences for modality (digital or analog) had
to be distributed as evenly as possible across game genres; the
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e30464 | p.81
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male-to-female ratio had to be evenly distributed across game
genres; and medical and dental student had to be evenly
distributed across game genres. If a decision about inclusion or
exclusion of a participant could not be made based the preceding
criteria, the decision was made by rolling dice.

Statement Set
There is no single correct way to compile a set of statements in
Q-methodology [41]. In general, the Q sample size is 40 to 80
statements [41,48], and the number of statements should exceed
the number of participants [46]. A set containing too many
statements can make the sorting process an exhausting and
burdensome task, whereas a set containing too few statements
may result in inadequate coverage of the topic of game
preferences [41]. By sorting and prioritizing each statement
from the statement set, individual participants provided us with
a model of their view on their own game preferences. Statements
should be carefully selected since their nature limits what can
be expressed by a participant [49].
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We aimed to develop a set of statements in which each statement
was unique and made its own original contribution, and all
statements together covered the full range of game preferences.
Statements were based on the findings of an earlier focus group
study [5] among medical and dental students (n=58) with no
experience in game-based learning but widely varying
experiences in play and games that had been conducted to obtain
perspectives on leisure time and academic education. To make
sure that the statement set covered as many aspects of game
preferences as possible, we also examined player type studies
[17-19,50] that possibly addressed different game preferences.
This resulted in an initial set of 136 statements. We grouped
the statements into 28 themes, duplicates were removed, and
statements were translated into English and reworded to start
with the phrase “I like games that….” in order to improve clarity
and make sorting more intuitive for participants [41]. The final
set (Table 1) consisted of 49 statements and was piloted by 3
medical students. Based on their feedback, we considered the
final statement set to meet our abovementioned aims.
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Table 1. Statement set and factor array.
Statement

Factors
1

2

3

4

5

1. I like games in which people help each other.

1

0

−2

3

−1

2. I like to see how others learn a new game.

−2

0

−1

−3

−3

3. I like games with easy wins.

−3

−3

−1

2

−2

4. I like games which create an atmosphere of sociability.

3

0

−3

1

1

5. I like games that let me build relationships.

2

0

−3

1

0

6. I like games that let me play in teams.

2

−1

0

2

0

7. I like to play games to maintain relationships.

1

−3

−2

2

0

8. I like games that let me play on my own.

−3

3

3

0

−1

9. I like games in which I can create something.

1

1

0

2

2

10. I like games that allow different ways of winning.

2

3

1

2

−2

11. I like games that use luck to enhance my odds of winning.

−1

−3

−1

−1

−4

12. I like games with a good storyline.

1

4

1

3

1

13. I like games in which I can influence the storyline.

0

4

0

0

−1

14. I like games in which I need to actively participate.

3

1

0

4

1

15. I like games in which I know the other players.

2

0

−2

0

3

16. I like games in which I can solve a difficult part / puzzle.

1

2

3

4

3

17. I like to improve my gameplay by searching for new techniques.

0

2

0

−2

−3

18. I like games in which I learn new things (eg, knowledge/skills)

3

2

3

1

0

19. I like games in which I can act differently than I usually do in real life.

−2

1

−2

0

0

20. I like games which make you feel immersed in your own world.

−2

3

−1

−1

4

21. I like games that let me apply a strategy.

4

2

2

0

1

22. I like games in which I can bluff.

−1

−1

−2

0

3

23. I like games that have trading elements.

0

−2

−1

1

2

24. I like games in which I can negotiate.

1

1

−1

0

0

25. I like games that can be played differently than they are intended.

−1

1

−3

−2

2

26. I like games in which I can cheat.

−4

−2

−3

−4

3

27. I like games in which other players cheat.

−4

−4

−4

−4

−3

28. I like games in which I can be fanatic.

3

−2

1

−1

1

29. I like games in which I can play strictly by the rules.

0

−3

1

2

−2

30. I like games to which I can bring modifications.

−2

1

0

−2

0

31. I like games in which I can obtain as many points as possible.

−1

0

2

0

1

32. I prefer losing with lots of rewards over winning with very few.

−3

−1

−1

−1

−2

33. I like games which show me my progression.

2

2

2

1

0

34. I like games which let me have items that others don’t manage to collect.

−2

−2

0

−1

0

35. I like games which have a reward at stake.

0

1

0

−1

−1

36. I like games in which I can get my revenge after losing.

0

−2

1

−1

1

37. I like games that show everyone that I’ve won.

−1

−2

1

−3

−3

38. I like games in which I can prove to the other players that I am the best.

−1

−1

2

−2

−2

39. I like games that use competition as a way to improve myself.

2

0

3

−1

−2

40. I like games in which I can annoy other players.

−1

−4

−2

−3

2

41. I like games that use competition to defeat other players.

1

0

1

−3

1
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Statement

Factors
1

2

3

4

5

42. I like to be the best in a game.

1

−1

4

−2

2

43. I’m a good loser.

0

−1

−4

0

−4

44. Winning is important to me.

−1

−1

4

−2

2

45. I like games in which I can play alone against a game or computer

−3

3

2

1

−1

46. I like games which let me stay anonymous.

−2

1

1

1

−1

47. I like to get better in a game.

4

2

2

3

3

48. I like games that use a lot of different materials (eg, dices, cards, fake money)

0

0

0

1

−1

49. I like games in which losing is okay.

0

−1

−1

3

−1

Sorting Procedure
Participants performed the sorting procedure using a web app
(Q-sorTouch), in which the 49 statements were randomly
presented. Participants were asked to drag and drop each
statement into 3 piles: agree, neutral, disagree. After sorting all
the statements, they had to refine their 3 piles by ranking the

statements into a Q-sort grid ranging from −4, extremely
disagree, to +4, extremely agree. In Q-methodology, the number
of statements that can be assigned to each scale point are fixed
and represent a quasi-normal distribution (Table 2) [41]; thus,
participants placed the 2 statements with which they disagreed
most under −4 and the 2 with which they agreed most under
+4.

Table 2. Quasi-normal distribution.
Position

−4

−3

−2

−1

0

+1

+2

+3

+4

Number of items

2

4

6

8

9

8

6

4

2

The sorting procedure ended when all statements were placed
in the fixed distribution and the participants felt that the final
sort represented their viewpoint. In the final stage of the data
collection, participants provided answers to open-ended
questions to elaborate on the rationale behind their sort (eg, why
statements were assigned to the extreme ends).

Statistical Analysis
To identify groups of participants with shared, but distinct,
viewpoints (ie, who subjectively ranked the 49 statements in a
similar way), we conducted by-person factor analysis using
dedicated software (PQMethod, version 2.35; developer: J
Atkinson), which we later verified with formulas [48] in
MATLAB (version R2020a; The MathWorks).
Because each sort was correlated with every other sort, the
correlation matrix of the participants’ sorted statement sets (ie,
sorts) was used to identify factors (ie, groups of respondents
whose Q-sorts were statistically similar) by subjecting the
correlation matrix to varimax rotation [41]. Varimax rotation
generates a factor solution according to the best mathematical
solution (while maintaining an orthogonal basis) [48]. Only
factors with eigenvalues >1 and on which at least 2 participants
are loaded significantly (P<.01) were accepted [41,48,49], which
corresponded to a factor loading >0.37, calculated using 2.58
× (1 / √ (number of items in the Q set) [41,48]. Since our aim
was to extract patterns that were unique, participants loading
on more than one factor were not used for the construction of
a factor. This is in line with the procedures applied in other
Q-methodology studies [41,43,44,48].
A range of factor solutions were generated. To describe patterns
of the participants’ game preferences, each factor solution was
https://games.jmir.org/2022/2/e30464
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interpreted in conjunction with qualitative data from
participants’ responses in the final stage of the sort. To facilitate
factor interpretation, ideal Q-sorts were computed for each
factor. These so-called factor arrays are weighted averages of
sorts loading on that factor [41,49]. A group of 9 independent
researchers individually interpreted all factor solutions and were
asked to identify the solution with the highest number of
viewpoints while providing distinct and clearly interpretable
factors.

Results
Overview
A total of 102 students volunteered to participate in our study
and completed the sorting procedure. On the basis of their
statements about their favorite games, we identified 7 game
genres: action games (n=7), adventure games (n=6), party games
(n=13), simulations or sports games (n=15), strategy games
(n=35), puzzle games (n=14), and role-playing games (n=10).
Consequently, we excluded 60 participants: 2 participants did
not provide their favorite game; 10 participants performed the
sort in less than 12 minutes; 36 participants had duplicate
favorite games (eg, 11 participants stated the game Settlers of
Catan); 9 participants (4 favorite digital games, 2 females and
3 male students) to ensure a more even distribution of these
variables; and 3 participants, by the roll of the dice. The sample
consisted of 42 participants (dental students: n=13; medical
students: n=29) having 41 different favorite games, of whom
31 were female and 11 were male, with a mean age of 23.3 years
(SD 4.0; range 18-42). Of the 42 participants, 15 participants
considered themselves to be gamers. Nine sorts were
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factors (factor loading <0.37; Table 3).
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Table 3. Factor matrix.
Q sort

Factor
1

2

3

4

5

1

0.383

0.675a

0.211

0.182

0.170

2

0.559a

0.096

0.089

0.282

0.166

3

−0.041

0.670a

0.109

0.284

−0.019

4b

0.521

0.522

0.294

0.132

0.312

5

0.578a

0.183

0.147

0.031

0.025

6

0.226

0.753a

−0.057

0.188

0.048

7

−0.176

0.124

0.584a

0.171

0.109

8c

0.168

0.364

0.087

0.336

−0.094

9c

0.303

−0.296

0.316

0.361

−0.255

10

0.423a

0.288

−0.089

0.354

−0.065

11b

0.208

0.100

0.521

0.414

−0.334

12

0.501a

0.104

0.143

0.160

0.176

13b

0.531

0.253

0.535

0.241

−0.045

14

0.344

0.054

0.014

0.526a

0.060

15

0.368

0.562a

−0.065

0.387

0.110

16b

0.402

0.645

0.178

−0.003

0.106

17

−0.113

0.358

0.135

0.639a

−0.131

18

0.357

0.166

−0.137

−0.035

0.569a

19

0.191

0.703a

0.134

0.134

−0.392

20b

0.607

0.214

0.073

0.621

0.094

21

0.047

0.686a

0.188

−0.011

0.292

22

0.550a

0.097

0.038

0.328

−0.293

23

−0.011

0.695a

0.308

−0.158

0.055

24

0.708a

−0.067

0.237

0.159

0.009

25

0.341

0.175

−0.323

0.556a

−0.092

26

0.068

0.380

0.721a

0.222

0.131

27b

0.658

0.162

−0.202

0.448

−0.175

28

−0.041

0.089

0.246

−0.025

0.598a

29

0.320

0.019

0.052

0.479a

0.257

30

0.391

0.046

0.276

0.572a

−0.045

31b

−0.324

0.504

0.439

0.133

0.057

32

0.709a

−0.288

0.065

0.265

0.099

33

0.357

0.118

0.658a

−0.274

−0.137

34

0.551a

0.058

−0.100

0.042

−0.137

35

0.512a

0.226

0.223

0.195

−0.064
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Factor
1

2

3

4

5

36

0.508a

0.128

−0.086

0.129

0.210

37

0.138

0.064

0.625a

−0.030

0.071

38c

0.173

0.096

0.190

0.294

−0.299

39b

0.199

0.435

0.043

0.073

0.452

40

0.474a

0.108

0.055

0.026

0.041

41b

0.467

0.327

0.580

−0.106

−0.030

42

0.596a

0.272

0.272

0.233

−0.070

A defining sort for a specific factor.

b

A confounded Qsort (multiple loadings).

c

A Q-sort with a factor loading <0.37.

Factor Interpretation
Overview
Solutions with up to 5 factors were obtained. The 5-factor
solution was retained after analysis by 9 independent researchers
because it represented 5 clearly distinguishable patterns in
students’ perceptions of play and games and had the highest
percentage agreement between researchers (88.9%).

Notably, strategy was liked to a great extent (21: +4), which
seemed attributable to the fun of being able to play socially and
achieving something together (18: +3). Student 67 mentioned,
In my opinion, games are way more fun when you
play them with friends …. besides, they will give us
way longer fun when it is possible to apply a
strategy…. This keeps the game interesting and fun
for a longer time.

Of the 42 included sorts, 30 loaded significantly (factor loading
>0.37; Table 3) on 1 of the 5 factors. These patterns are
presented below, with sociodemographic information about the
participants and a relevant statement to illustrate each pattern.
For example, in pattern 1, statement 21 is in the extremely agree
position (21: +4) in that factor array (Table 1). To give a concise
(but oversimplified) overview of the patterns, we chose a
descriptor for each that reflected its interpretation in a broad
sense.

Explorer

Social Achiever

Pattern 2 was characterized by a need for immersion (20: +3),
which was especially satisfied through story-driven games (12:
+4, 13: +4). Student 21 stated,

Pattern 1 comprised 12 participants with significant factor
loadings (female: 9, male: 3; age: mean 23.7 years, range 18-42
years), of whom 7 were medical students, and 5 were dental
students. Of the 12 participants, 5 self-identified as gamers.
Favorite game genres were strategy (n=5), action (n=3), party
(n=2), and simulation or sport games (n=2). Preferred modality
was distributed evenly; 6 participants favored analog games,
and 6 participants favored digital games.
Participants in Pattern 1 shared the opinion that playing is a
social act (4: +3; 5: +3), playing alone or in an individual
competition with the self was, therefore, generally disliked (8:
−3; 45: −3).
What I really like in games is to collaboratively
achieve something meaningful. [Student 3]
The act of social togetherness was not enough for these
participants, as they also expressed the need to obtain something
meaningful through play (18: +3). Participants loading on this
pattern tended to work hard and fanatically toward that goal
(28: +3; 3: −3).
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Pattern 2 comprised 7 participants with significant factor
loadings (female: 5, male: 2; age: mean 23.1 years, range 20-31
years), of whom 6 were medical students, and 1 was a dental
student. Of the 7 participants, 5 participants self-identified as
gamers. Favorite games genres were adventure (n=3),
role-playing (n=2), action (n=1), and puzzle games (n=1). The
majority (n=5) favored a digital modality over an analog
modality.

A good game must drag me into the story and not let
go until I am finished.
These participants generally liked games that granted them
substantial autonomy (10: +3; 29: −3) to explore and alter the
game (25: +1; 30: +1). They seemed to be drawn to exploring
the potential of the game rather than searching for sociability
in play (8: +3; 45: +3; 7: −3). Participant 12 stated,
For me, gaming is something that I can do primarily
on my own.
These participants played for their own sake or individual
pleasure. (6: −1; 7: −3).

Competitor
Pattern 3 comprised 4 participants with significant factor
loadings (female: 2, male: 1; age: mean 22.2 years, range 21-23
years). Two participants were medical, and 2 participants were
dental students. Two participants self-identified as gamers.
Favorite game genres in this group were puzzle (n=2) and
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e30464 | p.87
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simulation or sports games (n=2). Of the 4 participants, 3
students favored a digital modality over an analog modality.
Hunger for competition was the defining aspect of pattern 3
(39: +3)—not only winning or being the best (42: +4; 44: +4),
but also parading their supremacy was considered important
compared to the other patterns (37: +1; 38: +2). As stated by
Student 93,
I am very competitive, I want to win every game and
I want to show that to everyone.
Losing was therefore greatly disliked (43: −4). These
participants shared the opinion with those described by pattern
2 that other game players were not important to them and they
would rather play alone (8: +3); however, whereas participants
described by pattern 2 had neither a strong preference nor a
dislike for social togetherness as a characteristic of play (4: 0;
5: 0), participants described by pattern 3 found sociability in
play unnecessary (4: −3; 5: −3; 7: −2; 15: −2). As Student 23
stated,
I play for myself, not for others.
Thus, competitors like competition that does not involve
collaboration with others but is directed against other players
(since they want to prove they are the best (37: +1; 38: +2)) or
a nonplayable character. Student 23 stated,
I like to play independently of other players but with
an opponent; so, against a computerized opponent.

Socializer
Pattern 4 comprised 5 participants with significant factor
loadings (female: 4, male: 1; mean age 26.2 years; range 2-9
years), of whom 4 were medical students, and 1 was a dental
student. Of the 5 participants, 2 participants identified
themselves as gamers. Favorite game genres in this group were
party (n=2), role-playing (n=2), and action games (n=1). The
majority favored an analog modality (n=4) over a digital
modality (n=1).

Van Gaalen et al
however, whereas being fanatic was important in Pattern 1, in
pattern 4, participants did not have the urge to focus on winning
(44: −2) or being fanatic (28: −1). They generally disliked
competition (41: −3; 42: −2; 44: −2).
Winning is not important to me, I just enjoy working
together with others and having a good time together.
[Student 68]
This concept of “having a good time” seemed to be a recurrent
characteristic for Pattern 4. Games were seen as a means for
social togetherness (7: +2; 1: +3) that should depend on nothing
but sociability. Losing should be okay (49: +3) and winning
should be easy (3: +2); however, participants felt that active
participation would be needed to have a good time (14: +4).

Troll
Pattern 5 comprised 2 participants with significant factor
loadings (female: 2; age: mean 23.5 years, range 2-5 years), and
both were both medical students. One student self-identified as
a gamer. One student favored action games, the other student
favored simulation or sports games. Both students favored a
digital modality (n=2).
Having the ability to exploit game mechanics to cheat (26: +3),
annoy other players (40: +3), and bluff (22: +3) was important
for these 2 participants compared with participants described
by the other patterns. Such behavior seemed to be the result of
boredom or laziness and not really being interested in the game
itself. Notably, these participants were not inclined to invest
time to learn new techniques (17: −3) but, paradoxically, wanted
to get better in a game (47: +3), did not like to see others learn
the game (2: −3), and were inclined to play games differently
than intended when the game would take too much time (25:
+2; 29: −2).
I like it when a game requires little prior knowledge.
It is much simpler and easier to play. [Student 51]
Figure 2 presents a theoretical framework illustrating different
player types in relation to sociability and achievement themes.

Participants described by Pattern 4 and Pattern 1 had similar
characteristics. They valued collaborative play (5: +1; 6: +2);
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Figure 2. Theoretical framework illustrating player types in relation to sociability and achievement themes.

Discussion
Principal Findings
We aimed to improve the understanding of game-based learning
design, in general, and of game-based learning in health
professional education, in particular. We contended that player
typology, a concept that has been used to inform game design
and game play, may be relevant to game-based learning design.
To the best of our knowledge, this study is the first to investigate
player types in a student cohort, outside of a game design
context, using a methodology deliberately aimed to
accommodate the largest variety in game preferences. We found
that, in a cohort of medical and dental students with likely
similar academic interests and intellectual ability, there was
considerable variability in play preferences. We identified 5
distinct and clearly interpretable patterns in game preferences,
which can be considered player types: the social achiever, the
explorer, the socializer, the competitor, and the troll. Given that
only a few game elements are applied in education for health
professionals research—predominantly points and rewards
[1]—our findings indicate that there is room for improvement
within game-based learning design; the current variety of
game-based learning designs in education for health
professionals seems too limited to be able to tailor game-based
learning to students’ game preferences to improve learning
through motivation and engagement.
Each player type has distinct characteristics. Social achievers
like to play collaboratively to achieve something meaningful.
They like competition and difficult games, preferably in teams.
In contrast, explorers are drawn to the game’s story and
immersive elements of play rather than winning and team play.
Competitors on the other hand, thrive by winning and
competition and would rather not depend on others. Socializers
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(much like social achievers) play for sociability, and interaction
with other players is important to them. Yet, whereas
competition is important to social achievers, socializers would
rather play to find a sense of sociability and togetherness. They
look for easy wins just to have a good time. Trolls like games
in which they can annoy other players, bluff, and cheat.
Two themes (Figure 2) are salient in the player types that we
identified, and likewise in scientific and grey literature on play
and player typologies [17,19,35,39,51-56]: sociability and
achievement. Competitors and social achievers like the
achievement aspect of play, however, explorers and socializers
instead preferred playing for the storyline or to enjoy playing
together, respectively. Social achievers and socializers are
driven by sociability, collaboration, and interaction; explorers
and competitors, however, seem less prone to these traits or
only need others to prove their supremacy. The troll is more
ambivalent about sociability and achievement aspects of games
than other player types and is, therefore, situated at the
intersection of achievement and sociability.
Interestingly, the main themes identified in our theoretical
framework bear similarity to the very first and often-cited player
typology [18], which was based on a sample with homogeneity
in terms of the preferred game, instead of homogeneity in terms
of academic interest and which lacked any empirical basis. The
fact that our study (which followed a more rigorous scientific
approach) resulted in a similar typology may suggest that the
existence of player types in a cohort is stable. Our scientific
approach led to the identification of the explorer and the
socializer, player types that have also previously been described
[18]. We identified the social achiever, a player type that seems
comparable with that of “achiever [18].” We additionally
identified 2 other player type—the competitor and the
troll—whereas in [18] only one other player type, namely the
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e30464 | p.89
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“killer [18],” which, upon close inspection, includes troll-like
aspects (eg, annoying other players) as a social component
(acting on other players). In our study, these characteristics
appeared in other player types. We identified the troll and the
competitor as separate player types. The achiever [18], with its
social component was therefore interpreted as social achiever.
The reason for these differences between both typologies may
be that we also included games involving teamplay as a play
genre in our framework, since we aimed to avoid selection bias
from using only one or a few specific game genres to identify
player types. The earlier typology [18] did not include teamplay,
probably because it was based on a multiuser dungeon game
that included role playing, player versus player, and chat
functions but rarely team effort. We also found differences in
relation to the dimensions on which the player types varied.
Whereas the dimensions world versus player and action versus
interaction have been previously described [18] our empirical
evidence supported achievement and sociability as player type
dimensions. As a result, competitors and socializers were
opposites in our framework (instead of “killers” and “explorers”
[18]).
The troll as a player type has not been identified in previous
studies [20]. Remarkably, however, the troll phenomenon is
well known in the field of problematic gaming and internet use
[57,58]. Trolling is defined as deliberately trying to create
distress or conflict via provocation, for instance, for the purpose
of deception or disruption [58]. More than one-third of American
millennials said they engaged in the act of trolling [59] and an
immensely popular digital game, called Among Us, is based on
the concept of trolling (ie, sabotaging and causing chaos [60]).
This suggests that the game-related behavior of trolling is not
rare or marginal. Although the relevance of this player type to
game-based learning design is unclear, this player type might
also be pertinent outside the field of education for health
professionals.

Strength and Limitations
The player types in this study represent a broad spectrum of
views on games and play. One of the strengths of this study is
that the comprehensive set of statements was derived from prior
research among medical and dental students [5] and
supplemented with statements taken from existing player type
studies. Furthermore, a solid scientific method was used to
account for all key subjective viewpoints on game preferences,
and we included of a variety of participants (independent from
game context) to prevent selection bias on game genre. In
addition, we discussed multiple factor solutions, sought advice
from expert authors [41], and verified Q-methodology software
results. In doing so, we added a new perspective to literature
on player types and game-based learning by identifying 5
patterns that were distinct, characteristic, and could be
considered player types.
This study had some limitations: (1) In the interpretation of our
patterns, we cannot (and do not) claim to be exhaustive with
respect to all viewpoints on game preferences in the entire
population. While Q-methodology is a method that aims to
capture variety and heterogeneity, our participant group was
relatively homogenous (medical and dental students). Therefore,
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we cannot claim that replication of our study in a different
educational context would yield the same outcomes. However,
by adding statements from prior (nonmedical) studies on player
types in the statement set, and by using stratification to provide
profuse and varied participants’ opinions, we feel that the
quantitative aspect of the Q-methodology (ie, analyzing
participants’ rankings using multivariate data reduction
techniques) helped us detect meaningful patterns and
connections in game preferences. This, in turn, may provide
future researchers with a starting point to investigate the
generalizability of our results. (2) In a recent study [5], we
showed that game elements are possibly context dependent (ie,
aspects that motivate play may not necessarily play a motivating
role in game-based learning). For instance, although competition
was liked and named trivial in play in leisure time, students
considered it stressful and unwanted in play focused on learning.
Since we did not ask participants to keep a specific learning
environment in mind when they answered the question about
their game preferences, their answers may not reflect their
game-based learning preferences. (3) We aimed to reduce
selection bias by selecting participants independent of game
context, however, we do not know whether they had a specific
game or context in mind when they performed the sorting
procedure. (4) We chose to adopt the 5-factor solution after
rigorous discussions and with the help of 3 independent
researchers. Although this allowed us to detect a new player
type (the troll), few students had significant factor loadings on
this player type. Nevertheless, this player type adhered to the
widely accepted rules for including a factor in Q-methodology
and helped explain the largest variety in play preferences [58].
By using Q-methodology, we aimed to explain as much variety
in existing game preferences as possible; thus, our player types
are extreme ends of a spectrum on game preferences. The factor
arrays that construct these player types are the combined average
of all sort loadings on that player type. Therefore, there is very
little chance that a participant’s sort will load 100% on a specific
player type and fully match its definition [41]. Indeed, all sorts
demonstrated characteristics of all player types, and no sort
loaded 100% on one player type. Yet, most sorts loaded clearly
on one player type.

Practical Implications and Future Research
Systematic reviews indicate that, often, game-based learning
strategies are selected based on researchers’ personal opinions
rather than theory or a conceptual framework [1,2,61].
Additionally, there is a tendency in game-based learning
strategies to use scoring and reward, especially in gamification
[1,61]. Our taxonomy provides a novel theoretical framework
that may help to tailor game-based learning strategies to student
preferences. Future research is needed to investigate whether
such tailoring would result in increased effectiveness of applying
game-based learning in education.
Based on our findings, all player types except explorers might
need the presence or participation of other players to be
optimally motivated to continue playing. To develop game-based
learning strategies that optimally engage and motivate the
majority of students, multiplayer options appear to be critical.
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However, this feature is currently overlooked in game-based
learning strategies in current practice [1,11,61].
Our theoretical framework and corresponding factor arrays
indicate that preferences for multiplayer modalities can be
diverse and are not limited to sociability [62], social media [63],
a chat function [34], and message boards [64]. Competitors, for
instance, need other players or computerized opponents to
triumph over and show their supremacy, social achievers need
other players to work with, trolls need other players to annoy,
and socializers need other players to have a good time together.
By including each player type in a game-based learning-strategy,
the complex and dynamic interaction between player types can
turn game-based learning into a meaningful strategy for every
student. For example, although trolls might only make a small
contribution to the overall player population, their actions can
have major impact on social play and interaction [65-68], much
more than, for example, the actions of social achievers. The
inclusion of trolls in game-based learning design can unite
socially oriented players by giving them a common foe. Future
research should explore how each player type can contribute to
multiplayer game-based learning strategies to enhance
collaborative learning.
Future research can focus on investigating whether the range
of opinions on play vary significantly across students as a
function of the academic level or discipline they are enrolled
in, for instance, a medical or a nonmedical group, or medical
specialization. Such findings would provide an understanding
for future student-specific game-based learning designs. Game
preferences might be dependent on context [5] or the players'
current needs [31]. For instance, in the playground game called
Tag, one player is it and chases the other players in an attempt
to tag them by touching them. Then the tagged player becomes

Van Gaalen et al
it and starts chasing the others to tag someone else. This means
that, when being it, a player must adopt the competitor player
type (ie, competing and winning from the others), while the
others (who are getting chased) can adopt the social achiever
or even troll player type to act as a group against the one that
is it. Likewise, other digital games (eg, Among Us) perhaps
also use changing player types, where one is sometimes a troll
and, at other times, needs to take on the role of the social
achiever [60]. This raises the question whether player types are
in search of a specific game design or does the game design
elicit different types of behavioral responses (ie, player types).
This might also suggest that game designers should adhere to
the entire diversity of player types to ensure inclusion of all
participants of the game-based learning strategy.
As a first step in this direction, we aimed to investigate the
prevalence of player types among medical and dental students.
This may not only provide more evidence for the existence of
the currently identified typology in education for health
professional students, it may also shed light on the true diversity
of player types within medical and dental education.
Furthermore, it may improve our understanding of whether the
current
educational
strategy
focusing
on
the
achievement-oriented player type is effective and can be justified
or whether it might be better to tailor game-based learning
strategies to individual player types.

Conclusion
We identified 5 clear and distinct patterns of game preferences.
These patterns represent player types that differ in terms of the
player type dimensions achievement and sociability. Our
taxonomy and accompanying factor arrays can be used to tailor
game-based learning design to students’ game preferences to
optimize game-based learning effectiveness.
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Abstract
Background: People with Down syndrome face various learning challenges. Introducing new and enjoyable experiences in
learning settings may improve learning outcomes. Immersive and interactive technologies such as virtual reality can be used to
deliver rich visual experiences in classrooms.
Objective: The aim of this study was to investigate the feasibility and benefits of virtual reality exposure for people with Down
syndrome in learning settings.
Methods: To address this aim, we used a within-subjects design to assess the effect of a brief virtual reality drawing experience
and conventional drawing experience on subsequent behavior in 16 participants.
Results: Large positive effects were found for virtual reality drawing (t15=5.020, P<.001) and conventional drawing (t15=3.720,
P=.002) in improving subsequent behavior in a learning setting. Irrespective of the intervention, the participant’s mood, attention,
and overall behavior significantly improved. No significant differences were found between the interventions (t15=–0.648; P=.53).
Conclusions: This study’s results are encouraging for researchers and educators interested in using virtual reality for people
with Down syndrome, as virtual reality was found to be highly feasible. Recommendations are made for researchers and educators
interested in providing virtual reality experiences for people with Down syndrome.
(JMIR Serious Games 2022;10(2):e34373) doi:10.2196/34373
KEYWORDS
virtual reality; Down syndrome; intellectual disability; drawing; art; behavior; mood; attention; classroom; self-report

Introduction
People with Down syndrome often encounter significant
challenges in learning settings [1]. Inattentiveness, impulsive
behavior, excessive fidgeting, and other nondirected motor
activity are signs of distress and stereotypical behaviors for
people with Down syndrome [2]. Immersive technologies such
as virtual reality (VR) hold great potential in delivering
enjoyable and therapeutic experiences [3]. VR is commonly
being considered by researchers and educators to provide safe
access to realistic experiences that may otherwise be logistically
https://games.jmir.org/2022/2/e34373
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difficult, dangerous, or impractical to implement [4,5]. Exposure
to VR settings that provide a sense of distance from routine can
reduce stress and improve mood [6]. There is encouraging
evidence supporting the use of nonimmersive virtual
environments to provide useful learning [7], rehabilitation [8],
and leisure experiences for people with intellectual disabilities.
Therefore, immersive VR applications may also be an effective
way to improve motivation and engagement for people with
Down syndrome in learning settings.
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Applications of VR are proliferating in psychology, health care,
and education [9]. Weiss et al [10] and Yalon-Chamovitz and
Weiss [11] were few of the first researchers to study the use of
VR to improve the leisure experiences of people with intellectual
disabilities. In these experiments, virtual environments were
found to increase enjoyment and engage participants with
cerebral palsy and an intellectual disability [10,11]. Flat-screen
displays were used to deliver the experience, offering a low
level of immersion. Given these positive early results in people
with intellectual disabilities, it is surprising that there is limited
research investigating the use of modern and more immersive
virtual environments such as head-mounted displays (HMDs).
Modern technology offers new opportunities, and there is reason
to believe that more specific, realistic, and engaging VR
applications may be useful for people with intellectual
disabilities.
HMDs may be preferred over less-immersive displays as it can
provide rich visual experiences that elicit greater feelings of
presence in the user [12]. However, implementing immersive
technology in vulnerable or VR-inexperienced groups needs to
be carefully introduced and monitored for possible negative
experiences specific to that population. People with Down
syndrome, for example, have structural eye abnormalities, which
may diminish their vision even when corrected [13]. There is
a high prevalence of near vision impairments in people with
Down syndrome, and 25%-60% have strabismus [13], which
will affect their visual perception when using stereoscopic
displays. A convergence insufficiency (inability to maintain
binocular function) will likely lead to difficulty seeing depth in
VR, which may also increase the likelihood of a negative VR
experience [14,15].
People with Down syndrome may be predisposed to experience
cybersickness. Cybersickness has been related to a
visual-vestibular mismatch between VR and the real world,
leading to symptoms such as nausea or disorientation [16].
Vergence-accommodation conflicts may also exacerbate
oculomotor symptoms such as eye strain and fatigue [14,17].
It is unclear how enjoyable VR is for people with eye
abnormalities, given many typical users still experience adverse
effects. In addition, people with Down syndrome typically have
difficulties with fine motor skills due to low muscle tone and
joint hypermobility [18], which may present challenges when
interacting in virtual environments. Thus, it is unclear how
suitable using a headset and a handheld controller is. A thorough
investigation of users’ experiences with HMDs is critical.
Self-report measures are typically used to assess VR aftereffects,
though such measures must be interpreted with caution in this
population. Widely reported in the literature are concerns that
people with intellectual disabilities tend to positively self-report
or overestimate their responses [19,20]. For example,
Yalon-Chamovitz and Weiss [11] found in their study on young
adults with cerebral palsy and moderate intellectual disability
that self-reported success and enjoyment in VR significantly
differed from staff observations. Researchers and educators
alike encounter significant challenges in obtaining valid
self-reports from participants with intellectual disabilities owing
to challenges in communication and comprehension, especially
among nonverbal participants [21]. Utilizing methods that do
https://games.jmir.org/2022/2/e34373
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not use complex language, such as observation, may prove to
be more effective when assessing behavior in learning settings.
The aim of this study was to investigate the feasibility and
benefits of VR exposure for people with Down syndrome. To
address this aim, we explored the effect of a brief VR drawing
experience and conventional drawing experience on subsequent
behavior in a learning setting. Drawing was selected as it is a
familiar activity, and participants could engage in free play.

Methods
Design
This study contrasted 2 drawing activities in a within-subjects
design: drawing in a VR application (Tilt Brush, developed by
Google) and conventional drawing. The researcher removed
the participants from the learning setting to complete each
activity. Once completed, the participants returned to the
learning setting for observation. Participants were required to
wait a minimum of 24 hours before completing their second
activity (counterbalanced order).

Participants
Seventeen people (mean age 25.25 [SD 6.61] years) diagnosed
with Down syndrome were recruited from a nonprofit disability
services organization in South Australia. One participant was
excluded as they were unable to complete the VR experience.
Thus, 16 participants were included in the analyses (7 females
and 9 males). All participants in this study were considered to
have a severe-to-profound intellectual disability. The severity
of the intellectual disability was classified on the ability to
perform daily skills as per the Diagnostic and Statistical Manual
of Mental Disorders, fifth edition criteria [22]. All participants
attended a program that aimed to improve life skills in young
adults with Down syndrome. Class sizes varied, though the
number of clients never exceeded 12 per session. At a minimum,
1 support staff member was present per 4 clients. Informed
consent was obtained from the participant, caregiver, and a staff
member at the organization. An easy-to-read consent form with
pictures was developed to ensure that participants clearly
understood what was involved in the study. The appropriate
sample size was calculated using the G*Power 3 software [23].
Yalon-Chamovitz and Weiss [11] found a large effect size for
perceived level of enjoyment in a VR leisure activity in people
with physical and intellectual disabilities. Using a large effect
size (0.80) as an estimate for the power analysis, it was
calculated that for 1-sample 1-tailed t tests, at least 15
participants would be needed to suffice power with α=.05.

Ethics Approval
This study was granted ethics approval from the University of
South Australia Human Research Ethics Committee (202640).

Materials
VR Apparatus
The Oculus Quest (developed by Facebook Technologies, LLC)
was used. Immersive HMDs such as the Oculus Quest enable
users to view a 3D environment that moves in real time
following their movements. Users were required to hold a
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controller to interact within the environment while wearing the
HMD. Corrective glasses were worn in the device if needed.

VR Application
Tilt Brush (developed by Google) was used. Users were
immersed in a 360° virtual environment where they could paint
and observe their artwork in 3D space. A controller was used
to simulate a paintbrush in the virtual environment.

Michalski et al

Choice Paradigm
The researcher asked questions regarding preference of 3
different activities: drawing in VR, drawing on paper, and
watching TV. Questions were phrased in 3 different ways:
1.

Conventional Drawing
Participants were provided a blank A4 paper and their favorite
color pencil.

2.

Measures
Learner Behavior
Learner behavior data were collected from support staff at the
disability services organization. Staff observed participants and
provided ratings for changes on the following 6 factors
(proceeding examples were also listed): (1) mood, (2) attention
(eg, listening to instructions, not distracted, not looking around),
(3) activity (eg, jumping out of the seat, walking around class
inappropriately), (4) impulses (eg, blurting out answers before
questions completed, interrupting others, butt into conversations,
failing to wait turn), (5) anxiety (eg, fidgeting, bite hands/nails,
twitch, pace, shake, hand/feet tapping, tense expression), and
(6) withdrawal (eg, staring blankly, daydream, fiddling with
objects, detached). Fifteen minutes after returning to the learning
setting, 2 staff rated changes in behavior on a 7-point scale
ranging from better (+3) to worse (–3), with 0 being no change.
The 2 rater scores were averaged. Individual subscales and the
total scores (sum of all subscales) were analyzed. The staff
remained blinded to which intervention the participant
completed (ie, VR drawing or conventional drawing). Further,
staff were asked to report any noticeable observations in the
participant’s behavior (ie, reports of sickness or suspicion of
the activity completed). The learner behavior form was adapted
from Part 2 of Mather and Jaffe’s [24] classroom behavior form,
which was designed to observe problem behaviors in a
classroom. This measure demonstrated good internal consistency
in this study (Cronbach α=.72). The learner behavior form used
in this study is available upon request.

Drawing Time
The number of minutes participants opted to remain in each
drawing activity was recorded.

Cybersickness
The researcher asked participants if they were feeling dizzy or
sick. Specifically, the researcher handed the participants a sheet
that stated, “I felt dizzy or sick…” Below this statement, there
were 3 response options: no, not sure, or yes. Each option had
an emoticon underneath, a smiley face, confused face, and a
nauseous face, respectively. Participants were required to select
an option by either circling the response on paper or by saying
the word aloud. The researcher guided the participants through
the question to ensure comprehension.
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Single-choice question: participants provided a yes or no
response to each activity individually, indicating whether
they enjoy the activity and would like to do it again in the
future. The researcher asked, for example, “Do you like
drawing in virtual reality?”
Paired-choice question: participants were asked to select
their favorite activity out of 2 options. The researcher asked,
for example, “What do you like better: drawing in virtual
reality or drawing on paper?” The paired choice was
completed when participants responded to each of the 3
pair combinations. Based on the responses, their favorite
item was determined.
Multiple-choice question: participants were asked to select
their overall favorite out of the 3 activities. Specifically,
the researcher asked, “What is your favorite activity out of
drawing in virtual reality, drawing on paper, or watching
TV?”

Procedure
In a counterbalanced order, participants completed 2
interventions: VR drawing and conventional drawing.
Participants were not given specific instructions on what to
draw, as the researcher indicated they had free time. The range
of options in the VR drawing was replicated in the conventional
drawing as best as possible. For example, in-game sounds and
effects were removed. Furthermore, in both conditions, the
researcher asked participants for their favorite color and that
was the only color used. Participants held only 1 controller and
1 pencil in each experience. Similarly, participants did not have
erasers, and both conditions were completed on a neutral
background.
Participants were instructed that 7 minutes had been allocated
to each activity. Once 7 minutes elapsed, the researcher asked
the participants if they would like to continue for an additional
minute or stop entirely. If participants opted to continue, this
process was repeated at the end of each minute until a maximum
of 10 minutes was reached. Although participants were informed
that 7 minutes had been allocated to the activity, they were
reminded they could withdraw at any time. After both
interventions, the researcher asked the participants if they were
feeling dizzy or sick and recorded notes.
The choice paradigm was completed following the second
intervention, where the researcher asked the single-choice,
paired-choice, and multiple-choice questions. Physical props
were used (ie, VR headset, paper and pencils, and an image of
a TV) to ensure participants understood the questions.
Following completion of each activity, learner behavior data
were collected. Two assigned staff members were asked to
observe the participant for 15 minutes upon returning to the
learning setting. Then, the staff members were asked to complete
the learner behavior form by providing independent ratings
based on their observations. Staff were asked to note if they had
a suspicion what activity the participant completed. Staff carried
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on with the regular class routine, which means they may have
worked with multiple clients simultaneously.

2.28] minutes) and conventional drawing (mean 7.5 [SD 2.03]
minutes; t15=0.6; P=.54; Cohen d=0.16).

Results

Learner Behavior

Feasibility
Twenty-two people were invited to participate, but only 17
agreed. VR exposure was highly feasible in this sample, with
16 out of 17 participants able to complete the VR activity. One
participant was excluded as they did not engage in the task and
were nonresponsive; therefore, the researcher opted to
discontinue the experience. Two out of 16 participants (13%)
elected to end the VR experience before the allocated time
expired. Five out of 16 participants (31%) reported
cybersickness symptoms after VR exposure. The researcher
followed up on the participants’ symptoms: 3 reported eye strain,
1 reported dizziness, and 1 was unable to provide further
information. All symptoms reported were mild and short-lived,
as there was no evidence of discomfort during observations (15
minutes after the exposure). A paired-sample t test revealed no
difference of drawing time between VR drawing (mean 8.0 [SD

A series of paired-samples t tests were conducted to assess
whether there were significant differences in learner behavior
following the VR drawing and conventional drawing
interventions. Paired-samples t tests revealed no significant
differences between the 2 interventions (Table 1).
A series of 1-sample t tests were conducted to assess whether
the interventions changed behavior from 0 (representing no
change, Table 2). One-sample t tests revealed that the total score
of learner behavior was significantly different from 0 for VR
drawing (P<.001) and conventional drawing (P=.002)
interventions. Mood and attention scores were also significantly
different from 0 after both interventions. Notably, the effect
sizes were large following the VR intervention and bigger in
comparison to that following conventional drawing.
Furthermore, activity scores increased after VR, while
withdrawal scores increased after conventional drawing.
Nonsignificant differences were found in the remaining
variables.

Table 1. Learner behavior differences between virtual reality drawing and conventional drawing interventions.

a

Variable

Mean (SD)

t value (df)a

P value

Cohen db

Mood

0.61 (0.5)

–0.131 (15)

.89

0.03

Attention

0.66 (0.4)

–0.324 (15)

.75

0.08

Activity

0.17 (0.2)

0.863 (15)

.40

0.21

Impulses

0.22 (0.3)

–0.307 (15)

.76

0.07

Anxiety

0.19 (0.3)

–1.103 (15)

.29

0.27

Withdrawal

0.23 (0.3)

–1.454 (15)

.17

0.36

Totalc

2.08 (1.4)

–0.648 (15)

.53

0.16

Instances of negative t values indicate higher scores in conventional drawing as compared to those in virtual reality drawing.

b

Cohen d effect size interpretation: 0.2=small effect size, 0.5=medium effect size, and 0.8=large effect size.

c

Total score indicates the sum of all subscales.

https://games.jmir.org/2022/2/e34373

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34373 | p.98
(page number not for citation purposes)

JMIR SERIOUS GAMES

Michalski et al

Table 2. Learner behavior differences for each variable in each intervention.
Mean (SD)a

t value (df)

P value

Cohen db

Virtual reality drawing

0.59 (0.5)

4.842 (15)

<.001 c

1.21

Conventional drawing

0.63 (0.8)

2.953 (15)

.01 c

0.74

Virtual reality drawing

0.63 (0.5)

5.371 (15)

<.001 c

1.34

Conventional drawing

0.69 (0.6)

4.198 (15)

<.001 c

1.05

Virtual reality drawing

0.25 (0.4)

2.449 (15)

.03 c

0.61

Conventional drawing

0.09 (0.4)

0.899 (15)

.38

0.22

Virtual reality drawing

0.19 (0.4)

1.861 (15)

.08

0.46

Conventional drawing

0.25 (0.6)

1.732 (15)

.10

0.43

Virtual reality drawing

0.09 (0.4)

1.000 (15)

.33

0.25

Conventional drawing

0.28 (0.5)

2.058 (15)

.06

0.51

Virtual reality drawing

0.09 (0.3)

1.379 (15)

.19

0.34

Conventional drawing

0.38 (0.6)

2.423 (15)

.03 c

0.61

Virtual reality drawing

1.84 (1.5)

5.020 (15)

<.001 c

1.25

Conventional drawing

2.31 (2.5)

3.720 (15)

.002 c

0.93

Variable, intervention
Mood

Attention

Activity

Impulses

Anxiety

Withdrawal

Totald

a

A mean score of 0 represents no change. Higher scores reflect better behavior. If the blinded staff members guessed the activity a participant completed,
they were correct only at chance level (17/32, 53%).
b

Cohen d effect size interpretation: 0.2=small effect size, 0.5=medium effect size, and 0.8=large effect size.

c

Significant values (P<.05) are italicized.

d

Total score indicates the sum of all subscales.

Self-reported Activity Preference
Twelve participants responded to the choice paradigm. The
remaining 4 participants were unable to complete the choice
paradigm as they were nonresponsive to the questions.
Regarding single stimulus responses, all participants provided
a yes response for both VR and conventional drawing, indicating
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their enjoyment of each activity. Figure 1 shows the percentage
of participants’ responses in paired and multiple-choice
responses. Five out of 12 participants (42%) who completed
the choice paradigm were inconsistent upon a comparison of
their paired choice and multiple-choice responses. The alluvial
plot highlights the inconsistency in the participant’s self-report
when asking questions in different formats.
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Figure 1. Alluvial plot showing self-reported activity preference for virtual reality drawing, conventional drawing, and watching TV under different
formats (paired choice versus multiple choice). The alluvial plot highlights the percentage of participants who had an inconsistent response when asked
about the same topic (activity preference) in a different way. VR: virtual reality.

Discussion
Overall, learner behavior was found to improve after both VR
drawing and conventional drawing in people with Down
syndrome and a severe-to-profound intellectual disability. As
assessed by blinded staff members, there was no evidence that
one intervention was more effective than the other. Perhaps
participants found the break from the learning setting most
valuable, irrespective of the activity. Although the total score
of learner behavior significantly improved, not all factors
improved. After both activities, considerable improvements
were found for mood and attention, while the differences for
impulses and anxiety were nonremarkable. Impulsiveness is
rigid and perhaps less likely to change from a brief intervention.
Attention deficits in people with Down syndrome are well
documented, though effective ways to improve them are less
understood. The findings from this study are encouraging, as
10 minutes or less of conventional and VR drawing improved
learner behavior, which may subsequently improve learning
success.
It stands to reason that there is scope to amplify the observed
positive effects. First, drawing is likely not the preferred activity
for all participants. An advantage of VR is to easily tailor an
experience or activity to the specific preferences of a user.
Perhaps being more selective with the activities could have
improved engagement and the subsequent effects on behavior.
Second, some participants may have preferred clearly structured
activities as opposed to free play as this is more common at the
organization. Third, the researcher removed participants from
the learning setting at any time to start the activity. It may have
https://games.jmir.org/2022/2/e34373
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been more effective to conduct the intervention during instances
when participants were exhibiting poor or undesirable learning
behavior. Consideration of these factors is an important direction
for further study.
The key aim of this study was to assess the feasibility aspects
of using VR in people with Down syndrome. Of the 22 people
invited to participate, 17 agreed, indicating the willingness of
the participants and their guardians to participate in research
using VR technology. Sixteen out of 17 participants were able
to engage in the VR activity successfully. The findings from
this study demonstrate the feasibility of VR use in young adults
with Down syndrome and severe-to-profound intellectual
disability. Overall, VR was tolerated well. Of the 16 participants,
2 (13%) elected to end the VR experience before the allocated
time expired, and 5 (31%) reported visual discomfort symptoms
after VR, including eye strain and dizziness.
Given that participants’ verbal abilities were limited, they were
not able to clearly quantify the severity of their symptoms.
Behavioral observations were therefore essential to detect if
participants appeared distressed after exposure to the
intervention. During these observations, no staff member
reported unusual behavior or other significant concerns.
Furthermore, behavior in the learning setting improved. We
take this as good evidence that there were no serious negative
effects of VR exposure. If many participants were sick, we
would expect to see a negative impact on behavior. Yet, we
found the opposite. The improved ratings and lack of distress
identified in behavioral observations indicate acceptable levels
of cybersickness in this study, as all symptoms were mild and
short-lived. It is important to note that participants may have
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presented with greater positive behavior despite negative
aftereffects owing to a novelty effect, as this was perhaps their
first time using VR technology. It remains an open question to
what degree a novelty effect contributed to the results.
Although there were no obvious major concerns of
cybersickness, it is highly recommended that the interpupillary
distance (IPD) be measured and adjusted in headsets to reduce
the likelihood of visual discomfort. IPD is the distance between
the pupils of both eyes, which facilitates the correct positioning
of VR headset lenses. IPD range is essential for optimal image
quality, comfort, and has been related to cybersickness in HMDs
[25]. In VR, specific points on the lenses must coincide with
the center of each eye’s pupil (visual axis) for the display image
to be in focus [25]. In our study, participants were unable to
adjust the IPD in VR. If a VR headset does not allow such eye
lens alignment, eyestrain and headaches can be expected [25].
It is plausible that the user’s inability to adjust IPD in this study
contributed to the experiences of cybersickness.
There was a large variability found between participants’
abilities in understanding instructions when using the device.
In this study, participants engaged in a simple activity by using
basic functions on a handheld controller. The authors note that
basic functionality in the application was restricted as 2
controllers are typically used to select in-game options. It is
unclear if the success found in this study would translate to VR
tasks that require more complex interactions, as it was found
that many participants needed assistance before engaging in the
task independently.
The choice paradigm was designed to assess self-reported
activity preference; yet, this measure’s findings highlight a more
significant issue. It was found that 5 out of 12 participants (42%)
provided inconsistent responses when selecting their preference.
For example, a participant may have selected activity A as
preferred over activities B and C during the paired-choice
options, but when asked to select their favorite overall, they
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selected B. This measure highlights the difficulty of obtaining
valid self-report measures in people with Down syndrome [19].
Objective measures are critical for assessing the safety of VR
for this population. Standardized measures such as the simulator
sickness questionnaire [26] are typically used to capture
cybersickness. Stereoacuity measures would also help measure
stereovision (the ability to perceive depth), which is another
essential component for an enjoyable VR experience. However,
there are no suitable and standardized measures for this group.
Despite the challenges with self-report in this population, it is
important that measures of cybersickness and stereoacuity are
not neglected. Valid assessments are needed that accommodate
the language barriers in this sample.
This study’s results are encouraging, as VR usage was found
to be highly feasible for people with Down syndrome.
Participants enjoyed the VR experience and engaged in the task
well. There were some experiences of cybersickness; however,
all were mild and short-lived. Large positive effects were found
for a brief drawing experience to improve overall learner
behavior following both VR and conventional interventions.
This suggests that immersive VR exposure may provide similar
benefits to traditional (paper and pencil) options. For researchers
and educators interested in using VR in similar samples, it is
recommended that measures are carefully operationalized and
there is limited reliance on self-report. Assessing cybersickness
is essential to ensuring that users engage in a positive VR
experience. An observation checklist worked well in this study
to determine the frequency of positive and negative behaviors
after exposure to the VR intervention. In this experiment, VR
was used as a tool for leisure. Based on the success identified
in this study, researchers could investigate the potential for
people with Down syndrome to complete tasks and develop
real-world skills via training in VR. VR provides promise as a
tool to practice real-world skills in a safe, repeatable, and
controlled environment [27], though further research is required.
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Abstract
Background: Many teachers consider it challenging to teach children with autism spectrum disorder (ASD) in an inclusive
classroom due to their unique needs and challenges. The integration of information communication technology (ICT) in the
education system allows children with ASD to improve their learning. However, these ICT tools should meet their needs to lead
a productive life.
Objective: This study aimed to examine the possibilities of re-creating and adapting digital content to improve the learning of
numeracy among children with ASD in inclusive school settings.
Methods: We conducted 7 focus group discussions (FGDs) with 56 teachers from 7 schools and 14 parents from April to
November 2019. Each of the FGDs took around 1 hour. Two clustered sets of questions were used: (1) general knowledge about
teaching children with ASD and (2) analysis of selected online educational video content of early math (specifically, counting
numbers). The researchers used video to understand current methodologies used in teaching children with ASD, possibilities of
adaptation of the content in the current teaching environment, future challenges when the content is adapted, and possible solutions
to overcome those challenges. All data, including audio recordings, field notes, and participants’ comments, were transcribed,
recorded, and analyzed following the steps recommended in qualitative data analysis.
Results: The researchers identified ten themes from the analysis of the data: (1) awareness of the existence of ASD among
children in schools and the community, (2) acceptance of children with ASD in an inclusive classroom and the community, (3)
methods and models used when teaching children with ASD, (4)realia used to improve the learning of children with ASD, (5)
the design of educational digital content, (6) the accessibility of online educational content, (7) quality of the content of the
educational multimedia, (8) the opportunity of using the translated and re-created content inside and outside the classroom, (9)
the relevance of the digital content in the Rwandan educational system, and (10) enhancement of the accessibility and quality of
the digital content. We found that participants assumed that the content translation, gamification, and re-creation would help
teach children with ASD. Moreover, they recommended contextualizing the content, increasing access to digital devices, and
further research in the education of different subjects.
Conclusions: Although many studies have identified the possibilities of using ICT to support children with ASD, few studies
have documented the possibilities of integrating the existing technologies tested in the international community. This study is
charting new territory to investigate online content to suit the context of schools. This study recommends further exploration of
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possible methodologies, such as applied behavior analysis or verbal behavior therapy, and the development of contextualized
technologies that respond to the educational needs of children with ASD.
(JMIR Serious Games 2022;10(2):e28276) doi:10.2196/28276
KEYWORDS
autism; learning; ICT; e-learning; education; children; ASD; teaching; teachers; communication; communication technology;
online content; Rwanda; gamification; school; school-age children; behavior

Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that appears during the developmental period when the
accommodation process starts [1]. The prevalence of autism
has increased in recent years, and many people with this
condition live in low- and middle-income countries, while only
about 1% of research studies have represented these countries
in the past decade [2]. The situation is especially disappointing
for children with autism, who have specific needs and different
behavioral patterns in sub-Saharan Africa than in developed
countries.
Children with disabilities face challenges when learning in an
inclusive environment [3]. These challenges become critical for
children with ASD [4]. More than half of children with learning
disabilities enrolled in primary education in Rwanda drop out
of school at an early age [5].
According to the National Commission for Persons with
Disabilities (NCPD) and National Commission for Children
(NCC) [6], few centers care for children with disabilities,
because the cost of education for children with ASD is still high,
making it difficult for them to continue with their studies. Some
schools and centers are still facing the problem of accessing
information communication technology (ICT) tools to improve
the learning of children with ASD. However, a good number
of primary education schools are equipped with computers
obtained through initiatives such as One Laptop per Child [7]
and the Computer on Loan scheme [8]. These initiatives created
the opportunity to use technology to enhance students’ learning
regardless of their level of learning ability. Several studies [9-12]
have shown that ICT integration in the classroom supports
children with ASD and other developmental disabilities.
The Rwanda Ministry of Education [13] has developed a
competence-based curriculum framework with 7 key
competencies: literacy, numeracy, ICT, citizenship and national
identity, entrepreneurship and business development, science
and technology, and communication in the official languages.
Literacy and numeracy are basics to accessing learning in other
subjects. The Rwanda competence-based curriculum states that
all children must be equipped with skills in computing at the
end of the basic education program. They should also be able
to use numerical patterns and relations to solve problems related
to everyday activities, for example, in commercial contexts and
financial management, and interpret basic statistical data using
tables, diagrams, charts, and graphs [14].
Children with ASD may enjoy basic arithmetic if the content
is gamified using multimedia [10]. According to Spek et al [11],
gamification of content for the learning of children with ASD
https://games.jmir.org/2022/2/e28276

XSL• FO
RenderX

brings the opportunity to overcome limitations on accessibility
by fostering independence and assisting the children in social
relationships. Moreover, ICT has made the internet one of the
best resources for discovering entertaining activities that teach
and excite children with different learning disabilities.
Educational websites such as IXL Worldwide [12] and Khan
Academy [15] provide content to support the learning of children
with learning disabilities, including dyslexia, dysgraphia,
attention deficit and hyperactivity disorder, and visual-motor
deficit. The introduction of gamification in Khan Academy
videos has proved promising to bring new ways of engaging
students with activities and providing valuable data for teachers
[15,16]. Moreover, several studies [17-19] have shown that
online content for teaching mathematics positively impacted a
variety of learning environments. However, there is no research
on using digital tools for intervention in children with ASD to
improve their learning of numeracy skills.
Studies by Abubakar [20] and Onaolapo [21] indicate that few
studies have focused on technology and education in ASD in
sub-Saharan Africa. Thus, existing online content has yet to be
investigated for its ability to support the learning of children
with ASD in Rwanda. This study aimed to analyze how to adapt
the available digital content to enhance numeracy learning for
children with ASD in inclusive school settings.

Methods
Design and Setting
This thematic content analysis study was conducted from April
to November 2019 to examine how to adapt digital content to
improve learning for children with ASD in Rwanda by
developing a tailor-made educational mobile app [22]. The
researchers recruited 70 participants, including 56 teachers and
14 parents, from a total of 7 schools, including 5 in urban areas
and 2 in rural areas. Only 2 of the urban schools were in Kigali,
the capital of Rwanda: Autisme Rwanda and Groupe Scolaire
(GS) Jabana; the remaining 3 were from different urban areas
in upcountry provinces: HVP Rwamagana (Eastern Province)
and Ubumwe Community Center (Western Province). College
des Amies de la Paix du Christ Roix (APAX), Janja (Northern
Province), and APAX Muramba were in the country’s rural
areas.
Within the group of teachers, there were 32 males and 24
females, and in the group of parents, there were 6 males and 8
females. The teachers taught subjects including mathematics,
elementary science and technologies, social sciences, and
languages.
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The researchers selected the schools based on data from the
National Commission of Persons with Disabilities [6] and our
previous study [9]. The parents were from the Rwanda Parent’s
Initiative on Autism [23]. The parents were not required to have
a child enrolled in any school, but might have at least one child
with ASD. The inclusion criterion for the schools was that the
school had a program to care for children with any disability.

Data Collection
The researchers used focus group discussions (FGDs) to collect
the data for this study. FGDs were conducted in a separate room
in each school to provide an environment where parents could
give accurate, complete, and sincere answers during the
discussion. The questions in the interview guide fell into two
categories: (1) general knowledge about teaching children with
ASD and (2) online video content for early math (specifically,
counting numbers) (Multimedia Appendix 1). The researchers
selected online content from Khan Academy, which focused on
early counting mathematics, based on its audiovisual features,
as these can aid learning for children with ASD. The researchers
projected the selected educational video on a screen, and the
participants discussed the design layout and possible
modifications to adapt it to the education of children with ASD
in the Rwandan context. The parents participated only in
discussing the online video content for early math. The
researchers chose to mix the questions according to the mission
of the visited school or center. The interviews lasted for 1 hour;
records and related soft copies were kept confidential and were
saved on a physical drive. In contrast, hard copies of the signed
consent forms were kept safe in the principal investigator’s
office.

Data Analysis
In the analysis of the data, the researchers followed the six steps
of thematic content analysis recommended by Jugder [24] and
Caulfield [25]: (1) familiarization, (2) coding, (3) generating
themes, (4) reviewing themes, (5) defining and naming themes,
and (6) writing up. The researchers used conceptual reliability
to ensure the validity and reliability of the data at every step of
the analysis of the coded data by involving 18 teachers and 6
parents in coding and reviewing data [26].
We followed inductive, descriptive thematic analysis of the
FGD transcripts, following several steps. Firstly, transcripts
were read and reread to establish familiarity with the data. Then,
initial codes that captured features of interest and importance
to the research questions were identified. Next, a coding
framework was developed by collating initial codes to create
candidate codes that meaningfully described the overall patterns
of participant responses in the data. Next, researchers and
representatives of the participants reviewed the transcripts to
ensure that the coding framework captured participant responses.
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The team then coded the transcripts line by line to collate all
instances of patterns identified in the data. Finally, the team
collapsed the candidate codes to produce higher-order themes
that were then read for patterns of similarity and divergence
within and across each theme.
In the coding and review of themes, the researchers, teachers,
and parents answered the following questions: (1) Did we skip
any relevant information? (2) Do these themes represent the
data? and (3) Could any modifications make the theme better?
In this process, we split some themes and created new ones to
make them more valuable and accurate. Only researchers wrote
up the final manuscript, which was the last step of data analysis.
Data management was supported using the qualitative software
program NVivo (version 9; QSR International) [27]. Participant
demographic data were analyzed using SPSS-23 (IBM) [28].

Ethics Approval
Trained researchers from the University of Rwanda collected
the data from the participants. The research project passed
through the college ethical committee by following the
established process [29]: (1) presentation of the research
proposal, (2) submission of the application and tools to be used
for ethical research clearance, and (3) review and approval of
the application by the ethical research committee (review
number 01/P-CE/635/EN/gi/2019) (Multimedia Appendix 2).
The researchers also obtained formal informed consent from
the parents and teachers using the approval form (Multimedia
Appendix 3).

Results
Participant Characteristics and Themes Identified by
the Analysis
Table 1 and Table 2 show the demographic characteristics of
the parents and teachers, respectively, who participated in the
study.
From the thematic analysis of the interview transcripts captured
during 7 FGDs, the researchers identified the following themes:
(1) awareness of the existence of ASD among children in
schools and community, (2) acceptance of children with ASD
in an inclusive classroom and in the community, (3) methods
and models used when teaching children with ASD, (4) realia
used to improve the learning of children with ASD, (5) the
design of educational digital content, (6) accessibility of online
educational content, (7) quality of the content of the educational
multimedia, (8) opportunity of using the translated and
re-created content inside and outside the classroom, (9) the
relevance of the digital content in the Rwandan education
system, and (10) enhancement of the accessibility and quality
of the content.
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Table 1. Sociodemographic characteristics of the parents by location.
Characteristics

Kigali City

Eastern Province

Southern Province

Northern Province

Western Province

Male

2

1

1

1

1

Female

4

1

1

1

1

Total

6

2

2

2

2

Less than 20 years

0

0

0

0

0

Between 20 and 25 years

0

0

0

0

0

Between 25 and 30 years

0

0

0

0

0

More than 30 years

6

2

2

2

2

Total

6

2

2

2

2

Gender, n

Age, n

Table 2. Sociodemographic characteristics of the teachers by school.
Characteristics

HVP–Gatagara
Kigali

HVP–Rwamagana

APAX–Janja

APAX–Muramba Ubumwe Community Center

Autisme
Rwanda

GS Jabana

Male

2

2

4

3

2

5

6

Female

6

6

4

5

6

3

2

Less than 20 years

1

0

1

2

1

0

0

Between 20 and 25 years

5

6

5

4

2

3

3

Between 25 and 30 years

2

1

1

1

1

3

2

More than 30 years

0

1

1

1

4

2

3

Total

8

8

8

8

8

8

8

Less than 5 years

4

4

5

7

8

8

5

Between 5 and 10 years

2

3

3

1

0

0

3

Between 10 and 15 years

1

1

0

0

0

0

0

More than 15 years

1

0

0

0

0

0

0

Total

8

8

8

8

8

8

8

Mathematics

5

3

4

6

3

4

3

Science related

1

2

1

1

2

2

2

Social sciences

0

2

1

0

0

1

1

Languages

2

1

2

1

3

1

2

Gender, n

Age, n

Years of experience, n

Subjects taught, n

Awareness of the Existence of ASD Among Children
in Schools and the Community
When asked about the presence of ASD among children
registered in their classes, 24 of the 56 teachers (43%) reported
that they were not aware of ASD among their students because
they manifest different behaviors. ASD is a spectrum, and can
range from low to high functioning ASD; not all children with
ASD are the same. Unfortunately, this makes educators confuse
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children with ASD with children with other cognitive
disabilities.
ASD is not yet well known in the Rwandan community, which
results in various misunderstandings of the behavior of children
with ASD in families. Eight teachers suggested that diagnosing
children before they begin school could facilitate them in
identifying teaching methods and content for children who may
have ASD. One parent reported never knowing what ASD was
before confirming his child’s diagnosis at a hospital. The
increase of qualified medical personnel in all hospitals with
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professional diagnostic tools and collaboration with educators
is a solution to raise awareness of ASD in schools to prepare
personalized learning materials for children on the autism
spectrum.

Acceptance of Children With ASD in an Inclusive
Classroom and Community
In the sample of teachers who participated in the FGDs, 32 of
56 (57%) teachers reported difficulties teaching children with
ASD in the same classroom as children without cognitive
disabilities. The behavior of children with ASD is a factor that
creates difficulties in accepting children with ASD in all schools.
However, some participants reported including children with
ASD in schools when educators received training in special
education for children with ASD and personalized teaching
material. The teachers also said that trained educators and
teaching aids were more effective if they integrated assistive
technologies into their teaching and learning activities. The
integration of assistive technologies such as with ICT when
teaching children with ASD could bring greater success to the
inclusion of children with ASD in the Rwandan education
system.

Methods Used When Teaching Children With ASD
This theme elucidated models used to support children with
ASD in the educational environment. Teachers understood how
to apply the applied behavior analysis model in a classroom
environment and were trying to implement strategies to motivate
children with ASD to stay focused while learning. Eight of 56
teachers (14%) reported that children with ASD needed quick
motivations, such as giving them specific objects that they liked
that were available in the school environment. Teachers could
also provide personalized content to aid learning for children
with ASD. For example, when asked what methods helped
pupils get to grips with mathematics, teachers reported that
games were the best approach to stay focused and engaged in
the classroom. The introduction of games brought freedom to
the children to work on the given task and join different groups
of children. This approach enabled them to socialize with others
and enhanced teamwork in inclusive class settings. Most
teachers reported that providing personalized content and
creating an environment conducive to learner interaction could
help reveal the learning abilities of children with ASD and
develop their inner talents.
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The Use of Realia to Improve the Learning of Children
With ASD
This theme involved using various objects to provide
contextualization in the education of children with ASD.
Providing a connection to the school’s physical environment
allowed students to better understand the content of the subject
they were learning. When asked about the objects used in
teaching children with ASD, 40 of 56 teachers (71%) responded
that they used real examples of objects available in schools to
replace the models in the curriculum syllabus. The strategy of
contextualization of content helps children to understand the
topic planned in the curriculum.
All teachers (100%) reported that educational videos were an
alternative to support unconscious learning among children with
ASD when they were out of class. Combining traditional
teaching methods with ICT-enabled teaching methods in
inclusive learning among children with and without ASD is the
best approach to provide an equitable education to all children.

The Design of Educational Digital Content
This theme explored the design of the content of the selected
website. Teachers reported that it was their first time browsing
the Khan Academy website, even those familiar with other
websites for finding educational resources. Despite the excellent
layout of the website, participants suggested explanations of
some abbreviations, such as “SAT,” “LSAT,” and “MCAT,”
among others. Figure 1 shows further examples of these
abbreviations. All teachers (100%) appreciated the content
categorization on the course page. Categorizing the cognitive
level of children supports education in Rwanda from preschool
to higher education. This might bring an early, positive impact
when teaching children with ASD.
All 14 parents (100%) reported that their children could not
follow the formal education system and recommended using
the examples and images available in their families when
designing a web interface for children with ASD. The
contextualization of content by creating an intellectual need for
information and skills could help children with ASD learn
through practice to prevent them from losing attention. In
addition, developing the visual and hearing senses of children
with ASD could help the designers of digital content to better
enable them to learn.
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Figure 1. Khan Academy platform [15].

Accessibility of Educational Digital Content
Access to digital content is helpful to support the education of
learners with ASD. Educational videos hosted on YouTube
channels are made accessible by internet connectivity. Users
can download video content from YouTube and use it offline.
This option is better for schools that have low internet
connectivity. Among the teachers, 16 of 56 (29%) from schools
in rural areas reported barriers to accessing online content due
to poor internet connectivity and recommended increasing the
bandwidth of their internet connection, despite the possibility
of downloading the videos and playing them offline. Teachers
reported that the reliability of the web interface was a driving
factor for adaptation of online content for the education system
in Rwanda. The 56 teachers and 14 parents also recommended
developing digital content that could be accessed offline as a
mobile application.

Content Quality of Educational Multimedia
YouTube is a video-sharing platform used by many online
education websites to provide educational content to various
users. Professionals from other domains create the videos; some
of them are published under a Creative Commons license to
allow users to adapt or re-create them. In this study, participants
suggested content re-creation to meet the Rwandan context. All
56 teachers (100%) reported that educational digital content
could support children with ASD when designers adapt the
content to the local context.
Teachers and parents argued that the translation of the content
into the local language could bring a positive impact not only
to the learning of children with ASD, particularly literacy and
numeracy, but also to nondisabled children who are interested
in using educational digital content and children who are not
registered in schools. This strategy is crucial, because 13 of 14
parents (93%) did not know English, and 42 of 56 teachers
(75%) had difficulty using English. The translation and
re-creation of content to be adapted for the local context might
https://games.jmir.org/2022/2/e28276
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be an excellent approach to integrate ICT into the education
system and improve the learning of children with various
cognitive disabilities in Rwanda.

Opportunities to Use Translated and Re-created
Content Inside and Outside the Classroom
This theme elucidated the opportunity to use the re-created and
translated content to upgrade the current education system to
international standards. All 56 teachers and 14 parents reported
that Khan Academy’s content could help teach basic
mathematics to children with ASD because of the availability
of interactive videos. In the parent group, 13 of 14 (93%)
reported that the content was useful in helping their children be
engaged when they were at home. Teaching children with ASD
in the local language has greater advantages than teaching in a
foreign language, as this creates a deficit in communication. In
addition, the translation and adaptation of international content
can bring new opportunities to all children to learn the same
content prepared by globally recognized experts in different
fields.

The Relevance of the Digital Content in the Rwandan
Education System
Of the 70 total participants in this study, all the teachers (56/70,
80%) and parents (14/70, 20%) welcomed the implementation
of technology-enhanced content in teaching. The teachers
reported that digital educational material was essential in
preventing cognitive overload and providing content. However,
ICT adoption in education needs strategies and financial
investment to obtain positive results. Among the teachers, 16
of 56 (29%) suggested that these strategies could include training
educators in digital content in teaching and learning, as well as
improving infrastructure. The availability of offline content is
considered a solution to bridge the gap in internet access
between urban and rural areas in Rwanda. However, this is not
a perfect solution, as some schools still report a lack of digital
devices to play the content offline. Adopting mixed digital and
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traditional learning methods could enable children to learn
despite a lack of digital devices.

Enhancement of the Accessibility and Quality of the
Content
In the FGDs, 65 of 70 (93%) participants suggested further
online teaching for children with ASD. Teachers criticized the
researchers’ content during a contextualization exercise for
teaching early mathematics [30] in data collection. The
narrator’s voice in the videos was also not well understood by
the teachers. The participants suggested replacing the narrator

Ntalindwa et al
with a speaker of a local language. The teachers and parents
suggested the re-creation of the content to add examples of
situations that the children encounter in their everyday lives.
Figure 2 shows the interface for early math (counting).
Teachers suggested that re-creating the content of this lesson
to better suit the Rwandan teaching environment would provide
personalized material to improve the learning of children with
ASD in an inclusive environment. Participants also
recommended a subscription model for the re-created content
to improve its accessibility.

Figure 2. Interface for early math (counting) [17].

Discussion
Principal Results
The findings of this study indicate the possibility of using digital
content in the education of children with ASD. The themes
reported in the results section show that integrating multimedia
content can increase access to education for children with ASD
[9]. This is possible if educators are aware of children with ASD
in their schools and adopt methodologies that help these learners
stay focused [31]. This could increase the acceptance of these
children in mainstream schools [18].
The development of various models to support children with
ASD [32], as well as computer-assisted educational content
[19], is progressing rapidly in various domains. Nevertheless,
such research needs to computerize existing methodologies and
content in an individualized context. A study by O’Malley et
al [33] reported that educational software for children with ASD
must respond to specific interests and developmental needs. In
addition, the interface for such software must be as interactive
as possible to most effectively facilitate learning in children
with ASD [34].
Teaching basic numeracy to children who have a deficit in
communication, such as those with ASD, is more possible when
the content is gamified using multimedia technologies [16]. All
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participants in this study used games when teaching various
subjects in class. Educational videos are essential to improve
the learning of children with ASD [35,36] (Multimedia
Appendix 4). After watching the Khan Academy content used
in this study [17], the teachers reported that integrating content
after it was re-created could allow learners with ASD to
participate in an inclusive classroom [30].
This study evaluated Khan Academy content [17] on the
YouTube platform [37], which has gamified content delivered
in educational institutions. A study by Baker et al [38] found
that integrating multimedia content improved learning for
various subjects [39]. Participants in the present study suggested
re-creating the Khan Academy content to meet the school
environmental context.
This study was carried out before the COVID-19 pandemic
became a crisis in Rwanda [40]. However, our results
demonstrate that online content could help educate children
with ASD during and after the COVID-19 crisis. A study by
Stenhoff et al [41] documented the possibility of supporting
children with ASD through distance education during school
closures. The availability of digital content for learners with
ASD is also crucial to support remote learning in response to
COVID-19 prevention measures [42].
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The translation of the findings of this study into practice would
be helpful for educators and would enable future research to
address barriers to education for children with ASD by focusing
on the functional abilities of these children, rather than using a
deficit model based on specific diagnoses. Furthermore, enabling
children with ASD to learn mathematics would contribute to
eliminating all causes and obstacles that can lead to disparity
in education, such as gender, disability, and geographical or
social group. This is an objective of the Rwanda education sector
[14].

Strengths and Limitations
This study had many strengths. It reflects the experiences of
teachers who serve to support children with ASD; it was
performed by experienced researchers in education, information
technology, special education, and ASD; and it included schools
from both rural and urban areas. Thus, our findings might allow
teachers to adopt new, different methods and innovative tools
to improve teaching and learning. Nevertheless, this study was
limited by including only a small number of teachers and
parents, making our results hard to generalize to all education
practitioners. Furthermore, we only focused on the subject of
basic numeracy, whereas primary education includes many more
subjects.
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In future studies, all content relating to the existing syllabus
should be explored, and participants should be allowed more
time to test the interface of the software and provide more
detailed opinions. In addition, a longitudinal usability study of
the interface might help uncover long-term advantages and
disadvantages that teachers may experience and enable
adaptation of the curriculum in a way that the first-time
experiences described here could not. Finally, future research
should further explore the development of personalized ICT
solutions for individuals with ASD that respond to their
educational needs.

Conclusions
The study documented the process of contextualization of
technology to make it a better solution that meets the actual
context of its environment. Integrating systems designed by
internationally recognized experts and translating these systems
into a local context could bring innovation in teaching children
with disabilities. This study charts new territory in the
investigation of online content and its ability to match the
context of primary and secondary schools. We recommend
further exploration of methodologies such as applied behavior
analysis and verbal behavior therapy, and we also recommend
the development of contextualized technologies that respond
to the educational needs of children with ASD.
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Abstract
Background: Graduate education in modern diplomacy poses several challenges, as it requires several competencies to be
developed before diplomatic service is joined. Incorporation of simulation games can have a positive impact on the design of
international relations and diplomacy learning process. We have designed a novel role play game (MAEDRI) to simulate part of
the activities of a typical Ministry of Foreign Affairs.
Objective: This study aims to evaluate the effectiveness of MAEDRI in transferring knowledge in international relations
education programs at the National University of Political Studies and Public Administration, Bucharest, Romania, across a 4-year
period.
Methods: The game enrolled master’s level graduate students. The data were collected through a voluntary and anonymous
questionnaire between 2017 and 2020. At the end of each of the 4 editions we organized debriefing sessions that gave students
the opportunity to provide feedback on their experience with this exercise, level of collaboration within the team, lessons learned,
and to make suggestions for improvements. Using an online questionnaire, we measured the participants’ perception regarding
the level of effectiveness in increasing knowledge transfer, motivation, and engagement. Questionnaire data were consolidated
in percentages for each item.
Results: A total of 49 participants completed the study. A total of 24 skills (13 professional and 11 social skills) were assessed.
We identified a strong positive correlation between stress management and conflict management (r=.86; P<.001) as well as
significantly positive correlations between building relations within the team and the ability to dialog and be persuasive (r=.7;
P<.001), between procedure compliance and planning and organizing the work (r=.69; P<.001), and between analysis capacity
and decision based on data received (r=.68; P<.001). Among social skills, self-control, confidence, and flexibility were the most
substantially improved.
Conclusions: We describe several benefits of a novel game, used as an education tool to enhance a series of competencies
necessary in international relations studies. Our results demonstrate a significant level of student engagement and motivation
while playing MAEDRI, improvement of several essential skills, and enhanced knowledge transfer to real-life situations. While
the data are encouraging, further research is needed to evaluate the full impact of role play as an effective experiential learning
method.
(JMIR Serious Games 2022;10(2):e32996) doi:10.2196/32996
KEYWORDS
modern diplomacy; international relations; innovations in learning experience; gamification; serious games; role play design;
knowledge transfer; competency development
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Introduction
International relations and diplomacy are in constant
transformation, mostly as a result of the necessary adaptation
to the digital revolution that has led to the emergence of new
platforms that cover events in real time, while enabling easy
access to global communication. Innovations in teaching
international relations are critical for the success of graduate
programs in these fields, which should remain adaptable and
reflective of the new, constantly evolving trends.
The fundamental mission of education is to transfer knowledge
in various fields and to assess the competencies acquired, by
measuring the ability of students to use in practice what they
learnt theoretically [1,2]. Diplomatic skills are difficult to
acquire exclusively from theoretical information. In addition,
practicing diplomacy is almost impossible without being a career
diplomat, given that diplomatic activities are largely based on
confidential information. Therefore, one of the challenges when
creating successful graduate programs in diplomacy and
international negotiations consists of providing learning
experiences that are as close to real-life scenarios as possible.
To meet some of these challenges, we designed and
implemented an innovative simulation game (SG).
SGs combine the features of serious games and simulation and
have emerged as powerful tools to improve learning outcomes,
by facilitating a better understanding of specific issues, via
simulated experience [3-6]. Garris et al [7] argued that both
serious game design and the gamification of learning increase
learning outcomes, either directly (games) or indirectly through
an alteration of contextual learner behavior. Vlachopoulos and
Makri [8] see the usage of serious games in higher education
as a necessary step forward in pedagogy toward a
student-centered environment. Moreover, gamification has the
potential to enhance motivation and induce behavioral changes,
while fostering team work and promoting friendly competition
in different work contexts [9-11].
Using role play learning and personalized learning to support
the development of different competencies is not a new
educational method, but it is a topic often described in recent
years as a powerful tool to enhance learning by challenging
students’ creativity [12-15]. Dynamic grouping strategies are
effective in enhancing students’ learning [16,17].
A plethora of research studies have supported the use of SGs
as a way to increase motivation, engagement, and learning
outcomes [4,5,7,18-24] by enhancing attention, active learning,
feedback, and consolidation, the 4 main pillars of learning
[5,23].
The class curriculum in international relations courses includes,
almost without exception, different diplomatic simulations.
Published evidence from studies on experiential learning
literature points to several impactful learning aspects of
simulations, such as setting up objectives, creating opportunities
for interactions, or enhancing teaching notes, but there is little
research regarding the students’ perception of relevant skill
development [8,13,16,19]. As young adults, students are often
engaged in cyclical, experiential learning, as described by Kolb’s
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Learning Cycle [25]. As discussed by Duffy [26], individuals
differ in their learning process, how they process information,
and how they assimilate and use it in future actions. Kim [27]
thinks that game theory, together with other behavioral
disciplines, may offer a better understanding of political science
concepts.
When teaching political science, especially diplomacy, one is
confronted with a major challenge—how to develop relevant,
applicable skills, taking into consideration the fact that in
real-life situations (occurring, for example, in ministries of
foreign affairs [MFAs]) there is a tangible need for access to
confidential information. The benefits of using a mix of
personalized learning and role playing in political and social
sciences are well demonstrated in pedagogical literature [27-31].
Hardy and Totman [32] consider that the use of such mixed
approaches in international relations requires discipline-specific
examination. Analyses of international affairs and case studies
are the main tools in the teacher’s toolbox. Online diplomatic
role play or simulations of debates in International Organizations
(such as Model United Nations [UN] or the North Atlantic
Treaty Organization [NATO] Conference model) are the most
common simulations in all universities.
Nevertheless, such simulations are often inadequate because
either they focus on specific situations from the past (and the
students try to adopt the same, obsolete approach) or they use
imaginary situations, designed to promote an understanding of
the internal mechanisms of each diplomatic organization
[33-35]. The question is whether role play simulations in
international relations (online or face-to-face exercises) generate
measurable and meaningful outcomes in developing specific
skills [36-38]. Gamification helps students to better understand
how theoretical concepts could be applied for solving real-life
problems, and whether those skills are retained longer than
classical learning methods [39,40].
To increase the impact of graduate-level education on
diplomacy, we developed MAEDRI, an innovative SG that
simulates parts of the diplomatic activity typically seen in
international relations. We hypothesized that the application of
game elements in learning diplomacy will enhance knowledge
transfer. In addition, we hypothesized that game participants
would develop or enhance social skills necessary for practicing
international relations and be better prepared for their
professional life. Between 2017 and 2020, a total of 150 master’s
level graduate students have played MAEDRI, which was
administered as part of the Diplomacy and International
Negotiation Master’s Program at the National University of
Political Studies and Public Administration, Bucharest,
Romania. All student participants were, at the time of this study,
enrolled in Master’s Programs such as International Relations
and European Integration, Conflict Analysis, Diplomacy and
International Negotiation, and Security and Diplomacy. The
study ran in 4 consecutive annual editions. Our aim was to
evaluate the effectiveness of experiential learning through
gamification, and to assess the impact of MAEDRI on student
preparedness and their ability to develop specific capabilities,
typically used by diplomats in their professional life. Ultimately,
this study examines how gamification can boost students’
competencies in international relations, improve their ability to
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apply theoretical concepts to practice, motivate them, and
enhance their engagement during the educational process.

Methods
Overview
We developed MAEDRI, a new role play game that explores
the interactions between real policy, politics, and students’
capabilities. The game is primarily designed for participants
who are studying international relations or political sciences,
at graduate (master’s) level. The MAEDRI role play has been
organized annually since 2016.

Study Participants
All study participants are graduate students enrolled in master’s
level programs in International Relations, Diplomacy and
International Negotiations, Conflict Analysis, and Security and
Diplomacy at the National University of Political Studies and
Public Administration, Bucharest, Romania.
All participants provided written consent to participate in the
research. A total of 150 students who have played MAEDRI
received a message containing information about the study via
the MAEDRI Facebook group, which was restricted to students
only. The participants were not chosen randomly, and
participation in the research was voluntary.

Ethical Considerations
Per institutional guidelines on survey studies, the Department
of International Relations and European Integration within the
National University of Political Studies and Public
Administration in Bucharest, Romania, deemed that this study
met criteria for exemption from review by the Quality Assurance
Committee.

Study Design

anonymous questionnaire consisting of 9 matrix grid questions.
The questionnaire was administered online, through the
SurveyMonkey platform [41]. Research participants had to meet
the inclusion criterion (ie, participation in one of the MAEDRI
annual editions between 2017 and 2020). The questionnaire
sought feedback on the participants’ perception regarding their
level on several key learning skills, and the extent the acquired
competencies were put in practice in real life during their
university studies and within their current work environment.
In Romania, most graduate students are employed, and work
during their studies. To determine whether the knowledge was
transferred effectively, students were invited to self-evaluate
on a range of professional and social competencies, before and
after the role play simulation.
The questionnaire included response options along a 5-point
Likert scale, ranging from 1 (strongly disagree) to 5 (strongly
agree). The online survey was conducted in accordance with
the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) checklist [42]. The average time to complete the
questionnaire was 15 minutes.

Statistical Methods
Questionnaire data were consolidated in percentages for each
item and analyzed using the MS Excel (Microsoft) data analysis
module.
P-value was determined to validate the results of statistical
analysis. A P-value <.001 was considered significant. Because
of the exploratory nature of this study, we used the Cronbach
α value. A high value for Cronbach α (<.8) indicates a good
consistency of the items in the scale and helps validate the
reliability of the questionnaire (Table 1). A 1-sample 2-tailed t
test against the neutral value in the 5-point Likert rating was
used to assess the responses to the 24 evaluated skills (Textbox
1).

This study evaluated students’ perceptions of effectiveness after
playing MAEDRI. The data were collected through an
Table 1. Normality and scale reliability results.
Skills

P-value

Cronbach α

t statistic (df)

Professional

<.001

.909

8.63 (48)

Social

<.001

.871

5.71 (48)
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Textbox 1. Transferable skills through the MAEDRI game.
Professional skills
•

Searching and filtering information in virtual space

•

Problem solving

•

Task partitioning

•

Assertiveness

•

Attention to details

•

Giving and receiving feedback

•

Decision making based on data received

•

Analysis capacity

•

Change management

•

Planning and organizing the work

•

Writing reports using a diplomatic language

•

Fluency and concision

•

Procedures compliance

Social skills
•

Ability to dialog and be persuasive

•

Building relations within the team

•

Team coordination

•

Self-control and confidence

•

Flexibility

•

Team motivation

•

Initiative and creativity

•

Care for order, quality of work, and accuracy

•

Emotional intelligence

•

Conflict management

•

Stress management

Results
MAEDRI Game Design and Implementation
The preparation of the exercise includes advertising and
promoting the game, selecting the “future diplomats” for
simulated diplomatic missions, allocating the roles based on
their interests and knowledge of different foreign languages,
and promoting the activities on social media (Multimedia
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Appendix 1). The more senior, final-year students assume
management roles at simulated headquarters. A system of
communication and a chain of command are established to send
information and receive feedback (Figure 1). Once roles are
assigned, participants will conduct their research online, to
identify all the relevant local media in their “host country” and
select the most important media websites to generate a balanced
portfolio. Google Translate or similar online tools were
employed for translation to Romanian.
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Figure 1. The organizational chart of the simulated organization - MAEDRI.

Every day during the role play game, the students in simulated
diplomatic missions (N level) were asked to monitor all official
media webpages selected during the preparation period in the
“host” country (Figure 1). They also analyzed, selected, and
filtered the information, focusing on several criteria, such as
the specifics of bilateral relations between Romania and the
country where the simulated diplomatic mission was based; the
political, economic, social, and cultural environment in the
“allocated” country; and the positions expressed by the
representatives of the allocated country regarding the
international topics. The participants were required to provide
a daily written report (with a limit of 400 words per article) by
observing the diplomatic style in terms of language and
concision.

interesting to the public. The decisions were made collectively
in groups of 7-9 students, similar to a newspaper editorial office.

The resulting report was subsequently sent to the next decision
level—the simulated directorates—organized on geographical
or functional criteria by grouping 4-7 simulated diplomatic
missions. “Late” reports, that is, those submitted after the agreed
upon deadline, were generally not considered. Exceptions were
made only for unexpected events occurring in the “simulated”
country.

The skills acquired during role play can be separated into 2
categories: professional and social (Textbox 1).

The chain of command simulates the various divisions of an
ordinary MFA. In the MAEDRI game (Figure 1), we simulate
only 2 management levels: simulated directorates (N+1 level)
and simulated spokesperson cabinet (N+ 2 levels). For the chain
of command, the tasks focused on analyzing and comparing
information obtained from various sources, filtering reports
based on the setup criteria, studying the allocated geographic
space, and compiling the selected information using a diplomatic
language, to finalize the report in a format that is relevant and
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The simulated spokesperson cabinet is the last and the highest
hierarchical structure in the simulated MFA. This structure is
responsible for selecting the most relevant articles received from
the general directorates and publishing them on the MAEDRI
simulated MFA Facebook page (Multimedia Appendix 2, in
Romanian only).
At the end of each edition debriefing sessions were organized
that gave students the opportunity to provide feedback on their
experience with this exercise, level of collaboration within the
team, lessons learned, and to make suggestions for
improvements.

Approximately 10% (5/49) of the respondents participated in
2 successive editions of the role play game (first time as
lower-level “diplomats” in the simulated diplomatic missions
and second time as “diplomats” in a managerial position), but
the online platform used for data collection allowed a single
questionnaire to be completed from the same IP address.

Characteristics of Study Participants
The study involved 49 respondents out of 150 students who
participated in the MAEDRI simulations. The demographic
characteristics of the 49 participants are representative of the
entire group of 150 in terms of sex, age, and work status. Table
2 presents their demographic features, their participation in
MAEDRI simulations, and employment situation.
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Table 2. Descriptive characteristics of participants (n=49).
Characteristics

Value

Sex, n (%)
Male

11 (22)

Female

38 (78)

Age (years), n (%)
20-24

17 (35)

25-30

24 (49)

Over 30

6 (12)

Unknown

2 (4)

Participant in, n (%)
Edition 2017

11 (22)

Edition 2018

8 (16)

Edition 2019

9 (18)

Edition 2020

21 (43)

Employment situation, n (%)
Working in the international relations field

17 (35)

Working in other sectors

20 (41)

Unemployed

11 (22)

Unknown employment status

1 (2)

Correlations of Measurements
A strong positive correlation (Table 3 and Multimedia Appendix
3) was found between stress management and conflict
management (r=.86; P<.001) as well as significantly positive
correlations between building relations within the team and the

ability to dialog and be persuasive (r=.7; P<.001), between
procedures compliance and planning and organizing the work
(r=.69; P<.001), and between analysis capacity and decision
based on data received (r=.68; P<.001). No negative correlations
were found.

Table 3. Most significant correlations.
Skills

Decision making

Planning and organizing

Ability to dialog

the work

and be persuasive

Conflict management

Analysis capacity

0.6851

0.3702

0.3794

0.5543

Procedures compliance

0.2638

0.6908

0.3523

0.2237

Building relations within the team

0.4338

0.3283

0.7016

0.2959

Stress management

0.5739

0.4708

0.3339

0.8568

The MAEDRI Simulation Game Enables Knowledge
Transfer and Improves Professional Competencies
Diplomacy Studies
Most study participants either strongly agreed or agreed that
the role play helped them in developing professional skills in
the field of international relations (Figure 2). Approximately
39% (19/49) of participants either strongly agreed or agreed
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that the simulation helped them to better understand the
theoretical concepts and to put in practice what they learned.
The most remarkable results are observed for searching and
filtering information in virtual space, where 88% (43/49) of
participants strongly agreed and agreed that the role play
simulation improved their competencies. The same tendency
for attention to details was observed, where 73% (36/49) of
participants strongly agreed and agreed.
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Figure 2. Improvement of professional competencies after MAEDRI game.

The MAEDRI Game Enhances Social Skills Necessary
for a Professional Career in International Relations
Regarding social skills (Figure 3), we found the same tendency
as with professional skills, although the approval rates were not
as strong. During the game, several skills were emphasized and
participants recognized that self-control, confidence, and
flexibility were most substantially improved. Participants also
agreed that the ability to dialog and be persuasive, development
of emotional intelligence, care for order, attention to quality of
work, and accuracy were all important skills that were developed
by the simulation. In comparison with professional skills, 53%
(26/49) of respondents thought that the exercise did not improve
their social skills (or had only a minimal impact). This may be
partly explained by the fact that, at least at the master’s level,
students already have several years of working experience, and
those skills may have already been developed in their working
environments. In the second part of the questionnaire,
respondents were asked if they used the specified competencies
in the academic environment or in active life environment. In
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line with our hypotheses, our results show that the competencies
developed by the game are important for preparing the students
for the active life (Figure 4).
We found 3 exceptions where the respondents thought that those
competencies have been slightly more useful in the academic
environment than during their active life. These findings are
obvious, and some competencies, such as searching and filtering
information, writing reports using a diplomatic language, and
analysis capacity, are used intensively during university studies.
The same competencies are found useful in the active life only
by the participants who are working in international
relations–related workplaces.
Regarding social skill usage, we found the same pattern (Figure
5). Although the respondents considered that those skills existed
to a certain extent even before the simulation, an important part
of respondents indicated that the usage of those competencies
was more helpful during their active life. Further research must
be performed to investigate this trend.
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Figure 3. Improvement of social skills after MAEDRI game.

Figure 4. Usage of the acquired professional competencies in the academic environment and in active life.
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Figure 5. Usage of the acquired social skills in the academic environment and in the active life.

Discussion
Principal Findings
We developed the MAEDRI role play game and tested its impact
on experiential learning in international relations and diplomacy
studies. Our results reveal that MAEDRI can be easily
implemented in the curriculum and can serve as an effective
tool to boost knowledge and to form or enhance a series of
competencies transferrable to the professional life. Our studies
cover 4 years of annual simulations and were designed to
analyze mainly the transfer of a number of professional
competencies and social skills. In addition to confirming our
underlying hypotheses, our results demonstrate that the overall
effect of the learning game is in fact more complex and impacts,
albeit at a lower extent, several social competencies. It was
rewarding to observe that some of those achievements were
used not only during but also after the instruction period,
pointing to the game’s potentially long-lasting impact. It is
remarkable that this conclusion is supported even by former
students who ended up choosing a different career path and are
currently not working in international relation–related fields.
Most participants appreciated the role play experience and
provided positive feedback, pointing to their appreciation for
opportunities to apply theoretical concepts into an experiential
learning exercise, which closely mirrors the diplomatic real life.
The success of the MAEDRI simulation was observed in
students’ motivation in maintaining a high level of day-to-day
active participation in the exercise. In this respect, we observed
good competition between different teams, striving to improve
the postreach and postengagement rates of their reports, on the
MAEDRI Facebook page. Our research is in line with the
literature findings [29,43-45], where an increase in engagement
by simulation was demonstrated in teaching political sciences.
Moreover, for students who cannot participate in an internship,
the exercise may generate equivalent competency acquisition.
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The MAEDRI design offers a pragmatic pedagogical opportunity
to demonstrate through experiential learning how diplomacy
works in a day-to-day activity, as well as to engage in teamwork,
enhance coordination within a hierarchical organization, increase
work accuracy, and master time management. This is in line
with how students are guided to discover knowledge through
simulated experiences [46]. The MAEDRI role play simulation
responds to the elements identified by Wilcox [46]: context (the
students learn easier because they recognize the situation),
practice (the exercise allows them to experiment in a safe
manner with the theoretical concepts learned during their college
studies), and experience (the students discover themselves what
are the diplomatic day-to-day tasks). The experiential learning
exercised during the MAEDRI role play focuses on developing
or enhancing a number of capabilities, previously reported to
be essential for political and social sciences [11,27-31].
Additionally, this data collection provides an insight into what
activities are appreciated by the students and determines what
could be done for improvement. The data from 4 consecutive
game editions suggest that role play is a welcome alternative
to the “classical” teaching approach often considered to be too
theoretical by many Romanian students, especially those
majoring in political sciences, international relations, or
diplomacy.
The hierarchical organization that we created generates
interactions between students within each compartment and
between compartments in vertical hierarchies. We acknowledge
that horizontal interactions between compartments situated on
the same level were minimal or even null. This may be explained
by the fact that the students are enrolled in different master’s
programs and even when in the same program, they may be in
different years of study. Additionally, for students who are not
simultaneously enrolled in the same courses, interactions and
collaborations outside the classwork may be more difficult to
establish. This exercise confirmed that tendency, revealing that
participants interacted almost exclusively within their group or
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with colleagues they were acquainted with. Next steps focus on
improving the exercise by enhancing interactions between
compartments of the same rank, to promote the team spirit and
create a feeling of belonging to a wider community within our
university.
This project was designed to evaluate the capacity of our newly
designed MAEDRI role play game to enhance knowledge
transfer and acquisition of key skills for graduate students
preparing for a career in international relations and diplomacy.
Although we used a nonprobabilistic sample, we consider that
the results are relevant to validate the research hypotheses.
The students’ feedback stressed the fact that the exercise reached
its main goal: to allow them to put in practice theoretical
concepts. Moreover, it highlighted the role of this game exercise
as a motivating factor, providing a better understanding of real
diplomats’ tasks and offering a snapshot of real professional
situations where both their hard and soft skills have been
exposed and enhanced. Ultimately, we demonstrate that this
role play exercise had a positive effect on knowledge transfer
and enabled enhancement of several competencies.

Limitations
We acknowledge several study limitations. Because of the small
sample size, this is an exploratory study and further studies with
increased sample size (and control arm including) are needed
to validate these findings. The number of questionnaire

Cercel
respondents represents approximately 33% (49/150) of the total
number of participants and our current focus is on identifying
effective strategies to improve uptake.
We also note that the real impact of certain factors is difficult
to assess; for example, those that might contribute to skill
development in the workplace. Further research will try to
evaluate the influence of such factors in the immediate as well
as in long-term professional development.
Another limitation refers to a lack of control group. Further
research will address this limitation.

Conclusions
In summary, we have designed and implemented a new role
play game and acquired data from 4 consecutive years of annual
simulations. Our study demonstrates that the incorporation of
role play is an effective experiential learning method that helps
graduate students in master’s programs to better understand and
use international relations and diplomacy concepts and enhance
professional competencies. Most study participants provided
positive feedback and the MAEDRI game was easy to
implement. We acknowledge several limitations that must be
considered when evaluating and interpreting the results. Further
steps should be taken to investigate how the simulation exercise
may enhance interactivity between different teams situated on
the same level, and further stimulate the development of social
skills.
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Abstract
Background: It is essential that nurses quickly learn the proper methods for preventing and controlling nosocomial infection
and managing intensive care patients during the COVID-19 pandemic, including the donning and doffing of personal protective
equipment (PPE). Virtual reality (VR) simulation offers the advantage of learning in a safe environment with a sense of realism
similar to that of an actual clinical setting and has been reported to enhance self-efficacy in infection control, safety performance,
and learning satisfaction among students.
Objective: This study aims to develop a virtual reality infection control simulation (VRICS) program regarding donning and
doffing of PPE and respiratory care for pediatric patients admitted to an isolation unit for COVID-19 and to identify the effects
of the program on PPE knowledge, infection control performance, and self-efficacy for nursing students. Additionally, the realism
of the VRICS program and the students’ level of satisfaction with the program were assessed.
Methods: This was a quasi-experimental study based on a controlled pretest-posttest design. Third- and fourth-year nursing
students were divided into an experimental group (n=25) who participated in a VRICS program and a control group (n=25) with
no participation. Data were collected from November 13 to December 10, 2021, and analyzed using descriptive statistics and the
t test, paired t test, Mann-Whitney U test, and Wilcoxon matched-pair signed-rank test. The VRICS program consisted of a
prebriefing, including direct practice of donning and doffing PPE, VR simulation, and debriefing. The VR simulation comprised
3 sessions: donning and inspection of PPE in the dressing room before entering the negative-pressure isolation unit; assessing
for suction care, nasopharyngeal suctioning, and checking of COVID-19 patients in the negative-pressure isolation unit; and
doffing PPE in the dressing room. The total execution time for the program was 180 min.
Results: Compared with the control group, the experimental group showed significantly greater improvements in PPE knowledge
(z=–3.28, P<.001), infection control performance (t48=4.89, P<.001), and self-efficacy (t36.2=4.93, P<.001). The experimental
group’s mean scores for realistic immersion and learner satisfaction were 4.49 (SD 0.50) points and 4.75 (SD 0.38) points (on a
5-point Likert scale), respectively.
Conclusions: The VR simulation training program involving pediatric COVID-19 patients combined skills training effectively
and enhanced theoretical knowledge, respiratory care skills, and infectious disease preparedness. Thus, it could be applied to
training nurses to respond more effectively to public health situations involving infectious diseases, including the COVID-19
pandemic.
(JMIR Serious Games 2022;10(2):e36707) doi:10.2196/36707
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Introduction
Health care professionals, including nurses, who care for
COVID-19 patients, are at direct or indirect risk of exposure to
the virus or other infectious substances. Failure to comply with
the appropriate control guidelines can make them a source of
infection or a mediator that can spread COVID-19 [1]. Despite
the vital role they play, most clinical nurses believe that they
lack experience and knowledge in disaster nursing, such as
COVID-19, and rate their personal emergency preparedness
low [2]. Thus, it is essential that nurses quickly learn the proper
methods, including the donning and doffing of personal
protective equipment (PPE) for preventing and controlling
nosocomial infection and managing intensive care patients
during the COVID-19 pandemic [3]. In line with this, thorough
and systematic education and training are needed beginning at
the nursing undergraduate level. Nursing students need to
experience nursing in actual clinical settings, but they get limited
opportunities to personally observe and practice
COVID-19-related infection control nursing, as well as acquire
sufficient nursing skills. In particular, practicing pediatric
nursing, including care of infants, is even more challenging due
to the increased vulnerability of the child to infection [4].
Therefore, college instructors need to develop curricula to enable
nursing students to cope with infectious diseases. However, a
large gathering of students should be avoided in the middle of
a pandemic to avoid the risk of viral transmission, and thus,
new training methods should be applied. Accordingly, nursing
training programs using advanced technologies are being
developed [5], including a growing trend in virtual reality (VR)
[4,6,7].
VR refers to a technology that creates a simulation of real
surroundings with people actually experiencing an environment
that may be difficult to experience in daily life [8]. VR
simulation-based training deals with virtual patients within VR
space instead of actual patients and thus does not threaten the
safety of patients, allowing the learners to repeatedly practice
comfortably on their own within the virtual space [8]. Moreover,
it is a user-centric learning method that does not depend on
preparations, personnel, and schedule, while allowing the users
to practice various clinical techniques within a safe environment,
unlike conventional high-fidelity simulation [9]. A recent
meta-analysis [10] and systematic review [11] indicated that
the use of VR simulation has the potential to produce
educational outcomes similar or superior to those of traditional
simulation and reported the positive effects of VR on
self-efficacy [4,12] and learning satisfaction [4,12,13] among
nursing and medical students. Meanwhile, there are mixed
results, too, showing that performance increased in the
experimental group [12-14] or there was no difference between
groups [15].
Yu et al [4] developed a VR program for high-risk neonatal
infection control and applied it to nursing students. The results
showed improved confidence in infection control among the
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students, indicating the applicability of VR simulation as a
simulation-based training program for nursing students. The
study also reported that VR simulation offers the advantage of
learning in a safe environment with a sense of realism similar
to that of an actual clinical setting, but without major time
constraints, and how the instructor carries out the lesson.
Moreover, Birrenbach et al [13] compared an immersive VR
simulation with a traditional learning method for a
COVID-19-related skill set. This before-and-after training for
medical students involved the performance of hand disinfection,
nasopharyngeal swabbing, and the donning and doffing of PPE.
The results showed that safe performance scores, such as for
nasopharyngeal swabs, increased more in the VR simulation
group than in the control group. Moreover, VR simulation
provided user satisfaction, while remaining as effective as
conventional learning methods for medical students. Such
findings demonstrated that VR could be a useful tool for
acquiring simple and complex clinical skills.
Meanwhile, prebriefing, with its importance in simulation
emphasized recently [16], is a structured simulation stage before
the scenario stage and is carried out by the instructions of the
simulation moderator based on the experience and knowledge
of the participants. It also includes activities for preparing how
to use equipment or supplies in the simulation processes. It can
also be viewed as a stage for creating a safe and reliable learning
environment to promote participation and help achieve learning
goals [16,17]. Accordingly, this study used prebriefing based
on the self-efficacy theory by Bandura [18] and designed the
program to enhance self-efficacy [19] through dynamic learning
experience by actually performing the actions and proxy
experience from observing the actions of others [20]. Individuals
who have high self-efficacy will exert effort that, if
well-executed, leads to successful performance and outcomes
[18], such as clinical competency and simulation performance
[21].
However, there are limited VR simulation programs on medical
conditions, treatment, and patient care for training nurses or
nursing students for responding to respiratory infectious disease
epidemics. In particular, infection control in hospitals has
become more important due to the COVID-19 pandemic and
PPE, such gloves, disposable gowns, N95 masks, protective
goggles, and shoe covers, can be a primary physical barrier
against infection. Despite this, it is difficult to find virtual reality
infection control simulation (VRICS) programs applied to
pediatric patients for donning PPE, which is not normally used
and may appear unfamiliar and complicated. This study thus
aims to develop and test a VR simulation program incorporating
pediatric COVID-19 cases.
The objective of this study was to develop a VRICS program
regarding donning and doffing of PPE and respiratory care for
pediatric patients admitted to an isolation unit for respiratory
infectious disease and apply the program to nursing students to
identify the effects of the program on PPE knowledge, infection
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control performance, and self-efficacy, as well as the realism
of the VRICS program and the level of satisfaction with the
program. Accordingly, the study established the following
hypotheses:
•

•
•

Hypothesis 1: The experimental group (participation in the
VRICS program) and control group (no participation) will
show a difference in PPE knowledge.
Hypothesis 2: The experimental and control groups will
show a difference in infection control performance.
Hypothesis 3: The experimental and control groups will
show a difference in self-efficacy.

Methods
Study Design
This was a quasi-experimental study based on a controlled
pretest-posttest design for the development of a VRICS program
with the objective of comparing PPE knowledge, infection
control performance, and self-efficacy between the participating
and the nonparticipating group of nursing students, as well as
to identify the level of satisfaction with the program.

Study Population
The target population was all nursing students in Korea, and
the study selected third- and fourth-year nursing students from
a nursing college in “J” City in Gyeongsangnam Province. The
inclusion criteria consisted of nursing students currently enrolled
in a nursing college who have clinical practice experience,
completed courses on pediatric nursing and a core basic nursing
skill course titled “Practice for Donning and Doffing Standard
PPE and Managing Medical Waste” in the regular curriculum,
and voluntarily consented to participate in the study. The
exclusion criterion was the lack of consent to participate in the
study. The sample size for the study was calculated using
G*Power version 3.1.9.7 [22]. Considering that the effect size
was 0.40-0.72 in previous studies, which is similar to that in
this study [23-25], a moderate effect size (f) of 0.50, a
significance level (α) of .05, and a statistical power (1 – β) of
.90 were used, with a suitable sample size (2-tailed test) of 44.
Considering a dropout rate of 10%, a total of 50 participants
were recruited for the final study population, with 25 (50%)
participants each in the experimental and control groups.

Study Instruments
General Characteristics
The general characteristics of the participants included age, sex,
previous semester grades, and VR experience.

PPE Knowledge
PPE knowledge was measured using the tool originally
developed by Choi [26] for PPE knowledge related to acute
respiratory infection, which was modified and supplemented to
be suitable for COVID-19. The tool consisted of 20 items: 2
items on the transmission route, 3 items on hand hygiene, and
15 items on donning and doffing PPE. Each correct answer was
given 1 point, and a wrong answer was given 0 points. The total
score ranged from 0 to 20 points, with higher scores indicating
a higher knowledge level. The content validity index of the tool
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at the time of development was 0.8-1.0 for each item, while the
Kuder-Richardson Formula 20 (KR-20) of the knowledge items
in the study was 0.68.

Infection Control Performance
Infection control performance was measured based on items
related to PPE and pediatric respiratory care. PPE-related items
were measured using the tool originally developed by Kwon
[27] for measuring PPE use among nurses in specialized
infectious disease hospitals, which was modified and
supplemented according to the actual performance procedures
of this study. The tool consisted of 20 items, and each item was
rated on a 5-point Likert score. The total score ranged from 20
to 100 points, with higher scores indicating higher performance.
The reliability of the tool (Cronbach α) was .86 in the study by
Kwon and .97 in this study.

Self-efficacy
Self-efficacy refers to the personal belief about whether
something new that has been learned can be applied [28].
Self-efficacy was measured using the tool originally developed
by Ayres [28] and adapted by Park and Kwon [29] for simulation
studies. The tool consisted of 10 items, and each item was rated
on a 7-point scale (1=not at all to 7=very much so). The total
score ranged from 7 to 70 points, with higher scores indicating
higher self-efficacy. The reliability of the tool (Cronbach α)
was .94 at the time of development, .95 in the study by Park
and Kwon [30], and .94 in this study.

Realistic Immersion
Realistic immersion refers to the perception of presence in an
environment that provides realistic illusion [30]. Realistic
immersion was measured using the items corresponding to
realistic immersion within the tool for measuring presence
developed by Chung and Yang [31] for 3D video assessment.
This study used 3 items: “The appearance of the VR simulation
program video seemed to be real,” “While learning the VR
simulation program, the screen seemed to exist in reality,” and
“I felt like I was participating in a real field while learning the
VR simulation program.” Each item was rated on a 5-point
Likert scale (1=strongly disagree to 5=strongly agree). The
highest possible score was 15 points, with higher scores
indicating higher realistic immersion. The reliability of the tool
(Cronbach α) was .75 in the study by Chung and Yang [31] and
.76 in this study.

Satisfaction With the Program
Satisfaction with the VR simulation program was measured
after providing the program to the participants using 3 items
developed by Yu et al [4] and modified for this study, which
were as follows: “This program will help me work as a nurse
in clinical practice,” “I want to recommend this program to
other nursing students,” and “This training is necessary as part
of the nursing college curriculum.” Each item was rated on a
5-point Likert scale (1=strongly disagree to 5=strongly agree).
The highest possible score was 15 points, with higher scores
indicating higher satisfaction with the program. The reliability
of the tool (Cronbach α) was .81 in the study by Yu et al [4]
and .81 in this study.
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VRICS Program
The VRICS program for patients with COVID-19 was
constructed in the order of prebriefing, including prepractice,

VR simulation, and debriefing (Table 1). This program was
conducted with 6-7 people participating per session, and a total
of 4 sessions operated.

Table 1. Program design of the VRICSa (overall time expended=180 min).
Procedure

Contents and situation

Time expended (min)

Prebriefing session
Introduction of scenarios

Simulation scenarios, theory of respiratory care skills for patients with COVID-19 25

Proxy and prepractice

Watching the video, practicing donning and doffing PPEb

15

Orientation and precautions for VRc Overview of the VR simulation lab environment, including the use of VR equipment, 10
such as the HMDd and leap motion controller as well as disposable eye masks for
the headset to prevent cross-contamination
VR simulation session
Donning of PPE, respiratory care,
doffing of PPE

Patient status check and nasal-oral suction care:
•
•
•
•

90-110

Patient: 1-year-old infant
Diagnosis: R/O COVID-19
Symptom: Lung sound with crackle, heart rate 140 beats/min, oxygen saturation
(SpO2) 95%
Respiration rate: 20 breaths/min

Debriefing session
Discussion

a

Students reflecting on the simulation experience and exchanging feedback with the 20
instructor

VRICS: virtual reality infection control simulation.

b

PPE: personal protective equipment.

c

VR: virtual reality.

d

HMD: head-mounted display.

Prebriefing
Prebriefing in this study consisted of standard prebriefing, along
with demonstrations and actual practices. The participants
received orientation on the goal of the simulation, introduction,
review of scenarios, and the simulation lab environment.
Subsequently, knowledge transfer learning regarding COVID-19
infection and suction care for preventing droplet transmission
and oxygen therapy in a negative-pressure environment for
inpatients with COVID-19 was introduced. The participants
were instructed to watch an expert role-modeling video on
donning and doffing PPE. Each participant practiced donning
and doffing PPE for 15 min. During this process, the instructor
corrected any errors made by the participants and encouraged
the participants to perform the tasks accurately. Moreover, the
participants were allowed to take photographs of each other
while wearing PPE to experience success. This was to maximize
the effects of VR simulation by carrying out learning using the
actual experiences of the students. Users unfamiliar with VR
technology may need additional time to become familiar with
the controller [32]. Therefore, the instructor gave a personal
demonstration for 10 min on VR-related equipment
(head-mounted display [HMD] and leap motion controller),
environment, and supplies in the VR simulation lesson room to
enable imitation learning. The participants were allowed to gain
proxy experience by watching a computer virtual screen and
other people performing the tasks during the VR simulation
lessons.
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VR Simulation
The VR simulation consisted of 3 sessions: (1) donning and
inspection of PPE in the dressing room before entering the
negative-pressure isolation room (Figure 1), (2) nasopharyngeal
suctioning and assessment for suction care and checking for
pediatric patients with COVID-19 in the negative-pressure
isolation room (Figure 2), and (3) doffing PPE in the
contaminated area (Figure 3).
To operate the VR simulation program, an instructor’s computer,
the learner’s HMD, and multimedia learning equipment were
set up and a VR learning space with a radius of approximately
3 m from the learner was created so that learner movement and
depth could be detected, as well as any danger during such
movement. In addition, a user interface (UI) was created to
induce movement to subsequent steps or to provide brief
guidance on some procedural details. Each scenario was carried
out for 15 min per participant. The program was designed to
allow students who were not taking part in the VR simulation
lesson to gain an indirect learning experience by watching the
VR screen and other students taking part in the lesson. Students
who completed the program were given 20 min to share and
write about their opinions about the VR simulation, its strengths
and weaknesses, areas of improvement, and when such a
program should be operated if it is added to the curriculum. VR
simulation took approximately 180 min to complete.

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e36707 | p.129
(page number not for citation purposes)

JMIR SERIOUS GAMES

Yu & Yang

Figure 1. VR simulation session 1: dressing zone (clean area). Checking the PPE, handwashing (HW) > donning PPE (inner gloves > waterproof
long-sleeved gown > shoes > N95 mask > goggles > hood > outer gloves) > checking the condition of the PPE by looking in the mirror. PPE: personal
protective equipment; VR: virtual reality.

Figure 2. VR simulation session 2: negative-pressure isolation room. Checking patient identification, assessing patient condition > auscultating lung
sound > respiratory care (oral and nasal suctioning). VR: virtual reality.

Figure 3. VR simulation session 3: changing zone (contaminated area). Doffing PPE (shoes > handwashing [HW] > outer gloves > HW > gown > HW
> goggles > HW > N95 mask > HW > inner gloves > HW). PPE: personal protective equipment; VR: virtual reality.

Upon completion of the VR simulation, the participants and
instructor shared their experiences about the VR simulation for
approximately 20 min, discussing similarity to reality,
immersion, usefulness, and satisfaction. Moreover, feedback
about areas of improvement was exchanged, and the students
were given time to describe their thoughts.

The control group completed an online postintervention survey
3 weeks after the preintervention survey. For preventing the
diffusion of the experiment, the posttest for the control group
was administered first. The experimental group completed a
written postintervention survey after the completion of the
program, and the completed questionnaire was placed in an
envelope, which was retrieved by a research assistant. The
survey required approximately 10-15 min to complete.

Data Collection Method

Data Analysis

Data were collected from November 13 to December 10, 2021.
Students participating in only the questionnaire survey (control
group) and students participating in the VRICS program
(experimental group) were recruited. Participants in the control
and experimental groups had already completed the respiratory
care for pediatric patients and the core basic nursing skill
practice about donning and doffing standard PPE, not including
level D PPE, and managing medical waste before this program.
All participants completed an online preintervention survey.

Collected data were analyzed using SPSS Statistics version 25.0
(IBM Corp). The general characteristics of the participants were
expressed as real numbers and percentages, while homogeneity
of the general characteristics between the experimental and
control groups was tested using a chi-square test, the Fischer
exact test, and an independent t test. The normal distribution of
PPE knowledge, infection control performance, and self-efficacy
scores was tested using the Shapiro-Wilk test. Normality test
results indicated that the experimental group showed a normal

Debriefing
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distribution, but the control group did not show a normal
distribution for PPE knowledge scores, and thus, a homogeneity
test was performed using the Mann-Whitney test. Both
experimental and control groups showed a normal distribution
for infection control performance and self-efficacy scores, and
thus, a homogeneity test was performed using an independent
t test.
Differences in PPE knowledge between the experimental and
control groups were tested using the Mann-Whitney U test and
the Wilcoxon matched-pair signed-rank test, while differences
in infection control performance and self-efficacy between the
experimental and control groups were tested using an
independent t test and a paired t test.
Realism of the program and satisfaction with the program in
the experimental group were analyzed by the mean and SD.

Ethical Considerations
After obtaining approval from the institutional review board of
the
institution
affiliated
with
the
researchers
(GIRB-A21-Y-0061), an online preintervention survey was
used to inform the participants about the objective of the study,
their right to refuse participation during the study, and the no
negative consequence on their school grade even if they did not
participate in the study. Further, informed consent was obtained
from the participants. Upon completion of the study, each
participant was given a coffee gift certificate worth US $10-20.

Results
General Characteristics of the Participants and the
Homogeneity Test
The general characteristics of the experimental and control
groups and the PPE knowledge, infection control performance,
and self-efficacy scores were homogeneous before the
intervention (Table 2).

Table 2. Participants’ characteristics and homogeneity of the 2 groups.
Characteristics

Total (N=50)

Control group (N=25) Experimental group (N=25) χ2 (df)/t (df)/z

College year, n (%)

0

.99

Third

26 (52.0)

13 (52.0)

13 (52.0)

N/Aa

N/A

Fourth

24 (48.0)

12 (48.0)

12 (48.0)

N/A

N/A

N/A

.35

Sexb, n (%)
Male

5 (10.0)

1 (4.0)

4 (16.0)

N/A

N/A

Female

45 (90.0)

24 (96.0)

21 (84.0)

N/A

N/A

2.03 (2)

.36

Age (years), n (%)
20-21

18 (36.0)

9 (36.0)

9 (36.0)

N/A

N/A

22-23

18 (36.0)

11 (44.0)

7 (28.0)

N/A

N/A

≥24

14 (28.0)

5 (20.0)

9 (36.0)

N/A

N/A

22.66 (2.08)

22.44 (2.02)

22.88 (2.15)

–0.75 (48)

.46

2.17 (2)

.34

Age (years), mean (SD)
Previous semester gradeb, n (%)
<3.0

5 (10.0)

2 (8.0)

3 (12.0)

N/A

N/A

3.0-3.9

31 (62.0)

18 (72.0)

13 (52.0)

N/A

N/A

≥4.0

14 (28.0)

5 (20.0)

9 (36.0)

N/A

N/A

.32 (1)

.57

Experience of VRc, n (%)
Yes

24 (48.0)

11 (44.0)

13 (52.0)

N/A

N/A

No

26 (52.0)

14 (56.0)

12 (48.0)

N/A

N/A

14.86 (2.10)

14.52 (1.53)

15.20 (2.53)

–1.81

.07

Infection control performance, mean (SD) 3.40 (0.69)

3.28 (0.65)

3.51 (0.71)

–1.18 (48)

.24

Self-efficacy, mean (SD)

6.04 (0.60)

6.12 (0.68)

–0.42 (48)

.68

PPEd knowledge, mean (SD)

a

P value

6.08 (0.64)

N/A: not applicable.

b

Fisher exact test.

c

VR: virtual reality.

d

PPE: personal protective equipment.

https://games.jmir.org/2022/2/e36707

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e36707 | p.131
(page number not for citation purposes)

JMIR SERIOUS GAMES

Yu & Yang

Testing of the Effects of the VRICS Program
The results of testing the effects of the VRICS program are
shown in Table 3.
•

Hypothesis 1 (difference in PPE knowledge): The
experimental group showed a significant increase in the
mean score from 14.52 points preintervention to 16.60
points postintervention (z=–3.85, P<.001). In contrast, the
control group did not show a significant change in the mean
score (z=–0.48, P=.63). The experimental group showed a
significant increase in PPE knowledge compared to the
control group as a result of the program (z=–3.28, P<.001).
Thus, hypothesis 1 was accepted.
Hypothesis 2 (difference in infection control performance):
The experimental group showed a significant increase in
the mean score from 3.28 points preintervention to 4.69

•

•

points postintervention (t24=6.47, P<.001). In contrast, the
control group did not show a significant change in the mean
score (t24=1.74, P=.095). The experimental group showed
a significant increase in infection control performance
compared to the control group as a result of the program
(t48=4.89, P<.001). Thus, hypothesis 2 was accepted.
Hypothesis 3 (difference in self-efficacy): The experimental
group showed a significant increase in the mean score from
6.04 points preintervention to 6.64 points postintervention
(t24=6.45, P<.001). Meanwhile, the control group showed
a decrease in the mean score (t24=–2.20, P=.04). The
experimental group showed a significant increase in
self-efficacy compared to the control group as a result of
the program (t36.2=4.93, P<.001). Thus, hypothesis 3 was
accepted.

Table 3. Differences in variables between groups (N=50).
Group

Preintervention, Postintervention,
mean (SD)
mean (SD)

Difference between time Program effect
t (df)/z

P value

Postintervention-preinterven- t (df)/z
tion, mean (SD)

PPEa knowledge

–3.28b

<.001

Experimental

14.52 (1.53)

16.60 (1.22)

–3.85c

<.001

2.08 (1.75)

N/Ad

N/A

Control

15.20 (2.53)

15.52 (2.00)

–0.48c

.63

0.32 (2.08)

N/A

N/A

4.89 (48)

<.001

Infection control performance
Experimental

3.28 (0.65)

4.69 (0.82)

6.47 (24)

<.001

1.41 (1.09)

N/A

N/A

Control

3.51 (0.71)

3.71 (0.83)

1.74 (24)

.095

0.20 (0.58)

N/A

N/A

4.93 (36.2)

<.001

Self-efficacy

a

P value

Experimental

6.04 (0.60)

6.64 (0.52)

6.45 (24)

<.001

0.60 (0.47)

N/A

N/A

Control

6.12 (0.68)

5.72 (0.79)

–2.20 (24)

.04

-0.40 (0.90)

N/A

N/A

PPE: personal protective equipment.

b

Wilcoxon matched-pair signed-rank test.

c

Mann-Whitney U test.

d

N/A: not applicable.

Realistic Immersion and Learner Satisfaction
The mean score for realistic immersion in the experimental
group in the VR simulation experience was 4.49 (SD 0.50)
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points (out of 5 possible points), and the mean learner
satisfaction score was 4.75 (SD 0.38) points (out of 5 possible
points); see Table 4.
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Table 4. Realistic immersion and learner satisfaction of the experimental group (n=25).
Items

Response, n(%)

Mean (SD)

Strongly dis- Disagree
agree

Neutral

Agree

Strongly
agree

1. The appearance of the VR simulation program
video seemed to be real.

N/Aa

N/A

N/A

11 (44.0)

14 (56.0)

4.56 (0.51)

2. While learning the VR simulation program, the
screen seemed to exist in reality.

N/A

N/A

1 (4.0)

11 (44.0)

13 (52.0)

4.48 (0.59)

3. I felt like I was participating in a real field while N/A
learning the VR simulation program.

N/A

3 (12.0)

8 (32.0)

14 (56.0)

4.44 (0.71)

Overall

N/A

N/A

N/A

N/A

N/A

4.49 (0.50)

1. This program will help me work as a nurse in
clinical practice.

N/A

N/A

N/A

9 (36.0)

16 (64.0)

4.64 (0.49)

2. This training is necessary as part of the nursing
college curriculum.

N/A

N/A

N/A

5 (20.0)

20 (80.0)

4.80 (0.41)

3. I want to recommend this program to other
nursing students.

N/A

N/A

N/A

5 (20.0)

20 (80.0)

4.80 (0.41)

Overall

N/A

N/A

N/A

N/A

N/A

4.75 (0.38)

Realistic immersion

Learner satisfaction

a

N/A: not applicable.

Discussion
Principal Findings
In this quasi-experimental study, the cases of infection control
for pediatric patients admitted to a negative-pressure isolation
unit for COVID-19 infection were incorporated into a VR
simulation program, and the effects of the program were
assessed. Students who participated in the training program
were third- and fourth-year nursing students with theoretical
and clinical practice experience in pediatric nursing.
The findings of this study demonstrated that combining a VR
simulation technique and skill training could enhance knowledge
and skills for the preparation of respiratory infection care by
future nurses. The experimental group, which participated in
the VRICS program, showed significantly higher theoretical
knowledge about PPE, infection control performance, and
self-efficacy than the control group, which did not participate
in the program. These findings suggest the need for VR
simulation training before future nurses go to the front line to
respond to respiratory infectious diseases. This VR simulation
training was different than conventional training in that it
provided simulated scenes of the isolation unit. Moreover,
COVID-19 cases were incorporated into the training program.
The order and accuracy of the donning and doffing of PPE and
procedures related to respiratory care for pediatric patients were
validated by infection control nurses and experts with at least
10 years of clinical experience in a neonatal intensive care unit
(ICU) to simulate the actual environment related to COVID-19.
Consequently, the participants were able to learn the procedure
of donning PPE in the front zone and inspect the donned PPE
before entering the isolation unit.
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The participants were able to check the patient’s name and
assess the respiratory status using lung sounds and patient
monitoring values for the safety of the patient inside the isolation
unit. Subsequently, the participants were able to learn the
procedure for suctioning oral and nasal excretions from the
pediatric patient, while preventing aerosol transmission. This
step included procedures for accurately checking the suction
pressure and excretion patterns. The participants also performed
procedures for discarding suction tubes and disposable gloves
used for respiratory care into the isolation unit medical waste
container. They also performed the procedure of exiting the
isolation unit and moving to the doffing room before accurately
doffing the shoes, gown, gloves, goggles, and mask and
discarding them in the waste container inside the contaminated
zone. This program simulated the procedures involved in the
assessment of clinical symptoms and nursing intervention for
patients with COVID-19, contact isolation, and disinfection.
The use of PPE can markedly reduce the infection risk
associated with caring for patients with COVID-19 [33,34].
Therefore, accurate training for donning and doffing PPE is
important.
With no signs of the COVID-19 pandemic subsiding worldwide,
training for and acquiring of essential infection control skills
are important for not only health care professionals but also for
nursing students in coping with infectious diseases under such
difficult circumstances. In the immersive VR learning
environment using VRICS from this study, the participants can
learn theories and skills essential for infection control with the
incorporation of respiratory care for pediatric patients with
COVID-19. Moreover, the VRICS program can reduce the risk
of infection and ensure the safety of the trainees by avoiding
direct contact with patients with COVID-19. VR simulation
also offers the advantage of allowing individualized learning
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by overcoming the time and space constraints faced by
traditional simulation learning during the COVID-19 pandemic,
when gathering large groups is difficult.
A study by Zhang et al [3] developed a VR simulation training
program and tested the effects of the program on the response
capabilities of emergency reserve nurses facing a public health
crisis. The results showed that there was a significant increase
in emergency nursing–related knowledge, care ability, and
disaster preparedness scores among nurses who participated in
the program (P<.01). These results support the findings of our
study showing a significant increase in PPE knowledge and
infection control performance in the experimental group.
However, technical ability increased significantly in the control
group, and there was no difference in the postdisaster
management score, which was contradictory to the findings of
this study. Meanwhile, a study by Yu et al [4] reported that
nursing students who participated in VR simulation programs
for high-risk neonatal infection control showed greater
improvement in self-efficacy for high-risk neonatal infection
control performance (t48=–2.16, P=.02) than the control group
that received only clinical practice training. These results support
the findings of this study showing a significant difference in
self-efficacy between the experimental and control groups.
Meanwhile, prebriefing was a crucial component of simulation
learning [35,36], and the amount of information provided in
prebriefing should be sufficient for the learner to begin problem
solving [37]. It is believed that practicing donning and doffing
PPE by VR simulation without individual practice or
video-based learning would be difficult. Donning and doffing
PPE is a complicated process that requires accuracy, and prior
learning or practice is needed. Accordingly, this study used the
concept of such prebriefing to carry out demonstrations and
prior practice with donning and doffing PPE, along with an
introduction to the scenarios. Previous studies have reported
that improvement in satisfaction with simulation training [38],
critical thinking disposition [39], immersion, and confidence
[40] was achieved by prebriefing through watching a video that
accurately presented the outcomes and goals. Moreover, when
video-based prebriefing was applied, the self-efficacy of nursing
students increased significantly in a team-based learning effect
[41]. These common findings support the fact that video-based
prebriefing further enhances the training effects of simulation
compared to standard prebriefing that simply delivers
information. According to Nayahangan et al [42],
simulation-based training for medical staff has been mostly
focused on clinical procedures related to practical skills.
Ragazzoni et al [43] proposed a VR simulation model combining
operational public health skills and hybrid skills training for
infection control and Ebola treatment and management.
Therefore, when using a VR simulation program, as in this
study, diligently using prebriefing or applying a hybrid model
could be a method for maximizing the learning effect.
According to Witmer and Singer [30], presence can be divided
into 2 dimensions of involvement and immersion. In 3
dimensions, involvement can be further divided into spatial and
temporal involvement and immersion can be further divided
into dynamic and realistic immersion. Realistic immersion is
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defined as the perception of the environment that provides a
realistic illusion. In this study, the experimental group showed
a mean score of 4.49 (SD 0.50) points (out of 5 possible points)
for the realistic immersion of VR simulation experience, which
was relatively higher than the mean score of 2.75 (SD 0.91)
points for realistic immersion reported by Chung [32], who
developed the realistic immersion measurement tool. With
respect to each item in the tool, “The appearance of the VR
simulation program video seemed to be real” had the highest
score (mean 4.56, SD 0.51 points), followed by “While learning
the VR simulation program, the screen seemed to exist in
reality” (mean 4.48, SD 0.59 points), and “I felt like I was
participating in a real field while learning the VR simulation
program” (mean 4.44, SD 0.71 points). The reason the realistic
immersion for the screen seems to exist in reality, while learning
and feel like participating in a real field showed relatively lower
scores was because errors in sensor detection may have occurred
due to differences in the heights of the participants or a change
in the standing position may have caused the video to cut off
as it was reloading. Moreover, immersion may have been
reduced because the participants had to repeat the same motion
several times due to poor recognition or had to return to the
beginning due to the program being cut off. If the sensitivity of
the sensor was increased and measures were taken to reduce
program errors, then the participants may have been able to
experience even high levels of realistic immersion.
The mean learner satisfaction score in this study was 4.75 (SD
0.38) points (out of 5 possible points), similar to 4.79 (SD 0.35)
points reported in a study on high-risk neonatal VR simulation
by Yu et al [4] and higher than 4.29 (SD 0.64) points reported
in a study on general simulation training by Kim [44]. Among
the items for learner satisfaction, “I want to recommend this
program to other nursing students” and “This training is
necessary as part of the nursing college curriculum” each
showed a high mean score of 4.80 (SD 0.41) points (out of 5
possible points). It is believed that aspects of VR simulation
that allowed the participants to use VR to indirectly experience
the behavior in a neonatal ICU, where clinical training is
difficult and can only be observed at the training site, and where
practice can be repeated without the burden of committing
mistakes, helped increase the level of learner satisfaction.
The participants showed a PPE knowledge score of 14-15 out
of 20 points and an infection control performance score of 3
out of 5 points (average performance). Such results indicated
that nursing students lacked PPE knowledge. Moreover, the
control group, which did not participate in the VRICS program,
showed a slight increase in yjr PPE knowledge score and no
significant increase in infection control performance after 3
weeks. In the assessment of PPE knowledge using a
questionnaire, the scores may have increased due to the
participants remembering questions from the preintervention
survey or being motivated to correct a wrong answer. No
significant change in infection control performance in the control
group indicates the need to provide programs or opportunities
to teach skills that enhance COVID-19 infection control and
allow the students to practice such skills.
Zellmer et al [45] reported that medical professionals did not
remove their PPE properly during the Ebola virus outbreak,
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claiming that there is a need to improve the training that focuses
on the protocol for properly wearing and removing PPE. Tabah
et al [46] conducted an international study on PPE with 2711
ICU doctors and nurses during the COVID-19 pandemic. The
results showed that N95 masks, full-sleeve waterproof gowns,
and goggles were being washed or reused in 17%, 11%, and
34% cases, respectively, due to a shortage of PPE supplies. In
fact, when conducting a prepractice in this study, level D PPE
could not be individually provided to the participants due to the
high cost and lack of supply during the COVID-19 pandemic.
Accordingly, simulations such as VR offer an economically
beneficial alternative to eliminating supply shortage. It is
believed that in the future, simulation training can be integrated
with a 3D virtual environment to optimize the training model
so that the advantages of each feature can be maximized to
enhance the overall clinical competency of nurses and nursing
students.

Limitations
This study had a few limitations. First, because the study
population consisted of nursing students from a single college,
caution should be taken when interpreting the results. Each
college has different training programs, and students may have
different levels of knowledge, performance, and self-efficacy,
even if they are in the same grade. Second, the procedures for
VR-based skills need to be revised to be more realistic. The VR
program used in this study could not reproduce delicate
procedures or nursing skills. This is because detailed procedures
could not be introduced to each process, since the video run
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time was set to 15 min to prevent dizziness from wearing the
HMD for too long, and allocation of the total operating time
for the VR program. Moreover, because learning the skills for
donning and doffing of PPE and respiratory care was a bigger
goal, the program was set up to complete the applicable skill
procedure just by hand touching through hand tracking.
Therefore, when developing future VR programs, it is necessary
to improve the imaging technology to reproduce even delicate
motion. If not, learning effects could also be maximized by
including the process of actually donning and doffing PPE, as
in this study. The third limitation was testing of skills by means
of a self-questionnaire in this study. Therefore, it is suggested
that actual performance be evaluated using evaluation mode in
a VR program.

Conclusion
In this study, a VR simulation training program with the
inclusion of infection control cases involving pediatric patients
with COVID-19 admitted to an isolation unit was developed,
and the effects of the program were tested. For infection control
education, combining VR simulation and skills training was
more effective than conventional instruction in producing better
outcomes. This training program demonstrated more benefits
for enhancing theoretical knowledge, respiratory care skills,
and infectious disease preparedness, and thus, it could be applied
to training nurses to respond even better to public health
situations involving infectious diseases, including the COVID-19
pandemic.
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Abstract
Background: Various face-to-face training opportunities have been lost due to the COVID-19 pandemic. Instructor development
workshops for advanced resuscitation (ie, advanced life support) training courses are no exception. Virtual reality (VR) is an
attractive strategy for remote training. However, to our knowledge, there are no reports of resuscitation instructor training programs
being held in a virtual space.
Objective: This study aimed to investigate the learning effects of an instructor development workshop that was conducted in
a virtual space.
Methods: In this observational study, we created a virtual workshop space by using NEUTRANS (Synamon Inc)—a commercial
VR collaboration service. The instructor development workshop for the advanced life support training course was held in a virtual
space (ie, termed the VR course) as a certified workshop by the Japanese Association of Acute Medicine. We asked 13 instructor
candidates (students) who participated in the VR course to provide a workshop report (VR group). Reports from a previously
held face-to-face workshop (ie, the face-to-face course and group) were likewise prepared for comparison. A total of 5 certified
instructor trainers viewed and scored the reports on a 5-point Likert scale.
Results: All students completed the VR course without any problems and received certificates of completion. The scores for
the VR group and the face-to-face group did not differ at the level of statistical significance (median 3.8, IQR 3.8-4.0 and median
4.2, IQR 3.9-4.2, respectively; P=.41).
Conclusions: We successfully conducted an instructor development workshop in a virtual space. The degree of learning in the
virtual workshop was the same as that in the face-to-face workshop.
(JMIR Serious Games 2022;10(2):e38952) doi:10.2196/38952
KEYWORDS
virtual reality; virtual space; instructor development workshop; resuscitation training course; advanced life support; resuscitation
training; digital training; virtual learning; digital education; medical education
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Introduction
Background
Excellent instructors are indispensable for conducting advanced
resuscitation (ie, advanced life support [ALS]) training courses,
and there are existing instructor training programs for ALS
training courses that are accredited by academic societies and
other organizations. However, due to the COVID-19 pandemic,
various face-to-face training opportunities have been lost [1-3],
and instructor training programs are no exception. The use of
remote meeting systems that use 2D screens is a common
method of remote training. However, it is difficult to apply this
methodology to a hands-on training course in which tools are
used in a 3D space. Remote training using virtual reality (VR)
is an attractive strategy for conducting experiential training
without the need to gather people together [4-7]. Real-time,
interactive interactions in a variety of situations that unfold in
a virtual space can be expected to enhance the learning process
[4] and improve communication skills, logical thinking, and
decision-making skills [5]. The experiences in a fully immersive
environment enhance learning, resulting in high knowledge
retention and the development of empathy [6]. However, VR
content still does not have enough tactile fidelity [1], skill
acquisition via VR training may be inferior to skill acquisition
via face-to-face training, and there are technical difficulties with
conducting practical skills training by using advanced
resuscitation equipment within a completely virtual space [8,9].

Importance
In terms of instructor training, there is no need to faithfully
reproduce exact real-life skills in all courses. For example,
conventional face-to-face instructor training programs have also
been developed with an emphasis on teaching and facilitation
techniques, often omitting the details of skills related to
advanced resuscitation. Therefore, it is conceivable that the
necessary learning effect could be obtained even when instructor
training programs are held in a virtual space. However, few
studies have evaluated the implementation of nontechnical skill
building related to educational techniques in virtual spaces [10].
We did not find any reports of resuscitation instructor training
programs that were held in a virtual space.
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Goals of This Study
This study aimed to investigate the learning effects of an
instructor development workshop for an immediate cardiac life
support (ICLS) course—an ALS training course that was
approved by the Japanese Association of Acute Medicine
(JAAM) [11] and conducted in a virtual space.

Methods
Study Design and Setting
In this observational study, we created a virtual workshop space
within NEUTRANS (Synamon Inc) [12]—a VR collaboration
service. NEUTRANS is a commercial service that allows users
to interact as avatars in a virtual space by using a head-mounted
display. Users are able to walk around freely, grab objects, and
otherwise navigate within the virtual space. This service also
allows users to present presentation materials, view 360° videos,
and use whiteboards and memos. It is possible to hold lectures,
group discussions, practical training sessions, and role-plays in
this virtual space.
In this study, we did not have expertise in programming or
computer graphics, but we designed 3D models of dolls and
resuscitation equipment by using the paint function in
NEUTRANS, Oculus Medium (Adobe Inc), and the Windows
10 (Microsoft Corporation) onboard paint function. We placed
these models in the virtual space for practical training sessions
and role-plays. In addition, the simulated patient monitoring
system—EmerSim (Penguin System Co, Ltd)—was reflected
in the virtual space by using the desktop sharing function. This
enabled the operation and display of the simulated patient
monitor in virtual space (Figure 1).
We developed the program curriculum in accordance with the
standard workshop program, which was accredited by the JAAM
(Table 1), and held a trial workshop in March 2021. Instructor
trainers and instructor candidates (students) entered the virtual
space as avatars by using the Oculus Quest 2 (Meta Platforms
Inc) or Oculus Lift (Meta Platforms Inc) and participated in the
workshop. The status of the trial workshop was presented to
the JAAM ICLS committee. After December 25, 2021, the
workshop in the virtual space was accredited as an official
course.
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Figure 1. Scenery in the virtual space. We simulated an advanced resuscitation training course in a virtual space. The training mannequin and resuscitation
equipment were created by using 3D models. The participants acted as avatars in the virtual space, and the patient monitor could be operated in a virtual
section of the space.

Table 1. Program for the instructor development workshop.

a

Time

Agenda

Type

Notes

8:30 AM to 9 AM

Opening

Presentation and PTa

Included VRb equipment operation practice

9 AM to 9:40 AM

What is instruction?

SGDc

After discussing ideal instruction methodology, each group will
present their ideas

9:40 AM to 10 AM

Education techniques

Presentation

Instructional procedures, nonverbal communication, feedback, facilitation, and coaching

10:15 AM to 10:45 AM

Explaining the use of supplies

RPd

As an instructor, describe the use of supplies (bag masks, scissors,
etc) to 1 student

11 AM to noon

Teaching skills

RP

As an instructor, teach skills (ventilation, use of an AEDe, etc) to
several students

1 PM to 1:30 PM

Setting up a simulation
booth

PT

Trial an ideal arrangement of teaching materials (mannequins and
resuscitation equipment)

1:45 PM to 2:45 PM

Performance evaluation and RP
feedback

Watching a 360° video of a resuscitation team in action, scoring
performance by using a checklist, and providing feedback

3 PM to 4:30 PM

Leading a scenario exercise RP

Act as an instructor to facilitate a scenario exercise until the time of
posttraining feedback

4:30 PM to 5 PM

Summary

SGD and presentation Discuss and present ideal instruction methods and award certificates
of completion

PT: practical training.

b

VR: virtual reality.

c

SGD: small group discussion.

d

RP: role-play.

e

AED: automated external defibrillator.

Intervention and Outcomes
We held the evaluated workshop in a virtual space (ie, the VR
course) as a certified course in December 2021 and February
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provide a workshop report. The reports from a face-to-face
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workshop (ie, the face-to-face course) that was held in June
2021 (ie, the face-to-face group) were prepared for comparative
evaluations.
A total of 5 certified ICLS workshop instructor trainers viewed
and scored each element of the reports on a 5-point Likert scale
(poor=1; excellent=5) to evaluate the overall evaluation score.
The instructor trainers also rated the reports on a 5-point Likert
scale regarding whether they thought a report was a face-to-face
course report or a VR course report (ie, the “VR-like score”).
We analyzed the characteristics of the workshop reports by
using text mining techniques.
After the VR course, we asked 13 students and 7 instructor
trainers who participated in the VR course to rate their
satisfaction with the course, the operability of the VR equipment,
the occurrence of VR sickness, and whether each agenda item
was judged to be suitable for implementation in VR. These
items were included in a questionnaire, presented to the
participants, and evaluated by using a 5-point Likert scale.

Statistical Analysis
We examined the scores’ interrater agreement by using the
Kendall agreement coefficient. Following this, we used the
average of the five raters' scores as the score for each student.
We performed between-group comparisons of scores by using
the Mann-Whitney U test.
We analyzed the questionnaire findings by using the
Mann-Whitney U test, Friedman test, or Bonferroni multiple
comparison test, as appropriate. The primary end point of this
study was the overall evaluation score. P values of <.05 were
considered statistically significant. All statistical analyses were
conducted by using R statistical software (R Foundation for
Statistical Computing) [13]. We performed a textual analysis
by using KH Coder (Iknow LLC) [14,15].

Ethics Approval
This study was approved by the Ethics Committee of the
National Defense Medical College (reference number: 4488)
and was conducted with the consent of all participants.
Moreover, we conducted this study in accordance with the
principles of the Declaration of Helsinki and its later
amendments.

Results
Study Participant Characteristics
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in the December 2021 course logged in from 2 laboratories on
the campus of the National Defense Medical College.
In the February 2022 course, participants logged in from 5
locations—3 laboratories on the campus of the National Defense
Medical College, a meeting room in Hachinohe City Hospital
(located approximately 600 km from the National Defense
Medical College), and a private home. More specifically, the
participant who signed in from a private home was affiliated
with one of the laboratories and was identified as a person who
had contact with a patient with COVID-19 (ie, 2 days prior to
the course); thus, we placed this participant on home standby,
which resulted in hastily arranged participation.

Main Results
We collected workshop reports from 13 students who were
enrolled in the VR course (the VR group) and 10 students
enrolled in the face-to-face course (the face-to-face group) to
conduct comparative evaluations (report recovery rate: 23/23,
100%).
The students’ characteristics are listed in Table 2. With regard
to evaluations of the workshop reports, the interrater agreement
for the five certified instructor trainers was as follows: overall
evaluation score=0.71 and VR-like score=0.77 for the Kendall
agreement coefficient. The overall evaluation scores for the VR
and face-to-face groups did not differ at the level of statistical
significance (median 3.8, IQR 3.8-4.0 and median 4.2, IQR
3.9-4.2, respectively; P=.41; Figure 2). The median VR-like
scores for the VR group and the face-to-face group were 0 (IQR
−0.2 to 0.2) and 0.5 (IQR 0.4-1.1), respectively (Figure 3). We
rated the face-to-face group as more “face-to-face–like,” and
these findings were statistically significant (P=.03).
The results of the textual analysis are shown in Figure 4. The
words feel, I, participant, and think characterized the VR group,
and the words you, points, and teach characterized the
face-to-face group.
We received questionnaires from 8 students and 6 instructor
trainers who attended the VR course (report recovery rate: 14/20,
70%). The results are presented in Table 3. All respondents
(14/14, 100%) were satisfied with the VR course, providing a
score of 4 or higher on the 5-point Likert scale. Although some
found the operation of the VR equipment to be confusing, this
did not interfere with the progress of the course. Everyone
participated until the end of the course, although some
participants experienced VR sickness.

Participants completed the VR course without any problems,
and all students received certificates of completion. Participants
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Table 2. Descriptive characteristics of the enrolled students.

a

Characteristics

Virtual reality group (n=13)

Face-to-face group (n=10)

Residents, n

1

1

Medical students, n

0

1

Nursing students, n

5

4

Nurses, n

5

3

Technicians (EMTsa and RTsb), n

2

1

Age (years), mean (SD)

29.1 (7.6)

26.1 (6.4)

Ratio of men to women

4:9

3:7

EMT: emergency medical technician.

b

RT: radiology technician.

Figure 2. Overall evaluation scores. The reports were scored on a 5-point Likert scale (1=poor; 5=excellent), and the averages from the evaluations
conducted by the five instructor trainers were analyzed as the overall evaluation score. The black line indicates the median, the gray box indicates the
range between the 25th and 75th percentiles, and the minimum and maximum values are indicated by lines or white circles. The overall evaluation
scores for the VR and FTF groups did not differ at the level of statistical significance (median 3.8, IQR 3.8-4.0 and median 4.2, IQR 3.9-4.2, respectively).
No statistically significant differences were observed within the Mann-Whitney U test results (P=.41). FTF: face-to-face; VR: virtual reality.
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Figure 3. VR-like scores. A total of 5 instructor trainers rated the reports on a 5-point Likert scale regarding whether they thought a was an FTF course
report or a VR course report (VR=–2; FTF=2), and the averages were analyzed as “VR-like scores.” The black line indicates the median, the gray box
indicates the range between the 25th and 75th percentiles, and the minimum and maximum values are indicated by lines or white circles. The median
VR-like scores for the VR group and the FTF group were 0.0 (–0.2 to 0.2) and 0.5 (0.4-1.1), respectively. The results for the FTF group were rated as
more “FTF-like” according to the findings of the Mann-Whitney U test (P=.03). FTF: face-to-face workshop; VR: virtual reality.
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Figure 4. Textual analysis of the workshop reports. The "V" in the square represents the coordinates of the virtual reality (VR) group, and the "R" in
the square represents the coordinates of the face-to-face (FTF) group. The size of the circles indicate the frequency of the words in the reports. The
circles close to the reference point (0, 0) represent words that are not characteristic of the group, whereas the circles closer to the coordinates of each
group represent words that are more characteristic of that group. The VR group was characterized by the words “feel,” “I,” “participant,” and “think,”
while the FTF group was characterized by the words “you,” “points,” and “teach.”.

Table 3. Questionnaire results.
Instructor trainers

Students

6

8

Course satisfaction , score (median [IQR])

5 (4.25-5)

4.5 (4-5)

Operability of virtual reality equipmenta, score (median [IQR])

4 (4-4)

4 (3-4)

Virtual reality sicknessb, score (median [IQR])

5 (4.25-5)

5 (4.50-5)

Discussion: what is instruction?

5 (3.5-5)

5 (3-5)

Presentation: education techniques

3 (3-4.5)

5 (3-5)

Role-play: explaining the use of supplies

5 (3.5-5)

5 (4.5-5)

Role-play: teaching specific skills

3 (3-4.5)

3 (1-3.5)

Practical training: setting up a simulation booth

3 (3-4.5)

3 (3-5)

Role-play: performance evaluation and feedback

5 (5-5)

5 (3-5)

Role-play: leading a scenario exercise

4 (3-5)

5 (1-5)

Sample size, n
a

Suitability for implementation in virtual realityc, score (median [IQR])

a

Likert scale: bad=1; good=5.

b

Likert scale: severe=1; none=5.

c

Likert scale (suitable for implementation in virtual reality): no=1; yes=5.
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There was a statistically significant difference (P=.03) between
responses regarding the suitability of VR implementation,
depending on the agenda of the workshop. Although we did not
detect statistically significant differences in comparative
evaluations between each agenda item, many respondents
indicated that the teaching of specific discrete skills was not
suitable for VR training, whereas the domains of performance
evaluation and feedback were deemed suitable for VR training.
There were no statistically significant differences in responses
between the students and the instructor trainers (what is
instruction: P=.94; education techniques: P=.33; explaining the
use of supplies: P=.75; teaching specific skills: P=.54; setting
up a simulation booth: P=.89; performance evaluation and
feedback: P=0.12; leading a scenario exercise: P>.99).

Discussion
Principal Findings
To our knowledge, this study is the first to report on the
development of instructor development workshops for ALS
training courses that were conducted in a virtual space with the
goal of measuring learning effectiveness. We performed this
study by using a commercially available VR collaboration
service in combination with several publicly available
applications. This workshop could be held safely and remotely
during the COVID-19 pandemic.
A total of 5 certified instructor trainers evaluated the workshop
trainees’ reports. Since a certain degree of agreement among
the raters was observed, a simple average was used as the score.
Workshop trainee report scores did not differ between the VR
and face-to-face courses.
For the VR group, the median VR-like score was 0,
demonstrating that the instructor trainers could not determine
whether the VR group was in fact receiving face-to-face
instruction or VR instruction. However, the instructor trainers
rated the face-to-face group as more “face-to-face–like” than
the VR group, and this finding was statistically significant
(P=.03). This result may have been due to including words
specific to the face-to-face course in the reports, such as words
related to the performance of defibrillation and the use of a
simulator. In other words, the VR course does not adequately
reproduce the procedure; therefore, the evaluation may not have
been conducted accurately. In the instructor development
workshop, the subject matter was how to teach practical skills
by using relatively simple skills that can be reproduced in a VR
environment, and conducting instructor training in a virtual
space was found to have the same learning effect as that of the
face-to-face course. However, it is necessary to fully examine
whether a VR environment can be used to teach more complex
techniques in the future.
The textual analysis of the reports showed that the face-to-face
group was characterized by words related to specific actions,
while the VR group was characterized by words related to
images and creative thinking. In a virtual space, a sense of
immersion drives active engagement [16] and increases empathy
[17]. It is possible that certain aspects, such as initiative,
cohabitation, and imagination, also made a strong impression
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on the participants in this study. These and similar findings
could lead to the discovery of new strengths within VR
education.
Based on the questionnaire results of this study, we received
many positive responses regarding VR training. However, we
believe that many participants found the skills instruction
component difficult to implement because the practical
considerations for using equipment and tools in a virtual space
differed from those in reality [1,8,9]. On the other hand, many
participants considered performance evaluation and feedback
to be well suited to VR because they were able to repeatedly
view the 360° video in order to check evaluation points and
provide feedback [18,19]. This finding is supported by the fact
that all instructor trainers who were familiar with the
conventional face-to-face course responded with a full score of
5.
There may be differences between an instructor development
workshop that is conducted in a virtual space and a face-to-face
workshop, such as differences in the reproducibility of practical
skills [1,8,9]. However, through this study, we were able to
confirm that it is possible to hold an entire instructor
development workshop for an ALS training course in a virtual
space while maintaining the intended educational effect. Since
the competencies to be acquired in the instructor development
workshop are not practical skills but are ways of teaching
practical skills, we believe that learning effectiveness and
satisfaction can be enhanced by simple role-plays. The practical
skills that can be reproduced in a VR environment and via
avatars, such as chest compression and safe electroshock
administration, are appropriate as role-play subjects.
As we held the course in an entirely virtual space, participants
did not need to gather in person at all. This is an advantage not
only in special situations such as the COVID-19 pandemic but
also in encouraging the participation of a wide range of students
and instructor trainers who have traditionally had difficulties
with attending courses due to geographical constraints and other
limitations. Thus, workshops that are held in virtual spaces will
undoubtedly contribute to the development and recruitment of
high-quality instructors.
Since there are no physical constraints in a VR space, there is
no need to consider the limitations on the number of participants
when securing a venue, which is an issue in face-to-face training.
However, in order for a large number of participants to gather
in a VR space, each participant must prepare VR equipment,
and it is necessary to consider the initial investment in the
necessary equipment and acceptable costs. Various VR
equipment and applications exist, but they often lack functions
for mutual communication and compatibility. A common
platform that allows for interactions in a VR space through the
use of multiple pieces of equipment and applications may be a
solution to this problem.
Students who enroll in a VR course may be positively
predisposed toward VR when they are able to indicate their
participation after knowing in advance that they are enrolling
in a VR course. However, due to the COVID-19 pandemic, a
workshop that we offered was rescheduled as a VR course, and
the previously enrolled participants were only made aware of
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this after receiving a call from our administration. Moreover,
there was no choice provided to the prospective face-to-face
workshop participants. Therefore, bias was considered minimal
in this regard.

Conclusion
This study evaluated instructor development workshops for
ALS training courses that were held in a fully virtual space. The

Kiyozumi et al
learning effect of the VR workshop was the same as that of the
face-to-face training workshop. Thus, our findings encourage
the implementation of virtual training courses for the effective
teaching of ALS skills and may be generalizable to other VR
contexts, such as VR medical education, VR training during
the COVID-19 pandemic, and other settings that may be
amenable to VR-based instruction.
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Abstract
Background: Older adult women are at risk for negative health outcomes that engaging in sustained physical activity can help
prevent. However, promoting long-term maintenance of physical activity in this population has proven to be a challenge. Increasing
autonomous motivations (ie, intrinsic, integrated, and identified regulations) for physical activity may facilitate enduring behavior
change. Digitally delivered games for health that take a celebratory technology approach, that is, using technology to create new
ways to experience valued behaviors and express valued beliefs, may be a useful way to target autonomous motivations for
physical activity. Formative research with the target population is needed to design compelling intervention content.
Objective: The objective of this study is to investigate older adult women’s reactions to and thoughts about a photography-based,
social media walking game targeting autonomous motivations for physical activity.
Methods: During an individual semistructured interview, a moderator solicited feedback from 20 older adult women (age range
65-74 years) as part of formative research to develop a social media game featuring weekly walking challenges. The challenges
were designed to target autonomous motivations for physical activity. Interviews were audio-recorded and transcribed verbatim.
Two reviewers conducted thematic content analysis on interview transcripts.
Results: We identified 3 overarching themes in qualitative data analysis. These reflected the playful experiences, value, and
acceptability associated with the intervention challenges. Generally, participants understood what the challenges were asking
them to do, proffered appropriate example responses, and indicated that the challenges would be enjoyable. Participants reported
that the intervention content afforded many and varied playful experiences (eg, competition, discovery, exploration, expression,
fellowship, humor, nurture, sensation). Further, participants indicated that the intervention increased their motivation for physical
activity, occasioned meaningful shifts in perspective, increased their knowledge of various topics of interest, provided an opportunity
to create valued connection with others, and provided health-related benefits. Participants suggested the intervention emphasize
local history, nature, and cultural events.
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Conclusions: The photography-based, social media walking game with relatively simple game mechanics was well received
and judged to be apt to bring about a wide variety of emotive experiences. A clear, geographically specific identity emerged as
a key driver of interest for intervention content. Taking a celebratory technology approach holds promise for targeting autonomous
motivations for physical activity in older adult women.
(JMIR Serious Games 2022;10(2):e35511) doi:10.2196/35511
KEYWORDS
physical activity; walking; exercise; fitness; social media; health; intervention; behavior; behavior mechanism; psychological
theory; serious games; gamification; older women; older adults; behavior change; behavioral interventions; mobile phone;
photography; patient perspective; patient attitude

Introduction
Older adult women are at risk for negative health outcomes,
including chronic health conditions, cognitive decline, mental
health challenges, fall-related injuries, decreased physical
functioning, and decreased quality of life [1-8]. Physical activity
may help protect against these negative health outcomes and is
recommended for older adults by authoritative sources [9-12].
However, most older adult women do not engage in
recommended levels of physical activity [13,14].
Behavioral interventions to increase physical activity in older
adult women have been relatively successful in promoting
physical activity in the short term [15]. However, to maximize
the health-protective benefits of physical activity, long-term
physical activity maintenance is necessary. Consistently
achieving long-term behavior change in this population has
proven to be an elusive target [16-18]. This may be attributable
in part to the theoretical underpinnings of most physical activity
interventions. Many interventions have been based on social
cognitive theory or notions of self-regulation and have placed
great emphasis on the importance of skill building [18].
Although this approach has proven useful for promoting
behavior change initiation, to achieve changes in long-term
maintenance of physical activity, behavioral interventions may
need to additionally target disparate processes.
The Maintain Identify Transformation (IT) model posits that
centered identity transformation, the process of integrating a
behavior with one’s internal self-representations, may facilitate
the activation of efficient cognitive processing and, in turn,
facilitate enduring behavioral changes [19]. Conversely, it holds
that behavior change approaches centered on executive
functioning, including those based primarily on social cognitive
theory and promoting active self-regulation, are unlikely to lead
to long-term maintenance of behavior change. This is in part
because executive functioning is relatively slow, error prone,
and impaired by adverse physiological and psychological states
[19]. Targeting motivational constructs may be 1 way to help
elicit centered identity transformation and the activation of some
of the more efficient cognitive processes needed to support
robust, sustained changes in health-related behavior [19].
Self-determination theory (SDT) provides a nuanced
understanding of motivation for physical activity [20,21]. It
discriminates intrinsic motivation (ie, finding the behavior to
be inherently enjoyable) from extrinsic motivation (ie, engaging
in a behavior as a means to an end). Extrinsic motivations are
https://games.jmir.org/2022/2/e35511
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further parsed conceptually according to the degree to which
the motivation is external (eg, rewards/punishment) versus
internal (eg, valuing the behavior’s outcomes or identifying as
a person who engages in the behavior) in nature. Increasing
one’s autonomous motivations, which include both intrinsic
motivations as well internal forms of extrinsic motivation (ie,
integrated and identified regulations, which reflect valuing and
identifying with the behavior and its consequences), may
facilitate centered identity transformation [19]. SDT suggests
that integrated and identified regulations for health-related
behaviors are modifiable constructs that may increase as one’s
core psychological needs are satisfied (ie, autonomy,
relatedness, and competence).
Digitally delivered interventions hold promise for physical
activity promotion in older adults [22]. Most digitally delivered
interventions for physical activity take a corrective approach
to health promotion—they are typically centered on redressing
problematic aspects of one’s behavior. Such interventions tend
to use technology to promote self-regulation and increase
external forms of motivation (eg, the provision of wearable
devices to provide feedback, data visualization schemes to foster
comparison of behavioral performance with goals, and the
provision of reward for performance) [23]. Taking a celebratory
technology approach instead, that is, using technology to create
new ways to experience valued behaviors and express valued
beliefs, may help frame personal informatics more toward
promoting reflection [24], context [25], and storytelling [26].
This may be more conducive to increasing autonomous
motivation for physical activity, facilitate centered identity
transformation, and lead to more robust, long-lasting behavior
change.
Games for health, which use game design elements to achieve
nongame objectives, can be used to target SDT constructs in a
celebratory manner [27-29]. Games for health oriented toward
health promotion emphasize the importance of pairing enjoyable
experiences with the promotion of health-related behaviors [30].
They are a natural fit for taking a celebratory technology
approach (vs a corrective approach). Rather than attempting to
make it easier to be physically active, this approach to physical
activity promotion may be centered on making it more
interesting to be active. This represents a noteworthy departure
from contemporary health promotion frameworks, and formative
research with priority populations is needed to design
compelling game content. We previously used the Mechanics,
Experiences, Change (MECHA) model, a step-by-step
program-planning model for designing games for health, to
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develop Challenges for Healthy Aging: Leveraging Limits for
Engaging Networked Game-based Exercise (CHALLENGE)
[31]. CHALLENGE is an autonomy-focused game for health
that implements weekly walking challenges using social media.
Despite systematic program design, making physical activity
more interesting is an inherently challenging endeavor, and
collaboration with the target population is needed [32]. It is
likely that individual preferences and interests contribute to
what people find interesting, so in-depth formative work is
critical to the success of such a project. Thus, the purpose of
this study is to interview older adult women to investigate the
acceptability of this unique approach to physical activity
promotion and how we might improve upon CHALLENGE.

Methods
Study Design and Recruitment
This study was a qualitative, formative study conducted prior
to a randomized controlled trial. We recruited 20 participants
to expand and refine CHALLENGE (presented later). Eligibility
criteria included that participants be female adults between 65
and 85 years of age who were able to read and understand
English. We excluded the “oldest old” population due to
differences between this population and younger-old populations
who tend to have fewer functional limitations [33] and because
this younger-old population has demonstrated general
acceptance and enjoyment of mobile and wearable devices
[34,35], games [36,37], and mobile health (mHealth)
interventions [38,39]. During the COVID-19 pandemic, we
altered study protocols to allow for online interviews. These
changes further necessitated that participants have access to
teleconference capability from home (eg, Skype, FaceTime, or
Zoom). We recruited participants via in-person recruitment at
University of Texas Medical Branch (UTMB) gerontology and
primary care clinics, online recruitment using the UTMB’s
newsletters, and flyers and brochures available at locations
frequented by older adults. Originally, 20 participants were
recruited for this study. However, 1 (5%) participant’s audio
data failed during her videoconference and thus could not be
used. Due to this issue, the research team recruited an additional
participant to reach the target sample size.

Ethics Approval
This project was approved by the UTMB at Galveston’s
Institutional Review Board (protocol no. 19-0158). Verbal
informed consent was obtained from all participants prior to
participation in this study.

Intervention
We developed CHALLENGE using the MECHA model [31].
The details of this game for health physical activity intervention
are presented elsewhere [31]. Briefly, CHALLENGE featured
weekly walking challenges to be delivered via a private
Facebook group. Rather than promoting performance-based
achievements (eg, obtaining a particular step count), the weekly
challenges were designed to elicit playful experiences (PLEXs)
and target SDT psychological needs (ie, autonomy, competence,
and relatedness) and autonomous motivations (ie, intrinsic,
integrated, and identified regulations) to encourage walking
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behaviors [40,41]. For example, 1 weekly challenge invited
participants to present a photograph of an object that might
serve as a symbol of their community.

In-Depth Interviews
From January to December 2020, we conducted an in-depth,
semistructured interview with each participant to investigate
perceptions of the feasibility and acceptability of the weekly
walking challenges. We conducted interviews in 2 rounds, which
were separated by study staff revising CHALLENGE content
based on participant feedback. The first round of interviews
was conducted in person. Due to closures to research in March
2020 associated with the COVID-19 pandemic, the second
round of interviews was conducted via videoconference. A
trained research assistant took a modified cognitive interview
approach, in which she presented all challenges to the
participants and asked them to read each challenge aloud and
talk through their impressions of the challenge. An example
challenge is
Party Crasher. Find an animal party. Go on a walk
and look for a group of birds, squirrels, cat, dogs, or
any animal socializing around your neighborhood.
Snap a photo and share it. Crash the biggest animal
party you can find!
The research assistant responded with probing questions
concerning (1) what the participant thought the challenge writer
meant, (2) what they believed the challenge writer wanted them
to do, (3) what photos they might take to fulfill the challenge,
(4) what was the likelihood that they would accept the challenge,
(5) what was the likelihood they would enjoy the challenge,
and (6) what was the likelihood the challenge would lead to
discussion. Interviews took about 2 hours to complete.
Participants were compensated with a US $25 gift card. All
interviews were digitally recorded and professionally transcribed
verbatim.

Qualitative Data Analysis
We imported interview transcripts from both rounds into the
qualitative data analysis management program Nvivo version
12 (QSR International Pty Ltd). Two independent reviewers
(authors MCR and EJL) conducted thematic content analysis
on all interview transcripts using a hybrid approach to assign
deductive codes and inductive codes to discrete points made by
study participants [42]. The coders started with deductive codes,
which reflected the conceptual model of the intervention. These
codes reflected the PLEXs targeted by CHALLENGE and were
derived from the PLEX framework (eg, exploration; Table 1)
[40,41]. Inductive codes were used to capture other important
or related information in the transcripts that were judged to be
important in relation to the research questions (eg, real-life
benefits [of the intervention] or impacts of where you live [on
completing challenges]). After coding was complete, the
inductive codes were examined and grouped into higher-order
categories or themes (eg, impacts of geographic location,
suggestions for improvement). The coders maintained a
codebook and organized codes into recurring themes and
subthemes. They regularly met to reach consensus regarding
discrepancies in coding via discussion, identify recurring themes
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and subthemes, establish the overarching structure of themes

and subthemes, and identify illustrative quotations.

Table 1. Definition of PLEXa targeted by challenges.

a

PLEX

Definition [41]

Captivation

Forgetting one’s surroundings and the passing of time, absorption

Challenge

Testing abilities in a demanding task, developing and testing skills, learning new things

Competition

Contesting with oneself or an opponent, trying to achieve a defined goal

Completion

Finishing a major task, experiencing closure related to a tension, mastery experience, finishing a level or a game

Control

Dominating, commanding, and regulating; a feeling of being powerful

Cruelty

Causing mental or physical pain, feeling malicious or manipulative, bullying or destruction

Discovery

Finding something new or unknown, uncovering something previously hidden, surprise

Exploration

Investigating an object or situation, curiosity and a thirst for knowledge

Expression

Manifesting oneself creatively; designing, constructing, personalizing

Fellowship

Friendship, communality, or intimacy; sharing experiences with others

Humor

Fun, joy, amusement, jokes, gags

Nurture

Taking care of oneself or others, tutoring and helping others in the game

Relaxation

Relief from bodily or mental work, “unwinding” while playing the game

Sensation

Excitement by stimulating senses, pleasure related to senses

Subversion

Breaking social rules and norms or seeing others do so, twisting meaning

Suffering

Experience of loss, frustration, and anger during play

Thrill

Excitement derived from risk and danger, suspense and excitement

PLEX: playful experience.

Results

competition, discovery, exploration, expression, fellowship,
humor, nurture, and sensation.

Participant Characteristics

Competition was the most frequently occurring code. However,
discussion of interindividual competition was rare. Discussions
of competition were largely centered on an individual-level,
low-stake pursuit of trying to achieve a defined goal (eg, finding
something specific while walking). Overlapping with
experiences of competition, participants commonly articulated
experiences of exploration and discovery. This cluster of codes
often reflected a straightforward response to the intervention
prompts, typically centered on walking in novel environments
with openness and curiosity or physically finding specific items
participants felt would constitute suitable responses to the
challenges. However, notions of exploration and discovery also
sometimes included more abstract discussion of encountering
emotive circumstances or discovering new perspectives toward
familiar objects. For example, 1 (5%) participant described her
pleasant experiences walking through antique stores.

Of the 20 participants constituting the analytical sample, 15
(75%) identified as non-Hispanic White, 3 (15%) identified as
Hispanic, and 2 (10%) identified as Black. The average age was
70.1 years (SD 2.6, range 65-74).

Thematic Content Analysis
Two rounds of data collection were performed. The first round
of interviews included 9 (45%) of 20 participants. Although we
originally planned to update the challenges after the 10th
participant, closures to research during March 2020 led to a
natural stopping point after the 9th participant. We revised the
challenges after the first 9 interviews based on participant
feedback. We then proceeded to conduct interviews with 11
(55%) additional participants and the revised challenges. The
average age and racial/ethnic makeup of the participants were
nearly identical in rounds 1 and 2. We identified 3 overarching
themes in our qualitative data analysis. These were (1) PLEXs,
(2) value derived from the challenges, and (3) acceptability of
the challenges.

Playful Experiences
All but 1 of the PLEXs outlined in the PLEX framework were
mentioned by participants (control was never mentioned by the
participants). Table 2 presents illustrative quotes for each of the
PLEXs observed. The most commonly occurring PLEXs were
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I love to walk through antique stores, and it does
make me walk. And I will go to a historic district that
has a lot of antique stores, and I don’t even have to
buy anything anymore, because I’ve got enough junk,
but it’s so warming to walk through it. [P11, 69 years
old]
Participants’ experience of expression often reflected their
perceptions of their own artistic inclinations and the implications
of this for their enjoyment (or lack thereof) of certain challenges.
Much discussion linked to experiences of expression was
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centered on engaging in the creative process or communicating
one’s identity and values to others in the social group. Numerous
participants, for example, expressed pride in their Texan identity.
One participant stated,

Robertson et al
I’ve got, for instance, on the front of my house, I’ve
got a decoration that has the state of Texas shape on
it. I could take a photo of that and explain why I
bought that. [P17, 74 years old]

Table 2. Illustrative quotes for each PLEXa.

a

PLEX

Illustrative quote

Captivation

“You have to clear your mind and just put aside all your preconceived notions of what you’ve seen and done before, and then
look at it like somebody that really never has been there.” [P15, 65 years old], where “P” stands for “participant.”

Challenge

“It would be interesting because my tree knowledge is basic. I did not enjoy my forestry class, back in the sixties, but I keep
wanting to revitalize some of my tree knowledge, so I would find this one interesting. I'd probably do it more than twice.” [P12,
73 years old]

Competition

“I think this one’s more about individual competition. How many did you find and tell us. It’s a count thing, so if I don’t find
them but I went out and walked, am I a loser?” [P19, 65 years old]

Completion

“It’s something that I would like to do because I would want to get them all and say, ‘See, I got them all.’ That’s just me.” [P6,
68 years old]

Cruelty

“Go to the yacht basin and watch the tourists try to launch their boats. That’s always funny.” [P15, 65 years old]

Discovery

“Find something that piques our curiosity. And there’s a lot of things. Certain buildings. What was the history of that building?
Who lives there? Or just different things. I think it’d be interesting.” [P10, 70 years old]

Exploration

“To take different routes…to walk in a different way…to go in different areas to walk. Don’t walk in the same way all the time.
Don’t be a creature of habit. Take a chance. Do something different.” [P5, 72 years old]

Expression

“I think that’s such a personal thing, what people appreciate. One person can say, ‘I’m thankful for the house that I live in.’ Another person could say, ‘I’m thankful for living in Houston or this environment.’ You can take pictures of your family…anything
like that. It would really depend on the person, I think.” [P21, 71 years old]

Fellowship

“…it would initiate conversation. And I need that as much as I do physical activity.” [P11, 69 years old]

Humor

“I would just be taking a walk and take a picture of something that made me smile or chuckle, which could be…sometimes, I see
a beautiful sunflower, and it just brightens and lightens and [makes me] smile.” [P15, 65 years old]

Mindfulnessb

“Oh, I think it’s instead of just walking swiftly through to get to your designation, it’s like you notice that some of these streets
have bricks on the street to walk on or some of them are higher up where you have to step down.” [P4, 72 years old]

Nurture

“And in the spirit of the program, everybody should be encouraging everybody to go see this or try it or do this or do that.” [P9,
68 years old]

Relaxation

“So, I think whatever you do should be relaxing and nurturing and calming. And it could be just watching waves come in and out.
It could be walking through a forest or like a nature park somewhere here in Greater Houston.” [P16, 71 years old]

Sensation

“I’m thinking of the rose garden out at the UTMBc, which is a nice little, short walk, and the discussion around that could range
from, yeah, some of them have no smell at all, but they’re gorgeous, and the really old tea flowers, the tea roses, have [a] really
nice scent, so there could be discussion about size, color, and scent.” [P12, 73 years old]

Subversion

“My husband found a picture on the internet of a cloud that was shooting somebody, the bird. Now, if you don’t think I wouldn’t
put that picture on, you’re sadly mistaken, because I would.” [P5, 72 years old]

Suffering

“I could end up getting stressed out after 10 or 20 of these if trying to find things that I just don’t usually see.” [P16, 71 years old]

Thrill

“We’ve got action scenes. We’ve got—the police are always out on the seawall, so there’s always a cop-type chase.” [P10, 70
years old]

PLEX: playful experience.

b

This experience was not originally featured in the PLEX framework but emerged as an important experience in this study.

c

UTMB: University of Texas Medical Branch.

Discussions of fellowship included sharing or bonding with
other participants in the group and having real-world interactions
with others (eg, physically meeting with other participants,
involving existing walking partners or acquaintances in the
walking game). In this context, participants also commonly
discussed experiences of nurture. These discussions were
characterized by prosocial intentions to provide emotional
nutriment (eg, positive emotional supportive) or instrumental
support (eg, hurricane preparedness tips) to others. Participants
also talked about intraindividual experiences of nurture. Such
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comments were generally centered on engaging in personal
reflection or experiencing catharsis that could include feelings
of appreciation or nostalgia.
Experiences of suffering were relatively rare and usually in
reference to participant burden or uncomfortable internal
sensations (both physical and emotional, such as reflecting on
painful memories of powerful storms). Experiences of
subversion typically reflected a breach of social norms and
encountering potentially uncomfortable or potentially dangerous
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consequences (eg, reproach from individuals after photographing
their likeness or identifying information, such as license plates).
Although it is not outlined in the PLEX framework, we added
mindfulness as a PLEX evoked by the challenges that was
related to captivation conceptually but was ultimately judged
to be distinct. Rather than forgetting the passing of time and
one’s surroundings due to absorption in something else,
mindfulness involved captivation by and absorption in one’s
surroundings and the present moment. This code occurred
frequently, and such comments typically reflected participants
making efforts to purposively focus their attention on the present
moment or become more aware of their environment while
engaging in the walking challenges.

Participants were also particularly interested in learning about
the local attractions that the challenges celebrated (eg, Mardi
Gras, Featherfest, Galveston Art Walk, Harvest Moon Regatta
boat race, Dickens on the Strand festival), and frequently
expressed interest in learning about or visiting specific locations
related to the challenges (eg, the historic tall ship Elissa, the
Seawall, the Strand). Another element of the challenges that
participants valued learning about was South Texas history and
culture. Many participants were interested in learning about
Texas history (eg, historic buildings in Galveston, historic
hurricanes) and lore (eg, purportedly haunted locations). These
challenges stoked expression of some participants’ Texas
identity. One participant stated,

Value Derived From the Challenges

I’m from Texas and I love Texas symbols, so I
probably would be really interested to see what kinds
of things are out there…and a lot of people are
interested in the history of our state. [P3, 72 years
old]
Participants also valued the potential that engaging with game
content may have for facilitating connectionwith others. First,
participants indicated that the pursuit of completing game
challenges may stimulate interesting discussion and knowledge
sharing with friends and family members (eg, sharing interesting
knowledge gleaned from the challenges). One participant
indicated that the challenges would lead to “a lot of discussions.
When I look back in history and think of the history and share
it with my grandchildren” [P11, 69 years old]. Second,
participants talked about including friends and family members
in gameplay directly (eg, walking with family members and
recruiting them to help craft responses to challenges). Third,
participants talked about the prospect of interacting with
members of the community during gameplay (eg, asking
strangers for permission to photograph their property). Finally,
participants valued potentially connecting with other participants
in the Facebook group. Some participants were particularly
enthusiastic about the prospect of contributing to an uplifting
and supportive environment.

The second overarching theme we identified was centered on
the value participants derived from the challenges. In total, 5
subthemes were reflective of this overarching theme. These
were (1) increasing motivation for physical activity, (2) fostering
a shift in perspective, (3) increasing knowledge, (4) making
meaningful connections with others, and (5) providing
health-related benefits.
Participants indicated that by pairing novel, game-like objectives
to their walks, the challenges would imbue walks with a sense
of directed purpose that could be motivating. Once participant
said,
To look for things to make it more interesting to walk,
because sometimes I think people get bored with just
walking and them not having a mission or a purpose.
[P5, 72 years old]
Participants added that the other valued aspects of the challenges
(ie, bringing about a shift in perspective, increasing knowledge,
making meaningful connections with others, and providing
health-related benefits) could further increase motivation for
walking. For example, participants indicated that the shift in
perspective brought about by some of the challenges could
improve their autonomous motivation for walking behaviors.
One participant stated,
And I always see new sunsets or—new sunsets or
sunrises—so those are always new beginnings and
new renewals. I mean, it seems like if I’m looking at
new things or renewals or new beginnings, I would
be more involved in my walk. I would have a purpose
with my walk. [P10, 70 years old]
Participants valued many aspects of knowledge and learning
that the CHALLENGE study intervention featured. This
included learning about natural phenomena (eg, types of cloud
formations, local flora and fauna). One participant shared,
Well, if there’s a list of places to go for bird activity,
I’d love to find that because my daughter-in-law is a
big bird fan, and so she probably doesn’t know some
places that you’ve got on your list. But that would be
interesting because that would kind of force you out
to go to a park or a sanctuary and look for the birds.
[P19, 65 years old]
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Participants made comments indicating that they valued the
health-related benefits of increased walking. However, these
comments were relatively infrequent. Such comments were
relatively general in nature (eg, physical activity facilitating
longevity) and did not pertain to specific health-related benefits.
For example, 1 participant indicated that she appreciated that
the intervention would encourage her to “take pictures of moving
things so that you get off your butt and on your feet, because
being sedentary can only shorten your life” [P5, 72 years old].

Acceptability of the Challenges
Responses indicated that most of the challenges and the
proposed intervention delivery modalities (eg, Facebook) were
acceptable. Of the 63 challenges included in the first rounds of
interviews, we kept 48 (76%) and removed 15 (24%) based on
participant feedback. In the second round, we included 59
challenges in the interview guide, 14 (24%) of which were new
(some challenges were combined based on the advice of
participants from the first round). Generally, participants
understood what the challenges were asking them to do,
proffered appropriate example responses, and indicated that the
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challenges would be doable and enjoyable. Participants
appreciated challenges that they felt were both interesting and
convenient in the context of their regular routines. Table 3
presents some of the challenges that garnered the most
enthusiasm. Participants also appreciated ancillary material
provided by CHALLENGE, which included checklists (eg, of
local birds, types of clouds), badges (ie, graphic images
associated with each challenge awarded to respondents), and
props given at the beginning of the study to facilitate responding
to certain challenges (eg, silly sunglasses to help conceal identity
in selfies).

Participants indicated that some of the challenges presented
were not acceptable. Examples of challenges with low
acceptability are presented in Table 4. These challenges were
typically rejected because they were on a topic the participants
did not like (eg, tattoos), required behaviors they did not want
to do (eg, pick up garbage), or were felt to be confusing or too
abstract (eg, coming up with puppy names). We also removed
some challenges that were highly rated in a few cases where
participants brought up safety concerns (eg, participants were
worried that rocks featured in 1 challenge could be used by
others to damage property and that taking photos of out-of-state
license plates could provoke anger).

Table 3. Examples of challenges with high acceptability (based on most comments).
Challenge topic (description)

Illustrative quote

Arborist (invited participants to share photos of
various trees presented in an ancillary checklist)

“Well, just paying attention to the trees and looking at them and figuring out, well, what type of
tree is it? I think this would be really interesting. I would enjoy doing this.” [P17, 74 years old]

Change perspective (invited participants to view
their environment from a different point of view)

“I think there’s this interesting fountain thing on the neighbor’s house entrance, and so you could
see taking different times of day photos of something like that. That would be interesting, and it
would force you to be out at different times.” [P19, 65 years old]

Detour-er (invited participants to share photos and “I’d take pictures of things I’d never seen before or didn’t know were there.” [P3, 72 years old]
take a different route from their normal routine)
Lone Star Bike Rally (referenced a Galveston Island “This I could do. I have thousands of pictures I’ve taken over the years. We love that event. My
tradition; invited participants to take pictures of
daddy rode motorcycles. I was raised on them, so all my kids ride.” [P8, 71 years old]
interesting vehicles)
Safari at home (invited participants share pictures
of animals observed in their environment)

“Yeah, I think that would be interesting because it gives you a different way to look at your environment.” [P21, 71 years old]

Table 4. Examples of challenges with low acceptability (based on most comments).
Challenge topic

Illustrative quote

First week of winter (invited participants to share
photos reflecting the coming of wintertime)

“But as far as our area, we’d be lucky if it’s even cold, you know.” [P8, 71 years old]

Neat freak (invited participants to share photos of
picking up trash to beautify their environment)

“And would it generate a discussion? Just people like me griping about it.” [P6, 68 years old]

Punny ideas (invited participants to share photos
reflecting plays on words)

“I might have to look up something on the web or something. I’m not very creative like that.”
[P7, 71 years old]

Rebel rouser (invited participants to share photos
of things that would make a good tattoo)

“I do not believe in tattoos. That would not be a good one for me. My grandson has tattoos all
over his body. I just don’t think tattoos are cool. I don’t think you’re supposed to mark your body
up like that.” [P5, 72 years old]

Terra feeling (invited participants to share photos
of different terrains they have walked on)

“I don’t walk on anything that’s not paved. I don’t like to walk on grass, because there might be
holes in it. I’m very careful where I walk.” [P3, 72 years old]

Nearly every participant suggested changes to challenges, and
some participants offered suggestions for challenges that we
adopted and subsequently proved to be popular; challenges
dedicated to hurricane preparation, the Houston rodeo, and
holiday traditions were suggested by participants and included
in the final set of challenges. Further, participants provided
numerous suggestions for revising presented challenges.
Suggested revisions included changes in diction to increase
clarity of the challenges and taking measures to provide
participants with sufficient guidance for how to respond to
challenges. Some challenges were open ended and abstract, and
many of participants’ suggestions were centered on narrowing
the scope of the challenges. Participants also recommended
providing example responses following each challenge to
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facilitate better understanding of exactly how participants might
respond. One participant stated,
I think having some of those colored examples and
pictures for each of these challenges might actually
[be] a good stimulant for us 65-and-older people who
are not as creative. [P19, 65 years old]
Thus, in the final intervention, we provide detailed example
messages for all challenges. Somewhat related to this, some
participants also proposed suggestions for minimizing
participant burden. One participant stated,
Remember, older people, when you give them a whole
lot of tasks to do, they get real anxious. So, I wouldn't
give them more than 4 or 5. [P10, 70 years old]
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Finally, participants made suggestions for increasing the
relevance and accessibility of the challenges. In most cases,
these suggestions pertained to geographic location. The 20
participants in this sample lived in various areas of Southeast
Texas and had different experiences of their surroundings.
Participants emphasized the important role that one’s immediate
environment would have in influencing their experience of the
walking challenges. Some challenge content was centered on
attractions related to a specific region (eg, Galveston Island).
Although participants living within this area were often
particularly excited about some of these challenges, some who
lived outside of this specific area were less enthusiastic. One
participant stated,
Again, if there were really historical markers in the
Clear Lake area, yes. There’s so much
Galveston-specific things here, and Galveston offers
a lot. I don’t know how Clear Lake compares to it
with something like this. [P17, 74 years old]
Participants mentioned specific locations as places they would
go to complete challenges. Most mentioned were Galveston
Island proper and local landmark attractions, including the
Seawall, the Strand downtown district, the beach, and the tall
ship Elissa. Participants also commonly commented on how
the specific details of their home environment (even within
Galveston Island) would have a bearing on their responses to
challenges. For example, 1 participant said,
Well, I’m going to tell you, that’s going to be hard,
there again, because in my neighborhood, there’s
nothing like that. I’ve seen it in Galveston where the
stumps [have been fashioned] into beautiful pieces
of art, but I don’t think I could do that here where I
walk. This is where I limit myself. I feel safe walking
here, and I don’t plan on walking anywhere else, you
know? [P14, 69 years old]

Discussion
Principal Findings
In this study, we conducted in-depth interviews with older adult
women to investigate the acceptability of CHALLENGE, a
digitally delivered game for health centered on the use of
celebratory technology to target autonomous motivations for
physical activity. We identified 3 overarching themes. These
pertained to the PLEXs afforded by the behavioral intervention,
the value participants derived from the weekly challenges, and
the acceptability of the challenges. Overall, the challenges
engendered many and varied PLEXs and participants valued
the autonomy-supportive aspects of the behavioral intervention.
Participants were particularly interested in challenges that
targeted local history, nature, and cultural events, and
encouraged us to emphasize these points in the final
intervention. Participants provided useful, specific
recommendations for adding, removing, and changing
challenges that might facilitate targeting autonomous
motivations for physical activity.
Our findings are concordant with other studies that have
suggested that digitally delivered interventions may be useful
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for targeting autonomous motivations for health-related
behaviors. A study conducted by Chen et al [43] found that a
social photography intervention that had participants take daily
photos that they believed would make themselves or others
happy led to positive outcomes, including feelings of connection
and reflection. A social media smoking cessation study found
that interactive cocreation of health promotion materials
improved information seeking and subjective norms as compared
to simply viewing materials [44]. Finally, another trial
investigated the effects of social media–delivered daily eating
challenges that were either nutritionally prescriptive or
nonnutritionally prescriptive (ie, less corrective, more
celebratory in nature) [45]. The study found that the
nonnutritionally prescriptive challenges were feasible, engaging,
and associated with changes in learning about food and diet.
Further, assignment to the nonnutritionally prescriptive arm
was associated with greater increases in mindful eating than
assignment to the nutritionally prescriptive arm. These findings
support the conclusions of this study that a celebratory
technology approach may hold promise for targeting
autonomous motivations for health-related behaviors. More
research is needed to better specify and evaluate corresponding
mechanisms of successful, long-term behavior change.
PLEXs are important determinants of long-term adherence to
digitally delivered physical activity interventions [46]. The
findings of this study extend the previous literature by
investigating the nature of the PLEXs afforded by a physical
activity–promoting game for older adults. Participants indicated
that intervention challenges elicited many and varied PLEXs.
We initially developed CHALLENGE using the MECHA model
[31]. The MECHA model was derived from the Behavior
Change Wheel [47,48], and its use ensured specific linkages
between game design elements and underlying SDT constructs.
In the context of this study, it was particularly useful to have
integrated the PLEX framework [40] in the design of
CHALLENGE. This framework helped guide our qualitative
data analysis to yield a more nuanced understanding of the
emotive outcomes of the intervention. Games for health can
lead to increases in older adults’ physical activity levels and
mental and social well-being [49,50], and it may be that the
emotive, PLEXs that they engender may mediate their outcomes.
The PLEX framework has a quantitative measure that
operationalizes its PLEXs and may be used to test such
hypotheses [41]. In the randomized controlled study to follow
this study, we aim to assess to what degree CHALLENGE elicits
the desired experiences and whether this is associated with
psychosocial and behavioral outcomes.
The previous literature suggests that it is advantageous to tailor
physical activity intervention content to ensure its relevance to
the target population [51]. Most individually tailored digital
physical activity interventions are tailored to participants’
physical activity performance or stage of change [52]; however,
tailoring to individuals’ cultural identities is also critically
important [53,54]. Results of this study highlight the importance
of tailoring intervention content to the target population’s
identities and values. The challenges featured in this study were
specific to Southeast Texas from the outset and became more
so with refinement following participant feedback. Although
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the challenges could be completed anywhere, the intervention
subject matter was often based on local history, nature, and
cultural events. Throughout this study, participants suggested
the intervention be expanded to include challenges based on
specific local topics, such as historic hurricanes, specific
locations, and local festivals. It is not clear to what degree such
a specific focus would be necessary for similar interventions in
other contexts, but a clear, localized identity emerged as a key
driver of interest for this study sample. Although tailoring
intervention content in this way may be particularly useful for
targeting autonomous motivations, resulting interventions may
not be as readily disseminated to other populations and contexts.
Extensive qualitative research is likely necessary to create
resonant behavioral interventions. A sense of identity as Texan
was strong in our sample, but such a geographically oriented
identity may not be salient for other populations. Nonetheless,
it may be that the platform technologies and general intervention
framework featured in this study can help facilitate efficient
program adaptation. Content could be adapted for groups that
share a common interest rather than geographically limited
identity (eg, art, gardening, travel). Geographically limited
challenges could also be themed to appeal to individuals who
are interested in learning about the culture, history, and language
of specific places where they do not necessarily live.

Limitations
This study has several limitations. First, the generalizability of
this study is limited by our convenience sampling recruitment
method. Participants in our sample mostly identified as
non-Hispanic White and may have been particularly receptive
to behavior change as they opted to participate in research.
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Although in-depth, individual interviews are ideal for gathering
particularly rich and extensive qualitative data, our study was
further limited by a small sample size and the fact that we only
interviewed participants on 1 occasion. It is possible that
participant sentiment on the topics discussed may shift over
time. Further, this study occurred in the context of the
uncertainty and sweeping stay-at-home orders associated with
the COVID-19 pandemic. These circumstances impacted
individuals’ attitudes and propensity to participate in research
[55]. Related, please note that personal safety was a major theme
related to subversion that we identified in this study, but this
topic was not covered here, because we judged the nuance
involved to warrant more detailed discussion; these findings
are to be presented in an upcoming report.

Conclusion
In conclusion, in this study, we investigated older adult women’s
reactions to a social media game designed to target autonomous
motivations for physical activity. We identified 3 overarching
themes, which reflected the experiences, value, and acceptability
afforded by the intervention. Participants enumerated many and
varied PLEXs associated with the intervention content and
suggested that centering the behavioral intervention on a clear,
localized identity would facilitate targeting integrated and
identified forms of motivation for engaging in physical activity.
This formative work may facilitate taking a celebratory
technology approach to targeting autonomous motivations for
physical activity in older adult women. Further research is
needed to evaluate to what degree findings hold using different
methods of assessment and in other populations.
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Abstract
Background: Childhood overweight and obesity have become major global health problems and are negatively related with
the cardiorespiratory fitness (CRF) level in school children and adolescents. Exercise, specifically multicomponent training, is
effective for CRF improvement, but the main challenge is to ensure adherence to exercise in children with overweight and obesity.
Therefore, new ways of exercising that are more attractive and motivational for this population are needed and playing or training
with active video games (AVGs) has been proposed as an effective alternative because they require full-body movement and
therefore increase energy expenditure.
Objective: The main aim of this study was to investigate the effects of an AVG intervention combined with multicomponent
training on CRF at maximal and submaximal intensities in children with overweight or obesity.
Methods: We recruited 28 children (13 girls and 15 boys) aged 9 to 11 years with overweight or obesity from medical centers
and divided them into 2 groups, an intervention group (n=20) that participated in a 5-month supervised AVG exercise program
combined with multicomponent exercise, and a control group (n=8) that continued daily activities without modification. A
maximal stress test to measure CRF using a walking-graded protocol with respiratory gas exchange was performed by the
participants.
Results: The AVG group showed a significant decrease in heart rate and oxygen uptake for the same intensities in the submaximal
stages of the maximal treadmill test, as well as a lower oxygen uptake percentage according to the individual maximal oxygen
uptake, whereas the control group did not show overall changes. No change in the peak oxygen uptake (VO2peak) was found.
Conclusions: A 5-month AVG intervention combined with multicomponent exercise had positive effects on CRF at submaximal
intensity, showing a lower heart rate and oxygen uptake at the same intensities and displaying a lower oxygen uptake percentage
according to the individual (VO2peak). Greater benefits were found in children with the highest fat percentage.
Trial Registration: ClinicalTrials.gov NCT04418713; https://clinicaltrials.gov/show/NCT04418713
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Introduction
Background
Childhood overweight and obesity have become major global
health problems [1,2]. The World Health Organization even
refers to obesity as a “global pandemic” [3]. The worldwide
prevalence of childhood overweight and obesity remains high,
but the rising trends have plateaued in many high-income
countries [4]. Nevertheless, the prevalence of overweight was
over 30% and that of obesity was over 10% in European children
and adolescents in 2016 [5]. This high prevalence is still
worrisome because childhood obesity has important health
implications such as the increased risk of developing
cardiovascular and cardiometabolic diseases (eg, type 2 diabetes,
hypertension, or metabolic syndrome), psychosocial problems
(eg, low self-esteem, low self-confidence, low self-efficacy,
low motivation for physical activity, bullying, or difficulties in
establishing relationships) [6,7], and an increased risk of
becoming overweight or obese adults [3].
Overweight and obesity have been shown to be negatively
related with cardiorespiratory fitness (CRF) levels in school
children and adolescents [8,9]. The relationship between both
factors has also been found in preschoolers [10] and becomes
more pronounced as children grow older [11], suggesting that
high CRF levels should be promoted as early as possible as a
preventive measure because poor CRF is even associated with
the development of cardiometabolic risk factors [12,13] and
metabolic syndrome [14]. Preschool BMI is also inversely
associated with fitness in adolescence [15]. It is noteworthy that
a higher proportion of girls than boys have reduced aerobic
capacity [16]. Among all physical fitness variables, the peak
oxygen uptake (VO2peak) shows the strongest inverse relationship
with BMI and fat mass or body fat percentage [17]. Based on
the inverse relationship between CRF and body fat [18,19], it
seems that the cutoff point for the negative effects of fatness
depending on CRF starts above 16%-20% relative body fat
content [18].
On the other hand, an inverse reciprocal relationship was
observed between motor competence, and VO2peak and body
fatness during childhood [20,21]; therefore, improving motor
competence will go hand in hand with improving CRF in the
objectives of an exercise intervention.
Exercise, specifically multicomponent training, is effective for
improving CRF [22,23]. However, the main challenge is to
ensure adherence to exercise in children with overweight and
obesity [24]. Therefore, new ways of exercising that are more
attractive and motivational for this population are needed.
Playing or training with active video games (AVGs) has been
proposed as an effective alternative to exercise and can be as
effective as moderate exercising; AVGs are being investigated
to determine their effectiveness against childhood obesity. AVGs
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generally require full-body movement and therefore increase
energy expenditure [25,26]; nevertheless, the effects of AVG
interventions on CRF are unclear due to the lack of evidence.
In fact, the few studies investigating the effects of AVGs on
CRF use indirect methods to assess CRF such as the shuttle run
test, step test, or The Progressive Aerobic Cardiovascular
Endurance Run test. This is a limitation in detecting positive
effects at submaximal intensities. In addition, it should be noted
that AVG interventions need to be supervised and structured to
ensure their effectiveness in improving physical fitness or
increasing physical activity [27,28].

Objective
The main aim of this study was to investigate the effects of an
AVG intervention combined with multicomponent training on
CRF at maximal and submaximal intensities in children with
overweight or obesity.

Methods
Ethics Approval
The ethical guidelines of the 1964 Declaration of Helsinki
(revised in Fortaleza, 2013) [29] and the Declaration of Taipei
[30] were followed in the conduct of this study. The protocol
was reviewed and approved by the Research Ethics Committee
of the Government of Aragón (certificate number 11/2018,
CEICA, Spain). Written informed consent was obtained from
all participants and their parents or guardians, after being
informed of the nature and possible risks of the experimental
procedures in the study.

Study Overview
This randomized controlled trial (RCT) is part of a larger
cross-over study (trial registration number: NCT04418713). In
this RCT, participants were divided into 2 groups, an
intervention group that participated in the AVG exercise
program combined with multicomponent exercise, and a control
group that continued daily activities without modification.
The recruitment process was carried out through pediatricians
from the medical centers. Informative talks about the activity
were given in medical centers, and it was the pediatricians
themselves who proposed the activity to patients with
overweight or obesity who could benefit from the activity. Due
to the difficulty of this recruitment process, it was planned to
extend the study for another year to obtain a bigger sample.
Therefore, a 2:1 randomization was carried out in the first year,
prioritizing the AVG intervention. SPSS (version 22.0; SPSS
Inc) was used to generate the random allocation sequence and
it was performed by the researchers who carried out the project.
In the second moment, randomization was going to be 2:1,
favoring the control group; unfortunately, it was interrupted by
the COVID-19 pandemic and the final groups were not uniform.
The second part of the study with a new recruitment process
was also interrupted by the COVID-19 pandemic.
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Participants
The sample consisted of 28 children (13 girls and 15 boys) with
overweight or obesity recruited from medical centers through
their pediatricians or from the schools of Zaragoza (Spain).
Participants met the following inclusion criteria: aged between
9 and 12 years, Tanner I or II (assessed through direct
observation by a physician) and not having had menarche,
overweight or obesity calculated by BMI and following the
cutoff points of Cole and Lobstein [31], without
contraindications for the practice of physical exercise, and
without pathologies that worsen with physical exercise. In
addition, the following were the exclusion criteria: participating
in regular high-level or high-intensity extracurricular physical
activities, following any special diet regime, and taking any
medication that may interfere with the variables evaluated. The
parents and pediatricians were informed about the development
of the activity, results, and progress of the children through
briefings.

Intervention
The participants were requested to attend 3 sessions per week,
lasting approximately 60 minutes each, and the intervention
lasted 5 months. The sessions were composed of a regime with
a 10-minute warm up, including joint mobility; dynamic
flexibility; muscle activation; and core, balance, and
coordination exercises. This was followed by the main part,
which consisted of 45 minutes of exercise with a combination
of AVG and multicomponent exercise, followed by a circuit
training dynamic where the participants continuously rotated
from AVG to exercises, and finally a 5-minute cooldown part
to lower the heart rate (HR) and end the session with static
flexibility routines. In general, the sessions consisted of 4 AVGs
with an average duration of 8 minutes, and the multicomponent
exercise was performed between the AVG sessions. The
multicomponent exercise lasted 13 minutes on average per
session, divided into 2 or 3 activities with different objectives
depending on the planning. Several physical activity and sport
professionals supervised the sessions.
In the main part, the AVGs included were the following: the
Xbox 360 with Kinect using “Kinect Adventures” and “Kinect
Sports;” the Nintendo Wii using “Wii Sports;” “Just Dance”
and “Mario and Sonic at the Olympic Games;” dance mats using
“Dance Revolution” and “Mario and Sonic at the Olympic
Games” adapted from the Nintendo Wii to the dance mats; and
the BKOOL interactive cycling simulator connected to a
HUAWEI MediaPad T5 AGS2-W09 tablet. The intervention
was carried out in 2 locations, the University of Zaragoza and
the San Braulio public school in Zaragoza. All the AVGs were
provided through funding, and each site was equipped with the
AVGs necessary to develop the intervention. The sessions were
different every day, following a progression in difficulty and
intensity and fulfilling the objectives previously established
during planning. The participants did not play all the AVGs in
each session, so the number of sessions recorded for each AVG
was different. The order in which the activities were carried out
was different among the participants, as each participant started
in an AVG and changed it after playing.
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The AVGs were combined with multicomponent exercises
focused on enhancing health-related physical fitness, such as
CRF, muscular endurance, and muscular strength, along with
coordination and balance. This intervention design combining
AVGs with traditional exercise was selected due to a potentially
greater energy expenditure [32]. The multicomponent exercise
performed had a playful background to enhance motivation and
enjoyment.

Outcomes
Anthropometry
All the participants underwent anthropometric examination
wearing minimal clothing. Height was measured to the nearest
1 mm with a stadiometer (SECA 225, SECA) and weight to the
nearest 0.1 kg with an electronic scale (SECA 861, SECA).
BMI was calculated as the weight (kg) divided by the square
of the height (m2).

CRF Measurements
A walking-graded protocol was employed to assess
cardiovascular fitness. The test was performed on a treadmill
(Quasar Med 4.0, h/p/cosmos) with a face mask fitted. The tests
were carried out in the laboratory of the GENUD (Growth,
Exercise, Nutrition and Development) research group. The test
was explained to the participants, who were fitted with
electrodes and had their resting HR measured before starting.
After fitting the safety harness, the test started at a comfortable
walking pace (3.2 km/h), and the speed was increased by 0.8
km/h every 2 minutes until the participants walked quickly (5.6
km/h), which was the maximum speed reached during the test.
Then the slope was increased by 4% every minute until
exhaustion or up to a maximal slope of 24%. A sports medicine
physician supervised the entire test and performed a preclinical
examination to determine if the participant was suitable for
performing the stress test. The respiratory gas exchange data
were measured breath by breath using open-circuit spirometry
(Oxycon Pro, Jaeger/Viasys Healthcare).
Peak values of the VO2 and HR were defined as the highest
average values obtained for any continuous 15-second period.
The metabolic cart was calibrated daily with a known gas and
volume as recommended by the manufacturer.
The HR was continuously recorded using 12-lead
electrocardiography (H12+, Mortara Instrument) from the
beginning to the end of the stress test. The maximal HR value
was the highest HR value recorded during the last stage of
exercise. The blood pressure was also measured with a digital
monitor (M3, HEM-72OO-E, Omron Healthcare Europe), for
health and safety reasons, before the maximal effort test with
the participant lying in a tilt, and during the recovery period in
the standing position, both on the right arm. The cuffs were
adjusted to the circumference of the tested arm, and the
measurement was taken twice. The participants had to be at rest
5 min before the pretest measurement.

Statistical Analyses
SPSS (version 22.0, SPSS Inc) was used to perform all the
statistical analyses. Statistical significance was set at P<.05 in
all tests. Data are presented as means and SDs.
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Kolmogorov-Smirnov tests were performed to verify the normal
distribution of the variables; several variables did not show a
normal distribution, and therefore nonparametric tests were
performed.
The Mann-Whitney U test was conducted to examine differences
between the AVG group and control group for descriptive
characteristics and CRF parameters before and after intervention,
whereas the Wilcoxon test was performed for within-group
comparisons among the preintervention and postintervention
measures. The biserial correlation coefficient (r) was calculated
using the formula of Fritz et al [33] for nonparametric
contrasts/comparisons and the following thresholds were
considered: small effect (>0.1), medium effect (>0.3), and large
effect (>0.5) [34].
In addition, 2 groups were created based on the baseline body
fat percentage using the 50th percentage of the sample to
investigate the effect of body fat on the participants' response
after the AVG intervention and multicomponent exercise. Low
and high CRF categories were established using the 50th
percentile based on sex published by Johansson et al [35] for
children with overweight and obesity. The reference 50th
percentile values for the relative maximal oxygen uptake in
boys and girls were 30.8 and 30.6 mL/kg/min, respectively.
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The percentage of the VO2peak achieved by all the participants
at each stage was calculated through the objective data of their
VO2peak obtained in the maximal exercise test. The percentage
of change from the pretest measurement to the posttest
measurement was calculated for the HR, VO2peak, and percentage
of the VO2peak.

Results
Participant Characteristics
The descriptive variables of the participants included in this
study are shown in Table 1. No differences between the groups
at baseline were found.
No differences between groups were observed in preintervention
measurements. Age, weight, height, and lean mass significantly
increased in the AVG and control groups from the pretest to
the posttest (P<.05). The AVG group showed a decreased body
fat percentage and BMI z-score (P<.05). For the control group,
the VO2peak (L/min) increased (P<.05).
All the participants completed at least 75% of the sessions,
showing good adherence to this AVG intervention combined
with multicomponent exercise.
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Table 1. Characteristics of the subjects in active video game and control groups.
Total (N=28)

AVGa group (n=20)

Control group (n=8)

Preintervention

10 (0.8)

10.2 (0.8)

9.7 (0.8)

Postintervention

10.7 (0.8)

10.7 (0.8) *

10.5 (0.8)*

Preintervention

53.3 (9)

55.3 (9)

48.2 (7.2)

Postintervention

56.2 (10)

57.7 (9.7)*

52.5 (10.3)*

Preintervention

144.6 (7.7)

146 (6.9)

141.1 (8.8)

Postintervention

148.9 (7.5)

149.6 (7.3)*

147 (8.3)*

Preintervention

25.3 (2.8)

25.8 (3)

24.1 (1.7)

Postintervention

25.2 (3)

25.7 (3.1)

24.1 (2.8)

Preintervention

1.95 (0.3)

1.98 (0.4)

1.89 (0.2)

Postintervention

1.84 (0.4)

1.88 (0.42)*

1.72 (0.3)

Preintervention

96.8 (2.2)

96.8 (2.6)

96.8 (1.2)

Postintervention

95.6 (4.1)

95.8 (4.6)

95.1 (2.5)

Preintervention

40.9 (4)

41.3 (3.7)

39.8 (4.7)

Postintervention

40.1 (4.4)

40.1 (4.5)*

39.9 (4.4)

Preintervention

29.7 (4.9)

30.6 (4.7)

27.4 (5)

Postintervention

31.8 (5.5)

32.6 (5.1)*

29.7 (6.3)*

Preintervention

32.85 (5.9)

32.75 (5.9)

33.1 (6.2)

Postintervention

33.3 (5.3)

32.8 (5.5)

34.7 (4.6)

Preintervention

1.72 (0.29)

1.77 (0.21)

1.6 (0.42)

Postintervention

1.85 (0.29)

1.86 (0.27)

1.81 (0.37)*

Variable
Age (years), mean (SD)

Weight (kg) , mean (SD)

Height (cm) , mean (SD)

BMI (kg/m2)>, mean (SD)

BMI z-score , mean (SD)

BMI percentile , mean (SD)

Body fat percentage, mean (SD)

Lean mass (kg), mean (SD)

b

VO2peak (mL/kg/min), mean (SD)

VO2peak (L/min), mean (SD)

a

AVG: active video games.

b

VO2peak: peak oxygen uptake.
*Significant differences within groups between preintervention and postintervention (P<.05).

Effects of the AVG Intervention Combined With
Multicomponent Exercise on HR at Submaximal and
Maximal Effort
The effects of the intervention using AVGs combined with
multicomponent exercise on the HR for maximal and
submaximal efforts are detailed in Table 2. No differences
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between groups were found neither before nor after the
intervention for any HR variable (P>.05). Nevertheless, the
results showed a significant decrease in the maximal HR of the
AVG group (r=0.535) and at every submaximal stage: 3.2 km/h
(r=0.505), 4 km/h (r=0.577), 4.8 km/h (r=0.689), 5.6 km/h
(r=0.765), and 5.6 km/h with a slope of 4% (r=0.480). Lower
HR values were observed for the same intensities, whereas the
control group did not show any changes.
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Table 2. Heart rates in the different submaximal stages of the maximal stress test by group (N=28).
Heart rate at various levels (bpma), mean (SD)

AVGb group (n=20)

Control group (n=8)

Preintervention

118.2 (12.44)

120.38 (10.31)

Postintervention

113.7 (10.6)*

116.38 (9.49)

% change

–3.45 (7.19)

–3.08 (7.21)

Preintervention

127.6 (13.86)

124 (11.51)

Postintervention

121.75 (11.48)*

122.75 (10.22)

% change

–4.27 (6.34)

–0.75 (6.71)

Preintervention

137.75 (15.42)

133.13 (13.04)

Postintervention

129.9 (10.97)*

130.13 (9.6)

% change

–5.28 (6.22)

–1.91 (6.34)

Preintervention

152.3 (17.42)

146 (14.78)

Postintervention

143.40 (14.43)*

142.63 (12.98)

% change

–5.59 (5.4)

–2.03 (7.03)

Preintervention

157.2 (37.76)

155.5 (16.57)

Postintervention

153.95 (15.74)*

152 (12.88)

% change

–5.48 (44.53)

–1.92 (6.05)

Preintervention

197.1 (12.24)

191.63 (10.51)

Postintervention

187.2 (22.42)*

191.75 (6.94)

% change

–4.86 (11.1)

0.2 (3.75)

Speed: 3.2 km/h; slope: 1%

Speed: 4 km/h; slope: 1%

Speed: 4.8 km/h; slope: 1%

Speed: 5.6 km/h; slope: 1%

Speed: 5.6 km/h; slope: 4%

c

Maximum HR (bpm)

a

bpm: beats per minute.

b

AVG: active video game.

c

HR: heart rate.
*Significant differences within the group between preintervention and postintervention (P<.05).

Effects of the AVG Intervention Combined With
Multicomponent Exercise on Submaximal and
Maximal Effort Oxygen Uptake and Length of the
Maximal Treadmill Test
The effects of the intervention using AVGs combined with
multicomponent exercise on VO2 for the maximal and
submaximal efforts are detailed in Table 3. No pretest
differences were found between groups (P>.05). After the AVG
intervention combined with multicomponent exercise, a decrease
in the submaximal VO2 was found, but no effects were reported
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for the VO2peak. As shown in Figure 1, lower VO2 values occur
for the same intensities after the intervention at every
submaximal stage of the test: at 3.2 km/h (r=0.518), 4 km/h
(r=0.434), 4.8 km/h (r=0.593), 5.6 km/h (r=0.535), and 5.6
km/h with a slope of 4% (r=0.551). The control group did not
show any change in the VO2 parameters. In addition, significant
differences between groups were found in the submaximal VO2
after the AVG intervention, with significantly lower VO2 in the
AVG group at 3.2 km/h and 5.6 km/h. The duration in minutes
of the maximal treadmill test significantly increased in the AVG
and control groups, with no differences observed.
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Table 3. Oxygen uptake in the different submaximal stages of the maximal stress test by group (N=28).
AVGa group (n=20)

Control group (n=8)

Preintervention

13.47 (2.81)

14.59 (1.96)

Postintervention

11.76 (2.26)*

14.86 (2.46)**

% change

–8.73 (27.85)

2.8 (17.3)

Preintervention

14.95 (3.05)

15.55 (1.43)

Postintervention

13.15 (2.22)

15.34 (2.58)

% change

–8.73 (23.65)

–1.13 (15.43)

Preintervention

17.02 (2.9)

17.48 (2.25)

Postintervention

14.92 (2.39)*

17.03 (2.73)

% change

–10.41 (17.92)

–2.06 (13.55)

Preintervention

19.97 (3.09)

21.50 (2.72)

Postintervention

18.16 (2.88)*

21.13 (2.56)**

% change

–7.49 (18.56)

–0.47 (16.13)

Preintervention

22.05 (3.18)

23.30 (2.78)

Postintervention

20.59 (2.93)*

23.18 (3.03)

% change

–4.54 (21.04)

–0.04 (11.43)

Preintervention

32.75 (5.9)

33.11 (6.18)

Postintervention

32.82 (5.54)

34.68 (4.65)

% change

1.23 (13.08)

6.6 (15.36)

Preintervention

11.38 (0.94)

11.16 (0.95)

Postintervention

12.37 (1.20)*

12.42 (0.58)*

% change

8.76 (5.58)

11.72 (7.13)

Preintervention

3.39 (0.92)

3.25 (0.98)

Postintervention

4.38 (1.16)*

4.42 (0.58)*

% change

36.34 (44.57)

44.4 (38.15)

Variable, mean (SD)
b

VO2 (mL/kg/min); speed: 3.2 km/h; slope: 1%

VO2 (mL/kg/min); speed: 4 km/h; slope: 1%

VO2 (mL/kg/min);speed: 4.8 km/h; slope: 1%

VO2 (mL/kg/min); speed: 5.6 km/h; slope: 1%

VO2 (mL/kg/min); speed: 5.6 km/h; slope: 4%

VO2peak (mL/kg/min)

Length of the maximal treadmill test (min)

Length of the effort phase of the maximal treadmill test (min)

a

AVG: active video game.

b

VO2: oxygen uptake.
* Significant differences within groups between preintervention and postintervention (P<.05).
**

Significant differences between AVG and control groups (P<.05).
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Figure 1. Changes in VO2 during the different stages of the maximal stress test observed for the (A) active video game group and (B) control group.

In addition, the VO2 percentage was calculated for each
participant according to the VO2 peak obtained from the
maximal treadmill test. Results reported no differences between
groups before the AVG intervention. Based on the VO2 values
in mL/kg/min, the AVG group showed significant decreases in
the VO2 percentage at all submaximal stages of the maximal
treadmill test: 3.2 km/h (r=0.609), 4 km/h (r=0.551), 4.8 km/h
(r=0.693), 5.6 km/h (r=0.576), and 5.6 km/h with a slope of 4%
(r=0.476). On the other hand, the control group showed
decreases in the VO2 at only 4.8 km/h (r=0.792). Significant
differences in the VO2 were found between the AVG and control
groups after the AVG intervention at 3.2 km/h.

Effects of the AVG Intervention Combined With
Multicomponent Exercise on Submaximal and
Maximal Effort Oxygen Uptake Percentage by Groups
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According to Body Fat Percentage Baseline in the AVG
Group
As explained before, the sample was divided into 2 groups
according to the 50th percentile of the body fat percentage for
the AVG group. The results showed that the participants with
a higher body fat percentage showed a significantly decreased
HR and VO2 at the same intensities after the intervention.
Specifically, lower HR values were found for the participants
in the AVG group with higher body fat percentages at 3.2 km/h
(r=0.737), 4 km/h (r=0.662), 4.8 km/h (r=0.751), 5.6 km/h
(r=0.886), and 5.6 km/h with a slope of 4% (r=0.864);
furthermore, lower HR values were found for the AVG group
participants with lower body fat percentages at only 4.8 km/h
(r=0.454). On the other hand, lower VO2 values were found for
the AVG group participants with higher body fat percentages
in the submaximal stages of the maximal treadmill test at 4 km/h
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(r=0.617), 4.8 km/h (r=0.697), and 5.6 km/h (r=0.885); in
contrast, the AVG group participants with lower body fat
percentages did not show any changes. However, the influence
of the body fat percentage on the VO2 percentage determined
from the individual VO2peak of the maximal treadmill test was
low, showing that the AVG group participants with higher body
fat percentages displayed significant decreases in the VO2
percentage during the submaximal stage at 4.8 km/h (r=0.590)
and 5.6 km/h (r=0.751). However, the AVG group participants
with lower body fat percentages displayed significant decreases
in the VO2 percentage during the submaximal stages at 3.2 km/h
(r=0.691) and 4.8 km/h (r=0.810). No significant differences
between the AVG group participants with higher and lower
body fat percentages were found in the baseline and posttest.

Discussion
Principal Findings
The aim of this study was to investigate the effects of an AVG
intervention combined with multicomponent training on CRF
at maximal and submaximal effort levels in children with
overweight and obesity. The main finding of this study was the
significant decrease in the HR and VO2 shown by the AVG
group for the same intensities at the submaximal stages of the
maximal treadmill test, along with a lower VO2 percentage
according to the individual maximal oxygen uptake. As a
reference, the control group did not show overall changes in the
HR, VO2, or VO2 percentage in the submaximal stages of the
maximal treadmill test, except for a significant decrease in the
VO2 percentage at 4.8 km/h. However, no changes in the relative
or absolute VO2peak values (in mL/kg/min and L/min) were
found for the AVG group, although an increment in the absolute
VO2peak value was observed for the control group. This might
be due to the weight gain in the control group, mainly fat
accumulation. Although we did not expect improvements in the
VO2peak, the adequate intensity level required for achieving the
desired improvements at the maximum intensities was not
reached. This may be explained by the nature of the intervention
limiting the intensity to that produced by the AVGs and the
inability of the participants to reach such demanding intensities
due to excess body fat. However, one of the objectives of the
intervention was to improve quality of life by enabling these
children to better cope with daily activities, which are often
submaximal efforts.
Regarding the CRF endurance level of the participants, mean
VO2peak values of 32.75 (SD 5.90) mL/kg/min for the AVG
group and 33.11 (SD 6.18) mL/kg/min for the control group
were obtained. The children with overweight and obesity who
participated in this study showed low CRF levels with an
increased risk of health problems due to this low level of CRF
in 75% of the participants, according to the cutoff points
proposed by Ruiz et al [36]. Moreover, 67.9% of the participants
are above the 50th percentile according to Johansson et al [35],
which means that the participants in this study had a higher
CRF compared to the mean of the normative data of children
with overweight or obesity.
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In relation to maximal exercise testing, it is difficult for children,
especially those with overweight or obesity, to meet all the
maximal criteria and demonstrate a plateau in their maximal
oxygen uptake [37]. To determine if the exercise test was
maximal and the VO2peak data were valid, the percentage of the
theoretical maximal HR reached at the end of the test and the
respiratory exchange ratio≥1.15 [38] were used. Only 4 of the
28 participants in the preintervention maximal exercise test and
3 of the 28 participants in the postintervention maximal exercise
test did not reach 90% of their theoretical maximum HR at the
end of the maximal stress test, but they achieved a respiratory
exchange ratio very close to (1.13 and 1.14), equal to, or higher
than 1.15. Therefore, it can be strongly believed that the tests
were maximal.
Thus far, only 7 studies have investigated the effects of AVG
interventions on the CRF of children with overweight or obesity,
and the results are unclear. The first study that reported the
effects of AVGs on the CRF of adolescents with overweight
and obesity was that by Adamo et al [39] and the results showed
a significant training effect over time with two different
interventions: AVG cycling and stationary cycling with music
interventions, with sessions of 60 minutes twice per week for
10 weeks. Both interventions produced significant improvements
in the peak HR, peak workload, or the time to exhaustion, along
with significant reductions in the body fat percentage; however,
no significant differences were found between the exercise
groups. With this same intervention, Goldfield et al [40]
observed that the psychological benefits of these aerobic
exercises were related to improved aerobic fitness. These
positive effects are in line with our results. Although they show
that the positive effects of AVG cycling on CRF are comparable
to those of the stationary cycling with music intervention,
adherence to this stationary cycling with music intervention
was greater. Maddison et al [41] found decreases in body fat
percentage with no significant increases in the CRF for the AVG
group, measured by the 20-m shuttle test. However, this positive
effect of AVGs on body composition in children with
overweight or obesity is most likely mediated through improved
aerobic fitness [42]. This relationship between body fat
percentage and CRF supports the results of this study in which
participants with higher body fat percentage had greater
improvements in CRF. The interpretation of this result could
be that participants with higher body fat percentage have a
greater facility for decreasing body fat, which is associated with
an increase in CRF. Maloney et al [43] observed no
improvements in CRF of the AVG and control groups, assessed
by a 3-minute step test after playing Dance Dance Revolution
for 12 weeks. This discrepancy may be due to the method used
to measure CRF; the participants did not reach adequate
intensities and the study did not report the number of sessions
per week and the duration of these sessions, which could also
explain the lack of positive effects. Christison et al [44] showed
that the number of shuttle runs did not change after a 6-month
AVG intervention, with 2 sessions per week using several
devices. This study has several limitations that could explain
the lack of positive effects of the AVG intervention such as the
small sample, the difference in the number of participants
between the intervention and control groups, the short length
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of the intervention whose duration was 10 weeks, and the
method for measuring the CRF for which the 20-m shuttle run
test was used. The most recent study was conducted by Bonney
et al [45], who investigated the effect of Wii Fit, in comparison
with a task-oriented functional training, on the performance in
the shuttle run test and positive effects on CRF in both groups.
However, no differences between the AVG and control groups
performing the task-oriented functional training were found
after a 14-week intervention conducted once a week with each
session lasting for 45 minutes. Furthermore, 2 noncontrolled
trials studied the effects of AVG on CRF in children with
overweight and obesity [46,47]; the limitation of these trials
was the lack of a control group, which means that the results
should be interpreted with caution. Calcaterra et al [47] observed
an improvement in CRF (3.8 mL/kg/min, P<.001) measured by
a walking test on a treadmill reaching 85% of the maximal HR
after a 12-week intervention using interactive video games.
Huang et al [46] showed no effects of AVGs using Nintendo
Wii and Xbox Kinect on CRF after 16 sessions, probably due
to the inclusion of only 14 participants and the short length of
the intervention. A systematic review performed by Zeng and
Gao [48] included only 1 RCT [41], which reported positive
effects of an AVG intervention in comparison with an exercise
group, but these results were unclear due to the inclusion of
only 1 study. Given the lack of studies on the usefulness of
AVGs to improve CRF, more quality research investigating
AVGs as tools to improve CRF is needed. In addition,
systematic reviews on AVGs that include CRF are needed, given
that CRF is one of the key components of health-related physical
fitness and is closely related to quality of life and health.
On the other hand, when the AVG group was divided in 2 groups
according to body fat percentage, the results showed that the
participants with higher body fat percentage showed
significantly decreased HR and VO2 values at the same
intensities after the intervention, which translates into improved
efficiency during submaximal efforts. As stated above,
participants with higher body fat percentages had a greater range
of improvement, and therefore, it is easier for them to achieve
improvements, showing significant decreases in the HR and
VO2 at the same submaximal intensities after the AVG
intervention combined with multicomponent exercise. However,
smaller improvements were observed in participants with lower
body fat percentages. These results are supported by previous
studies considering the effect of AVGs on CRF, although there
are none that determine CRF with breath-by-breath
measurements, indirect calorimetry, and the maximal stress test
along with gas exchange measurements. As previously stated,
there are several studies that support the use of AVGs to improve
CRF in children with overweight or obesity. None of these
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studies compare the outcomes in children based on body fat,
and they do not differentiate between overweight and obesity.
However, the studies investigating the use of AVGs to improve
CRF in children with a healthy weight indicate low
effectiveness; among the 6 controlled trials, 3 studies [49-51]
report positive effects and the other 3 studies [52-54] report no
effects, contrary to the studies involving children with
overweight or obesity, most of which found significant
improvements in CRF.

Strengths and Limitations
Some limitations must be considered in this study. The number
of participants was low, especially in the control group. This
could make it more difficult to identify the effects of the AVG
intervention and achieve enough statistical power. Another
important limitation is the unequal number of participants in
the AVG and control groups because the control group could
not be completely formed owing the COVID-19 pandemic,
which interrupted research activities worldwide.
However, some strengths can be highlighted. The intervention
was supervised and structured, with a duration (5 months) and
frequency (3 sessions per week and 60 minutes per session)
similar to or higher than that of any other previous AVG
intervention reporting benefits for this population. Another
important aspect is the combination of AVG and
multicomponent training focused on CRF, muscular strength,
agility, and coordination. In addition, the wide variety of AVGs
used should be highlighted. All these devices offer opportunities
and possibilities to significantly increase energy expenditure in
children with overweight or obesity [26]. Finally, the main
strength was the maximal stress test conducted to measure CRF
using a walking-graded protocol with respiratory gas exchange
measurements that allowed HR and VO2 values to be recorded
at submaximal intensities.

Conclusions
A 5-month intervention of AVGs combined with
multicomponent exercise had positive effects on CRF at
submaximal intensity, showing lower HR and VO2 values at
the same intensities and lower VO2 percentages according to
the individual VO2peak values. The body fat percentage and the
BMI z-score were also reduced after the AVG intervention. In
addition, greater improvements were found in children with the
highest fat percentage.
Future research could focus on the design and implementation
of AVG interventions with higher intensities than those used
in this study to produce improvements in CRF at submaximal
and maximal effort levels, as this type of intervention appears
effective for children with overweight or obesity.
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Abstract
Background: Digital interventions have been applied for promoting HIV prevention and care among men who have sex with
men (MSM). As user interface (UI) design plays a role in determining usability and user experience (UX), the intervention
outcome could be affected.
Objective: In this study, we hypothesized that 2 UI design styles, namely gamification and neumorphism, could impact usability
and be differentially preferred by distinct groups of MSM.
Methods: A prospective parallel-group open-label randomized controlled trial was conducted in Hong Kong. Eligible participants
were adult MSM recruited by the research team or referred by enrolled participants, who followed instructions for performing
an HIV self-test and promoted its use within their social network. Participants were randomized in a 1:1 ratio into either a
gamification or neumorphism arm, with primarily visual differences in the UI only. The primary outcome was usability measured
by the System Usability Scale (SUS) between the 2 arms. Distinct characteristics of promoters in the 2 arms who gave an SUS
score of 80 or above were identified.
Results: Of 463 MSM registered in the study, 232 and 231 were randomized to the gamification and neumorphism arms,
respectively. Excluding those who did not request a self-test kit, data from 218 and 216 participants in the gamification and
neumorphism arms, respectively, were analyzed (totally 434 participants). With a median SUS score of 80 overall, participants
in the neumorphism arm gave a higher score (P<.001), with a higher proportion giving a promoter-level SUS score (P=.002).
Promoters used social media for sex networking (P=.02), used pre-exposure prophylaxis in the preceding year (P=.006), had
higher satisfaction in UI design (P<.001), and had made a self-test referral (P=.04). In general, higher usability was recorded
among participants who were confident in performing the HIV self-test (P<.001), and this was associated with a promoter-level
SUS score in both arms. While no other personal characteristics were associated with promoters in the neumorphism arm, those
in the gamification arm had higher HIV-related knowledge (P=.01), preferred a specific partner body image type (P=.03), and
progressed toward peer referral by completing online training (P=.04).
Conclusions: Both gamified and neumorphic UI designs were well-accepted by MSM. UX and satisfaction of UI were both
crucial in influencing the willingness of MSM to promote the application by referring their peers in the community to participate.
The simplistic visual design of neumorphism conferred a more general acceptance in the community, whereas gamification was
preferred in certain MSM subcommunities. Appropriate UI/UX design should be considered when developing digital interventions
targeting the MSM community.
Trial Registration: ClinicalTrials.gov NCT04379206; https://clinicaltrials.gov/ct2/show/NCT04379206
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Introduction
Digital technology has been leveraged as an innovative approach
to improve health in different settings, especially in HIV care
and prevention. It was adopted for promoting HIV testing
through the use of specially designed apps targeting the men
who have sex with men (MSM) community [1], monitoring
adherence of medication intake [2], and providing HIV
prevention materials to the community [3]. A qualitative study
showed that ease of operation is an important factor for MSM
to use and keep using such apps [4]. This is in line with concepts
of the theoretical framework in the technology acceptance model
stating that perceived ease of use and usefulness contribute to
one’s intention to use technology [5]. Perception of ease of use
is underpinned by user interface (UI) design, such that poor
visual design could negatively affect the user experience (UX)
and create usage challenges [6]. Therefore, UI design is one of
the key elements influencing the usability of a digital
intervention [7].
There are many models and styles in UI design, and a popular
one is gamification. Gamification is the application of video
game elements in nongaming contexts to enhance UX [8]. It
has been applied for improving drug adherence in rheumatoid
arthritis patients [9] and for supporting clinical decision-making
[10]. The effectiveness of gamification has been shown in the
promotion of health among MSM. A previous study found that
a gamified mobile app could improve HIV knowledge and
confidence in adherence to HIV medications among these
individuals [11]. The positive effect of gamification was
markedly higher in regular users [12]. With rewards like badges,
credit points, and actual prizes, and social elements, such as
leader boards, the elements in the gamified experience were not
just acceptable to MSM, but could also motivate them to engage
in promotional activities [13]. On the other hand, a new UI
design style, neumorphism or soft UI, emerged in late 2019,
which was introduced by Alexander Plyuto [14]. It is a simplistic
version of skeuomorphism, which was widely used in the past
to imitate a real-world physical object in the UI. Neumorphism
simplifies skeuomorphism by making use of light and dark
shadows to accentuate the UI element from its background with
the same color while capturing the realistic form of the object
[15]. The combination of realistic element and the simplistic
design can offer an interactive and tactile UX [16].
The 2 UI design styles of gamification and neumorphism were
visually distinctive, leading us to hypothesize that different
groups of MSM may be in favor of either design. Against these
backgrounds, we aimed to assess the differential impact of
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gamification and neumorphism UI design styles on UX and
usability in a web application developed for promoting HIV
self-testing among MSM.

Methods
Study Design and Participants
This was a prospective parallel-group open-label randomized
controlled study. The study was conducted in Hong Kong, where
MSM accounted for a majority of new HIV infections in the
past decade [17]. Through a social network approach, enrolled
eligible participants were men who ever had sex with other men,
who were aged 18 years or above, and who were either referred
by another participant in the study or recruited by the research
team as seeds. The exclusion criterion was inability to
communicate in written English or Chinese. Block
randomization was adopted with a block size of 4 and an
allocation ratio of 1:1, using a computer-generated list concealed
in server-side codes in the web application. With a sample size
of 400, a mean difference in the acceptance score of 1% could
be detected at an assumed standard deviation of 10% between
2 arms.

Intervention
The participants were randomized into either the neumorphism
or gamification UI arm, with the unified objective of undertaking
a free HIV self-test using oral fluid or blood at their will. The
differences in the 2 arms were related to the UI only (primarily
visual). In the neumorphism arm, in terms of form elements,
the buttons and frames were in the neumorphism style, while
checkboxes and radio buttons remained browser default to
balance readability and identification of form elements
(Multimedia Appendix 1). A monochromatic color scheme was
adopted in compliance with the neumorphism design style. To
enrich a gamified UX, the process table in the neumorphic
design was replaced by a badge board, and a story background
was created (Figure 1). Each of the pages in the gamification
arm had a unique backdrop simulating different places in a
role-playing game. The profile and questionnaire pages appeared
as a forest in daytime and at night, respectively. The test kit
request and result upload pages depicted a sword to be picked
from the soil and items to be devoted in a shrine, respectively.
While training was illustrated as a magical book, the backdrop
on the referral page was a tavern. The incentive redemption
page was assimilated as a reward bestowed by the “crown.” The
study procedures remained the same between the 2 arms, namely
the questionnaire, test kit request, test result upload, online
training, and peer referral.
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Figure 1. The profile pages of the neumorphism (upper panel) and gamification (lower panel) designs.

Data Collection
The questionnaire contained questions on demographics; sex
networking characteristics, including self-perceived body image
types and preferences of sex partners’ body image types [18,19],
history of sexual behavior, sex networking, and HIV testing;
preferences of self-tests; and 17 questions on HIV-related
knowledge. The primary outcome of the study was the usability
of the web application measured by the System Usability Scale
(SUS) [20] and the Single Ease Question (SEQ) [21], as well
as the satisfaction of the UI designs of the 2 styles. The SEQ
was used after each task throughout the study, whereas the SUS
was only displayed after test result upload and peer referral.
Participants were free to fill out these scales without obstruction
to the main study procedure. Akin to the SUS, an additional
question, “I am satisfied with the system interface design,” with
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a scale ranging from 1 (strongly disagree) to 5 (strongly agree),
was used to assess participants’ acceptance of the UI (UI score).
For individual SUS items, a score of at least 4 out of 5 was
considered a positive response, whereas for the SEQ, a score
of 5 or higher on the scale of 7 was regarded as positive. Overall,
the SUS score was calculated according to the standard by
inversing responses in even number questions and then
multiplying the scores by 2.5. Previous research has shown that
an SUS score of 68 is average [22], 71 is acceptable [23] or
“good” [24], and 80 indicates a user is willing to promote the
product or system to a friend [21]. In the analysis, we adopted
the latter 2 thresholds as the definitions of acceptance and
participation as a promoter of the system, respectively. Two
subscale scores were derived from the SUS by separating items
4 and 10 from the remainder to form the learnability and
usability scores, respectively, and the same threshold was used.
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Analysis
The scores of the UI, individual SUS items, SUS main scale
and subscales, and SEQ at different stages were compared
between the 2 arms, and other participant attributes and sex
networking characteristics were compared using the
Mann-Whitney U test. With an overarching aim to examine the
willingness of referring peers to undergo self-testing, the SUS
scores were dichotomized by the promoter-level threshold, and
associated factors were identified per arm by univariable and
multivariable logistic regression models. The analyses and
reporting of the results followed the CONSORT-eHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth) guidelines
[25] (Multimedia Appendix 2). This study has been registered
at ClinicalTrials.gov (ID: NCT04379206). All analyses were
conducted in R software (R Project for Statistical Computing).

Ethics Approval
This study was approved by the Joint Chinese University of
Hong Kong – New Territories East Cluster Clinical Research
Ethics Committee and the Ethics Committee of the Department
of Health (CREC reference number 2020.087).
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to the gamification and neumorphism arms, respectively (Figure
2). After excluding 21 subjects who had not completed the
questionnaire and 8 who failed to request a self-test kit, data
from 434 participants were analyzed. Overall, the participants’
median age was 28 years (IQR 24-33 years) (Table 1).
Moreover, 76.5% (332/434) and 43.3% (188/434) of participants
had used location-based MSM social networking apps and social
media apps, respectively, to seek male sex partners in the past
year, whereas patronizing physical venues, such as bars (33/434,
7.6%), saunas (56/434, 12.9%), and sex parties (26/434, 6.0%),
for sex networking amidst the COVID-19 pandemic when social
distancing policies were in force was rare. In terms of
HIV-related knowledge, 59.0% (256/434) of participants got
11 correct answers and 21.0% (91/434) gave at the most 3 wrong
answers out of 17 question items. Overall, 340 (78.3%) had
tested for HIV before, of whom, 139 (40.9%) never used an
HIV self-test product. More participants were confident to
collect sufficient oral fluid (269/434, 62.0%) than blood
(197/434, 45.4%) for the self-test. In addition, 66.8% (290/434)
were confident in performing self-tests and 70.3% (305/434)
were confident in interpreting the test results. A similar
proportion (282/434, 65.0%) did not prefer assistance in
self-tests.

Results
Overall, 463 MSM registered in the study between March 1,
2021, and May 12, 2021, of whom, 232 and 231 were assigned
Figure 2. Study flow.
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Table 1. Participants’ characteristics.
Characteristic

Overall (N=434)

Gamification arm
(N=218)

Neumorphism arm
(N=216)

Age (years), median (IQR)

28 (24-33)

28 (24-32)

29 (24-34)

Used location-based MSMa social networking apps

332 (76.5)

163 (74.8)

169 (78.2)

Used social media apps

188 (43.3)

90 (41.3)

98 (45.4)

Patronized local bars

33 (7.6)

18 (8.3)

15 (6.9)

Patronized local saunas

56 (12.9)

35 (16.1)

21 (9.7)

Attended local sex parties

26 (6.0)

18 (8.3)

8 (3.7)

Gave a correct answer in at least 11 out of 17 questions on HIV-related
knowledge, n (%)

256 (59.0)

130 (59.6)

126 (58.3)

Gave a correct answer in at least 14 out of 17 questions on HIV-related
knowledge, n (%)

91 (21.0)

46 (21.1)

45 (20.8)

Ever tested for HIV, n (%)

340 (78.3)

166 (76.1)

174 (80.6)

Ever HIV self-tested (N=340), n (%)

201 (59.1)

101 (60.8)

100 (57.5)

Collecting sufficient oral fluidb

269 (62.0)

135 (61.9)

134 (62.0)

Collecting sufficient bloodb

197 (45.4)

90 (41.3)

107 (49.5)

Correctly performing the HIV self-testb

290 (66.8)

142 (65.1)

148 (68.5)

Interpreting the self-test resultb

305 (70.3)

146 (67.0)

159 (73.6)

Preferring no assistance for the self-test

282 (65.0)

143 (65.6)

139 (64.4)

Sex networking in the past 1 year, n (%)

Confidence in self-test procedures, n (%)

a

MSM: men who have sex with men.

b

Gave a score of 9 or above on a scale of 0 to 10.

The median SUS score given at test result upload was 80.0 (IQR
70.0-90.0), with median learnability and usability scores of 87.5
(IQR 62.5-100.0) and 78.1 (IQR 68.8-90.6), respectively. Higher
learnability was scored by MSM who used social media for sex
networking (P=.02), preferred sex partners to be of the “cute”
body image type (P=.009), never had sex with a female
individual (P=.04), and gave more correct answers in
HIV-related knowledge (P=.005) (Table 2). They also gave
higher confidence scores in sample collection for both oral fluid
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(P=.002) and blood (P=.004), performance of the self-test
(P<.001), and result interpretation (P<.001). A higher usability
score was given by participants who used social media for sex
networking (P=.002), preferred sex partners with the body image
type of “cute” (P=.03) or “decent” (P=.02) but not “mature”
(P=.04), were confident in using the self-test (P<.01), and
returned the self-test result within 24 hours upon receiving the
self-test kit (P=.04) (Table 3).
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Table 2. Differential patterns of learnability scores and associated participant characteristics (N=351).
Variable

Learnability score when the variable
is false, median (IQR)

Learnability score when the variable P value
is true, median (IQR)

Used social media for sex networking in the past 1 year

87.5 (62.5-100.0)

87.5 (75.0-100.0)

.02

Preferred sex partners to be of the “cute” body image type 87.5 (62.5-100.0)

87.5 (75.0-100.0)

.009

Ever had sex with a female individual

87.5 (75.0-100.0)

75.0 (62.5-100.0)

.04

Gave at least 14 correct answers out of 17 questions on
HIV-related knowledge

87.5 (62.5-100.0)

87.5 (75.0-100.0)

.004

Collecting sufficient oral fluida

75.0 (62.5-100.0)

87.5 (75.0-100.0)

.002

Collecting sufficient blooda

75.0 (62.5-100.0)

87.5 (75.0-100.0)

<.001

Correctly performing the HIV self-testa

75.0 (62.5-100.0)

87.5 (75.0-100.0)

<.001

Interpreting the self-test resulta

75.0 (62.5-87.5)

87.5 (75.0-100.0)

<.001

Preferring no assistance for the self-test

75.0 (50.0-100.0)

87.5 (75.0-100.0)

<.001

Confidence in self-test procedures

a

Gave a score of 9 or above on a scale of 0 to 10.

Table 3. Differential patterns of usability scores and associated participant characteristics (N=351).
Variable

Usability score when the variable is
false, median (IQR)

Usability score when the variable is P value
true, median (IQR)

Used social media for sex networking in the past 1 year

75.0 (68.8-87.5)

84.4 (71.9-93.8)

.002

“Cute” type

78.1 (68.8-90.6)

81.3 (75.0-95.3)

.03

“Decent” type

75.0 (68.8-87.5)

78.1 (71.9-93.8)

.02

“Mature” type

81.3 (71.9-93.8)

75.0 (68.8-87.5)

.04

Returned the self-test result within 24 hours upon receiving 78.1 (65.6-89.8)
the self-test kit

78.1 (71.9-93.8)

.04

Preferred body image type of sex partners

Confidence in self-testing procedures

a

Collecting sufficient oral fluida

75.0 (68.8-87.5)

81.3 (71.9-93.8)

.001

Collecting sufficient blooda

75.0 (65.6-87.5)

84.4 (75.0-93.8)

<.001

Correctly performing the HIV self-testa

75.0 (65.6-84.4)

84.4 (71.9-93.8)

<.001

Interpreting the self-test resulta

75.0 (65.6-84.4)

81.3 (71.9-93.8)

<.001

Gave a score of 9 or above on a scale of 0 to 10.

Promoters giving at least 80 points in the SUS scale at test result
upload (184/351, 52.4%) were more likely to have passed the
online training, made a peer referral, used social media for sex
networking, used pre-exposure prophylaxis (PrEP) for HIV
prevention when having condomless anal intercourse (CLAI)
with known male sex partners, and given a higher UI score
(P<.05). They were also more confident in using the self-test
(P<.001), while preferring no assistance for the self-test

https://games.jmir.org/2022/2/e35869

XSL• FO
RenderX

(P=.001), and had requested an oral fluid self-test (P=.04) (Table
4). While promoters did not give more correct answers in
HIV-related knowledge, nonpromoters were more likely to
wrongfully consider blood donation an appropriate way for HIV
screening in the HIV-related knowledge assessment (odds ratio
[OR] 2.57, 95% CI 1.33-4.95; P=.01). They also gave a higher
SEQ score after the test kit request, result upload, online
training, and peer referral (P<.01).
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Table 4. Characteristics of participants giving a System Usability Scale score of 80 or above (promoters) (N=351).
Promoters
(N=184), n (%)

Nonpromoters
(N=167), n (%)

ORa (95% CI)

P value

90 (48.9)

61 (36.5)

1.66 (1.09-2.55)

.02

Used PrEP in the past 1 year (N=165 )

59 (70.2)

40 (49.4)

2.42 (1.28-4.58)

.006

UId score of 4 or above on a scale of 1-5

174 (94.6)

119 (71.3)

7.02 (3.42-14.42)

<.001

Collecting sufficient oral fluide

130 (70.7)

89 (53.3)

2.11 (1.36-3.27)

<.001

Collecting sufficient bloode

102 (55.4)

53 (31.7)

2.68 (1.73-4.14)

<.001

Correctly performing the HIV self-teste

139 (75.5)

90 (53.9)

2.64 (1.68-4.16)

<.001

Interpreting the self-test resulte

147 (79.9)

97 (58.1)

2.87 (1.79-4.60)

<.001

Preferring no assistance for the self-test

132 (71.7)

92 (55.1)

2.07 (1.33-3.22)

.001

Requested for an oral fluid self-test

118 (64.1)

89 (53.3)

1.57 (1.02-2.40)

.04

SEQf ≥6 on a scale of 1-7 at test kit request (N=348)

147 (80.8)

107 (64.5)

2.32 (1.42-3.77)

<.001

SEQ ≥6 on a scale of 1-7 at result upload

177 (96.2)

123 (73.7)

9.05 (3.94-20.75)

<.001

SEQ ≥6 on a scale of 1-7 at online training (N=213)

53 (44.5)

24 (25.5)

2.34 (1.30-4.22)

.004

SEQ ≥6 on a scale of 1-7 at peer referral (N=119)

43 (61.4)

18 (36.7)

2.74 (1.29-5.83)

.008

Passed online training

115 (62.5)

83 (49.7)

1.69 (1.10-2.58)

.02

Made a peer referral

66 (35.9)

43 (25.8)

1.61 (1.02-2.55)

.04

Variable
Used social media for sex networking in the past 1 year
b

c

Confidence in self-test procedures

a

OR: odds ratio.

b

PrEP: pre-exposure prophylaxis.

c

Among participants who had condomless anal intercourse with previously acquired male sex partners.

d

UI: user interface.

e

Gave a score of 9 or above on a scale of 0 to 10.

f

SEQ: Single Ease Question.

Participants in the neumorphism arm gave a higher SUS score
than those in the gamification arm (median 82.5 vs 77.5;
“Excellent” vs “Good” using the adjective rating scale [24];
P<.001), and more participants in the neumorphism arm had an
acceptance level (P<.001) and a promoter level (P=.002) (Table
5). The learnability score was similar between the 2 arms;
therefore, the differences in the scores of SUS items 4 and 10
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were insignificant. On the other hand, the usability score was
higher in the neumorphism arm (P<.001). The proportions of
participants who were satisfied with the UI (P=.01) and agreed
to all positively worded statements in the SUS, except for item
9 on confidence in system use, were higher in the neumorphism
arm (P<.01).
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Table 5. Comparison of individual and overall System Usability Scale items, learnability scores, and usability scores between the gamification and
neumorphism arms (N=351).
Neumorphism arm
(N=175),
median
(IQR)

P value

Gamification
Neumorphism ORb (95%
arm (N=176), n arm (N=175), n CI)
(%)a
(%)a

P value

I am satisfied with the system interface design 4 (4-5)

4 (4-5)

.01

138 (78.4)

155 (88.6)

0.47 (0.260.84)

.01

SUSc #1: I think that I would like to use this
system frequently

4 (4-5)

4 (4-5)

.007

136 (77.3)

158 (90.3)

0.37 (0.200.67)

.01

SUS #2: I found the system unnecessarily
complex

2 (1-3)

2 (1-2)

.01

23 (13.1)

17 (9.7)

1.40 (0.722.72)

.32

SUS #3: I thought the system was easy to use

4 (4-5)

4 (4-5)

.008

145 (82.4)

162 (92.6)

0.38 (0.190.74)

.004

SUS #4: I think that I would need the support
of a technical person to be able to use this
system

1 (1-2)

1 (1-2)

.40

14 (8.0)

9 (5.1)

1.59 (0.673.79)

.29

SUS #5: I found the various functions in this
system were well integrated

4 (3-4)

4 (4-5)

<.001

103 (58.5)

145 (82.9)

0.29 (0.180.48)

<.001

SUS #6: I thought there was too much inconsistency in this system

2 (1-3)

1 (1-2)

<.001

9 (5.1)

8 (4.6)

1.13 (0.422.99)

.81

SUS #7: I would imagine that most people
would learn to use this system very quickly

4 (4-5)

4 (4-5)

.005

137 (77.8)

156 (89.1)

0.43 (0.240.78)

.004

SUS #8: I found the system very awkward to
use

2 (1-2)

1 (1-2)

.002

9 (5.1)

9 (5.1)

0.99 (0.392.57)

.99

SUS #9: I felt very confident using the system 4 (4-5)

4 (4-5)

.09

149 (84.7)

159 (90.9)

0.56 (0.291.07)

.08

SUS #10: I needed to learn a lot of things before I could get going with this system

2 (1-3)

2 (1-2)

.06

15 (8.5)

14 (8.0)

1.07 (0.502.29)

.86

SUS acceptance level (≥71)

N/Ad

N/A

N/A

109 (61.9)

147 (84.0)

0.31 (0.190.51)

<.001

SUS promoter level (≥80)

N/A

N/A

N/A

78 (44.3)

106 (60.6)

0.52 (0.340.79)

.002

SUS overall score

77.5 (65.6-89.4) 82.5 (75.092.5)

<.001

N/A

N/A

N/A

N/A

SUS learnability score

87.5 (62.5100.0)

.11

N/A

N/A

N/A

N/A

SUS usability score

75.0 (65.6-87.5) 84.4 (75.093.8)

<.001

N/A

N/A

N/A

N/A

Statement/variable

a

Gamification
arm (N=176),
median (IQR)

87.5 (75.0100.0)

Percentage refers to the proportion of participants giving a score of 4 or above on a scale of 5 for the respective statement.

b

OR: odds ratio.

c

SUS: System Usability Scale.

d

N/A: not applicable.

To identify the distinct characteristics associated with a
promoter-level SUS score with gamified and neumorphic
designs, subgroup analyses were performed (Figure 3).
Promoters in the gamification arm were more likely to prefer
sex partners to be of “meaty,” “hairy,” or “bear” body image
types, request for an oral fluid test, and give a higher SEQ score
at peer referral (P<.05). They were also less likely to give a
wrong answer in some HIV-related knowledge questions (P<.05)
and more likely to use PrEP when having CLAI with known
sex partners (P=.009) and pass the online training (P=.04).
Neumorphism arm promoters were more likely to give a higher
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SEQ score at test kit request (P<.001) and be referred from
channels other than instant messaging apps (P=.02). The
multivariable logistic regression model showed that, other than
high UI (P<.001) and SEQ (P=.02) scores, promoters in the
gamification arm were more likely to request for an oral fluid
test (P=.001), prefer a “bear” body image type partner (P=.02),
and be confident in collecting blood samples (P=.003), while
those in the neumorphism arm gave a higher SEQ score at result
upload (P<.001) and were confident in performing the self-test
(P<.001).
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Figure 3. Factors associated with promoters in the gamification and neumorphism arms. Shaded variables are mutually associated with both arms.
Values on the link are odds ratios (95% CIs). CLAI: condomless anal intercourse; PrEP: pre-exposure prophylaxis; SEQ: single ease question; UI: user
interface.

Discussion
The social network–based HIV self-test web application was
well-accepted by MSM, with an overall median SUS score of
80. Higher system usability was associated with confidence in
using the self-test kit and completing the self-test quicker,
indicating that this application had linked the user experiences
of online activities with offline ones. MSM encountering issues
in learning to use the system were less knowledgeable about
HIV and more likely to be bisexual. This echoed the results
from a previous study showing that bisexual men had lower
HIV-related knowledge, who had a higher level of stigma or
discrimination associated with the infection [26]. Online social
networking tools could be leveraged to promote health behaviors
[27], and users gave higher usability and learnability scores.
Together with the participants’ distinct preferences in sex
partners’ characteristics, our results informed the need of
addressing bisexual MSM and the choice of key opinion leaders
of different body image types in future HIV-related promotion
campaigns through social media.
The study results confirmed that participants who were satisfied
with the system and with a high perceived ease of use throughout
the engagement, were more likely to promote it to their peers
[21]. Promoters were confident in using the self-test without
assistance. They tended to have used PrEP for HIV prevention
and possessed adequate HIV knowledge; therefore, they were
competent to share their positive self-test experiences and
knowledge in HIV, and access to HIV prevention services with
their peers, which could in turn invite them to get self-tested.
On the other hand, knowledge deficit may have hindered some
from referring their peers to engage in prevention programs.
This showed that a satisfactory UX, adequate HIV knowledge,
and peer referral and support could facilitate HIV testing
promotion programs [28].
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Participants in the 2 arms were satisfied with the system and
the interface design. Compared with the findings in the
gamification arm, higher SUS and UI scores were observed
among participants assigned to the neumorphism arm, with over
half giving a promoter-level score. The impact of UI on UX
was only reflected in the usability facet, but not the learnability
facet. In reference to the 10 usability heuristics of UI design
[29], “esthetic and minimalist design” was found to be of
particular importance in contrasting the 2 designs in this study.
Neumorphism adopts a simplistic visual design conforming
with the heuristics, whereas the colorful graphics in the
gamification interface may have distracted users from the
primary goal and subsequently weakened its usability.
Nevertheless, no matter which arm participants were assigned
to, almost all users considered the system consistent and agreed
that they did not need to learn a lot of things or ask for support
to use the system. These were underpinned by the fourth and
sixth heuristics, which were “consistency and standards” and
“recognition rather than recall,” respectively.
Preferences in UI design style may be related to one’s
personality, age, gender, and education [30,31]. Shared
characteristics among promoters in the 2 arms included higher
SEQ and UI scores at the same time when the promoter-level
SUS score was given, and confidence in performing the self-test
without assistance. No personal attributes were associated with
promoters in the neumorphism arm, but those in the gamification
arm were featured with partner body image type preference,
PrEP use, and HIV-related knowledge. This highlighted that
the gamified UI was favored by selected MSM, whereas the
neumorphic design was more universally accepted. Our finding
provides an insight into the future selection of art styles for
designing promotion materials. Although physical appearance
traits may differ contextually, a previous study in the United
States has suggested that the bear community could be a unique
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group characterized by body image type in the MSM population,
which may be at higher HIV risk than others [32]. If a campaign
is launched to target them and their potential partners, a gamified
approach could be of use. A previous study also showed that
gamification could make HIV and sexually transmitted infection
testing less stressful [33]. On the contrary, a neumorphic style
would be more suitable to reach the general MSM community.
This study has several limitations. First, the use of sensitive
sexual behavioral questions might have given rise to social
desirability bias in responders, which we have minimized by
adopting a self-administered approach. We also used a short
recall period to reduce recall bias. Second, in a randomized
parallel-group design, we were unable to capture participants’
preferences by presenting them with both UI designs. Instead,
we compared the scores between 2 arms and conducted subgroup
analyses to identify associating factors with scores reaching the
promoter level. The SUS scores used in this study were collected
at test result upload; therefore, all participants who did not
upload their results were excluded. As the primary goal of the
study was to have participants refer their peers for self-testing,
uploading a test result was a necessary step, and thus, only those
who had uploaded a test result were considered to have
completed the study procedure and were included in the

Kwan et al
analyses. Third, HIV knowledge was not assessed with a
conventional validated scale, as such a scale may have been
outdated with the recent development of HIV medicine and
PrEP. The knowledge questionnaire we designed could however
only serve the purpose of identifying a knowledge gap in the
community, which was relevant to the theme of the study.
Fourth, generalization to other settings with different cultural
backgrounds could be limited, particularly for body image types.
Finally, neumorphism has an inherent weakness in accessibility
due to the lack of contrast in color. We did not enquire about
users’ color vision; hence, we were unable to consider the impact
of color vision deficiency on the usability of the 2 UI designs.
In conclusion, we demonstrated the effective use of a web
application that could link users from online activities to offline
engagement for the purpose of promoting HIV testing through
the collection of self-test kits. The experience of the offline
activity could impact subsequent online engagements, which
involve peer referral for extending the network of MSM who
could go for HIV self-testing as a health promotion strategy.
We also identified MSM’s preferences in and possible
implementation scenarios of gamified and neumorphic UI
designs, laying the scientific foundation for future UI and UX
designs for internet interventions targeting the MSM community.

Acknowledgments
We thank the Li Ka Shing Institute of Health Sciences for providing technical support. This study was supported by AIDS Trust
Fund (MSS 324 R).

Conflicts of Interest
None declared.
Multimedia Appendix 1
Screenshots of the pages in both the gamification and neumorphism arms.
[PDF File (Adobe PDF File), 319 KB - games_v10i2e35869_app1.pdf ]
Multimedia Appendix 2
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1202 KB - games_v10i2e35869_app2.pdf ]

References
1.

2.

3.
4.

5.

Veronese V, Ryan KE, Hughes C, Lim MS, Pedrana A, Stoové M. Using digital communication technology to increase
HIV testing among men who have sex with men and transgender women: Systematic review and meta-analysis. J Med
Internet Res 2020 Jul 28;22(7):e14230 [FREE Full text] [doi: 10.2196/14230] [Medline: 32720902]
Chai P, Mohamed Y, Bustamante M, Goodman GR, Najarro J, Castillo-Mancilla J, et al. DigiPrEP: A pilot trial to evaluate
the feasibility, acceptability, and accuracy of a digital pill system to measure PrEP adherence in men who have sex with
men who use substances. J Acquir Immune Defic Syndr 2022 Feb 01;89(2):e5-e15 [FREE Full text] [doi:
10.1097/QAI.0000000000002854] [Medline: 34753871]
Simoni JM, Kutner BA, Horvath KJ. Opportunities and challenges of digital technology for HIV treatment and prevention.
Curr HIV/AIDS Rep 2015 Dec 28;12(4):437-440 [FREE Full text] [doi: 10.1007/s11904-015-0289-1] [Medline: 26412082]
Mitchell JW, Torres MB, Joe J, Danh T, Gass B, Horvath KJ. Formative work to develop a tailored HIV testing smartphone
app for diverse, at-risk, HIV-negative men who have sex with men: A focus group study. JMIR Mhealth Uhealth 2016 Nov
16;4(4):e128 [FREE Full text] [doi: 10.2196/mhealth.6178] [Medline: 27852558]
Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly 1989
Sep;13(3):319. [doi: 10.2307/249008]

https://games.jmir.org/2022/2/e35869

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35869 | p.184
(page number not for citation purposes)

JMIR SERIOUS GAMES
6.

7.

8.

9.

10.

11.

12.

13.

14.
15.
16.
17.

18.
19.

20.
21.
22.
23.
24.
25.

26.

27.

Portz JD, Bayliss EA, Bull S, Boxer RS, Bekelman DB, Gleason K, et al. Using the technology acceptance model to explore
user experience, intent to use, and use behavior of a patient portal among older adults with multiple chronic conditions:
Descriptive qualitative study. J Med Internet Res 2019 Apr 08;21(4):e11604 [FREE Full text] [doi: 10.2196/11604] [Medline:
30958272]
Hentati A, Forsell E, Ljótsson B, Kaldo V, Lindefors N, Kraepelien M. The effect of user interface on treatment engagement
in a self-guided digital problem-solving intervention: A randomized controlled trial. Internet Interv 2021 Dec;26:100448
[FREE Full text] [doi: 10.1016/j.invent.2021.100448] [Medline: 34471610]
Deterding S, Sicart M, Nacke L, O'Hara K, Dixon D. Gamification: using game-design elements in non-gaming contexts.
In: CHI '11 Extended Abstracts on Human Factors in Computing Systems. 2011 Presented at: Conference on Human Factors
in Computing Systems; May 7-12, 2011; Vancouver, BC, Canada p. 2425-2428. [doi: 10.1145/1979742.1979575]
Sciascia S, Radin M, Cecchi I, Di Nunzio P, Buccarano N, Di Gregorio F, et al. Tailoring tofacitinib oral therapy in
rheumatoid arthritis: The TuTORApp-A usability study. Int J Environ Res Public Health 2020 May 15;17(10):3469 [FREE
Full text] [doi: 10.3390/ijerph17103469] [Medline: 32429245]
Melnick ER, Hess EP, Guo G, Breslin M, Lopez K, Pavlo AJ, et al. Patient-centered decision support: Formative usability
evaluation of integrated clinical decision support with a patient decision aid for minor head injury in the emergency
department. J Med Internet Res 2017 May 19;19(5):e174 [FREE Full text] [doi: 10.2196/jmir.7846] [Medline: 28526667]
Hightow-Weidman L, Muessig K, Knudtson K, Srivatsa M, Lawrence E, LeGrand S, et al. A gamified smartphone app to
support engagement in care and medication adherence for HIV-positive young men who have sex with men (AllyQuest):
Development and pilot study. JMIR Public Health Surveill 2018 Apr 30;4(2):e34 [FREE Full text] [doi:
10.2196/publichealth.8923] [Medline: 29712626]
Hightow-Weidman L, Muessig KE, Egger JR, Vecchio A, Platt A. Epic Allies: A gamified mobile app to improve engagement
in HIV care and antiretroviral adherence among young men who have sex with men. AIDS Behav 2021 Aug
19;25(8):2599-2617. [doi: 10.1007/s10461-021-03222-y] [Medline: 33740213]
Andrade-Romo Z, Chavira-Razo L, Buzdugan R, Bertozzi E, Bautista-Arredondo S. Hot, horny and healthy-online
intervention to incentivize HIV and sexually transmitted infections (STI) testing among young Mexican MSM: a feasibility
study. Mhealth 2020 Jul;6:28 [FREE Full text] [doi: 10.21037/mhealth.2020.03.01] [Medline: 32632366]
Plyuto A. Skeuomorph Mobile Banking. Dribbble. URL: https://dribbble.com/shots/7994421-Skeuomorph-Mobile-Banking
[accessed 2022-06-10]
Sharma K. Neumorphism (Soft UI) in User interface design - Tutorial. UX Planet. 2019. URL: https://uxplanet.org/
neumorphism-in-user-interface-tutorial-c353698ac5c0
Osinusi K. The New Trend in UI Design: An Overview of Neumorphism. Toptal. URL: https://www.toptal.com/designers/
ui/neumorphic-ui-design [accessed 2022-06-10]
Kwan TH, Wong NS, Lui GCY, Chan KCW, Tsang OTY, Leung WS, et al. Incorporation of information diffusion model
for enhancing analyses in HIV molecular surveillance. Emerg Microbes Infect 2020 Jan 30;9(1):256-262 [FREE Full text]
[doi: 10.1080/22221751.2020.1718554] [Medline: 31997717]
Kwan TH, Lee SS. Predictors of HIV testing and their influence on PrEP acceptance in men who have sex with men: A
cross-sectional study. AIDS Behav 2018 Apr 10;22(4):1150-1157. [doi: 10.1007/s10461-017-1978-0] [Medline: 29127535]
Kwan TH, Lee SS. Bridging awareness and acceptance of pre-exposure prophylaxis among men who have sex with men
and the need for targeting chemsex and HIV testing: Cross-sectional survey. JMIR Public Health Surveill 2019 Jul
03;5(3):e13083 [FREE Full text] [doi: 10.2196/13083] [Medline: 31271148]
Brooke J. SUS: A 'Quick and Dirty' Usability Scale. In: Jordan PW, Thomas B, McClelland IL, Weerdmeester B, editors.
Usability Evaluation In Industry. Boca Raton, Florida: CRC Press; 1996.
Sauro J, Lewis J. Standardized usability questionnaires. In: Quantifying the User Experience. Burlington, Massachusetts:
Morgan Kaufmann; 2016:185-248.
Lewis J, Sauro J. Item benchmarks for the system usability scale. Journal of Usability Studies 2018;13(3):158-167. [doi:
10.5555/3294033.3294037]
Bangor A, Kortum PT, Miller JT. An empirical evaluation of the System Usability Scale. International Journal of
Human-Computer Interaction 2008 Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]
Bangor A, Kortun P, Miller J. Determining what individual SUS scores mean: adding an adjective rating scale. Journal of
Usability Studies 2009;4(3):114-123. [doi: 10.5555/2835587.2835589]
Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]
Liao M, Wang M, Shen X, Huang P, Yang X, Hao L, et al. Bisexual Behaviors, HIV Knowledge, and
Stigmatizing/Discriminatory Attitudes among Men Who Have Sex with Men. PLoS One 2015 Jun 29;10(6):e0130866
[FREE Full text] [doi: 10.1371/journal.pone.0130866] [Medline: 26121250]
Kamal N, Fels S, Ho K. Online social networks for personal informatics to promote positive health behavior. In: WSM '10:
Proceedings of the Second ACM SIGMM Workshop on Social Media. 2010 Presented at: Second ACM SIGMM Workshop
on Social Media; October 25, 2010; Firenze, Italy p. 47-52. [doi: 10.1145/1878151.1878167]

https://games.jmir.org/2022/2/e35869

XSL• FO
RenderX

Kwan et al

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35869 | p.185
(page number not for citation purposes)

JMIR SERIOUS GAMES
28.

29.

30.

31.

32.
33.

Kwan et al

Liu Y, Sun X, Qian H, Yin L, Yan Z, Wang L, et al. Qualitative assessment of barriers and facilitators of access to HIV
testing among men who have sex with men in China. AIDS Patient Care STDS 2015 Sep;29(9):481-489 [FREE Full text]
[doi: 10.1089/apc.2015.0083] [Medline: 26186029]
Nielsen J. Enhancing the explanatory power of usability heuristics. In: CHI '94: Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems. 1994 Presented at: SIGCHI Conference on Human Factors in Computing Systems;
April 24-28, 1994; Boston, MA p. 152-158. [doi: 10.1145/191666.191729]
Aktivia R, Djatna T, Nurhadryani Y. Visual usability design for mobile application based on user personality. 2014 Presented
at: International Conference on Advanced Computer Science and Information System; October 18-19, 2014; Jakarta,
Indonesia. [doi: 10.1109/icacsis.2014.7065893]
Arambepola N, Munasinghe L. Empirical analysis of user factors that affect the user interface design in mobile applications.
2020 Presented at: 20th International Conference on Advances in ICT for Emerging Regions (ICTer); November 4-7, 2020;
Colombo, Sri Lanka. [doi: 10.1109/icter51097.2020.9325452]
Quidley-Rodriguez N, De Santis JP. A literature review of health risks in the bear community, a gay subculture. Am J Mens
Health 2017 Nov 30;11(6):1673-1679 [FREE Full text] [doi: 10.1177/1557988315624507] [Medline: 26718773]
McCoy SI, Buzdugan R, Grimball R, Natoli L, Mejia CM, Klausner JD, et al. Stick To It: pilot study results of an intervention
using gamification to increase HIV screening among young men who have sex with men in California. Mhealth 2018;4:40
[FREE Full text] [doi: 10.21037/mhealth.2018.09.04] [Medline: 30363751]

Abbreviations
CLAI: condomless anal intercourse
MSM: men who have sex with men
OR: odds ratio
PrEP: pre-exposure prophylaxis
SEQ: Single Ease Question
SUS: System Usability Scale
UI: user interface
UX: user experience

Edited by N Zary; submitted 22.12.21; peer-reviewed by V Verma, K Chigudu; comments to author 14.04.22; revised version received
21.04.22; accepted 13.05.22; published 22.06.22.
Please cite as:
Kwan TH, Chan DPC, Lee SS
User Experience and Usability of Neumorphism and Gamification User Interface Designs in an HIV Self-Test Referral Program for
Men Who Have Sex With Men: Prospective Open-Label Parallel-Group Randomized Controlled Trial
JMIR Serious Games 2022;10(2):e35869
URL: https://games.jmir.org/2022/2/e35869
doi:10.2196/35869
PMID:35731564

©Tsz Ho Kwan, Denise Pui Chung Chan, Shui Shan Lee. Originally published in JMIR Serious Games (https://games.jmir.org),
22.06.2022. 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.

https://games.jmir.org/2022/2/e35869

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35869 | p.186
(page number not for citation purposes)

JMIR SERIOUS GAMES

Redlinger et al

Original Paper

Impact of Visual Game-Like Features on Cognitive Performance
in a Virtual Reality Working Memory Task: Within-Subjects
Experiment
Eric Redlinger1; Bernhard Glas2; Yang Rong3
1

Tokyo Institute of Technology, Institute of Innovative Research / Koike & Yoshimura Lab, Tokyo, Japan

2

Technical University of Munich, Munich, Germany

3

Tokyo Institute of Technology, Tokyo, Japan

Corresponding Author:
Eric Redlinger
Tokyo Institute of Technology
Institute of Innovative Research / Koike & Yoshimura Lab
2-12-1-I3-20 Ookayama Campus
Tokyo, 152-8552
Japan
Phone: 81 3 5734 362
Email: redlinger.e.aa@m.titech.ac.jp

Abstract
Background: Although the pursuit of improved cognitive function through working memory training has been the subject of
decades of research, the recent growth in commercial adaptations of classic working memory tasks in the form of gamified apps
warrants additional scrutiny. In particular, the emergence of virtual reality as a platform for cognitive training presents opportunities
for the use of novel visual features.
Objective: This study aimed to add to the body of knowledge regarding the use of game-like visual design elements by specifically
examining the application of two particular visual features common to virtual reality environments: immersive, colorful backgrounds
and the use of 3D depth. In addition, electroencephalography (EEG) data were collected to identify potential neural correlates of
any observed changes in performance.
Methods: A simple visual working memory task was presented to participants in several game-like adaptations, including the
use of colorful, immersive backgrounds and 3D depth. The impact of each adaptation was separately assessed using both EEG
and performance assessment outcomes and compared with an unmodified version of the task.
Results: Results suggest that although accuracy and reaction time may be slightly affected by the introduction of such game
elements, the effects were small and not statistically significant. Changes in EEG power, particularly in the beta and theta rhythms,
were significant but failed to correlate with any corresponding changes in performance. Therefore, they may only reflect cognitive
changes at the perceptual level.
Conclusions: Overall, the data suggest that the addition of these specific visual features to simple cognitive tasks does not
appear to significantly affect performance or task-dependent cognitive load.
(JMIR Serious Games 2022;10(2):e35295) doi:10.2196/35295
KEYWORDS
HMD; working memory; gamification; cognitive training; serious game; game; cognitive activity; user performance; visual
memory; cognitive; user performance; mobile phone

Introduction
The Emergence of a Cognitive Training Industry
The recent widespread availability of game-like cognitive
training products in the form of apps on smartphones and tablets,
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along with a growing public awareness of cognitive training in
general, have all contributed to the creation of a
multibillion-dollar industry [1]. However, long before the first
commercial brain training apps appeared on smartphone app
stores, a series of widely publicized studies helped set the stage
for broader public acceptance of cognitive training. In one such
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35295 | p.187
(page number not for citation purposes)

JMIR SERIOUS GAMES

Redlinger et al

study from 2003, Bavelier and Green [2] documented an
increased attentional capacity for players of action video games.
Although such differences are easily dismissed as a result of
innate abilities or self-selection (eg, individuals with these
capacities tend to gravitate toward gaming), the authors notably
demonstrated that similar capacities could also be acquired by
previously nongamer participants through a simple training
regimen derived from the same games [2]. Another early,
influential training study that received mainstream exposure
was that of Jaeggi et al [3]: “Improving fluid intelligence with
training on working memory.” The authors documented
significantly increased fluid intelligence (the ability to reason
and solve new problems independently of previously acquired
knowledge) after cognitive training using a working memory
task [3]. The study subsequently received widespread media
coverage in outlets such as Wired magazine. Finally, an
ambitious, multisite, longitudinal study made additional news
headlines in 2017 when it concluded that a kind of adaptive,
speed-of-processing task known as Useful Field of View (UFoV)
training resulted in a significantly decreased risk of dementia
up to 10 years after the training intervention [4]. These studies,
among others, were instrumental in increasing public awareness
of the possibility that explicit training might yield cognitive
dividends and contributed to the recent industry boom.

even between very similar working memory tasks. However,
an inspection of their protocol revealed that the training task
used in the study was nonadaptive (ie, task difficulty was not
adjusted to match participants’ natural abilities or prior training
gains). This detail may have negatively affected the study’s
findings, as recent studies argue that adaptive training may be
an essential component of the success of cognitive training
[15,17]. In addition, environmental factors may have contributed
to the lack of an observed effect in the Linares et al [16] study
as the training sessions were unsupervised, but the assessment
sessions were conducted by study staff, which is a source of
social stress and a potentially confounding variable [18,19].

Ongoing Controversy

For example, one primary assessment outcome used in the 2017
study cited previously was the UFoV test. This test, which
contains several subtests to assess short-term recall and spatial
memory, requires participants to identify a previously displayed
stimulus from among various similarly shaped distractors.
Depending on the subtest, the stimuli may appear in either the
central visual area, the peripheral area, or both. Although the
original task, first developed in 1986, was designed as a clinical
assessment tool for use with a standard monochrome computer
monitor, commercial adaptations of the UFoV task generally
add a number of additional visual and narrative elements to
make the task more appealing to customers. These elements
include the use of cartoon-like icons; colorful, task-irrelevant
background imagery; thematic storylines; scoreboards; and
others (Figure 1). Although the use of these elements has
become commonplace in the commercial cognitive training
industry, consensus on whether such modifications significantly
affect the effectiveness of their core tasks is still elusive.

However, outside the world of public opinion, the overall
efficacy of cognitive training remains controversial. Proponents
have demonstrated benefits ranging from better scores on
standard cognitive assessment tests [5,6] and improved
performance in driving aptitude tests [7] to general gains in
memory, attention, and visual-spatial ability [8,9]. Nevertheless,
recent studies that report little or no benefit from cognitive
training, including screen-based training, also exist in substantial
numbers [10-13]. The discrepancies in study results are variously
attributed to a lack of agreement on experimental methodology,
outcome assessment, and the design and implementation of the
cognitive training tasks themselves [14,15]. Even simple
deviations from the convention can potentially have a major
impact on the results. For example, a recent study by Linares
et al [16] found no evidence of a near-transfer effect (ie,
performance improvements in related tasks following training),
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Clinical Studies Versus Commercial Cognitive
Training
Makers of commercial cognitive training apps regularly
advertise their products as proven effective and based on real
science [20]. Some have even licensed or repurposed the very
tasks that were used in well-regarded clinical studies [21].
However, just as simple deviations from task design convention
may risk negating training effects in clinical studies, the
repackaging of promising cognitive training tasks for use in
commercial applications must be carefully considered to
minimize any risk of introducing new cognitive demands.
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Figure 1. (A) Useful Field of View (UFoV) assessment test compared with (B) commercial cognitive training task dual decision (Posit Science
Corporation) designed to train UFoV capacity. The task depicted on the right uses a similar, circular task design but includes colorful icons, scoreboards,
and a game-like setting.

A Closer Look at Gamified Tasks
Gamification is generally defined as the process of adding game
elements to nonentertainment settings to increase motivation
and engagement [22]. Game-like elements may broadly be
considered to include visual elements such as colorful icons or
patterns, evocative imagery, and playful animations, along with
elements designed primarily to stimulate motivation, such as
scoreboards and real-time performance feedback. When coupled
with cognitive tasks specifically designed to maintain or improve
one’s cognitive abilities, this result may be referred to as
gamified cognitive training. The embrace of gamification as a
method of increasing user engagement and enjoyment of
otherwise dull, repetitive tasks is indeed supported by a
significant number of studies [22-25]. However, the full picture
of the potential impact of gamification on cognitive performance
is less conclusive. Two recent comprehensive reviews [22,26]
that examined the use of gamification strategies in brain training
and general cognitive assessment studies overwhelmingly found
that although gamified training appears to boost participant
motivation, study heterogeneity impeded the drawing of clear
conclusions with respect to performance or ecological validity
(ie, the degree to which experimental results are generalizable
to real-life situations). For example, the authors of the first study
[26] identified no fewer than 28 game-like elements used in the
33 studies surveyed. These included positive and negative task
feedback, time pressure, storylines or narrative elements,
performance status displays, and many others. The second
survey [22], from 2020, found that of the 49 papers examined,
no study reported on the effect of a single element alone and
that the game elements were investigated only in combination,
making it impossible to establish whether individual elements
had measurable effects.
For example, the 2017 study by Mohammed et al [24] compared
two adaptations of an n-back task: a stripped-down task and
one that contained a visually rich display combined with
multiple audio soundtracks. Although the authors found
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increased task enjoyment for the game condition, there were no
significant differences in the long-term outcomes between the
gamified and nongamified tasks. However, given the complex
set of features included in the gamified version, they
acknowledged that more granularity was perhaps needed to
fully understand which features might prove to be more
successful than others [24].
Another study with a sizable participant pool (n=107) found
negative correlations between certain game elements and task
performance [27]. The authors speculated that unneeded stress
and new cognitive demands might have been induced by
distracting game elements such as persistent score displays,
leading to reduced performance. However, rather than individual
game elements added to a bare-bones task, the study design
removed specific game elements from a larger group of game
features. This approach seems to leave the possibility open for
the remaining elements to compensate for the removal of a
single element, making it difficult to know for sure which
element or elements might have specifically accounted for the
new cognitive demands [27].
In summary, as gamification encompasses a great number of
individual elements, a lack of precision and homogeneity
between studies has hampered the ability to draw consensus
conclusions regarding which game elements, if any, may affect
task performance. In addition, although motivational features
such as scoreboards and real-time performance feedback have
been widely studied [25,27-31], the specific impact of certain
purely visual features, such as 3D depth and colorful, immersive
backgrounds, is less well-documented, despite being
increasingly encountered in consumer products such as game
systems and dedicated virtual reality (VR) headsets.
Therefore, this study aimed to add to the body of knowledge
regarding the use of game-like visual design elements by
specifically examining the application of two particular visual
features: immersive, colorful backgrounds and the use of 3D
depth. These features were specifically chosen because of their
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35295 | p.189
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underrepresentation in previous studies and their increased use
in VR and augmented reality technology, a rapidly growing
consumer market segment that also contains cognitive training
products. We hypothesized that task performance may be
adversely affected by additional visual processing demands but
that the motivational effects documented by previous researchers
may, in turn, compensate or reverse these effects. Finally, using
electroencephalography (EEG) as an additional quantitative
outcome, we hoped to gain insight into the possible neural
correlates for any observed performance impact.

Methods
Study Design and Sample Size Considerations
Two primary outcomes were used to examine the impact of
visual gamified design elements on cognitive task performance.
Cognitive activity will be broadly measured along the midline
using EEG (see the EEG Data section for details regarding
EEG). Raw task performance was assessed by analyzing task
accuracy and participant response time. The experimental task
was a simple visual working memory task that required the
participant to pick out the previously displayed stimulus from
several distractors. To better control the testing environment,
the task was coded for display in a head-mounted display
(HMD) environment rather than a traditional monitor screen
(see the Experimental Task section).
The use of an HMD serves two purposes: (1) to precisely control
the display brightness and task visual angle (VA) across
participants and experimental conditions and (2) to minimize
potentially distracting external stimuli. For these and other
reasons, several recent papers have recommended the use of
HMDs, describing them as among the “most fitting platforms
for applying nonpharmacological computerized neurocognitive
assessments” [14] and a “frontier for neurorehabilitation” [32].
The current experimental task was previously used in a related
study exploring changes in the size and position of visual stimuli
and showed a robust effect size (>0.5) between conditions [33].
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For this study, we undertook several additional modifications
to further boost statistical power. First, to reduce
between-subject variability, an adaptive task design was used
in which task difficulty was automatically modulated to ensure
maximum participant engagement. The precise method is
described in more detail in the Adaptive Task section.
Second, an intrasubject protocol design exposed each participant
to all experimental conditions. This enabled the use of
repeated-measures ANOVA and Wilcoxon signed-rank sum
tests, which are known to be particularly robust in establishing
significance in small-n situations [34,35]. With this study design,
we used the G-Power algorithm [36] to determine that a sample
size of n=20 should be sufficient to enable us to achieve
adequate statistical power at the 5% confidence level.

Test Environment
A standalone HMD (HTC Vive Focus, HTC Corp) in its default
configuration was chosen for the test environment. The cognitive
training task was created in Unity 3D, a programming
environment commonly used for creating 3D visual content for
VR headsets (Unity 3D; Unity Software Inc).
HMD systems typically rely on handheld pointers for user input.
However, such input devices are not appropriate for EEG
studies, as they could introduce muscle-related artifacts. To
address this, a touch screen smartphone was programmed to
wirelessly send network commands to the HMD. A soft foam
overlay with holes corresponding to the locations of the
on-screen virtual buttons was added to the screen. With this
combination, the participants could identify the smartphone
controls in a tactile manner using only their hands without any
need to view the screen. This is crucial as the participant cannot
see the smartphone screen while wearing the headset.
During the experiment, participants were seated and instructed
to hold the smartphone controller in their laps, cradled by both
hands (Figure 2). The experimental task was performed by
tapping the virtual buttons on the screen with both thumbs while
minimizing other body movements.

Figure 2. Smartphone interface with a foam overlay.
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Experimental Task
To emulate a typical commercial cognitive training task, we
designed our core task to incorporate a number of cognitive
processes drawn from both gaming research [2,37] and the
cognitive training literature [3,4,38]. These included visual
memory recognition, divided attention, perceived time pressure,
and distractor avoidance. The experimental task required
participants to focus on a sequence of stimuli located in the
center of the HMD screen. At the start of each new trial, the
previously displayed center stimulus was moved to 1 of the 4
corners of the display, and a new stimulus took its place in the
center. A total of 3 randomly chosen images were placed in the
remaining 3 corners so that the screen always contained 1 center

Redlinger et al
image and 4 images in the outer corners. To proceed to the next
trial, the participant was asked to identify the stimulus that was
previously in the center of the display. Participants performed
this task by tapping the virtual button on the smartphone screen
corresponding to the location of the object they wished to select.
Once a choice was made by the participant, the answer choices
disappeared, and the stimulus currently at the center of the
display was reassigned to 1 of the 4 corners. A new stimulus
then took its place in the center (Figure 3). A trial was also
considered ended if the allotted time elapsed before a selection
was made. Please see the Adaptive Task and Experimental
Protocol sections for specific details related to trial times and
durations.

Figure 3. Sample trials showing the center stimulus and peripheral answer choices: the current answer choices (small images) and the next stimulus
(large image) are displayed simultaneously. Preceding the first trial, only the initial stimulus is displayed. Participants select correct answers in the
subsequent trials, as demonstrated with cartoon hands. In each case, the correct answer corresponds to the center stimulus from the previous slide.

In each trial, the center stimulus and incorrect answer choices
were selected at random by the software such that no duplicate
images appeared together. The trials lasted approximately 1.2
seconds (SD 116 milliseconds) on average and were designed
to elicit continuous cognitive load as both the current answer
choices and the following stimulus were displayed
simultaneously. This was to minimize the usual peaks and
valleys in the cognitive activity that often accompany tasks that
alternate between stimulus presentation and participant response.
The goal of choosing this experimental task was to create a
minimally complex task that could nevertheless reliably elicit
sufficient cognitive load with little prior task training. Although
the basic mechanism is inspired by the classic n-back task, we
restricted our task to 1-back to minimize individual differences
in performance ability commonly associated with higher degrees
of n [39].
The figures themselves are from a set of 20 cartoon animal
images, all drawn in a similar style but differing in shape and
color. The image collection was licensed for noncommercial
use from a popular internet vendor. It was chosen for its design
similarity to prevailing commercial cognitive product designs,
which frequently use a similar cartoon design aesthetic.
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Adaptive Task
An adaptive model was chosen for the experimental task to
ensure similar engagement levels for all the participants. As the
experiment progressed, the task difficulty increased
incrementally until the participant failed to respond within the
allotted time window or made ≥2 sequential mistakes. The task
difficulty level was reflected in the amount of time available
for the participant to choose an answer. As the difficulty level
rose, this amount of time decreased in 50-millisecond intervals.
Conversely, if the difficulty level decreased, more time (50
milliseconds) was made available to complete each trial. The
prevailing task difficulty level affected the experiment in the
following two ways:
1.

2.

A visible countdown timer just below the task area
displayed the amount of time allocated to make a selection.
As the trial time progressed, the bar’s contents filled
incrementally from left to right, reminding the participant
to answer as quickly as possible. The bar was purposefully
designed to be as unobtrusive as possible so as not to
distract from the primary task (Figure 4).
Failure to make a selection within the allotted time resulted
in the trial being marked incorrect, and the next stimulus
was presented. Making any selection (correct or incorrect)
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resulted in the timer pausing briefly (200 milliseconds)
before being reset for the next trial.
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At the end of each trial, the response (or failure to respond), the
reaction speed, and accuracy were recorded. Only trials in which
the participant actively made a selection were included in the
reaction time assessment.

Figure 4. Adaptive task countdown timer.

Experimental Protocol
A total of 20 participants, aged 21 to 48 (mean 28.6, SD 7.7)
years, were recruited from among students and staff at the Tokyo
Institute of Technology and agreed to participate in the
experiment after signing an informed consent form. The 20
participants included 6 (30%) women and 14 (70%) men, all
right-handed, with no history of color vision disorders. In
addition, all participants reported having had a previous
experience using an HMD.
The protocol was executed in the following order: task training,
EEG baseline activity measurement, and experimental

conditions. The EEG baseline measurement phase (60 seconds)
involved viewing a black background with open eyes to record
nominal cognitive activity with no visual stimuli.
The experimental conditions comprised 4 distinct visual
representations of the same core task: unmodified (the stimuli
were simply placed on a flat plane against a black background),
background distractor (stimuli + irrelevant background image),
3D depth distractor (stimuli presented at different virtual
distances from the participant), and game distractor (dynamic
motivational features in addition to the 2 previous distractors;
Figure 5).

Figure 5. The four experimental conditions: the unmodified task on a black background; the task performed atop an irrelevant, colorful background;
the task performed in 3D space; and the task with both background and depth distractors plus an interactive scoreboard and user feedback. Horizontal
dimensions of core task limited to a 20º visual angle.

The image used in the background distractor condition was a
cartoon forest scene obtained from the same provider as the
stimulus images. The colors, detail level, and visual style were
similar to those of the stimuli; however, there was no other
obvious contextual connection. The game condition’s dynamic
features comprised a scoreboard and real-time performance
feedback. The performance feedback was implemented as
follows: an incorrect user response caused the selected answer
choice to briefly shake back and forth to indicate no, whereas
a correct choice caused the item to gently pulse outward toward
the user. These animations lasted exactly 200 milliseconds. In
addition, a scoreboard at the top of the display indicated the
current accuracy rate and total score for the current trial set.
All experimental conditions were repeated twice in a randomized
order for a total of 8 sets per participant. Each set contained 50
trials and lasted approximately 60 seconds. A 30-second break
(black screen; no visual stimulus) was imposed between the
training and baseline phases. This was done to prevent
contamination of the baseline EEG data by lingering arousal
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from training. Between each set of trials, there were additional
10-second rest breaks.
The task VA for all conditions was set at 20º, corresponding to
the outer edges of the answer choices, measured horizontally.
The VA was calculated using the following standard formula:
VA = (S × 57.29) / D (1)
Here, S is the size of the object, and D is the distance from the
observer.
This VA was shown in a previous experiment to be optimal for
maximizing the task training performance [33]. With the
exception of the 3D depth distractor and game distractor
conditions, all visual task elements were precisely placed at a
virtual distance of 2 m from the user, as viewed within the
HMD. In the conditions that made use of 3D depth, the answer
choices (and colorful background) remained at the same virtual
distance of 2 m; however, the primary central stimulus moved
forward to appear at a distance of 1 m from the user. In the
Unity 3D programming environment, 1 unit of space is
equivalent to 1 perceived meter of distance. To set the VA for
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e35295 | p.192
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each experimental condition, we specified the desired VA and
solved the abovementioned equation for S. The value of S was
applied to the visual task automatically by the software for each
new experimental condition before the presentation of the first
task trial.
Body movements, particularly eye movements, have a high
possibility of introducing movement artifacts into the EEG data.
Therefore, participants were instructed to blink and adjust their
posture as needed during rest breaks but to refrain from doing
so during the trial sets themselves.
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Visual text messages on display announced the beginning and
end of these break periods. The latter message flashed off 2
seconds before the start of the following set. The total time
required to complete each set of trials varied according to
participant ability (as dictated by the rules of the adaptive task)
but lasted approximately 60 (SD 7.49) seconds on average. This
resulted in an overall experimental protocol duration of 11 to
12 minutes (Figure 6).

Figure 6. Protocol flow: following training and electroencephalograph (EEG) baseline recording, 8 experimental phases, each containing 50 trials,
were conducted. A 10-second rest separated each experimental phase. The content of the experimental phases was randomly selected from the 4 condition
types (unmodified task, background distractor, 3D depth, and game distractor) and balanced so that each participant experienced each condition twice.
Unless otherwise noted, all times are in seconds; completion times for training and experimental phases are approximate. Total time to complete the
protocol varied from 11 to 12 minutes per participant.

Training
Before the start of the protocol, the task rules were explained,
and each participant was granted time to practice the task until
they were able to achieve a 75% average accuracy rate for at
least 10 trials. Some participants mastered the task more quickly
than others, such that the training period lasted between 30 and
90 seconds, with an average of 44 (SD 17) seconds. As the
adaptive mechanism was also engaged during the training
period, the training process also served to establish the starting
difficulty for the participant for the following experimental trial
sets.

EEG Data
EEG signals (microvolts) were acquired from the frontal, central,
occipital, and parietal regions using a wireless 8-channel EEG
amplifier (OpenBCI 32-bit Board Kit, OpenBCI, Inc) with a
sampling rate of 250 Hz. The electrode locations were Fz, Cz,
Oz, and Pz, placed according to the international 10 to 20
system, and were specifically selected to capture a broad range
of activity along the midline. In particular, we were interested
in electrode positions Fz and Cz because of their frequently
cited relationship with concentration and cognitive load, whereas
Oz and Pz were chosen because of their proximity to the visual
cortex and prior association with both attention and complex
visual decoding [40-43]. Gold cup electrodes were attached to
the scalp and ear lobes using an electroconductive gel, and an
initial impedance of <5 kΩ across all electrode positions was
ensured. Additional electrodes were affixed above and below
the participants’ eyes to record electrooculogram signals caused
by blinking or other facial movements for later use in noise
reduction and signal optimization [44].
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EEG data were recorded throughout the experiment, although
only the final 30 seconds of activity were analyzed for each
phase. This was to ensure that the task adaptation algorithm had
been given sufficient time to adjust the difficulty levels for each
participant before reaching the analysis time window. Time
markers for determining the analysis epochs were embedded in
the EEG data stream directly using real-time network packets
generated by the experimental task. Through the use of this
mechanism, we hoped to precisely measure similar levels of
cognitive engagement for each participant.

Task Performance
Overall reaction time and task accuracy were calculated for
each phase and averaged across all trials for a given
experimental condition.

Analysis Method
The software used for EEG data preprocessing and analysis was
MATLAB R2019b (MathWorks, Inc). The raw EEG data were
notch filtered (50 Hz) and high-pass filtered at 4 Hz using
built-in Butterworth and bandpass filters in MATLAB. As noted
earlier, the electrooculogram data were recorded in tandem with
the EEG for each participant. This enabled us to create
customized artifact recognition routines that were individually
applied during the data preprocessing phase for each participant.
Additional muscle artifacts identified from a visual inspection
of the EEG data plots were also removed in full from the time
series before analysis.
Fast Fourier transforms were calculated for the following
spectral ranges: theta (4-8 Hz), alpha (8-13 Hz), low beta (13-20
Hz), and high beta (20-28 Hz), with 30-second windows for
each phase of the experiment. The total sum of the power values
from each range was divided by the total number of EEG data
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samples. The resulting score was normalized by subtracting the
overall population mean (combined EEG data of all participants
divided by the number of participants) and dividing by the SD
to obtain the power index. Fast Fourier transforms and statistical
analyses were performed using built-in MATLAB functions.
Shapiro-Wilk tests showed that we could not necessarily operate
under an assumption of normally distributed data. Therefore,
statistical significance was determined with a repeated-measures
ANOVA, followed by a nonparametric Wilcoxon signed-rank
test to determine the significance of any changes in power
between the experimental phases. The Wilcoxon test was chosen
because of the large individual differences in performance
observed among participants, nonnormally distributed data, and
the within-subjects nature of the study.
Task performance data were averaged to obtain an overall
accuracy and reaction time value for each participant per task
condition. Individual results were averaged, and similar
Wilcoxon signed-rank tests were conducted.
When looking at the preliminary data, it became quickly
apparent that the performance levels varied significantly from
participant to participant. Some individuals were able to
complete the task quickly and accurately, whereas others
struggled to respond and made frequent mistakes. This
contributed to a large SD in the overall results, which could
potentially complicate the drawing of meaningful conclusions.
To address this, participants were additionally subclassified into
high- and low-performance groups for further analysis. The
selection criteria were based on the average overall task
difficulty level achieved by each participant.

Ethics Approval
The experimental protocol was approved by the ethics board of
the Tokyo Institute of Technology (2019059).
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Results
EEG Data
The presence of gamified visual features led to observable
changes in the spectral power at all EEG locations. In particular,
the occipital and parietal areas showed noticeable increases in
beta EEG power for the 3D depth distractor condition and in
the theta rhythm during the background distractor condition.
Overall, 1-way repeated-measures ANOVA showed significant
differences in the high-beta range for all electrodes tested (Fz:
F3,76=3.75, P=.02; Cz: F3,76=4.09, P=.01; Pz: F3,76=2.82,
P=.046; Oz: F3,76=2.97, P=.04). Post hoc Wilcoxon signed-rank
tests revealed that with the exception of the game condition at
Fz, all individual increases in the high-beta rhythm between the
unmodified and experimental conditions were significant at the
5% confidence level. However, the differences between
individual experimental conditions were not significant.
In contrast, for the theta range, only the results at Oz displayed
significant variation (F3,76=3.20; P=.03), and only one individual
experimental condition, the background distractor, proved to
be significant (n=20; Z=−2.81; P=.00495) in the post hoc
analysis. Changes in the alpha rhythm did not prove to be
significant at any electrode position (Figure 7).
It is noteworthy that the game condition, which also included
the 3D depth distractor, did not reach the same levels of
cognitive activity as the depth-only condition for the beta range.
This may indicate that the presence of additional distractions
in the game condition inhibits the overall impact of the 3D depth
effect. However, in the theta range, the presence of background
distraction in both the background and game conditions led to
similar cognitive responses.
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Figure 7. Spectral power by condition and frequency at electroencephalograph locations Fz, Cz, Pz, and Oz; n=20, SE; statistical significance calculated
with Wilcoxon signed-rank test (*P<.05).

Performance Data
The 1-way repeated-measures ANOVA comparing the 4
conditions showed no significance for either task speed
(F3,72=1.21; P=.31) or accuracy (F3,72=0.143; P=.93). In general,
the presence of colorful, task-irrelevant backgrounds led to
slight reductions in accuracy but had little impact on
performance speed. Conversely, the presence of 3D depth cues
seems to have slightly affected reaction time but not accuracy
(Figure 8).
As noted previously, we took the additional step of separating
participants into high- and low-performance groups according
to ability (average maximum task difficulty achieved during all
trial sets) as a supplemental analysis. This was because of a
large SE observed in the performance data, which we felt had
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the potential to mask underlying trends. Although the resulting
subgroups were too small to deliver meaningful statistical power,
the results revealed several nuances and presented a potentially
interesting direction for a follow-up investigation.
For task accuracy, the additional visual distractions present in
the multiple-distraction game condition appear to have had a
cumulative negative impact on high performers. However, a
seemingly opposite effect was observed in the low-performance
group, which cumulatively achieved the highest accuracy in
this condition.
In terms of task completion speed, our results did not show any
significant differences between conditions, even when observing
only the more internally homogenous high-performance
subgroup (Figure 9).
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Figure 8. Mean task performance (reaction time and accuracy) by condition and group; SE; statistical significance calculated with Wilcoxon signed-rank
test (P<.05).

Figure 9. Mean task performance (reaction time and accuracy) by condition and high- and low-performance subgroup; SE.

Performance and EEG Compared
Perhaps because of a lack of significant differences in
performance between experimental conditions, regressing EEG
spectral power onto performance results produced no meaningful
correlations for either the overall group or either of the
subgroups. Large individual differences in participant
performance likely also contributed to the lack of significant
results.

Discussion
Principal Findings
The objective of this study was to examine the impact of visual,
game-like elements on task performance and cognitive activity
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in a visual working memory task. No significant differences in
performance could be determined for both reaction time and
task accuracy. Nevertheless, certain performance trends can be
observed that seem to leave open the possibility that specific
types of visual distractions may affect some aspects of cognitive
performance while leaving others unaffected. For example, our
data show that visually distracting backgrounds had no
observable impact on reaction speed but had a slight impact on
accuracy. Conversely, 3D depth decoding appears to have
slightly affected the speed of processing but not the task
accuracy.
Similarly, the EEG power analysis revealed no significant
differences in the crucial frontal theta rhythm at Fz, which often
serves as a proxy for participant concentration and task
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engagement [41,43]. In contrast, significant differences between
conditions were observed in the beta band and theta band at the
occipital electrode. Although these results return to
insignificance if one corrects for multiple comparisons using
Bonferroni or a similar method, the question nevertheless arises
as to what might have caused these observed effects in the beta
and theta rhythms, particularly given the lack of correlation
with performance. For instance, the higher theta power observed
at Oz was actually accompanied by slightly reduced accuracy
in the background distractor condition. The proximity of Oz to
the occipital area and the visual cortex suggests that rather than
being directly linked with cognitive effort related to the task,
perhaps the theta rhythm is simply more sensitive to certain
underlying ocular processes required by the visually rich
background used in this condition.
For example, although the current experimental task is designed
to prohibit voluntary eye movements by requiring the participant
to continually focus on a center stimulus, the presence and
frequency of involuntary eye movements such as saccades were
unfortunately not recorded as part of the current experimental
design. Indeed, evidence suggests that saccades may be highly
correlated with theta power during periods of memory encoding
[45]. Other studies have similarly observed links between
increased cognitive stress related to memory tasks and elevated
saccadic frequency and duration [46,47]. Thus, the possibility
that the background condition may have elicited a
disproportionate amount of ocular activity and, along with it,
increased theta power represents one hypothesis for the observed
results.
At the same time, increased high-beta (20-28 Hz) spectral power
in the 3D depth condition was accompanied by generally slower
reaction times. Although previous research has implicated beta
rhythm in a variety of assistive roles with regard to visual
perception [48], studies that specifically examine 3D decoding
are less conclusive. For example, although some researchers
found that 3D environments elicited greater cognitive activity
than their 2D counterparts, particularly in the beta range [49],
Dan et al [50] found a reduction in EEG power during the 3D
condition versus the 2D condition in their experiment involving
a learning task [50]. However, the latter study involved complex
reality-like visuals, focused on the Fz theta/Pz alpha ratio for
EEG feature classification rather than a broad-spectrum analysis,
and did not specifically target the beta range. Therefore, the
possibility remains that, as with the theta band, underlying
cognitive demands related to visual processes may have
obscured task-related cognitive activity. As noted earlier, the
cognitive task used incorporates several cognitive processes,
including visual working memory and divided attention. This
multimodality presents a further challenge when trying to
determine the exact reason for unexpected EEG results, as it is
difficult to ascertain the cognitive process responsible for the
observed effects.
The supplementary analysis of performance by participant
ability, although not statistically meaningful, nevertheless
revealed an unexpected trend with regard to task accuracy. The
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performance results from the high group appeared to be
cumulatively reduced by successive layers of distractions, with
the game condition eliciting the lowest average accuracy levels.
The poorer performers paradoxically appeared to perform best
during this condition. However, it must be noted that the average
degree of accuracy obtained in the low group was still well
below that of the average overall performance from the high
group.
We offer two hypotheses: throughout the experiment, the
low-performance group may have experienced a form of
performance anxiety that led to generally slower
decision-making and lower overall accuracy. However, the
presence of multiple additional visual elements in the game
condition may have provided a certain degree of reassurance
and encouragement, an effect of gamified design documented
by previous researchers [14,25]. Similarly, the inclusion of a
scoreboard and positive and negative response feedback after
every trial in the game condition may have helped to refocus
participant attention and encourage less experienced or more
easily distracted participants to improve their performance.
Finally, it is worth noting the limitations of the current results.
First, as the context of this study was potential users of
commercial cognitive training products, we used broadly
inclusive criteria for participant selection, which resulted in a
wide range of ages and an uneven gender balance. This may
have affected the results in unexpected ways. Second, although
all experimental conditions differed significantly from the
unmodified task in the high-beta range (except for the game
condition at Fz), they did not differ significantly from each
other. This lack of precision reinforces the possibility that any
visual novelty, whether it is the presence of 3D depth or a
colorful background, triggers an increased cognitive response
in the high-beta range. Greater EEG channel density and
separating the multimodal task into its component cognitive
processes could potentially help isolate and differentiate the
observed responses.

Conclusions
In isolation, a small performance impact was incurred by the
inclusion of a colorful, task-irrelevant background and the use
of 3D depth elements. However, that impact was mitigated or
reversed for some participants when combined with motivating
features such as real-time feedback and scoreboards. Overall,
the primary finding of this study is that performance in simple
memory tasks of the kind that are frequently found in
commercial cognitive training apps is not significantly affected
by the use of visually distracting backgrounds or 3D depth or
by common motivational game elements such as scoreboards
and real-time performance feedback. Particularly in light of the
user engagement and motivational advantages of gamification
documented by previous researchers, the observed impacts may
not be substantial enough to warrant specific design patterns or
the redesigning of existing gamified cognitive tasks unless the
specific goal is to maximize the speed and accuracy, in which
case, the current findings may provide some useful guidance.
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Abstract
Background: Visual–perceptual defects in children can negatively affect their ability to perform activities of daily living.
Conventional rehabilitation training for correcting visual–perceptual defects has limited training patterns and limited interactivity,
which makes motivation difficult to sustain.
Objective: We aimed to develop and evaluate an interactive digital game system for correcting visual–perceptual defects and
evaluate its effectiveness.
Methods: Participants were children aged 5 to 10 years with a diagnosis of visual–perceptual defect associated with a
developmental disability. The children were randomized into a digital game group who received the traditional course of
rehabilitation combined with an interactive digital game intervention (n=12) and a standard rehabilitation group (n=11) who only
received the traditional course of rehabilitation. Each group underwent rehabilitation once a week for 4 weeks. Overall improvement
in Test of Visual Perceptual Skills 3rd edition (TVPS-3) score and overall improvement in performance in the interactive digital
game were evaluated. Parents and therapists were asked to complete a satisfaction questionnaire.
Results: After 4 weeks, the TVPS-3 score had significantly increased (P=.002) in the digital game group (pre: mean 41.67, SD
13.88; post: 61.50, SD 21.64). In the standard rehabilitation group, the TVPS-3 score also increased, but the increase was not
statistically significant (P=.58). Additionally, TVPS-3 score increases were significantly larger for the digital game group compared
with those for the standard rehabilitation group (P=.005). Moreover, both parents and therapists were highly satisfied with the
system. All 5 themes of satisfaction had mean scores higher than 4 in a 5-point scale questionnaire (mean 4.30, SD 0.56).
Conclusions: The system has potential applications for improving visual–perceptual function in children undergoing medical
rehabilitation for developmental disability.
Trial Registration: ClinicalTrials.gov NCT05016492; http://clinicaltrials.gov/ct2/show/NCT05016492
(JMIR Serious Games 2022;10(2):e34756) doi:10.2196/34756
KEYWORDS
interactive digital game; visual–perceptual defect; developmental disability; Children; Test of Visual Perceptual Skills; rehabilitation
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Introduction
Children with developmental disabilities often have difficulty
performing
activities
that
require
well-developed
visual–perceptual skills or often perform them inefficiently or
with poor form. Such activities include activities of daily living
that require gross motor skills or fine motor skills [1]. Children
with developmental disabilities are usually referred for
professional evaluation when their skill level is 20% lower than
that considered to be normal for their age [2]. Parents can
usually estimate the baseline ability and learning speed of
children with developmental disabilities by referring to
well-established childhood development standards [3,4].
Beginning therapy when the child is young—at an age when
neuroplasticity is still high—can reduce future medical,
educational, familial, economic, and social burdens of a
developmental disability. Reducing these burdens can then
enhance the dignity, adaptability, personal functional
performance, and quality of life of the child and help to avoid
development of emotional and psychological issues. Therefore,
beginning therapy early after diagnosis of a developmental
abnormality is vitally important [5].
Developmental disabilities in children are usually complicated
by visual–perceptual problems. Although these problems can
be improved by stimulation and training, conventional methods
of visual–perceptual training have limited effectiveness because
their training patterns lack extensibility, which limits the
motivation, goal orientation, and sense of achievement in the
learner.
The numerous scientific and technological advances in computer
and digital learning technologies that have successively emerged
in recent decades are currently driving broad applications of
computer technology in education and therapy as well as
changes in the patterns of education delivery, especially for
students with special needs. Thus, researchers have begun to
investigate the extent to which interactive digital games can
replace traditional paper-based teaching modes.
Some research suggests that digital game designs must provide
an enjoyable experience to attract users and maintain their
engagement. Clinical use of multimedia for early rehabilitation
and therapy for children is now very common. For example, a
multimedia game used for rehabilitation may depict a skill
training item as an animation of a fictitious character that
provides interactive feedback, for example, dynamic
acoustic-optic sounds or static images, to introduce learning
concepts, provide sensory stimulation, and guide learning. The
emergence of interactive digital games indeed provides
clinicians with an attractive option for rehabilitation that can
effectively arouse a sense of participation in the learner and
sustain the interest of the learner [6-10]. Thus, to motivate
learners and to stimulate their interest in the content, positive
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feedback and increasingly difficult skill levels should be
essential elements of a multimedia digital game used as
treatment to improve developmental disability. Researchers
have identified therapeutic effects for multimedia digital games
designed for children—improving learning in mathematics [9],
find motor skill [8], or visual perception abilities [10-13] in
children with autism [6], poor academic performance [7],
developmental delay [8], intelligence disorder [9], attention
deficit hyperactivity disorder [10], and developmental
disabilities [11-13]. One of these studies [11] used the Test of
Visual Perceptual Skills (TVPS) to evaluate the effectiveness
of multimedia digital games for improving developmental
disability but only investigated changes in a limited selection
of TVPS items. Another study [12] recently reported the use of
kinesthetic games for improving visual–perceptual skills in
children with delayed development of these skills [13]; although
the novel design of the kinesthetic games included the
integration of gesture-based interaction in a digital game
environment, the kinesthetic games were mainly designed to
provide training in integrating visual and motor skills. Thus,
Wuang et al [13] expected that the functional improvements
achieved by training on the kinesthetic games would be jointly
contributed by improvements in both visual attention and motor
control rather than by improvements in cognitive skills alone.
In order to improve cognitive skills alone, we aimed to design
a digital game that provides cognitive training in the full range
of TVPS items and to evaluate its feasibility for testing
visual–perceptual skills.

Methods
Participants
This was a prospective randomized, parallel, single-center
clinical study. We recruited 23 schoolchildren with a diagnosis
of visual–perceptual defect associated with a developmental
disability, aged 4 to 10 years, from the pediatric rehabilitation
division of a hospital in southern Taiwan (Figure 1). The
enrollment criteria for this study were (1) record of
developmental disability diagnosis, (2) ability to understand
instructions, (3) TVPS-3 score lower than 25% of the norm
reference and diagnosis of visual–perceptual defect, and (4)
Test of Nonverbal Intelligence third edition score higher than
70. Participants were excluded if they (1) did not follow or did
not understand the instructions for participating in the study, or
if they (2) had severe defects in vision or hearing. The standard
rehabilitation group (n=11) received a standard 4-week course
of rehabilitation delivered in one 30-minute session per week.
The digital game group (n=12) received the standard 4-week
course of rehabilitation but with an additional 30-minute
interactive digital game training session per week. Signed assent
was obtained from all participants and signed consent was
obtained from at least one parent prior to the start of the study.
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Figure 1. Study flowchart.

Ethics Approval
This study was approved by the institutional review board of
Kaohsiung Medical University Chung-Ho Memorial Hospital
(KMUHIRB-SVII-20150090).

Visual–Perceptual Interactive Game System
The system was developed with Visual Studio (version 2015;
Microsoft Inc). The system allows the training skill level
difficulty to be adjusted to sustain the interest of the user.
When the game begins (Figure 2), the child is asked to hold the
Bluetooth ball with the dominant hand and touch the starting
position on the screen. A response signal (animation of mole)
appears in the lower part of the screen, and the task is to find a
mole with similar characteristics at the top of the screen. The
objective of the game is to complete each task as quickly as
possible, and the computer displays the average response time
required to complete each task. When the game ends, the results
are presented to enhance learning motivation and satisfaction
in the user.
After training, the responses and response times were stored in
the database. Each child was required to perform 7 visual
perceptual skills learning tasks, each of which was named to
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correspond to a TVPS-3 subscale. The game had 2 levels for
each skill: basic and advanced (Figure 3). The graphics for the
basic version were in color, while those for the advanced version
were in black and white. The number of distractors in the
advanced version was also greater than that in the basic version.
Each skill level was further subdivided into primary,
intermediate, and advanced. In the primary version, there was
no time limit for answering each matching question or memory
question. In the intermediate version, the questions were
answered within a certain time limit—3 minutes for each of the
questions. In the advanced version, error rate limitation was
used, that is, the game ended when the number of errors
exceeded 3.
The system also had a testing mode. The test difficulty was the
same as the practice in the basic level of the training mode. If
the user selected the testing mode, the system automatically
started a sequence of 7 subtests. Each subtest had 10 questions.
In accordance with the 7-item rules of the TVPS-3, 1 point was
assigned to each question, for a score of 10 points for each
subtest, and a total score of 70. After the test began, the user
continuously answered the questions from the first test, and the
test stopped if a wrong answer was given to any of the questions
more than 3 times and jumped to the next test. The test scores
were recorded for further analysis.
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Figure 2. Visual–perceptual interactive digital game system.

Figure 3. Graphics used in 7 subtests: basic version and advanced version of interactive digital game system.

Traditional Paper-Based TVPS-3
The TVPS is a widely used tool for clinical evaluation of visual
perception [14]. The tool, which is applicable for children aged
4 to 12 years, has 7 subtests for visual discrimination, visual
memory, spatial relationships, form constancy, sequential
memory, figure-ground, and visual closure scoring. Each of the
7 subtests has 16 items of varying difficulty. Therefore, the test
has 112 total questions. A correct response is scored as 1, and
an incorrect response is scored as 0. A ceiling is reached after
3 consecutive incorrect responses on a subtest, the score
recorded for the subtest is the number of questions answered
correctly on the subtest so far. Raw scores are tallied for each
subtest and recorded on a score sheet. Raw scores are reported
as scaled scores and percentile ranks for each of the 7 subtests.
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The total score is reported as a percentile rank and standard
score. Age-equivalent scores are provided for subtest and total
scores [15].

User Satisfaction Survey
After the experimental group had completed 4 weeks of training,
a satisfaction questionnaire was administered to the parents and
therapists of the children with developmental disabilities. The
20-item questionnaire content was divided into 5 themes:
perceived ease of use (6 questions), perceived usefulness (4
questions), perceived joyfulness (4 questions), satisfaction (3
questions), and continued use (3 questions). We referred to the
literature when designing questionnaire items for perceived ease
of use [16], perceived usefulness [17], and perceived joyfulness
[18]. Questionnaire items were answered on a Likert scale from
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1 (completely disagree) to 5 (completely agree). A high total
score indicated high satisfaction with the system. The maximum
score was 100 points.

Procedure
The TVPS-3 and interactive digital game test were carried out
for the 2 groups before the intervention in the first week and
the after the intervention in the fourth week of the training.

Statistical Data Analysis
Basic characteristics and preintervention scores were compared
between the 2 groups using 2-tailed independent t tests for
interval data (age, intelligence score, and test scores) and the
chi-square tests for categorical data (gender). Within-group
changes in TVPS-3 and the digital game test scores were
analyzed using 2-tailed paired t tests, and between-group
differences of changes in TVPS-3 and the digital game test
scores were analyzed using independent t tests (2-tailed). A P
value<.05 indicated a significant difference. The Pearson
correlation coefficient was calculated to verify the relevance
between the digital game test score and the traditional paper
TVPS-3 score. In a correlation coefficient analysis, a low
correlation is defined as |r|<0.39; a medium correlation is
defined as a |r|=0.40-0.69; a high correlation is defined as a
|r|=0.70-0.99; a full correlation is defined as a |r|=1 [19]. The
reliability of the questionnaire measurement results was assessed
with Cronbach α; Cronbach α>0.70 indicated high reliability,
and Cronbach α<0.35 indicated low reliability [20].

Results

hyperactivity disorder of the inattentive type (17 children),
autistic spectrum disorder (1 child), speech articulation disorder
(3 children), emotional disorder (1 child), and behavioral
disorder (1 child). The digital game group included 10 male
children and 2 female children (age: mean 7.33, SD 1.61 years;
intelligence score: mean 91.50, SD 6.71 points). The standard
rehabilitation group included 11 male children (age: mean 7.18,
SD 1.33 years; intelligence score: mean 88.36, SD 5.78 points).
There were no significant differences in gender (P=.16), age
(P=.81), and intelligence score (P=.24) between groups. The
groups did not significantly differ in preintervention scores for
the TVPS-3 test (P=.09-.92) or for the digital game test
(P=.15-.95).

Comparison of Pre- and Postintervention Scores for
TVPS-3 Between Groups
After training, visual discrimination (P=.007), visual memory
(P=.008), form constancy (P=.01), sequential memory (P=.06),
and full-test scores (P=.002) for the digital game group
significantly increased. Scores for the remaining 3 components
of the TVPS-3 were higher after the intervention, but the
differences did not reach statistical significance—spatial
relationships (P=.53), figure-ground (P=.08), visual closure
(P=.06). In contrast, there were no significant changes in
TVPS-3 scores for the standard rehabilitation group (P=.12-.73).
Form constancy (P=.03), sequential memory (P=.03), visual
closure (P=.02), and full score (P=.005) increases for the digital
game group were greater than those for the standard
rehabilitation group (Table 1).

Basic Characteristic and Preintervention Data
Children enrolled in this study had clinical diagnoses of
developmental disability complicated with attention deficit
Table 1. Pre- and postintervention TVPS-3 scores.
Digital game group (n=12)

Standard rehabilitation group (n=11)

Difference (between pre- and postintervention)

Preintervention

Postintervention

P value

Preintervention

Postintervention

P value

Digital game
group

Standard rehabilitation
group

P value

Visual discrimination

6.50 (4.44)

9.42 (3.78)

.007

5.09 (2.17)

5.73 (2.15)

.31

2.92 (3.09)

0.64 (1.96)

.05

Visual memory

8.08 (3.99)

11.67 (3.00)

.008

5.55 (2.47)

6.27 (1.90)

.38

3.58 (3.82)

0.73 (2.61)

.05

Spatial relationships

7.33 (4.64)

8.25 (4.18)

.53

5.27 (3.38)

4.91 (3.81)

.73

0.92 (4.87)

–0.36 (3.41)

.48

Form constancy

5.75 (2.42)

8.83 (4.43)

.01

6.09 (4.39)

5.55 (4.18)

.65

3.08 (3.45)

–0.55 (3.86)

.03

Sequential memory 6.83 (3.79)

10.67 (4.36)

.006

5.09 (2.63)

5.91 (3.24)

.12

3.83 (3.90)

0.82 (1.60)

.03

Figure-ground

4.00 (1.71)

6.58 (4.38)

.08

3.91 (2.30)

4.73 (3.41)

.39

2.58 (4.68)

0.82 (2.99)

.30

Visual closure

3.17 (2.13)

6.08 (4.17)

.06

3.55 (2.54)

2.64 (1.43)

.18

2.92 (4.89)

–0.91 (2.07)

.02

Full score

41.67 (13.88)

61.50 (21.64)

.002

34.55 (13.00)

36.36 (13.40)

.58

19.83 (16.44)

1.82 (10.53)

.005

Digital Game Test Results Before and After
Intervention
For the digital game group, there were significant increases in
scores for the visual discrimination component (P=.03) of the
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digital game test and the full digital game test (P=.01). While
scores for the remaining 6 components (visual memory: P=.05;
spatial relationships: P=.05; form constancy: P=.54; sequential
memory: P=.76; figure-ground: P=.06; visual closure: P=.09)
did not significantly differ in the digital game group,
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postintervention scores tended to be slightly higher than
preintervention scores. In contrast, the standard rehabilitation
group revealed no significant differences in digital game test
scores for visual discrimination (P=.53), visual memory (P=.13),

spatial relationships (P=.89), form constancy (P=.93), sequential
memory (P=.43), figure-ground (P=.49), visual closure (P=.40),
and full score (P=.30) (Table 2).

Table 2. Pre- and postintervention scores on digital game test.
Digital game group (n=12)

Standard rehabilitation group (n=11)

Difference (between pre- and postintervention)

Preintervention

Postintervention

P value

Preintervention

Postintervention

P value

Digital game
group

Standard rehabilitation
group

P value

Visual discrimination

8.33 (1.72)

9.75 (0.45)

.03

8.00 (3.97)

8.73 (1.10)

.53

1.42 (2.02)

0.73 (3.74)

.58

Visual memory

7.25 (3.25)

9.08 (0.90)

.05

7.45 (3.05)

9.00 (0.77)

.13

1.83 (2.82)

1.55 (3.08)

.82

Spatial relationships

6.83 (2.79)

8.67 (2.84)

.05

5.91 (3.11)

6.09 (3.62)

.89

1.83 (2.92)

0.18 (4.14)

.28

Form constancy

8.42 (1.73)

8.67 (1.56)

.54

6.82 (3.06)

6.91 (2.07)

.93

0.25 (1.36)

0.09 (3.48)

.89

Sequential memory 6.00 (2.95)

6.25 (3.22)

.76

5.91 (3.81)

6.73 (2.49)

.43

0.25 (2.77)

0.82 (3.31)

.66

Figure-ground

5.17 (3.13)

7.50 (3.53)

.06

5.45 (3.78)

6.09 (3.02)

.49

2.33 (3.92)

0.64 (2.98)

.26

Visual closure

7.67 (2.64)

9.08 (1.38)

.09

6.45 (3.56)

7.09 (2.98)

.40

1.42 (2.68)

0.64 (2.42)

.47

Full score

49.92 (11.69)

58.92 (9.59)

.01

45.82 (19.15)

50.27 (10.13)

.30

9.00 (10.20)

4.45 (13.43)

.37

Correlation Between TVPS-3 Test and the Digital
Game Test

in the digital game test and in the TVPS-3 were significantly
moderately correlated (Table 3).

Spatial relationship items (r=0.66, P=.001), figure-ground items
(r=0.65, P=.001), and items for the full score (r=0.47, P=.03)
Table 3. Analysis of Correlation between TVPS-3 Test and Digital Game Test.
r

P value

Visual discrimination

0.06

.77

Visual memory

0.06

.78

Spatial relationships

0.66

.001

Form constancy

–0.01

.97

Sequential memory

0.25

.26

Figure-ground

0.65

.001

Visual closure

0.10

.64

Full score

0.47

.03

Satisfaction Questionnaire
Out of 30 satisfaction questionnaires distributed to parents and
therapists, 26 valid and complete questionnaires were retrieved
(24 from parents and 2 from therapists). All 5 themes had mean

scores higher than 4, which indicated that parents and therapists
were highly satisfied with the interactive digital game system,
and Cronbach α=0.89-0.96, which indicated high reliability
(Table 4).

Table 4. Internal consistency of the satisfaction questionnaire.
Mean (SD)

Cronbach α

Perceived ease of use

4.01 (0.71)

0.89

Perceived usefulness

4.35 (0.58)

0.91

Perceived joyfulness

4.44 (0.61)

0.95

Satisfaction

4.41 (0.58)

0.96

Continued use

4.31 (0.69)

0.96
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Discussion
Pre- and postintervention scores in the digital game group
differed for all items except spatial relationships, figure-ground,
and visual closure (Table 1). Previous literature has indicated
that children with growth delays have low scores on visual
discrimination and spatial relationships tests because insufficient
visual attention and cortical visual dysfunction limits
discrimination and classification capabilities [21]. Thus, these
capabilities cannot be enhanced by a short period of training.
In visuospatial ability training studies, verbal and visual prompts
are the key factors for training success [22]. An effective digital
multimedia system for learners should integrate multisensory
stimulation and widely varying teaching strategies (eg, use of
visual prompts such as photographs, auditory prompts,
repetition) [23,24]. An example of a visual prompt is stimulus
fading (ie, simultaneously presenting subjective and pictorial
prompts and then fading the prompted picture in the sequence),
which allows children to visually slowly concentrate on the
subject or guides them to learn how to judge the subject with
graphic animation paired with line changes. Moreover, so that
children could more easily discriminate and judge the images,
voice prompts were used to facilitate repeated training to help
them learn through visualized clues [23,24].
Improvements after the digital game intervention for most
TVPS-3 items were satisfactory, which is consistent with the
findings of previous studies [10-13]. Multimedia provide
acoustic-optic effects and interactivity, which attract the
attention of learners and guides their learning. In comparison
with traditional teaching materials (eg, static pictures) and
traditional teaching methods (eg, paper-based activities),
multimedia teaching materials can provide greater audiovisual
stimuli (eg, animations and sound) to increase learning
efficiency and motivation [24-27]. Additionally, a digital
multimedia interface can motivate and guide the user to explore
issues and accept challenges by providing highlights or
keywords [28]. According to the literature [29], 60% of the
learners achieve better learning outcomes when learning is
supported by digital assistance multimedia. Thus, the
abovementioned research results indicate that a digital
multimedia program is more effective than traditional
paper-based training. Integrating a digital multimedia interface
in teaching can enhance learning motivation and efficiency.
There were moderate to high correlations between the TVPS-3
and digital game test (spatial relationships: r=0.66;
figure-ground: r=0.65; full score: r=0.47) (Table 3); however,
only the visual discrimination component (P=.03) and the full
score (P=.01) in the digital game group exhibited significant
differences between the pre- and postintervention scores. We
investigated why the digital game test had lower sensitivity in
detecting pre versus postintervention change compared to the
TVPS-3. The digital game test was based on the 7 TVPS-3
themes (10 questions per theme and 70 total questions). The
standard TVPS-3 had 16 questions per theme and 112 total
questions. Therefore, the lower number of questions on the
digital game test resulted in a higher rate of repetition, which
decreased its sensitivity in detecting change. In addition to the
high rate of repetition, the difficulty level was not high enough,
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since the questions in the digital game test were chosen from
the primary version. Thus, digital game test questions may not
have been sufficiently challenging for the identification and
assessment of children with relatively higher function or older
age. In future studies, the instrument should be modified so that
the number of test items is identical to that of the TVPS-3, which
would reduce repeatability of the image gallery and possibly
enhance the credibility and validity of the system.
On the satisfaction questionnaire, 5 items had scores higher
than 4 points (Table 4), which indicated that parents and
therapists were highly satisfied with the interactive digital game
system. The 2 clinical therapists who had participated in the
course reported that the digital game could be a useful
intervention for improving visual–perceptual skills in children
since the operating interface was easy to use and visually
attractive to children. Additionally, the improvement was
comparable to that obtained from conventional paper-based
game training. The 24 parents reported that their children found
the digital game easy to play and found the Bluetooth controller
easy to operate. As a result, their scores on the visual perception
test increased, which indicates that development of
visual–perceptual abilities can be enhanced when rehabilitation
includes an interactive digital game assistance system [30].
Relevant literature also mentions that a digital game system that
attracts the interest of users tends to have high user satisfaction
and high continued use [16,17].
Additionally, traditional teaching materials are mainly
paper-based. They are not easily modified and have limited
modes of interactivity (mainly paper-pen mode). They cannot
be shared conveniently; paper-based media can only be shared
by making additional paper copies whereas digital media can
be easily shared and copied via the internet. While digital
multimedia has good interactivity (online synchronous learning
application or operating mode combined with other virtual
reality equipment), is strong in media integrity, can be flexibly
adjusted at any time, can be conveniently downloaded from the
cloud, and can be represented and edited with 3C software in
real time [31].
In summary, the interactive digital game assistance system
developed in this study has practical applications in clinical
rehabilitation treatment. The system is applicable and suitable
for visual–perceptual training in children with developmental
disabilities.. Thus, application of this learning mode in
specialized rehabilitation for children with visual–perceptual
defects can substantially improve their visual–perceptual skills
and can potentially increase active participation in other relevant
courses of treatment.
The interactive digital game designed and developed in this
study positively benefitted visual perception training for children
with developmental disabilities. When used in combination with
conventional training, the interactive digital game system not
only confers larger improvements in vision and perception in
children with developmental disabilities, it also increases their
willingness to participate in the training. The interactive digital
game training system developed in this study can be
implemented by medical institutions, family care givers, and
school educators to increase the effectiveness of conventional
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programs for developing visual–perceptual skills in children
with developmental disabilities. To improve the applicability
of the proposed system as a testing tool, our future work will

Wu et al
expand the question bank to enable it to have a broader range
of skill levels.
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Abstract
Background: Virtual reality (VR) devices are increasingly being used in medicine and other areas for a broad spectrum of
applications. One of the possible applications of VR involves the creation of an environment manipulated in a way that helps
patients with disturbances in the spatial allocation of visual attention (so-called hemispatial neglect). One approach to ameliorate
neglect is to apply cross-modal cues (ie, cues in sensory modalities other than the visual one, eg, auditory and tactile) to guide
visual attention toward the neglected space. So far, no study has investigated the effects of audio-tactile cues in VR on the spatial
deployment of visual attention in neglect patients.
Objective: This pilot study aimed to investigate the feasibility and usability of multimodal (audio-tactile) cueing, as implemented
in a 3D VR setting, in patients with neglect, and obtain preliminary results concerning the effects of different types of cues on
visual attention allocation compared with noncued conditions.
Methods: Patients were placed in a virtual environment using a head-mounted display (HMD). The inlay of the HMD was
equipped to deliver tactile feedback to the forehead. The task was to find and flag appearing birds. The birds could appear at 4
different presentation angles (lateral and paracentral on the left and right sides), and with (auditory, tactile, or audio-tactile cue)
or without (no cue) a spatially meaningful cue. The task usability and feasibility, and 2 simple in-task measures (performance
and early orientation) were assessed in 12 right-hemispheric stroke patients with neglect (5 with and 7 without additional
somatosensory impairment).
Results: The new VR setup showed high usability (mean score 10.2, SD 1.85; maximum score 12) and no relevant side effects
(mean score 0.833, SD 0.834; maximum score 21). A repeated measures ANOVA on task performance data, with presentation
angle, cue type, and group as factors, revealed a significant main effect of cue type (F30,3=9.863; P<.001) and a significant 3-way
interaction (F90,9=2.057; P=.04). Post-hoc analyses revealed that among patients without somatosensory impairment, any cue led
to better performance compared with no cue, for targets on the left side, and audio-tactile cues did not seem to have additive
effects. Among patients with somatosensory impairment, performance was better with both auditory and audio-tactile cueing
than with no cue, at every presentation angle; conversely, tactile cueing alone had no significant effect at any presentation angle.
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Analysis of early orientation data showed that any type of cue triggered better orientation in both groups for lateral presentation
angles, possibly reflecting an early alerting effect.
Conclusions: Overall, audio-tactile cueing seems to be a promising method to guide patient attention. For instance, in the future,
it could be used as an add-on method that supports attentional orientation during established therapeutic approaches.
(JMIR Serious Games 2022;10(2):e34884) doi:10.2196/34884
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Introduction

owing to the higher immersion, larger visual field, and
possibility to freely move the head and body [26].

Virtual reality (VR) devices are being increasingly used, and
can be found in industries [1,2] and areas of entertainment,
military [3,4], and medicine [5-11]. Skills learned in VR have
been shown to be transferable to the real world [7,12,13], leading
to a broad spectrum of possibilities, from training to
rehabilitation. Virtual environments have the advantage of being
fully customizable, and therefore, they are potentially adaptable
to different situations and even different user abilities [14,15].
Particularly in the field of rehabilitation of neurological
disorders, VR has been shown to be a promising approach
because of this adaptability and the inclusion of different sensory
information [16]. This is believed to not only promote cortical
reorganization but also facilitate the activation of neuronal
plasticity [17]. One of the possible applications of VR in this
area is the creation of an environment that can be manipulated
in a way that would help patients with disturbances in the spatial
allocation of visual attention. These disturbances are often
subsumed under the label of visual neglect, a frequent condition
occurring after right hemispheric stroke (up to 70%) [18,19].
Visual neglect is characterized by the inability to respond or
react to targets coming from the contralesional side of space. It
is a negative prognostic factor for the overall outcome after
stroke and is difficult to treat [20].

Indeed, the effects of auditory cues, presented in a VR setting,
on visuospatial attention deployment have been successfully
explored in neglect patients and show promising results [27,28].
In contrast, to the best of our knowledge, no study has so far
investigated the effects of tactile cues in VR on the spatial
deployment of visual attention in neglect patients, although
results obtained in healthy controls seem encouraging [29,30].
Finally, previous results in 2D settings suggest that multimodal
cueing (ie, combining auditory and tactile cueing at the same
time) may result in superior effects than single cueing [29,31].
However, the effects of this combination for patients with visual
attention deficits in a 3D VR setting have not been studied.

One approach to ameliorate visual neglect is to apply
cross-modal cues (ie, cues in sensory modalities other than the
visual one) in order to guide visual attention toward the
neglected side. Most commonly, auditory cues have been
successfully applied in neglect patients in order to guide visual
attention toward the contralesional side [21-24]. Although less
often investigated, tactile cues (alone or in combination with
auditory cues) seem also to be able to ameliorate the
contralesional allocation of visual attention in this patient
population [21,25].
Most setups of the above-mentioned studies were based on 2D
screens, complex speaker arrays, or loudspeakers on moving
robot arms. The use of a 3D VR environment can reduce the
complexity of the system and increase its ecological validity,
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Thus, this pilot study aimed to investigate the feasibility and
usability of multimodal (auditory and tactile) cueing, as
implemented in a 3D VR setting (our bird search task), in
patients with visual neglect, as well as obtain results concerning
the effects of different types of cues on visual attention
allocation compared with noncued conditions in these patients.
We hypothesized that (1) the implementation of a new system,
including tactile, auditory, and combined audio-tactile cueing,
is feasible and usable for patients with impaired spatial attention;
(2) the different cue types have a positive effect on the
visuospatial attention allocation ability of patients; and (3) the
use of multimodal cues (combined auditory and tactile) has
larger effects than unimodal cues (auditory or tactile alone).

Methods
Demographics
Between June 2020 and November 2020, 12 patients with
left-sided visual neglect after subacute right hemispheric stroke
were recruited and included in the study.
They were inpatients at the Neurorehabilitation Clinics of the
Inselspital, Bern University Hospital, or the Kantonsspital
Luzern, Switzerland. All patients had normal or
corrected-to-normal vision. The mean age of the patients was
58.2 years (SD 9.70 years), and 4 were female. See Table 1 for
detailed information and Figure 1 for the recruitment flowchart.
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Table 1. Detailed demographics and results of the neuropsychological tests of the participants.

a

Patient ID

Gender

Age (years)

CBSa score

CoCb

LBTc

Somatosensory impairment

P01

Male

54

8

0.084

12.68%

Yes

P02

Male

42

4

0.043

4.98%

No

P03

Female

63

4

−0.107

5.28%

No

P04

Female

63

10

0.490

65.57%

No

P05

Male

46

8

0.024

11.11%

No

P06

Male

61

15

0.699

5.75%

No

P07

Female

66

4

0.003

2.70%

Yes

P08

Male

69

13

−0.005

9.34%

No

P09

Female

44

9

−0.004

1.24%

Yes

P10

Male

58

12

0.863

37.13%

Yes

P11

Male

61

14

0.739

3.32%

Yes

P12

Male

71

19

0.740

3.81%

No

CBS: Catherine Bergego Scale [32].

b

CoC: center of cancellation [33].

c

LBT: Line Bisection Text (relative deviation in % [34]).

Figure 1. Patient flowchart from enrollment to analysis.

The inclusion criterion was a pathological score in 1 of the
following 3 assessments: Catherine Bergego Scale (CBS) [32],
Sensitive Neglect Test (SNT) [35], and Line Bisection Test
[34].
The CBS is an established questionnaire allowing to detect the
presence and severity of neglect based on the observation of
everyday life activities (cutoff for neglect: CBS score >1). The
SNT is a paper-pencil cancellation task. The spatial distribution
and number of missed targets are evaluated using the center of
cancellation (CoC; cutoff: CoC >0.081) [33]. The CoC reflects
the mean position from the center to the missed targets and is
normalized to values from −1 to 1. Zero indicates no spatial
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bias, negative values indicate a shift towards the left, and
positive values indicate a shift towards the right. Furthermore,
the Line Bisection Test [34] is another frequently used
neuropsychological task to assess neglect severity, with a cutoff
value of ≥11% mean relative rightward deviation [34].
Somatosensory impairment, and hearing and auditory extinction
were assessed clinically. Somatosensory impairment was
assessed by comparing the sensitivity for touch on the forehead
and the temporal head region between the left and right. To
assess hearing and auditory extinction, rustling was presented
to each ear individually or to both ears simultaneously, and
patients’ reports were compared. Based on this assessment,
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patients were assigned to the following 2 subgroups: patients
with and without sensory impairment. As no patient had auditory
extinction, no auditory extinction group was formed.

Ethics Approval
The study was approved by the Ethics Committee of the Cantons
of Bern and Lucerne (ID 2017-02195), and was conducted in
accordance with the latest version of the Declaration of Helsinki.
All participants signed written informed consent forms before
participation.

Questionnaires
A selection of different questionnaires was administered to
assess the usability and side effects of the VR task, as previously
described by Gerber et al [36,37].
For assessments of acceptance, usability, and participant
perception of the visual search task and the VR system, the
System Usability Scale (SUS) [38] was used. To assess side
effects and cybersickness [39], the Simulator Sickness
Questionnaire (SSQ) [40] was used.

Technical Setup
The VR hardware consisted of a stand-alone head-mounted
display (HMD) and a hand-held controller. During the task, the
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positions of the controller and the HMD were continuously
recorded (20 Hz sample rate).
The resolution of the HMD (Oculus Quest, Facebook
Technologies) was 1440×1600 pixels, with a horizontal field
of view of 110 degrees and a frame rate of 72 Hz. For the
development of our bird search task, the platform Unity [41]
was used.
To monitor the patient’s behavior during the task, the patient’s
view was projected to a laptop computer using a wireless
streaming tool via Sidequest [42]. The experimenter was thus
able to see what the patient saw in real-time and could intervene
if needed.
Additionally, for the application of the tactile cue, a special
cushion as an inlay piece for the HMD was used, as described
by Knobel et al [29]. The cushion contains 6 coin vibrators
symmetrically distributed over the forehead. Each coin vibrator
could be started individually. The sound was presented via
over-ear headphones.

Bird Search Task and Study Procedure
The main goal of the bird search task was to detect the appearing
birds as quickly as possible. The task took place in a virtual
environment and contained 3 main features (Figure 2).

Figure 2. (A) Scenario setup in the virtual environment, with the following 3 main features: (1) An empty floor, on which the player was positioned
at the center of the scene; (2) A central fixation cross; and (3) Four presentation angles (−70°, −30°, 30°, and 70°) where the birds could appear in the
bird search task. (B) Patients view when starting the task with the floor (1) and the central fixation cross (2).

First, there was a plane surface, looking like a floor, which
prevented the patient from feeling like floating or even falling.
Second, directly in front of the patient, a colored fixation cross
was presented. The patient’s initial position was aligned, so the
fixation cross was straight ahead. Third, there were 4
presentation angles at which the stimuli (blue birds), one at a
time, could appear. These presentation angles were on a
horizontal line at −70°, −30°, 30°, and 70°, as defined with
respect to the patient’s trunk (see the presentation angles of 4
birds in Figure 2). In this study, we will consider the 30° and
−30° angles as paracentral angles and the 70° and −70° angles
as lateral angles.
At the beginning of each trial (a full round in Figure 3), the
patients were asked to orient the HMD toward a central fixation
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cross (red cross in Figure 2; Figure 3A), thereby aligning their
head to the trunk straight ahead. The fixation cross had the
property to turn green if aligned with the HMD, thereby giving
feedback for being correctly fixated (Figure 3B). After fixating
for 2 seconds on the central fixation cross, it disappeared and,
at the same time, a target bird appeared (Figure 3C).
Consequently, the disappearance of the central fixation cross
was a signal for the patient to start searching for the target bird.
The patient was asked to confirm the detection of the target bird
by flagging it with a hand-held controller. A flagged bird
disappeared from the scene by falling. This started a new trial
(ie, central fixation cross for 2 seconds, disappearance of the
latter, and concomitant appearance of the next target bird; Figure
3D). If the target bird was not found within 11 seconds, it simply
disappeared, and the next trial started.
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34884 | p.213
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Figure 3. Schematic representation of an exemplary trial of the bird search task. The grey birds represent the potential presentation angles, where the
birds could appear. (A) The patient’s head (in blue) is not oriented toward the fixation cross, and therefore the task cannot start. (B) After reorienting
the head toward the fixation cross, the cross turns green. (C) After 2 seconds of being correctly oriented, the fixation cross disappears and the bird
appears (in this case, the bird appears at the presentation angle −70°). (D) The patient orients toward the bird and flags it, so it disappears. This results
in the reappearance of the fixation cross that stays red as long as the patient has not reoriented toward it.

Each target bird could appear either with or without additional
spatial cues. There were 2 different possible spatial cues
(auditory or tactile), resulting in the following 4 different
conditions: None (no cue), Audio (only auditory cue), Tactile
(only tactile cue), and Combo (auditory and tactile cues; for
more details, see the “Cues” section below).
In the None condition, the patient had to start looking for the
target as soon as the fixation cross disappeared, but no additional
hint for the direction was given. In the 3 other conditions, the
patient received an additional hint from the presentation angles
of the newly appeared target bird at the same time the target
appeared. The cues were repeated after 3 seconds until the
maximum presentation time of 11 seconds.
The bird search task was organized into 4 sessions, each
containing a single spatial cue type (ie, None, Audio, Tactile,
and Combo). In each session, 80 target birds were presented
(ie, each of the 4 presentation angles were tested 20 times). The
order of the presentation angles at which the target birds
appeared was random, with the constraint that 2 target birds
could not appear at the same presentation angle in 2 consecutive
trials. The order of the 4 sessions was randomized. The 4
sessions took place over 2 consecutive days (ie, 2 sessions per
day). On the first day, all the conditions were explained to the
patient, and 3 practice trials were performed. During the practice
trials, each cue type and each presentation angle was presented.
First, the patient was verbally guided to the target, and if the
position was not detected correctly, the corresponding practice
trial was repeated up to 3 times. If the position was detected
correctly, the next angle/cue was presented. After completing
the practice, the first 2 sessions were performed. On the second
https://games.jmir.org/2022/2/e34884
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day, the corresponding practice trials of the 2 remaining cueing
conditions were repeated, and then, the 2 remaining sessions
were performed.

Cues
The task included auditory and tactile spatial cues. The auditory
cue was a 1-second tone of 500 Hz with 0.1 seconds fading in
and out to reduce the sound’s sharpness. The spatial information
of the auditory cue was generated by the audio spatializer
software development tool kit that is part of the Unity game
development platform [41]. The head-related transfer function
of the spatializer is based on the KEMAR data set (set of pre-ear
impulse recordings of a dummy head; Bill Garnder at MIT
Media Lab [43]). In the task, the sound was realistically
perceived as coming from the left (due to different sound volume
levels between the 2 ears) if the sound source was on the left
side of the head and as coming from the front if the head was
oriented toward the sound source.
The tactile cue (1-second vibration) was applied using punctual
vibration that came from a special inlay of the HMD that
contained 6 symmetrically positioned individually controllable
coin vibrators [29]. The coin vibrators were controlled in a way
that mimicked the spatial behavior of sound. This means that
if the head is oriented to the front and a cue is given on the left
side, the most left coin vibrator is activated, signaling that the
cue is on the left side. If the head is then turned and faces the
cue, the middle coin vibrators are activated, signaling that the
cue is now directly in the front of the patient. If the head is
turned even more, the right coin vibrators are activated, signaling
that the cue is now on the right side.
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In the Combo condition, auditory and tactile cues were given
simultaneously for 1 second each.

In-Task Parameters
Performance
The main parameters assessed were the mean time until targets
were flagged and the percentage of found and flagged birds for
each presentation angle and condition. From the percentage
found and the mean time of found targets, we calculated a
performance measure [44]. The performance measure was
calculated for every presentation angle and condition by dividing
the percentage of found targets by the mean time needed to flag
the targets. A higher value as a result of this calculation thus
represents better performance.
This performance measure allows combining both behavioral
aspects (ie, accuracy and speed of reactions) within a single
parameter. With respect to the cognitive impairments of
neglected patients, this performance measure offers several
advantages. First, it allows quantifying performance even if a
neglect patient does not find any target for a given
angle/condition. Indeed, in this case, it would not be possible
to calculate the mean time to flag targets. However, as the value

Knobel et al
is multiplied by the percentage of found targets (in this case,
0%) in the formula, the result would correctly be 0 (indicating
very low performance for that particular presentation angle and
condition). Second, this performance measure is robust against
extreme values.
If, for instance, a patient finds only 1 target in a very fast way
in a certain presentation angle/condition combination, this low
reaction time would be overrepresented if only the mean time
to flag targets is analyzed. Instead, in the performance measure
formula, the inclusion of the percentage of found targets reduces
the weight of this extreme value [44].

Early Orientation
During the task, the angular position of the HMD with respect
to the trunk was continuously recorded, thus reflecting the head
rotation over time. Based on these data, the early orientation
[45-47], that is, the direction (to the left or right) of the first
head rotation movement after the presentation of a stimulus,
was extracted. We then used the ratio of correct early orientation
instances (ie, the instances in which the head was initially turned
to the left even though the target appeared on the right, and vice
versa; Figure 4) per condition and presentation angle as an
in-game performance parameter.

Figure 4. Schematic representation of 7 trials and how the ratio of correct early orientation was calculated. The x-axis shows the head angle from the
point where the target appears until it is found. The angle is in relation to the starting position of the trunk. Green represents traces of correct orientation
and red represents traces of incorrect orientation.

Figure 4 shows a schematic representation of the early
orientation parameter. The traces (green and red lines) represent
the head orientation during the presentation of 6 targets (blue
birds). In this example, when the fourth and sixth targets were
presented (red traces), the patient first turned the head toward
the right, even though the target appeared on the left. When the
first, second, third, and fifth trials (green traces) were performed,
the orientation was correct from the beginning. Thus, the ratio
of correct early orientation instances for the right side is 1 (ie,
https://games.jmir.org/2022/2/e34884
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all early orientation instances were correct when the target
appeared on the right side) and for the left side is 1/3.
The early orientation was determined by comparing the head’s
angle when the target appeared (central) with the head’s angle
after 1.5 seconds. If the difference (start angle minus angle after
1.5 seconds) was negative, the patient had turned the head to
the right; otherwise, the patient had turned the head to the left.
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Data Collection and Statistical Analyses
Statistical analyses were performed once for all patients together,
and comparisons were performed between the with and without
somatosensory impairment groups (both groups had no auditory
extinction).
First, we analyzed the effects of the different cueing conditions
and of the different spatial positions on in-game parameters by
means of a 2-way repeated measures ANOVA, with cue type
(levels: None, Audio, Tactile, and Combo) and angle (levels:
−70°, −30°, 30°, and 70°) as within-subject factors for all
participants.
Second, since it is assumed that auditory and tactile cueing
require intact somatosensory processing to be effective, we
aimed to assess the effect of impairment in the respective
modality. For this purpose, we grouped the patients according
to somatosensory impairment (yes/no) and auditory extinction
(yes/no), and reran the ANOVA with group as a between-subject
factor (levels: with and without somatosensory impairment),
and cue type (levels: None, Audio, Tactile, and Combo) and
angle (levels: −70°, −30°, 30°, and 70°) as within-subject factors.
Post-hoc analyses with least significant difference were applied
for the identification of significant differences for cues within
presentation angles. The study data were managed using
Research Electronic Data Capture [48,49], a web-based tool to
support data handling for research studies. Data analyses were
performed with R (R Foundation for Statistical Computing) and
MATLAB (MathWorks).

Results
Subgroups
With regard to the neuropsychological measures, the mean
results were as follows: 10.0 (SD 4.79) points for the CBS score
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[32], 0.30 (SD 0.37) for the CoC [33], and 13.6% (SD 19.0%)
relative deviation toward the right for the Line Bisection Test
[34].
On separation for somatosensory impairment, there were 7
patients without and 5 with somatosensory impairment of the
front head. On comparing age and neuropsychological measures
between the groups, there were no significant differences for
age (t9.94=0.480; P=.64) and the neuropsychological measures
(CBS: t10.0=0.376, P=.72; CoC: t7.78=−0.289, P=.78; Line
Bisection Test: t9.99=0.343, P=.74).

Questionnaires
Usability (based on the SUS ratings) was rated with the sum of
3 questions (responses ranging from 0 [unusable] to 4 [highly
usable]) and reached a value of 10.2 (SD 1.85) out of a
maximum of 12. Both groups provided similar ratings, with no
significant difference between the groups (t8.95=−1.54; P=.16).
The occurrence of side effects was assessed with the sum of 7
frequent items from the SSQ (responses ranging from 0 [no side
effects] to 3 [severe side effects]), and the score was 0.833 (SD
0.834) out of a theoretical maximum of 21, indicating a very
low rate of side effects. The results were not significantly
different between the groups (SSQ: t9.86=−1.77; P=.11).

In-Task Parameters
Performance: All Patients
Results concerning all patients are shown in Figure 5. Two-way
repeated measures ANOVA showed significant main effects of
cue type (F33,3=7.60; P<.001) and presentation angle
(F19.35,1.76=50.9; P<.001), but not of their interaction (cue type
× presentation angle) (F99,9=0.469; P=.89).

Figure 5. (A) Performance per cue type for all patients (n=12). The whiskers represent the standard error of means. The asterisks represent the level
of significance of post-hoc tests (*P<.05, **P<.01, ***P<.001). (B) Visualization of the performance per cue type and presentation angle.

Post-hoc analyses concerning the main effects of cue type (ie,
irrespective of presentation angle) revealed a significantly better
performance for auditory or combined cues but not for tactile
cues compared with no cue. Furthermore, auditory cues were
better than tactile cues.
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Performance: Subgroups
Detailed examination of the results (Figure 6) included a 3-way
mixed model ANOVA that showed significant main effects of
cue type (F30,3=9.863; P<.001) and presentation angle
(F17.24,1.72=47.609; P<.001), and a significant 3-way interaction
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34884 | p.216
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between cue type, presentation angle, and group (F90,9=2.057;
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P=.04). There were no other significant interactions.

Figure 6. Visualization of the performance, split for the group with somatosensory impairment (A; n=5) and the group without somatosensory impairment
(B; n=7). Results of the post-hoc tests are shown as significance bars (level of significance: *P<.05, **P<.01, ***P<.001). The whiskers represent the
standard error of means.

The post-hoc analysis revealed that for patients without
somatosensory impairment, any cue led to better performance
than no cue for targets on the left side. In patients with
somatosensory impairment, performance was better with both
auditory and audio-tactile cueing than with no cue, at every
presentation angle; conversely, tactile cueing alone had no
significant effect at any presentation angle.

Early Orientation: All Patients
Results of the ratio of correct early orientation for all patients
are shown in Figure 7. Repeated measures ANOVA showed
significant main effects of cue type (F36,3=26.934; P<.001),

presentation angle (F36,3=10.207; P<.001), and their interaction
(F99,9=4.798; P=.001). Having cues at lateral angles led to an
improvement in the ratio of correct early orientation.
Comparison of the same cues at different presentation angles
showed that in the None and Audio conditions, there was a
significant left-right difference for the paracentral (None:
P=.002; Audio: P=.008) and lateral (None: P=.008; Audio:
P=.047) angles. This pattern was not observed in the Tactile
and Combo conditions, where only the lateral (Tactile: P=.01)
and paracentral (Combo: P=.03) angles differed significantly.
The significance bars for direct cue comparisons are not shown
in Figure 7.

Figure 7. Visualization of the ratio of correct early orientation instances. The whiskers represent the standard error of means. Results of the post-hoc
tests are shown as significance bars. The asterisks above the bars represent the level of significance (*P<.05, **P<.01, ***P<.001).
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Early Orientation: Subgroups
A mixed model ANOVA for cue type, presentation angle, and
group showed significant main effects of cue type (F30,3=32.671;
P<.001) and presentation angle (F30,3=13.97; P<.001), as well
as the following 2 significant 2-way interactions: group ×
presentation angle (F30,3=6.738; P=.001) and cue type ×

Knobel et al
presentation angle (F90,9=4.412; P<.001). No other interaction
reached significance.
The lack of a significant 3-way interaction also showed that any
type of cue (auditory, tactile, or combo) triggered better
orientation in both groups for lateral angles (Figure 8).

Figure 8. Visualization of the interaction result of presentation angle and cue type, split for the group with somatosensory impairment (A) and the
group without somatosensory impairment (B). The whiskers represent the standard error of means. Results of the post-hoc tests are shown as significance
bars. The asterisks above the bars represent the level of significance (*P<.05, **P<.01, ***P<.001).

The significant interaction between group and presentation angle
showed a significant difference between the groups for left
paracentral angles and a left-right difference for lateral and
paracentral angles in the group without somatosensory
impairment.

Discussion
Overview
This study showed that our new multimodal VR setup, including
visual, auditory, and tactile cues, is highly usable and that it is
suitable to provide multimodal spatial cues to patients who have
spatial attention deficits. Furthermore, the measurements
provided some important information concerning the
peculiarities of the application of such a setup in this population.
Indeed, all patients seemed to benefit from auditory cues;
however, the positive effect of tactile cues on in-task
performance seemed to depend on the presence of
somatosensory impairment. Patients without somatosensory
impairment did benefit from tactile cues. Nevertheless, there
seemed to be a consistent alerting effect for all cue conditions
(auditory, tactile, and combined) among all patients, which
could help them to overcome the initial tendency to orient
toward the right, a common symptom observed in neglect.
Finally, we did not find an additive effect of combining auditory
and tactile cues in any measure or group.

Usability
In line with our first hypothesis, patients rated the device’s
usability as very high and did not report any relevant side
effects. The high usability of our new VR setting, including
tactile stimulation, is similar to that in one of the few previous
studies in stroke patients with a similar visual and auditory
setting, which however did not entail any tactile stimulation
[14,37]. Moreover, similar levels of usability have been reported
by healthy participants using new VR tools including visual
and auditory stimulation, but without tactile stimulation
[36,50,51]. Hence, in our study, the additional presentation of
tactile stimulation did not change usability or cause discomfort.
Interestingly, in our last study in healthy participants [29], tactile
stimulation, similar to that presented here, caused some side
effects. We hypothesize that one reason for the minor discomfort
caused by tactile stimulation is the duration of application of
the tactile stimulation. Indeed, in our previous study, tactile
stimulation was continuously presented over several minutes,
whereas in this study, it was only presented during short
intervals (ie, up to a maximum of 4 seconds per target). This
study and our previous study [29] thus represent in some way
maximum and minimum usage of tactile stimulation. Future
studies should therefore target an optimal tactile stimulation
time for maximum effectiveness, but without side effects.

In-Task Parameters
Our second hypothesis concerned in-task parameters and
assumed that patients with spatial attention disorder would
benefit from spatial cues, as assessed by means of a compound
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performance measure, considering both search time and
percentage of found targets. Usually, those cues are presented
on a 2D screen with a limited visual angle. The advantage of
our VR approach is that we can present the patients with far
more lateral cues in a virtual environment, supporting them in
orienting toward the left by means of not only eye movements,
but also head movements. Even though some tools have been
developed and tested to examine the effects of visual, auditory,
or even tactile cues in patients with impaired spatial attention
[21,52], to the best of our knowledge, so far, no study has
examined the effects of tactile cues in neglect patients using a
VR system.
The auditory cueing of our VR setup was effective in all
patients, increasing performance and confirming our hypothesis.
The new approach with tactile cueing in VR was also effective,
as long as patients had preserved somatosensory processing.
This is in line with the principles of unimodal or multimodal
cueing, a common approach to guide the attention of patients
with spatial attention disorders toward the neglected side
[24,53,54].
The fact that tactile cueing can induce positive effects in patients
without somatosensory impairment is particularly remarkable.
Indeed, tactile cues were presented at different locations in space
than visual stimuli; the tactile cues were presented on the skin
of the forehead (ie, within the personal space), whereas visual
targets were presented in the peripersonal space. This
configuration is different from the one concerning auditory cues,
were visual targets and auditory cues are both presented at the
same location in the peripersonal space [55,56]. In this group
of patients, this suggests the activation of spatial attention
networks through not only spared supramodal mechanisms
[52,57] but also “supraspatial” (ie, entailing different spatial
reference frames) mechanisms.
Our results seem to not provide support for the third hypothesis,
that is, an advantage of the combined application of tactile and
auditory cues in comparison with unimodal cues, since this did
not lead to a significant increase in performance or a higher rate
of correct early orientation. Some evidence in the literature
shows that the use of multimodal cues can have an additive
effect [29,31], whereas other studies have shown no benefit of
using multimodal cues when compared with unimodal cues
[54]. A possible explanation for these disparities could be
associated with the level of spatiotemporal matching [58,59]
and cross-modal intensity matching [60] needed for cross-modal
cues to have an additive effect. In our study, auditory cues had
a high spatiotemporal match with the visual target, but tactile
cues did not [54]. This might be even more relevant for neglect
patients, as they typically show problems with spatial
transformations [61-63].

Knobel et al
Besides performance parameters (eg, search time and percentage
of found targets), we also assessed early orientation behavior.
Interestingly, in this case, all types of cues (auditory, tactile,
and combination) had positive effects on early orientation, even
in patients who had a somatosensory impairment and could not
correctly localize a tactile cue. This might be explained through
a general alerting effect, as it has been shown that a temporary
alertness enhancement can ameliorate attentional orienting in
neglect patients [64-66], but this effect is short lived [67,68].
Therefore, it seems reasonable to hypothesize that all types of
cues can ameliorate early orientation through their alerting effect
and that this effect is not long enough to further support
performance to find targets.

Limitations
In this pilot study, we aimed to show the feasibility and usability
of our VR setup in a diverse and complex patient group. On the
one hand, the variance increases the difficulty of the
interpretability of the task results, and on the other hand, the
variety increases the representativeness for this patient group.
Neglect severity shows spontaneous fluctuations and intraday
variations [69]. We tried to minimize this effect by having the
2 sessions on consecutive days and at the same time;
nevertheless, factors like medication changes and exhausting
therapies beforehand could not be controlled. Future studies
with a larger sample size should try to control or at least assess
such confounders

Conclusion and Outlook
This study showed the usability and feasibility of a new
approach entailing auditory, tactile, and combined audio-tactile
cueing in VR among patients with different combinations of
attentional and somatosensory impairments. Our data suggest
that auditory and tactile cues may be equally efficient in
ameliorating attentional performance in neglect patients, at least
in those with spared somatosensory processing. Moreover,
combined audio-tactile stimulation did not show an additive
effect in our setup. Future studies are needed to assess these
preliminary findings in a larger group of patients. One of the
possible directions to reach intermodal additive effects would
be to assess the effects of tactile cues presented “nearer” to the
source of the visual and auditory stimuli (eg, tactile stimulation
on the hand, with variation in presentation side and intensity
according to how near the patient moves the hand to the target).
Overall, audio-tactile cueing seems to be a promising method
to guide patient attention. For instance, in the future, it could
be used as an add-on approach that supports attentional
orientation during established therapeutic approaches (eg,
optokinetic stimulation).
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Abstract
Background: Cognitive training and assessment technologies offer the promise of dementia risk reduction and a more timely
diagnosis of dementia, respectively. Cognitive training games may help reduce the lifetime risk of dementia by helping to build
cognitive reserve, whereas cognitive assessment technologies offer the opportunity for a more convenient approach to early
detection or screening.
Objective: This study aims to elicit perspectives of potential end users on factors related to the acceptability of cognitive training
games and assessment technologies, including their opinions on the meaningfulness of measurement of cognition, barriers to and
facilitators of adoption, motivations to use games, and interrelationships with existing health care infrastructure.
Methods: Four linked workshops were conducted with the same group, each focusing on a specific topic: meaningful improvement,
learning and motivation, trust in digital diagnosis, and barriers to technology adoption. Participants in the workshops included
local involvement team members acting as facilitators and those recruited via Join Dementia Research through a purposive
selection and volunteer sampling method. Group activities were recorded, and transcripts were analyzed using thematic analysis
with a combination of a priori and data-driven themes. Using a mixed methods approach, we investigated the relationships between
the categories of the Capability, Opportunity, and Motivation–Behavior change model along with data-driven themes by measuring
the φ coefficient between coded excerpts and ensuring the reliability of our coding scheme by using independent reviewers and
assessing interrater reliability. Finally, we explored these themes and their relationships to address our research objectives.
Results: In addition to discussions around the capability, motivation, and opportunity categories, several important themes
emerged during the workshops: family and friends, cognition and mood, work and hobbies, and technology. Group participants
mentioned the importance of functional and objective measures of cognitive change, the social aspect of activities as a motivating
factor, and the opportunities and potential shortcomings of digital health care provision. Our quantitative results indicated at least
moderate agreement on all but one of the coding schemes and good independence of our coding categories. Positive and statistically
significant φ coefficients were observed between several coding themes between categories, including a relatively strong positive
φ coefficient between capability and cognition (0.468; P<.001).
Conclusions: The implications for researchers and technology developers include assessing how cognitive training and screening
pathways would integrate into existing health care systems; however, further work needs to be undertaken to address barriers to
adoption and the potential real-world impact of cognitive training and screening technologies.
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Introduction
Background
The World Health Organization has estimated the number of
people living with dementia worldwide to be approximately 55
million and the total societal cost of dementia to be
approximately US $2.8 trillion [1]. These figures are expected
to rise with the increase in life expectancy; however, over
one-third of these cases are thought to be preventable by
reducing modifiable risk factors [2]. As such, in recent years,
there has been growing interest in the application of digital
technologies designed to promote healthy lifestyles, particularly
in the prevention, management, and mitigation of dementia
[3-6]. There is a growing evidence base indicating that healthy
lifestyle choices such as exercising, maintaining social
engagement, reducing smoking, and engaging in cognitively
stimulating activities may help to reduce the overall lifetime
risk of dementia [7,8]. Lifestyle factors such as occupation,
leisure activities, and educational attainment may help to build
cognitive reserve, which could help to mitigate or modify the
clinical expression of dementia despite underlying
neuropathology [9]. Other evidence suggests that certain
cognitive domains may be amenable to training [10,11]. Despite
this, the extent to which these technologies may help improve
cognition or reduce the overall lifetime risk of dementia is
debated, and the evidence remains inconclusive [12-15].
Concurrently, cognitive screening offers the potential for early
intervention and support but can often lead to frustration or
stress and affect patient dignity [16]. There are still challenges
around the acceptability and uptake of digital technologies,
which are designed to improve or assess cognition [17],
including concerns about privacy, decision-making, dignity,
and liberty in the use of technology for people living with
dementia [18].
The inclusion of gamified cognitive training interventions could
enhance motivation, and positive mood and improve assessment
[19]. Increasing engagement and adherence to serious games
for health often relies on the development and implementation
of motivating elements [20], whereas some argue that the use
of extrinsic incentives (eg, rewards and penalties) may hinder
intrinsic motivation in the long term, potentially affecting
self-confidence [21,22].
Lifestyle advice aimed at reducing the modifiable risk factors
of dementia and cognitive training and screening regimes falls
under the broad category of public health interventions [23],
which depend on behavior change to be effective. A widely
used model used to understand behavior change interventions
is the Capability, Opportunity, and Motivation–Behavior
(COM-B) model developed by Michie et al [24]. The model
identifies capability, motivation, and opportunity as the primary
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drivers of behavior. Using this framework, public health
behavior change interventions can be systematically evaluated,
and appropriate strategies can be developed to maximize the
effectiveness of interventions.
Interventions designed to form part of a person’s daily routine
need to ensure that there is involvement from patients and the
public during the testing and evaluation of cognitive
technologies to ensure that the technology is being used as
intended and increase uptake [25].
Patient and public involvement (PPI) is advocated in health care
research for many reasons; it may help generate research
opportunities, identify research priorities, lead to better research
methodology, and improve the communication and application
of findings [26]. PPI research is conducted with or by patients
and the public rather than being conducted on them, about them,
or for them [27,28]. There has been growing acknowledgment
of the importance of involving patients and the public in research
that places patients and their experiences at the center. PPI
research is of particular importance to dementia research in
which it is understood to contribute to the quality, relevance,
and ethical conduct of research [29].

Aims and Objectives
This paper reports on PPI activity that formed a part of an
industry-academic partnership, Alzheimer’s Disease: Detect
Prevent, led by Brain+, a Danish commercial app developer.
Brain+ is developing a suite of app-based technologies designed
to help reduce modifiable risk factors of dementia by cognitively
stimulating gaming and lifestyle coaching. In addition, it is
introducing an element of detection of cognitive deficits through
a working memory test. A series of PPI workshops were held
to discuss the potential benefits of cognitive training games and
assessment technologies related to cognition and capture
contextual opinions about the dementia journey, such as support
after diagnosis, the role of family and other social relationships,
and the practical and ethical factors that arise in the adoption
of new health technologies.
We aimed to answer the following research questions:
1.
2.

3.
4.

How can cognition be measured in a way that is acceptable
and meaningful to people with the experience of dementia?
What are the barriers to and facilitators of the adoption of
digital cognitive training games and assessment
technologies?
What factors may affect motivation to use serious games
for cognitive assessment and training?
What are the potential benefits, drawbacks, and risks of
assessment technologies for cognitive impairment, and how
may such tools fit within the existing health care
infrastructure?
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Methods
Workshop Procedure
Workshops were conducted physically within conference rooms
at the University of Nottingham. The workshops lasted between
10:30 AM and 2 PM for each of the days they were run. Lunch
and regular breaks were provided to our participants, and each
of our workshops was divided into 2 sessions.
In total, four workshops were conducted between October 2019
and January 2020, each with a focus on a different topic relevant
to cognitive training and screening technologies:
1.
2.
3.
4.

What counts as meaningful improvement?
Learning and motivation
Trust in digital diagnosis
Barriers to digital inclusion

These topics were developed by the researchers and agreed upon
by the research and commercial partners involved in the wider
project consortium. The topic of meaningful improvement
facilitated the exploration of appropriate and patient-centered
outcome measures for a concurrent feasibility trial of cognitive
training. The topic of learning and motivation was chosen for
the purposes of investigating motivational strategies and the
perceived potential of cognitive training, how at-risk individuals
and those with lived experience conceptualize learning cognitive
reserve, and the importance of cognitively taxing activities to
delay the onset of dementia. Our third session on trust in digital
diagnosis allowed for the elicitation of factors that affect trust
in digital diagnosis and screening tools, including the social,
environmental, and legislative contexts in which screening and
the process of diagnosis occur, as well as attitudes and concerns
surrounding the storage, handling, and sharing of personal data.
In our concluding session, we sought to identify real-life,
contextual, and social factors that may influence technology
use with the intention of developing strategies to reach otherwise
underrepresented and hard-to-engage populations. A summary
of our workshop protocols can be found in Multimedia Appendix
1 and the Materials section.

Materials
All participants, facilitators, and researchers were supplied with
name badges to facilitate an informal first-name basis tone for
the discussions. Voice recorders were used to record the sessions
for subsequent transcription. Two of our workshops included
presentations about the topic (1 and 2), and the trust in digital
diagnosis workshop involved an activity that included the use
of UnBias Fairness Toolkit Ideation cards [30].

Recruitment
Participants were recruited via Join Dementia Research (JDR),
a UK-based service that connects people living with dementia
and caregivers with researchers for the purposes of conducting
dementia research. JDR provides a list of names and contact
details based on a set of criteria selected by the researcher. As
we were interested in recruiting both people living with dementia
and their carers, we decided to target carer-patient dyads. We
also wished to discover issues around diagnosis; therefore, dyads
without a formal diagnosis of dementia were excluded. Finally,
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we wanted to investigate issues surrounding the potential of
cognitive assessments and cognitive training to facilitate early
intervention and recruited participants living with mild dementia
for whom cognitive assessment and training may serve a
therapeutic or rehabilitative purpose. Using purposive selection,
18 dyads presented on the JDR website results were contacted
for recruitment, from which 22% (4/18) agreed to be enrolled.
Subsequently, 2 carer-patient dyads took part: one living with
dementia participated alone without their partner, and another
took part as an individual carer after losing his partner to
dementia.
Participants were compensated in line with the INVOLVE
guidelines [28], which also included transportation costs. Upon
attending each workshop, participants were invited to subsequent
workshops.

Participants
Sessions comprised 6 participants (ie, n=3, 50% carers and n=3,
50% people living with dementia), 2 or 3 group facilitators from
the local involvement team, and members of the research team
(between 2 and 4 in different sessions). Workshop participants
were experts by experience because of their lived experience
and first-hand knowledge of dementia. Within the participant
group in the workshops, there was an equal gender split: the 2
carer-patient dyads were married couples, the individual with
dementia was female, and the individual carer was male. Of the
people living with dementia, one had working-age Alzheimer,
one had vascular dementia, and the third had mixed (Alzheimer
with vascular dementia), all describing the severity of their
symptoms as mild. They were all aged between 57 and 76 years.
Although small, the group was culturally and ethnically diverse,
with a range of cultural backgrounds and experiences.
The involvement team facilitators had personal lived experiences
and shared awareness of a range of mental and cognitive health
conditions and were knowledgeable about digital technologies
and the processes of coproduction. As such, they contributed
additional knowledge and opinions captured in the focus groups
along with those of the enrolled participants. During each
session, they ensured that the enrolled participants were
comfortable and were there to assist them should they have any
difficulty. Facilitators were also involved in reviewing the
content of the workshops, proofreading documents and
instructions sent ahead of each session, and sense checking the
analysis.

Ethics Approval
Ethical approval was granted by the Faculty of Medicine and
Health Sciences Research Ethics Committee (approval number
333-1906). Participants were made aware of the aims and
methods of the study and had a chance to ask questions before
signing the consent form. All participants met the definition of
capacity in line with the legal definition given under the Mental
Capacity Act of 2005.

Analysis
Qualitative Analysis
Each of the audio-recorded sessions was transcribed via a
third-party contractor before being split into meaningful
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excerpts, which was achieved by attempting to split the entire
transcript into the smallest possible excerpts, which were
intelligible without any accompanying text. As such, no two
excerpts referred to the same part of the transcript. This created
a total of 605 such excerpts.
A 2-stage approach to thematic analysis was used [31,32];
excerpts were initially coded with a priori (theory-driven)
themes based on the COM-B behavior change model proposed
by Michie et al [24]. This model targets 3 areas of importance
in behavior change: capability (the individual’s psychological
and physical capacity to engage in the activity), motivation
(processes that energize and direct behavior; both planned and
habitual), and opportunity (factors that lie outside of the
individual, which make behavior possible, prompt it, or present
a barrier to it). Once COM-B coding was completed, an
additional data-driven coding scheme was devised based on the
content of the sessions and issues pertinent to the research
project.
Finally, the qualitative validity of our results was assessed by
asking the PPI facilitators to comment on our findings before
publication, with the aim of increasing the dependability of our
results.

Quantitative Analysis
Both coding schemes were quantitatively evaluated by another
reviewer (coauthor), who coded the excerpts according to the
coding scheme during our initial analysis using a small
subsection of our excerpts (64/605, 10.6%), which were assessed
for consistency using proportional agreement and Cohen κ. This
helped ensure the validity and reliability of our findings.
We also looked at the intersections of excerpts coded in our
themes, both to ensure that coding schemes within respective
coding categories were sufficiently independent, as well as to
analyze the relationships between themes of separate coding
categories. Best practice dictates that where possible, coding
categories should be exclusive [31], indicating that there should
be little overlap between separate coding schemes. However,
because the analysis used 2 separate coding schemes (one theory
driven and another data driven), themes from different schemes
do not need to meet this criterion. The φ coefficient calculations
were conducted to determine the correlation between each
theme. This served 2 distinct purposes. First, coefficients for
themes within respective coding schemes indicate the extent to
which each of the thematic categories could be considered
independent and exclusive categories. Strong positive
correlations would potentially indicate that the themes were not
sufficiently independent.
Second, we also wanted to determine the relationship between
the various thematic categories between the 2 separate
frameworks to understand how our data-driven categories were
related to broader theoretical determinants of behavior expressed
in the COM-B model. Positive correlations indicated the extent
to which excerpts matched 2 separate themes simultaneously,
whereas negative correlations indicated a decreased likelihood
of a single excerpt being coded for both of those categories.
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Results
Overview
A description of the main research findings can be found in the
following sections; more information about the themes and how
the excerpts were coded can be found in Multimedia Appendices
2 and 3, along with the coding criteria used by both analysts
and example excerpts. Quotations are given using P to denote
a person with dementia, C to denote a carer or spouse, and F to
denote a facilitator having lived experience of mental or
cognitive health problems.

COM-B Themes
Overview
Analysis of the transcripts using the COM-B model revealed
several interesting findings. Capability was often viewed with
respect to self-care and the tasks of everyday living. Group
attendees generally agreed that capability diminishes over time
and that a good intervention was one that would lessen the rate
of decline and allow people to live independent lives, where
they could pursue their hobbies and passions. The theme of
opportunity typically revealed several complex and interrelated
issues. The theme of opportunity included the health care system
and diagnostic pathway, the activities and support available for
people living with dementia, cultural and social norms, and how
technology may interact with all of the above. Finally,
motivation was tied into several areas, including the motivation
to play cognitively challenging games and develop new skills
later in life and, finally, the importance of appropriate and timely
feedback that did not overburden users of cognitive games.

Capability
People living with dementia were very much aware of their
diminished capabilities because of their cognitive impairment.
Impact on Everyday Life
Cognitive difficulties can affect every aspect of a person’s life,
including socializing, work commitments, hobbies, social
activities, and activities of daily living. A participant said, “I
found out that I had Alzheimer’s because I couldn’t do my job
any more as a lawyer” and that their “whole life has changed”
(P3).
Fluctuating Capability
Attendees also mentioned how capability was not static but
could be affected by external factors and could fluctuate, thereby
affecting people’s abilities to engage in meaningful tasks related
to hobbies and the activities of daily living:
It might just be something on that day, there’s an
external factor that’s going to have a great deal of
influence on that day. [F1]
Maintaining Active Lifestyles
However, attendees agreed upon the importance of maintaining
an active lifestyle to support quality of life and independence.
Participants were eager to retain and even build upon their
existing capacities, although they typically viewed their ability
to learn and retain information as gradually decreasing over
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time. It was important for our participants to have meaningful
things to look forwards to in their lives:
...you need to try and carry on as normal because if
you start taking things away from people, they start
to feel bad. [P1]
Risk and Independence
Several excerpts also discussed capability with regard to risk
and independence; for example, certain activities were thought
to enable people to live independently but could be dangerous
when performed by someone with cognitive difficulties. Safety
in the home was a concern expressed by one carer in the group,
whereas there was an understanding that the capability to remain
safe changes over time, and it was indicated that over the course
of the progression of dementia, safety may become prioritized
over independence:
Appliances are very dangerous, even falling down
the stairs can be dangerous. [C3]

Opportunity
In addition to the definition of opportunity in its positive sense
(described previously), we also considered the barriers that lie
outside the individual, such as the absence of opportunities,
restrictions, coercion, and social pressure.
Services and Support
The discussion around opportunity included the availability of
local social activities designed for people living with dementia,
such as Singing for the Brain, and personal activities with friends
and family, and participants mentioned several areas where
technology may be able to facilitate these tasks, such as
navigation tools and personal reminders. They also recounted
contact with health services where opportunity was expressed
negatively as a lack of support following diagnosis:
I think that when people are diagnosed with cognitive
impairment it is quite a shock right, you do not expect
it will happen to you even though you know it
happens. Then there is no support to help you... [P1]
The Impact of Cultural Norms
The same participant stressed that an activity they had managed
to find and attended with their partner had an assumed shared
history that was not relevant for them, having moved from
outside the area:
The memory class we didn’t find helpful at all because
they were concentrating on the past in Nottingham.
[P1]
In addition, people felt that cultural norms had, in the past,
limited their opportunities and that this belief could be
internalized, limiting their own expectations and self-belief. For
instance, a person living with dementia said the following about
their childhood:
The girls were not really encouraged as much as the
boys were. [P1]
Other negative evaluations, even at a young age, were thought
to have a negative impact on self-perception:
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I think there were often subliminal negative reports
at school, this boy will never be very good at whatever
there was quite a lot of that in school reports, which
might have held sway. [C3]
A group facilitator agreed as follows:
If you’re told often enough that you can’t do
something, you start to believe it. [F1]
Opportunities Afforded by Technology
New opportunities for support, monitoring, and health care
services facilitated by technology were also mentioned. The use
of technologies and internet-based platforms was seen as “an
opportunity to be proactive” (F3). However, participants were
not entirely uncritical of additional opportunities afforded by
monitoring technologies for people with dementia and showed
some concern about restrictive measures that may hinder privacy
and lead to concern about how their data might be used:
You’re being compulsorily monitored, you know, like
being tagged almost. It can be an invasion of human
rights, I think. [F1]
Cognitive Screening
Some also expressed concern about being told that they were
at risk from a certain condition with no known cure and
questioned the need to tell people about something that would
cause them a great deal of anxiety. Although cognitive screening
affords new opportunities for early diagnosis, the potential for
early cognitive assessment was not necessarily seen as a
universal good:
They’re now finding ways to check people to say,
“This person is possibly going to have it in twenty
years' time.” Well, do you tell them twenty years
beforehand? [C3]

Motivation
Many motivating factors were discussed, both in relation to
controlling the symptoms of dementia and regarding ambitions
more generally.
Acquiring New Skills
Many group attendees acquired new skills later in life, including
painting, gardening, cooking, use of technology, and being
involved in dementia research:
I think that older people that have learnt a computer
later in life, I feel my brain is better from all the
learning that I have done with a computer. [F1]
Cognitive health and cognitive training were viewed in a similar,
positive way as physical health, and exercise and cognitive
training were considered analogous to “going out for a jog”
(C2).
Challenging Oneself
Attendees were particularly interested in being challenged by
cognitive games, wanted to know whether skills could be
improved, thought that having short-term attainable goals was
a good motivational factor, and valued resilience in the face of
adversity. On numerous occasions, workshop participants
mentioned that they knew their cognitive skills would deteriorate
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over time but felt no point dwelling on the fact and insofar as
possible wanted to carry on and live their lives to the fullest
extent possible:
One thing I have learnt is that to do the things on my
own as much as possible is to carry on to be who I
am until the day I can’t do it. [P1]
Gaming Features
Competitive games were also seen as motivational, playing
against either friends and relatives or other people worldwide.
Activities that provided a level of challenge were seen as both
intrinsically motivating factors and opportunities for learning.
The participants seemed to value positive feedback given by
mobile phone apps:
I think positive feedback is good and I feel because I
am doing this diet app at the moment and every day
you get a little quiz and if I get 5 out of 5, I feel really
good... [C2]
Notification Fatigue
However, although feedback and other motivational strategies
were seen as valuable, if these were seen to place too much of
an expectation on people, it was thought that this may have a
demotivating impact in the long term. This could be reflective
of the broader trend of extrinsic motivation undermining
intrinsic motivation in some instances:
I have got an app for my iPad and every time I open
it, it tells me, “Is your memory still good?” and then
I want to say, “Get off!” Every time I open it it's there,
“How is your memory doing?” It tells me every day,
that’s what I was saying. [laughter] I don’t want to
get rid of the apps completely, but I want it to stop
telling me everything. [P2]

Emergent Themes
Overview
Emergent themes were devised by considering the main
recurrent subject topics and the particular exploratory purposes
of our research. The details of the theme descriptions and
example excerpts are available in Multimedia Appendix 3. The
themes were technology; friends, family, and support; work and
hobbies; health care system; and cognition. Performing the
second round of analysis and coding the transcripts
independently based on specific domain issues allowed for more
issues to be identified, which closely aligned with our aims. For
instance, the benefits and drawbacks of technology could be
identified more easily. Participants saw the value of technology
in helping to diagnose and support people living with dementia
but were worried that technology may replace human-centered
care and that this may have a negative impact on their overall
experience because of a lack of support and a lack of holistic
understanding. Family, friends, and support networks were seen
as integral to a person’s life, either from a spouse helping to
detect changes in cognition and enabling them to live
independently or from hobby interests or specific support
groups. However, it should be noted that people living with
dementia did not see themselves as only receiving support but
considered the relationship reciprocal and saw value in being a
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source of support and providing for their friends and family
through activities such as cooking and caring. Through this
coding category, we were able to highlight that cognition was
viewed in concrete and practical terms. Excerpts relating to the
health care system revealed diverse experiences of the diagnostic
pathway; many felt their care had been disjointed and left them
feeling isolated.

Technology
A variety of views were expressed about technology, its
potential role in improving quality of life, and the possibility
of digital assessment methods for cognitive impairments. Most
of our participants enjoyed cognitively stimulating activities,
valued the objective measures of their performance on cognitive
tasks, and appreciated the instant feedback afforded by
technology.
Cognitive Offloading
Cognitive offloading strategies, such as diaries and reminders,
were also mentioned, although some worried that this may
actually lead to deskilling:
Even though we’ve lost our memories, there is still
the ability to put the thing in the telephone and get
the answer. Which I must say, we do a lot of! [C3]
...the phone become our memory. I mean I used to
have x number of telephone numbers in my head, and
now I can just about remember mine. So, I think, in
a way, you know, we're de-skilling ourselves, certainly
de-skilling our memory. [F1]
Ease of Use
Workshop attendees were interested and enthusiastic about
understanding the possible benefits of technology for people
living with dementia and were optimistic about technology
becoming easier to use and more accessible to a wider variety
of people:
I am curious as I want to see how the technology can
possibly help somebody who is a real technophobe
and my husband as well. I am really looking forward
to seeing what might be forthcoming. [C2]
Gaming as a Waste of Time
As mentioned previously, participants also discussed playing
games on mobile devices and often enjoyed games that they
considered a challenge or games that involved some mental
stimulation. However, in general, computer games that were
not seen as providing any additional benefit were viewed
negatively by members of the group:
I can remember playing Angry Birds once and after
about 10 goes I thought this is such a waste of time.
[P1]
Overall, views on technology were largely positive, and there
was general optimism about how technology could improve the
lives of people living with dementia, leading to better health
outcomes overall. However, as mentioned previously, other
views expressed concerns about privacy and deskilling.
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Family, Friends, and Support
Family, friends, and close personal relationships were
particularly important in managing cognitive impairment. Family
and friends were seen as sources of support and enablement and
were also those best placed to understand changes in cognition.
Detecting Cognitive Change
One of the participants indicated that their spouse was able to
detect changes in cognition before they became aware of any
cognitive issues:
My husband knew before me... [P3]
However, it should be noted that those who are in contact with
a person living with dementia every day may be less likely to
notice gradual changes in cognition, and those who visit more
infrequently would be better placed to notice differences:
It is difficult to tell really, I think if you are living with
someone, and you are there all the time unless there
is a massive change you don’t notice... you only see
somebody say once week or however often it is you
might notice something more whereas the person
living with them wouldn’t. [C3]
Support and Being Supported
Friends and family were also discussed in the context of helping
facilitate activities and hobbies and providing emotional support.
However, it should also be noted that this relationship was often
seen as reciprocal, and people living with dementia also
discussed providing for their friends and family through cooking
and housework:
I cook for my daughter... [P1]

Work and Hobbies
Overview
Hobbies and interests were very important to the participant
groups. Several participants mentioned discovering new hobbies
later in life, and many mentioned actively seeking out groups
and activities such as Singing for the Brain:
I see a great difference in this as my wife was able to
sing and she loved the singing side, which is very well
known with dementia. [C3]
Hobbies as Beneficial
Hobbies that were seen as providing additional benefits to either
oneself or others were highly valued. Session attendees
frequently mentioned puzzles such as number and word games
on their mobile devices but were critical of activities they saw
of little value to themselves or other people:
You’ve got to give yourself an interest. Gardening,
I’ve found is ideal if you’ve got an allotment, you’ve
got a community... [C1]
I have been hanging on to that because I have been
learning Spanish for 10 years. [C2]
For me if it was actually shown to improve something
it would make me do it. [P1]
The advantages of asynchronous competitive games were also
mentioned:
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You can play it at any time so you don’t have to sit
and play I suppose like the normal game of scrabble,
but I suppose you can just abandon it and come back
to it later. [C2]
Technology in the Workplace
Several (but not all) participants were employed when computers
and other digital artifacts were introduced in their workplace.
However, some mentioned that they were unable to keep up
with the pace of change:
We...we had no choice at work, they brought in
computers so anything you were booking in or out
had to be done on a computer, so you had to learn
that. I was never happy with them, but I could find
my way round. The one thing I never liked was mobile
phones and I still don't. I call them the curse of the
twenty-first century! [C1]

Health Care System
Attendees were, on the whole, very eager to take advantage of
therapeutic activities offered by health care and third-party
providers, although there was great variability in the support
offered:
I think we were lucky because at our surgery as they
teach in the practice, so we had loads of stuff coming
through like, "This programme is on, that programme
is on and are you interested?" [C2]
“Go home.” That’s it. No support, nothing, just gave
me the books and, “Go home.” [P1]
Digital technologies were seen as potentially transformative to
health care systems. However, group members did not see
technological developments within health care as being able to
solve all issues related to dementia. They worried that the health
care service was no longer integrated, which could lead to
inconsistent treatment, a lack of support, and a breakdown of
trust. In addition, there were mixed opinions about the possibility
and accuracy of digital cognitive assessments without the
presence of qualified clinicians:
a computer will be able to diagnose what we've got
better than a surgeon or a doctor. That's the way it's
moving. [C3]
I just think it's dangerous to see the test and you in
some sort of a vacuum as though that's all that there
is. [F1]

Cognition
Overview
Participants had an intuitive understanding of changes in their
cognition and saw treatments and therapies as a way of reducing
the rate of cognitive decline rather than lessening their
symptoms:
It only goes one way. If it goes back up again that is
not positive because I can assure you it goes that way.
[P1]
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Functional Measures of Cognition
Objective, functional, and performance-based measures of
cognition were seen as the most appropriate indicators of
cognitive issues, and dyads thought that difficulty in learning
new things might be an indicator of cognitive decline. There
was a general group consensus that other people (rather than
the person with dementia themselves) were better able to detect
changes in cognition:
...he suddenly realised he had got the map upside
down and that would never have happened, it was so
out of character and there must of be lots of other
little things, but I just thought there is something
going on here that is not quite right. [C2]

Interrater Reliability
Coded excerpts were checked for interrater reliability initially
by determining the proportion of observed agreement (OPA)
and then finally by calculating Cohen κ: capability (OPA=0.762;
Cohen κ=0.491), opportunity (OPA=0.683; Cohen κ=0.368),
motivation (OPA=0.746; Cohen κ=0.451), technology
(OPA=0.921; Cohen κ=0.838), friends, family, and support
(OPA=0.841; Cohen κ=0.624), work and hobbies (OPA=0.794;
Cohen κ=0.566), cognition (OPA=0.723; Cohen κ=0.408),
health care system (OPA=0.905; Cohen κ=0.670).

Relationship Between Themes

Diagnosis and Self-image
A diagnosis of cognitive impairment, dementia, or the risk of
these could lead to a lack of confidence and increased anxiety:
Because if you’re given numbers about yourself, and
one day the numbers are twenty points lower,
whatever those numbers are, if they’re twenty points
lower than they were the day before, that could
possibly lead to anxiety. [P2]
It robbed me of my confidence, and I do not know
how to get it back still. [P1]

Table 1 indicates that in general, there was a good level of
independence between themes within the same category, with
the highest positive φ coefficient between 2 themes within the
same framework of 0.091 (technology and health care system).
There were positive, statistically significant φ coefficients
between themes belonging to different coding categories
(capability and cognition; opportunity and technology;
opportunity and health care system; motivation and technology;
and motivation, work, and hobbies), indicating the extent to
which the COM-B elements mapped onto our data-driven
themes.

Table 1. The φ coefficient between themes to look for relationships.

a

Themes

Capability

Opportunity

Motivation

Technology

Friends, family,
and support

Work and
hobbies

Cognition

Opportunity

−0.231a,b

—c

—

—

—

—

—

Motivation

−0.229a,b

−0.279a,b

—

—

—

—

—

Technology

−0.234b

0.153a,b

.0815d

—

—

—

—

Friends, family, and support

−0.017

0.073

0.027

−0.122a,d

—

—

—

Work and hobbies

0.019

−0.061

0.147b

−0.237a,b

0.019a

—

—

Cognition

0.468b

−0.083d

−0.184b

−0.110a,d

−0.057a

−0.220a,b

—

Health care system

−0.219b

0.282b

−0.137b

0.091a,d

−0.151a,b

−0.333a,b

−0.034a

Coefficients between same framework.

b

P<.001.

c

Not applicable.

d

P<.05.

Discussion

with earlier work on the experiences of cognitive screening
[33].

Qualitative Findings
Several interesting findings came from the workshop sessions,
with implications for technology designers and policy makers
involved in developing serious games and cognitive assessments
for people living with dementia.

Our workshops indicated that people had widely differing
experiences of the diagnostic pathway, with some feeling
supported and others feeling isolated. Inequalities in the
provision of care and care outcomes in dementia are known;
however, their determinants are underresearched [34].

Technology designers should be considerate of the fact that
cognitive assessments might be stressful for some people who
worry about cognitive decline. Presenting the results from
cognitive assessments without the support of clinicians may
cause undue worry about cognition; therefore, this finding agrees

An unexpected diagnosis of dementia or cognitive impairment
can lead to uncertainty and raise questions regarding identity
and autonomy. Previous research indicates that this experience
is not uncommon and is often shared by partners of those who
have been diagnosed [35]. Therefore, it is vitally important that
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cognitive screening technology offers options for further support
and provides resources that may help counter the potential
feeling of disempowerment. Digital technology may offer a
way of countering some of these existing inequalities in
dementia care; however, equality itself is not guaranteed by the
use of digital technologies [36].
Confirming a dementia diagnosis is often a lengthy process
[37]; screening technology developers should consider the role
they play in the overall diagnostic pathway and how screening
may fit into existing health care systems. Technology designers
and policy makers must ensure that the results of cognitive
assessments taken on at-home devices signpost or link to
appropriate clinical support and provide an environment that
guides users through the appropriate next steps.
Participants were in favor of using performance-based and
objective measures of cognition but raised concerns about the
results of these assessments being taken in isolation. However,
older patients who are hospitalized and undergo cognitive
screening often report being unaware of the significance of
screening tests and feel stressed because of the pressure to
perform, sometimes evoking feelings of shame and irritation
[16].
People were also generally worried that their results would only
be a snapshot of their performance at the moment and not
necessarily indicative of their cognition in general, and their
results could be affected by a variety of factors, not necessarily
indicative of dementia. Conversely, it is known in dementia,
particularly Lewy bodies and Alzheimer, that cognition does
indeed fluctuate, and this may have an impact on clinical
diagnosis [38]. Therefore, it is advisable that any cognitive
screening or training technologies attempt to take a more holistic
and individualized approach, which takes account of personal
circumstances and cognitive fluctuation, ensuring that the
screening takes into consideration a broad range of factors and
not just a single example of performance at any particular time.
Regarding cognitive training aspects, participants were
particularly motivated to engage in activities that they felt would
be of some benefit to themselves or others; this included
cognitively stimulating games and apps. Despite this,
participants expressed skepticism about gaming in general.
Therefore, cognitive games should relate to and emphasize the
potential real-world applications of cognitive training, which
may be applicable to other areas of life and should arguably be
presented as distinct from games. Equally, people living with
dementia and their carers placed great importance on their ability
to perform practical tasks as an indicator of cognition. Therefore,
cognitive assessments that more easily relate to the activities
of daily living (such as the instrumental activities of daily living
[39]) may be seen as more acceptable to people at risk of
dementia.
When discussing their own hobbies and motivations, the social
aspect of pastimes and the importance of community building
were frequently mentioned. Most attendees had taken up new
hobbies and skills at an older age, often viewing the acquisition
of new skills as a way of keeping their mind and body active
but also to form new community groups in retirement. Several
participants mentioned gaining enjoyment from the socially
https://games.jmir.org/2022/2/e32489
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competitive element of games and the idea of playing
asynchronous games against people they knew. Participants
mentioned that turn-based competitive games could fit into their
own lifestyles without the pressure of an immediate response.
App developers may wish to further emphasize and develop the
community-building aspects of cognitive training technologies.
However, it should be noted that communication abilities may
decline with the progression of dementia [40,41]; hence, the
social aspects of gaming may not be as relevant to those with
severe clinical symptoms.

Quantitative Findings
When considering the quantitative aspects of our work, we
found that the theory-driven analysis framework (COM-B)
resulted in less overall interrater reliability than our data-driven
framework. Although the framework was a useful taxonomy
for understanding the broad theoretical determinants of
behaviors related to brain-training and cognitive screening
technologies, it resulted in a lower overall interrater agreement.
We considered interrater reliability as measured by an observed
proportional agreement of ≥0.6 to be low but acceptable for our
purposes, 0.7 to be good interrater reliability, and >0.8 to be
very good interrater reliability. Using Cohen κ benchmarks put
forward by Landis and Koch [42], we observed that agreement
on the technology theme was almost perfect and that there was
substantial agreement on coding of the health care system and
friends and family themes; moderate agreement on capability,
motivation, and work and hobbies themes; and only fair
agreement on the opportunity theme. The lower interrater
reliability for the COM-B categories applied to data versus
data-driven themes is not surprising.
With reference to the naming conventions suggested by Rea
and Parker [43] for analyzing the strengths of association in
cross-tabulated data, we took <0.1 to indicate a negligible
association, ≥0.1 and <0.2 to indicate a weak association, ≥0.2
and <0.4 to indicate a moderate association, and ≥0.4 and <0.6
to indicate relatively strong association. Capability was most
strongly related to cognition (0.468), and this was highly
significant (P<.001), indicating a relatively strong relationship
between participants’ conceptions of the two, a relationship that
is well established in the literature [44,45]. Opportunity was
most strongly related to the health care system (0.282) and
moderately associated; opportunity also had a weak association
with technology (0.153), and these relationships were highly
significant (P<.001), further indicating that participants viewed
technology as being able to provide additional opportunities.
Motivation was most strongly related to work and hobbies
(0.147; P<.001), emphasizing the importance of hobbies and
leisure activities as motivating factors in the lives of our
participants, although opportunity showed a lower correlation
with any single emergent theme than either capability or
opportunity. This may be because capability is often seen as
more individualistic (within the person), and motivation is
related more to the habits, preferences, and long-term goals of
individuals. The strongest positive relationship between the
friends and family subtheme and any of the COM-B themes
was with opportunity, although this relationship was negligible
(0.073) and insignificant. This may be because friends and
family were often discussed in the context of health care or
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shared activities, providing part of a supportive role rather than
being the subject of the conversation. Overall, we observed a
good level of independence between themes within the 2 coding
categories; however, we observed a statistically significant
relationship between the health care system and technology
themes, although the strength of this association was negligible
(0.091).

Strengths
Using the method described for the PPI workshops, we found
that participants were able to talk about the issues presented to
them in great detail, with reference to their own personal lives
and those close to them. Patient and carer dyads provided added
value in understanding by allowing a shared perspective of
similar incidents [46], which was a view shared by the
researchers, facilitators, and participants involved in this study.
In practice, this often meant that carers would add context or
fill in details. Workshop attendees were supportive of each other
and were willing to openly share their experiences and attitudes
about living with dementia, expressing a wide range of views
on issues surrounding diagnosis and the potentially
transformative impact of technology. Before the workshops,
facilitators helped create and moderate the workshop agenda
and assisted in reviewing the wording of communications with
workshop participants. Facilitators also ensured that all
participants were comfortable, both physically and emotionally,
throughout the sessions and that everyone was able to contribute.
Using a 2-stage coding system, we were able to map our
data-driven themes onto what we considered the key
determinants of behavior; however, we acknowledge that even
our data-driven themes were also, in part, influenced by our
research considerations.
Finally, facilitators sense checked our work to improve the
dependability of our results [47]. Interrater reliability checks
served to establish the credibility and confirmability of our
findings [47].

Limitations
Although the participants reflected a range of different cultural
backgrounds, the findings from relatively small workshops may
not be generalizable to the population as a whole; caution must
be taken in regarding these findings as universally applicable.
Although the number of participants was relatively small, we
believe that a smaller group setting was beneficial in allowing
each participant to express themselves without fear of
interruption. The data set that we gained from these workshops
also reflected a variety of attitudes, opinions, and circumstances.
We do not claim to have reached data saturation on these issues,
and there may be other themes related to each of our workshop
topics that are yet to be identified. However, we believe that
the depth of our discussions (over 10 hours 24 minutes of
interview materials), the variety within our workshops (4
separate topics, each split into 2 sessions), and the interpretive
status of evidence (confirmed by our checks on interrater
reliability) demonstrate that the materials have met data
adequacy [48] and that our findings are a reflection of genuine
attitudes held among key user and patient groups relating to
cognitive training and screening technologies.
https://games.jmir.org/2022/2/e32489

XSL• FO
RenderX

Harrington et al
Owing to practical considerations of room size and
considerations of allowing all participants to contribute to the
discussion, we were limited in the number of additional
participants that we could recruit. Although we were prepared
to have different participants on the 4 days, we encouraged
participants who had been involved in earlier workshops to
return to subsequent ones; as such, the same group attended all
of them. Working with a different group in each of the 4
workshops might have increased the breadth of the viewpoints.
However, we believe that this was ultimately a strength of our
approach, as participants developed a rapport with each other
during the sessions and were consequently willing to share
personal experiences about sensitive topics in our later sessions.
The used recruitment method may have led to a selection bias
that favored those already interested in dementia research and,
hence, people who may be more likely to view these
interventions favorably. Involving carers in the sessions raised
the possibility of them speaking on behalf of those living with
dementia. It could be argued that recruiting dyads limited the
representativeness and transferability of our sample. However,
in practice, we found that carers would often provide additional
contextual information, offer a different perspective on a similar
incident, or else provide an example that could be expounded
upon. In general, carers were supportive and helped explain
things that their spouses may have been struggling with, as well
as helping with practical issues such as transportation to the
venue.

Areas for Future Work
Research on serious games for people living with or at risk of
cognitive impairment needs to further explore the consequences
of technology in relation to the quality of life, digital rights, and
overall well-being to facilitate better usability and acceptability
[49]. Although we showed participants a brain-training
application to contextualize the discussion, the workshop
attendees had not themselves been recently engaged in a
cognitive training regime and, therefore, could only talk in
general terms about the concept and how it would relate to their
own experiences. Therefore, future work should aim to elicit
the responses of people at risk of dementia who have
experienced digitized cognitive training and assessments to
garner more specific issues that are likely to emerge because of
these technologies.

Conclusions
Motivation and user attitudes toward cognitive gaming is an
underresearched area, and our workshop study, with analysis
using the COM-B model and data-driven themes, has revealed
a variety of opinions about both cognitive training and digital
assessment technologies. More broadly, participants were able
to express their opinions well on the opportunities and potential
shortcomings of the digital health care provision. Potential
facilitators included close support networks as a way of
increasing motivation in meaningful activities in the context of
cognitive training and, for cognitive assessments, the provision
of instant feedback. The growing acceptability and use of
technology facilitate both of these activities. End user
perceptions of potential benefits included the ability of timely
and accurate diagnosis; however, a potential shortcoming was
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that digital assessments may not take into account the context
or the fluctuation of cognition.
This study identified some negative opinions regarding playing
games for cognitive health. A potential solution is the
enhancement of real-world, social, or community aspects of
cognitive gaming. Regarding assessment technologies, concerns
were raised about the lack of integration and consistency within
the health care system and the lack of support following

Harrington et al
diagnosis. There were mixed opinions about the utility of
cognitive assessment technologies for identifying dementia risk.
There were also concerns about privacy and potential misuse
of personal data.
Further user-centered research, including PPI activities, will
help optimize the design of technologies that promise to improve
cognitive health and well-being.
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Abstract
Background: Postural balance is compromised in people with low back pain, possibly by changes in motor control of the trunk.
Augmenting exercising interventions with sensor-based feedback on trunk posture and movements might improve postural balance
in people with low back pain.
Objective: We hypothesized that exercising with feedback on trunk movements reduces sway in anterior-posterior direction
during quiet standing in people with low back pain. Secondary outcomes were lumbar spine and hip movement assessed during
box lift and waiter bow tasks, as well as participant-reported outcomes. Adherence to the exercising intervention was also
examined.
Methods: A randomized controlled trial was conducted with the intervention group receiving unsupervised home exercises
with visual feedback using the Valedo Home, an exergame based on 2 inertial measurement units. The control group received
no intervention. Outcomes were recorded by blinded staff during 4 visits (T1-T4) at University Hospital Zurich. The intervention
group performed 9 sessions of 20 minutes in the 3 weeks between T2 and T3 and were instructed to exercise at their own
convenience between T3 and T4. Postural balance was assessed on a force platform. Lumbar spine and hip angles were obtained
from 3 inertial measurement units. The assessments included pain intensity, disability, quality of life, and fear of movement
questionnaires.
Results: A total of 32 participants with nonspecific low back pain completed the first assessment T1, and 27 (84%) participants
were randomized at T2 (n=14, 52% control and n=13, 48% intervention). Intention-to-treat analysis revealed no significant
difference in change in anterior-posterior sway direction during the intervention period with a specified schedule (T2-T3) between
the groups (W=99; P=.36; r=0.07). None of the outcomes showed significant change in accordance with our hypotheses. The
intervention group completed a median of 61% (55/90; range 2%-99%) of the exercises in the predefined training program.
Adherence was higher in the first intervention period with a specified schedule.
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Conclusions: The intervention had no significant effect on postural balance or other outcomes, but the wide range of adherence
and a limited sample size challenged the robustness of these conclusions. Future work should increase focus on improving
adherence to digital interventions.
Trial Registration: ClinicalTrials.gov NCT04364243; https://clinicaltrials.gov/ct2/show/NCT04364243
International Registered Report Identifier (IRRID): RR2-10.2196/26982
(JMIR Serious Games 2022;10(2):e31685) doi:10.2196/31685
KEYWORDS
low back pain; postural balance; exergame; postural feedback; motor control; kinesiophobia; inertial measurement unit; randomized
controlled trial

Introduction
Background
Low back pain (LBP) contributed to most years lived with
disability to the global burden of disease in 1990 as in 2017 [1].
The impact of LBP ranges from causing minor inconvenience
to substantial restrictions in daily activities and, in extreme
cases, disability and early retirement. Although there may be
improvements when considering population age, the overall
years lived with disability from LBP is rising and needs to be
addressed [1]. Standard treatment recommendations for LBP
often incorporate exercising and advice regarding physical
activity [2], and it has been demonstrated that exercises for
chronic LBP improve outcomes such as pain or disability to a
certain degree [3-5]. Differences in effects between exercises
with a distinct training focus have been appraised as negligible
[4,5]. The limited effectiveness motivates the exploration of
new ways for enhancing these treatments, as it has already been
outlined by other authors [6]. Considering that changes of motor
control of the lumbar region are discussed as a plausible cause
for recurrence of LBP [7] and given that feedback plays a central
role in motor learning [8], digital tools that make movement
patterns more visible could be one such way to enhance exercise
treatments. These interventions could be used together with
other treatments as implemented in previous studies [6,9-11]
or independently as needed, as a form of self-management.
Many people with LBP do not request treatment, especially
those with mild disability [12]. Therefore, supportive technology
that can provide some degree of guidance at home, while
maintaining independence, and could be especially interesting
for this group of people.
Motor control can be described “...as the way in which the
nervous system controls posture and movement to perform a
specific motor task, and includes consideration of all the
associated motor, sensory, and integrative processes” [7].
Physical characteristics and movement behaviors assessed to
derive insights into deviations in people with LBP concerning
these processes have revealed many new insights but still
demand further clarification [7,13]. Examples of movement
differences such as the limitations in range of motion (ROM)
of the lumbar spine were found in all movement planes [14]
and limited ROM of the trunk in the frontal plane but not in the
sagittal plane seem to precede the occurrence of LBP [15].
Differences in the trunk region are thought to relate to
differences in postural balance [7], which have been found by
many studies [13,16,17]. Consequently, practicing movement
https://games.jmir.org/2022/2/e31685
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tasks that focus on movement of the lumbar spine and hip could
have the potential to enhance postural balance. Nevertheless,
as highlighted earlier, the associations of LBP and movement
behavior have not been fully clarified [7].
Altered movement behaviors seem to extend to tracing tasks,
which work with feedback on trunk movements and have been
used as an indicator for motor control in laboratory settings
[18,19]. These studies used tasks that required participants
tracing a circular pattern [18] or performing flexion movements
[19] with their trunk, while receiving concurrent feedback.
Results regarding the accuracy were conflicting, as one study
found a difference between people with and without LBP in the
accuracy of the tracing [18], whereas the other did not [19].
However, the latter study confirmed differences with respect to
timing relative to the feedback between the groups [19]. Similar
tasks may serve not only as a proxy measure of trunk motor
control but also as training opportunity. It was recently found
that practice to keep the lumbar spine constantly neutral during
a box lift task was more successful when participants obtained
digital feedback than when the participants used a mirror [20].
As described earlier, people with LBP seem to show movement
patterns that deviate from those in people without LBP in
different manners, such as displaying a high degree of rigidity
or little control at all on their movement [7]. In tracing tasks,
where movement becomes visible in relation to a target, people
with LBP may develop well-coordinated trunk movements that
are neither rigid nor loose. Furthermore, proprioception seems
to be affected in people with LBP [21], which might relate to
difficulties with fine-tuned trunk movements [18]. Early results
indicate that there may be improvements in proprioception
through interventions using feedback on trunk movement in
people with LBP [22]. In short, we assume that such training
may reduce postural balance impairments by restoring more
adequate movement behaviors of the trunk.
The effects of exercising interventions directly on postural
balance have been studied previously. Meta-analyses on
intervention studies with older people suggest that balance
training [23] and Pilates [24] but not programs focusing on
strength or mixing different kinds of exercises [23] can enhance
postural balance. Although these results originate from older
participants, studies in people with LBP imply similar
development of pain [25] and treatment results [26], largely
independent of age. Furthermore, altered trunk characteristics
have also been reported in younger people with LBP [27].
Multiple interventional studies with people with LBP found an
impact of exercising interventions on at least one of the
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e31685 | p.239
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investigated criteria describing balance [28-30], whereas in
another study no differences in postural balance were detected
[31]. However, different tasks with varying requirements were
used; for example, standing on moving ground [28], standing
on a single leg [29], and assessments in squat positions [30].
Reviews so far revealed mixed success of digital tools for
exercising [32] and encouraging early results for virtual reality
applications [33] in people with LBP. The present literature has
been described as heterogeneous with respect to the
interventions [32] and methods [33]. Technical progress is
considered as a factor to possibly impact intervention
effectiveness, although so far, no clear difference for later
studies was observed [32]. Thus, consistent research effort is
necessary. Digital tools can be designed to influence the way
movements are performed during exercises, for instance, to vary
the speed [34]. Investigated tools include exergames readily
available in the market; for example, exercising with the
well-known Wii balance board (Nintendo of America, Inc)
[35,36] or the Valedo Motion (Hocoma AG) [6,11]. Sensor
technology has been used to intervene on movement
characteristics of the trunk directly; for example, in studies
[37,38] where warning participants from performing extreme
back movements during everyday work was investigated. Other
interventions have specifically encouraged movement of the
lumbar spine in an exercising context [9,11,22,39] or are
otherwise dedicated to providing feedback on lumbar spine
movement [9-11,22]. For different kinds of tools used, only a
small amount of research has been conducted [32]. Therefore,
such digitally supported training modalities should further be
investigated. Different systems and technological setups have
been explored, for instance, cameras [40], wearable sensors
[6,41], and sensors readily available in mobile phones [42],
sometimes in combination with virtual reality headsets [41,42].
However, only few studies provide first insights in the effects
of these interventions on movement quality in people with LBP
[9-11]. In all, 2 studies suggested such interventions might have
positively affected trunk ROM, but in one study, it remained
ambiguous whether there was a significant difference to the
standard care control group [9] and in the other study only a
single group was investigated [22]. In a third study no effect on
ROM was found [10]. Motor control impairment was not
different in a study, where patients in the intervention group
received access to additional exercises with sensor-based
feedback other than the control group [11]. To our knowledge,
the effect of such exercises on postural balance in people with
LBP has not yet been investigated.

Meinke et al

Objectives
The primary aim of this study was to examine whether
exercising with feedback on trunk movements can enhance
postural balance, indicated by the change in anterior-posterior
(AP) postural sway between the assessments before and after
the intervention. Additional parameters to quantify postural
balance were explored. As secondary outcomes, movement of
the lumbar spine and hip during 2 different movement tasks and
participant-reported outcomes were included. A further aim was
to analyze adherence to the intervention.

Methods
The completed CONSORT-EHEALTH (Consolidated Standards
of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) checklist [43] is provided
in Multimedia Appendix 1 [2-12,20,22,32,39-42,44-50]. The
intervention is described according to the TIDieR (Template
for Intervention Description and Replication) checklist [51].

Study Design
This manuscript was based on a study protocol [44] that included
a 2-arm randomized controlled trial. Figure 1 shows the
assessment and intervention schedule. The study took place at
University Hospital Zurich between May 2019 and October
2020. Except for an extension of the study period of 3 Months
to compensate for a pause due to the COVID-19 pandemic, the
study was completed as planned, and interim analyses of
intervention effects were not conducted. Outcomes were
assessed twice at T1 and T2, before an intervention was given.
Further assessments were taken after another 3-week period
with a fixed exercising schedule for the intervention group (T3)
and a subsequent 6-week period without specified exercising
schedule (T4). Participants were randomized during the
assessments at T2, and those assigned to the intervention group
received an introduction to the exercising program right after
the assessment. After T3, participants in the intervention group
retained the Valedo Home exercising system (Hocoma AG),
without being required to follow a specific schedule or to
complete any exercises at all. This period was introduced to
observe further adherence to the exercising program, without
commitment to a schedule provided by a therapist or to complete
a schedule for research purposes. Participants who were
randomized to the control group did not receive a sham
intervention.

Figure 1. Overview of the study schedule showing assessment visits T1 to T4 and the interventions.
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Block randomization (blocks of 2 and 4), stratification by body
height, and 1:1 allocation were implemented through the
randomization tool in REDCap (Research Electronic Data
Capture; Vanderbilt University) [45] hosted at Eidgenössische
Technische Hochschule Zurich. AM generated random
sequences with the dedicated R package blockrand (version 1.3;
[49]) and randomized the participants using REDCap. The staff
conducting assessments of the outcomes was blinded, and
randomization occurred as late as possible (at T2) to reduce the
risk of accidental unblinding.
The published study protocol [44] contained a further research
question involving an additional patient group. We intended to
compare the effect of the intervention between a group of
patients and other participants who did not receive other
treatments than the exercise intervention with postural feedback.
In this manuscript, we report only the research questions that
could be investigated based on the collected data, as insufficient
patients were enrolled at the study site.

Participant Recruitment
Participants were recruited through different web-based bulletin
boards, websites, distribution of flyers, and personal
communication. Recruitment was completed 3 months before
the planned end date, to allow all participants to finish in time.
Eligibility was ascertained in an interview-like setting that
allowed the participants to describe their situation. Participants
were considered eligible if they provided informed consent,
they were aged at least 18 years, reported to the investigator
that they had nonspecific LBP, and did not receive therapy or
medical treatment for LBP within the past 6 months. There was
no questionnaire-based assessment or formalized cutoff scores
for pain intensity during the eligibility check. If it was not
possible to clarify the eligibility of a participant by asking
standard questions alone, one of the trained physiotherapists of
the team decided on the criterion in question. The criterion of
no recent treatment was relaxed from 12 months to 6 months
during the study to improve recruitment rates. Participants
reporting specific LBP or radicular syndrome were excluded
from participation. Participants were also excluded if they
indicated to the investigator that they would not be able to
complete the movements required by the exercise intervention
owing to high pain. Other reasons for exclusion were pregnancy,
taking medication that impairs postural balance, severely
impaired vision, allergic reactions to adhesive strips, and
insufficient proficiency in German or English.

Ethics Approval
Participants were not compensated and provided informed
consent in writing before any study procedure was started. The
trial was approved by the Cantonal Ethics Committee Zurich
(BASEC: 2018-02132) and registered in ClinicalTrials.gov
(NCT04364243).

Outcomes and Procedures
Postural Balance
Records of center of pressure (COP) during quiet standing on
a stable force platform (AMTI, Accusway Plus) were used to
quantify postural balance. Specifications of the number of
https://games.jmir.org/2022/2/e31685
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repetitions, duration, instructions, sampling rate, and filter cutoff
frequency were based on relevant literature [52] and are
described in detail in this section. During the assessment, the
participants stood as quietly as they could, with the arms relaxed
at the side and eyes closed, while wearing opaque goggles. Each
participant selected an individually comfortable, usual foot
position. To keep the stance consistent for each participant
during all balance assessments, the foot position was recorded
on a plastic foil. Participants wore socks but no shoes on the
platform. A total of 4 postural balance trials of a duration of
120 seconds were recorded with a sampling rate of 100 Hz at
each assessment visit. The data were filtered using a fourth order
low-pass Butterworth filter with a cutoff frequency of 10 Hz.
Data from the first and last 5 seconds were removed from the
records to permit a stabilization phase at the beginning and to
assure that any effects of a lateral leaning movement used for
time synchronization with additional sensor data were removed
with a safety margin. Thus, parameter estimates for each
repetition were based on segments of 110 seconds. Mechanisms
regulating balance in AP and medio-lateral direction differ [53];
therefore, directional measures were used to quantify balance
in addition to measures irrespective of the direction on the 2D
plane (global). The trajectory of the COP was described by the
mean absolute displacement from the mean COP (AP,
medio-lateral, and global), and by corresponding velocities,
graphically represented in Multimedia Appendix 2 [54]. Change
in displacement in AP direction (T3-T2) was a priori defined
as the primary outcome. The data were reported on a mm and
mm/s scale, and reduction in displacement and velocity were
the favorable outcomes.

Movement Tasks
Further assessments during movement tasks were performed to
see whether the participants were able to follow the instruction
to limit movement of the lumbar spine and perform movements
on the sagittal plane by bending the hip joint instead. The
protocol and setup of these assessments were adopted from the
study by Matheve et al [46]. The assessments taken during box
lift and waiter bow tasks were shown to reliably determine the
change of the lumbar spine and hip posture during these tasks
[46]. Similar versions of these tasks have been used elsewhere
[20]. Figure 2 shows the setting and adaptation of the tasks to
the individual participants. Lumbar spine and hip angles were
used to describe the performance during these tasks. The Valedo
Pro (Hocoma AG), consisting of 3 inertial measurement units
(IMU) and dedicated software, was used for the assessments.
The IMUs were placed with medical adhesive strips at the height
of the spinal process of the S1 and L1 vertebrae, and 1 IMU
was placed on the left leg, 20 cm from the lateral femoral
condyle. Sensor positions were identified by palpation. Different
from the aforementioned study [46], we did not alter the
participants natural spinal posture before the tasks were
performed. We assumed the tasks would otherwise be selectively
more difficult to perform for participants who received more
intense corrections to their posture. In addition, we allowed
only 1 practice trial before the 5 repetitions of each task to keep
learning effects minimal. By tracing the position of the feet to
a foil, the position was standardized across assessments.
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The box lift task required the participants to lift a box and hold
it during upright standing and put the box down again and return
to the standing position. For the waiter bow task, the participants
were asked to touch a marked spot positioned in front of them
with the fingers by bending from the hip joints and return to
upright stance. The central instruction was to not change the
alignment of the lumbar spine while performing the tasks.
During the waiter bow task, participants were instructed to keep
their knees at the original angle. The participants stood with
their feet parallel, at a self-selected width, in a predefined
distance to the task materials. Correct task execution and

Meinke et al
possible mistakes were shown to the participants by the outcome
assessor. The order of tasks was randomized for each assessment
visit. The data were collected at a sampling frequency of 50 Hz
and change in lumbar spine angle was calculated by subtracting
the rotation of the S1 sensor on the sagittal plane from the
rotation of the L1 sensor on the sagittal plane. The obtained
data were filtered using a moving average of 0.2 seconds, and
the maximum absolute departure of the position at task
beginning was used as the end point. Hip angles were obtained
analogously, using data from the IMU at S1 and IMU at the
thigh.

Figure 2. Setup of the movement tasks, inertial measurement unit positions (orange markers), and task material adaptation for A: box lift task and B:
waiter bow task. The specifications have been adopted from Matheve et al [46].

Participant-Reported Outcomes
Before the movement assessment at each visit, the participants
completed a questionnaire in English or German, on a laptop.
Considering the recommendations regarding relevant outcome
assessments for studies on LBP [55], we included questionnaires
covering pain intensity, disability associated with LBP, and
quality of life (QOL). A 11-point numeric rating scale (NRS)
asking participants to rate their pain intensity during the previous
week, with the anchors no pain and worst imaginable pain, was
applied additionally at the first assessment [56].
The Roland Morris disability questionnaire (RMDQ) was used
to measure disability [57,58]. Respondents selected those of the
24 statements, which they experienced on the date of assessment,
resulting in scores from 0 to 24 [57,58]. The RMDQ is an
established questionnaire with adequate psychometric
performance [59].
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The World Health Organization Quality of Life
Questionnaire-short version (WHOQOL-Bref) includes 26 items,
which cover different aspects of QOL: physical health,
psychological QOL, social relationships, and environmental
factors [60]. The score of the physical health subscale is
calculated by averaging the responses of 7 items (5 response
options per item multiplied by 4) [60]. The selection of questions
for the WHOQOL-Bref was based on data from international
samples [60], and it was found to be reliable and valid [60,61].
The Tampa Scale for Kinesiophobia, 11- item version, was used
to measure fear of movement, and the sum scores (4 response
options: 11 to 44) were analyzed [62,63]. The English and
German versions were found to generate reliable and valid data
[62,63].

Baseline Characteristics and Adherence
The questionnaire at T1 contained questions regarding the
participants age at the first occurrence of LBP, days with LBP
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during the previous month, and the average LBP intensity (When
you have back pain, how would you rate your average low back
pain intensity in general?), using labels of no pain and worst
imaginable pain to describe the minimum and maximum values
of 0 and 10, respectively. In addition, demographic data were
collected. Weight and height were assessed at the study site.

Meinke et al
The exercises that were performed at home and the matching
time stamps were extracted from the Valedo Home app.

Intervention
The intervention is described in Textbox 1. Multimedia
Appendix 3 contains a video on the exercises used in this study
(published with permission from Hocoma AG).

Textbox 1. The TIDieR (Template for Intervention Description and Replication) checklist items [51] for exercising, with postural feedback.
Item and intervention description
•

Brief name: exercising with postural feedback on trunk movements using the Valedo Home system (Hocoma AG).

•

Rationale: postural balance deficits in people with low back pain may stem from disturbed coordination of the trunk. We assume that practicing
trunk movements with a feedback system helps participants to learn to control their trunk precisely. This improved control of the trunk could in
turn affect how well balance can be controlled in people with low back pain.

•

Materials: the Valedo Home system and belts or medical adhesive strips that were used for attaching the sensors to the chest and lower back. A
tablet (Huawei Media Pad T5) with the Valedo app, a paper document summarizing the instructions, and the user manual [47] were provided.

•

Procedures: participants randomized to the intervention group were instructed how to use the Valedo system and performed 1 exercise under
supervision at T2. During this training session, the participants learned how to place the sensors correctly and to use the tablet and the Valedo
app. At each of 9 home exercising sessions, the participants performed 10 exercises. Multimedia Appendix 3 contains a video showing all the
exercises. The participants practiced moving their trunk and pelvis precisely to guide an avatar along a specified path with their movements
through a virtual world. The exercises consist of movements of the upper body or the pelvis. Trunk movements are performed on the sagittal,
frontal, and transversal plane, and hip movements are performed on the sagittal and frontal plane. Participants see on the display how well they
match the specified movement trajectory while playing, and further auditory feedback is provided. At the end of the game, a ranking of the current
and previous performance in the game is provided. After the assessment at T3, the participants in the intervention group were informed that they
could keep using the system until T4 and that there was no specific schedule to complete, and they could use the system at their own convenience.

•

Provider: the exercises were delivered by the Valedo Home system. AM trained the participants and acted as the contact person during the study.
The participants were encouraged to contact AM, if any questions or technical difficulties should occur.

•

Mode of delivery: each participant was instructed individually. Exercises were guided by the Valedo Home system.

•

Location: instructions were provided at University Hospital Zurich, and the regular exercises were performed by the participants at home.

•

Frequency and duration: the participants completed 10 exercises repeatedly, with an effective duration of 20 minutes, in 9 sessions until T3.
Participants were told to space out the exercising sessions approximately equally between the appointments, but the exact dates were not defined.
After T3, the participants could choose the exercises and duration by themselves.

•

Tailoring: the exercises are adapted to the range of motion of the participant, which is measured as part of the user profile setup. Participants
could repeat this assessment at any time. Progress and difficulty were determined by the Valedo Home app.

•

Modifications: to improve the attractivity of the study and recruitment, starting September 2019, the participants in the control group could
borrow the Valedo Home and tablet for 3 weeks after completion of T4.

•

Adherence measures: the exercises performed by the participants were automatically recorded on the tablet.

•

Actual adherence: reported in the Results section.

Data Preparation and Statistical Analysis
Data preparation and analysis were conducted in MATLAB
R2018a (The MathWorks, Inc) and R (version 4.0.4; R
Foundation for Statistical Computing). The simultaneously
recorded data of the force platform and the IMUs were
time-synchronized based on aligning a sideways leaning
movement of the participants, shifting their weight to the left
and the right, which was performed before and after each
repetition. For this time synchronization, the movement had to
be clearly distinct from the tasks and identifiable in both sources
of data. This parallel recording was important for comparing
force plate and IMU data. The beginning and the end of each
balance and movement task were defined based on marker time
stamps set in the IMU data during the assessment. The markers
were inspected visually and corrected by hand before further
analysis, as placement during the assessment was sometimes
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not optimal and occurred too early during the
time-synchronization movement or too late during the task.
To assess the equivalence among the treatment groups at study
entry (T1), participant characteristics were compared. Welch t
test (2-tailed) or alternatively Wilcoxon rank-sum tests were
used, if the data appeared to be not normally distributed based
on Normal QQ plots or Shapiro-Wilk tests within groups.
Dependent group t tests (2-tailed) were used to test whether
change had occurred between T1 and T2, or if the assumptions
were not met, Yuen tests, as provided by the R package WRS2
[64], were used. The hypotheses regarding the intervention
effects were tested by comparing the change of the respective
outcome (Δ outcome: T3-T2) between the intervention and the
control group, predicting the more favorable outcome for the
intervention group. These comparisons were performed each
as intention-to-treat (ITT) and per-protocol (PP) analyses. In
the ITT analyses, all participants who had been randomized at
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T2 were included. Missing values at T2 and T3 were replaced
with the mean of the previous 2 assessments (T1 and T2) of the
participant. For the PP analyses, participants who either had
incomplete data or had been randomized to the intervention
group but exercised <1 hour, between T2 and T3, were excluded.
Comparisons were performed using independent group t tests
(1-tailed), when the data were normally distributed according
to Shapiro-Wilk tests, and a Levene test did not show
heterogeneity of variances. Otherwise, Wilcoxon rank-sum tests
were used. The a priori power analysis is reported within the
study protocol [44]. We calculated post hoc power for the
primary comparison using G*Power (Heinrich Heine Universität
Düsseldorf) [65]. The effect size r observed for the ITT
comparison of the primary outcome was converted to d using
a web-based tool [66]. Power was calculated for a directed
Wilcoxon rank-sum test with an α level set to .05 and the
distribution menu set to normal.
Additional exploratory analyses to compare the absolute scores
across all assessment visits including the second intervention
period were conducted using mixed 2-way ANOVA. Only
participants who completed the study (n=20) were included in
these analyses. Missing data were replaced by mean scores of
the previous assessments of that participant. Generalized η2
was used as effect size [48], and calculations were made using
the r package rstatix (version 0.7.0; [50]). Shapiro-Wilk tests
and Levene tests were used to test the assumptions of normality
and homogeneity of variances. If the data did not fulfill the
assumptions of normality and homogeneity of variances,
different data transformations were explored. In cases where
no suitable transformation was found, Friedman ANOVA was
conducted across the assessment visits for each group separately,
and group differences were compared at each assessment visit
using the Bonferroni-corrected Wilcoxon rank-sum tests. Data
on adherence were analyzed using descriptive statistics and
graphs.
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Results
Data Cleaning and Preparation
On the basis of visual inspection, orientation data from the IMU
sensors were corrected in 2 cases where axes were flipped (15
trials of 2 participants). The data from a participant at T1 and
another participant in the control group at T2 were discarded,
because misplacement of the sensors was suspected. For a
participant in the intervention group, no data for the T3
assessment were available, as the sensors had not been
sufficiently charged. In the ITT analysis, all randomized
participants were analyzed and missing values were replaced
as described in the Methods section. For the ITT analysis of the
balance and questionnaire data, 6 replacements (5 control and
1 intervention) were made for the T3 assessments. For the
movement tasks, 1 replacement in the control group was made
for the T2 assessments, and 7 replacements (5 control and 2
intervention) were made for the T3 assessments. For the PP
analysis, participants for whom replacements had to be made
were removed from the analysis. In addition, data from the
participants in the intervention group (3 balance and
questionnaires; 2 movement tasks), who had exercised <1 hour
within the 3-week period and were excluded from the PP
analysis, if this was not already the case when the participant
was also a dropout, or the data had already been removed owing
to insufficiently charged sensors.
During data analysis, it was discovered that some of the items
of the WHOQOL-Bref at T3 in the German version had been
collected with response options ranging from 1 to 4 instead of
1 to 5. Data collected with the affected items (items 3-9) were
discarded for all assessment visits, and the scores of the scales
were calculated without those items.
As not all data fulfilled the requirements for the 2-way mixed
ANOVA for the analysis across all 4 assessment visits, the data
were transformed where necessary. Transformations applied
are reported in Table 1.
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Table 1. Transformations applied to satisfy requirements for the analysis including all assessment visits in the two-way mixed ANOVA.
Outcome

Transformation

Mean anterior-posterior displacement

max(1 / (x + 1)) – (1 / (x + 1))

Mean medio-lateral displacement

log(x + 1)

Mean global displacement

log(x + 1)

Mean anterior-posterior velocity

None necessary

Mean medio-lateral velocity

max(1 / (x + 1)) – (1 / (x + 1))

Mean global velocity

None necessary

Box lift lumbar spine

log((x / 5) + 1)

Box lift hip

log((x / 5) + 1)

Waiter bow lumbar spine

log((x / 5) + 1)

Waiter bow hip

log((x / 5) + 1)

Pain intensity numeric rating scale

log(x + 1)

Roland Morris disability questionnaire

No suitable found

Quality of life physical subscale

log(x + 1)

Tampa Scale for Kinesiophobia, 11-item version

None necessary

Duration Between Assessment Visits
The effective duration between T1 and T2 had a median of 21
days (IQR 5; minimum 17, maximum 97); between T2 and T3,
23 days (IQR 3; minimum 19, maximum 36); and between T3
and T4, 44 days (IQR 7.75; minimum 38, maximum 112). For
a participant, the time span between T1 and T2 was extended
to 97 days, and for 2 participants, the period between T3 and
T4 was extended to 112 and 99 days, respectively, because of
an interruption in the study owing to the COVID-19 pandemic.
The period between T2 and T3 was not affected by extensions
due to the COVID-19 pandemic.

Participants and Baseline Characteristics
As presented in Figure 3, a total of 93 participants made an
initial contact and requested information regarding the study.
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Of those 93 participants, 38 (41%) provided written informed
consent. At T1, a total of 32 participants, without recent
treatment for LBP, were eligible for the study. In all, of 32
participants, 5 (16%) dropped out before randomization at T2
(n=27, 84%). Tables 2 and 3 show the participant characteristics
at baseline. Between the participants randomized to the
intervention and the control group, there were no significant
differences in any outcome measure at T1 or T2, but analyses
of change between T1 and T2 revealed that there was a
significant reduction in pain intensity across participants who
had been randomized (T1: median 3.00; mean 3.26, SD 1.56
and T2: median 2.00; mean 2.59, SD 1.34). Descriptive statistics
on all outcomes at all assessment visits are reported in Table
S1 in Multimedia Appendix 4 and comparisons of outcomes at
T1 and T2 are shown in Table S2 in Multimedia Appendix 4.
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Figure 3. Participant flow through the study. Numbers of analyzed participants are reported in the text. LBP: low back pain.

Table 2. Participant characteristics at T1.
Characteristics

Control (n=14)

Comparison

Median (range)

Mean (SD)

Median (range)

Mean (SD)

P value

Age (years)

37.50 (38.00)

40.14 (12.38)

34.00 (40.00)

40.85 (15.15)

.92a

Height (cm)

174.25 (36.00)

173.27 (8.61)

170.50 (18.50)

170.73 (6.55)

.39

73.55 (42.10)

76.01 (11.97)

74.10 (36.40)

72.56 (9.57)

.41

Age at first time LBP (years)

24.50 (33.00)

26.50 (10.51)

20.00 (29.00)

24.00 (9.52)

.52

LBP previous month (days)

10.00 (18.00)

9.43 (6.16)

11.00 (28.00)

5.46 (10.08)

.16a

Average pain intensity (0-10)

4.00 (5.00)

4.07 (1.33)

4.00 (4.00)

3.85 (1.07)

.63

Weight (kg)
b

a

Intervention (n=13)

Wilcoxon rank-sum test.

b

LBP: low back pain.
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Table 3. Gender and language data of participants at T1.
Characteristic

Values

Gender (female/male)
Control

9/5

Intervention

8/5

Language (German/English)
Control

11/3

Intervention

11/2

Change in Outcomes During the Intervention Period
With Predefined Schedule
Overview
The change in the outcome variables between (T3-T2) was
compared between both groups, for all outcome variables. All
comparisons were performed as ITT and PP analyses. ITT
analyses were performed with 14 participants in the control and
13 participants in the intervention groups, as randomized. PP
analyses were conducted with 9 participants in each group,
except for the movement tasks, where data from only 8
participants were available in the control group. Descriptive
statistics and T2 and T3 scores for the ITT and PP analysis are
reported in Table S3 in Multimedia Appendix 4.

Postural Balance
The primary outcome, change between T2 and T3 in mean AP
displacement, did not differ among groups in the ITT analysis
(control: median 0.01, range 3.91; mean 0.32, SD 0.95 and
intervention: median 0.18, range 2.76; mean 0.31, SD 0.77;
comparison: W=99; P=.36; r=0.07) and neither in the PP
analysis (control: median 0.03, range 3.91; mean 0.45, SD 1.17
and intervention: median 0.05, range 2.51; mean 0.17, SD 0.69;
comparison: t16=0.64; P=.73; r=0.16). The post hoc power for
detecting the small effect observed in the ITT analysis, r=0.07
(equivalent to d=0.14), of the primary outcome was 0.1. No
group differences in the ITT or PP analyses were found for the
other postural balance parameters explored (Table 4).
Multimedia Appendix 5 shows a graph of the postural balance
data as it was used for the ITT analysis.

Table 4. Directed group comparisons of change in the balance outcomes between T2 and T3.
Outcome and analysis

Control
Median (range)

Intervention

Comparison

Mean (SD)

Median (range)

Mean (SD)

t test (df)

W

P value

r

Δ mean medio-lateral displacement
ITTa

–0.22 (3.64)

–0.36 (0.84)

–0.15 (1.72)

–0.36 (0.58)

N/Ab

89

.55c

0.02

PPd

–0.18 (3.64)

–0.37 (1.05)

–0.29 (1.72)

–0.47 (0.61)

0.27 (16)

N/A

.40

0.07

Δ mean global displacement
ITT

–0.14 (4.23)

–0.56 (1.12)

–0.18 (2.35)

–0.46 (0.80)

N/A

83

.66c

0.07

PP

–0.13 (4.23)

–0.68 (1.39)

–0.18 (2.32)

–0.39 (0.73)

N/A

39

.57c

0.03

Δ mean anterior-posterior velocity
ITT

–0.21 (5.48)

–0.49 (1.26)

–0.41 (4.32)

–0.83 (1.29)

0.70 (25)

N/A

.25

0.14

PP

–0.66 (5.48)

–0.76 (1.53)

–0.22 (3.38)

–0.87 (1.17)

0.18 (16)

N/A

.43

0.05

Δ mean medio-lateral velocity
ITT

–0.19 (2.37)

–0.33 (0.66)

–0.17 (4.12)

–0.23 (0.97)

–0.31 (25)

N/A

.62

0.06

PP

–0.26 (2.37)

–0.38 (0.73)

–0.17 (1.53)

–0.26 (0.52)

–0.41 (16)

N/A

.66

0.10

ITT

–0.48 (6.39)

–0.65 (1.50)

–0.29 (5.99)

–0.92 (1.73)

0.44 (25)

N/A

.33

0.09

PP

–0.78 (6.39)

–0.93 (1.81)

–0.23 (3.64)

–0.98 (1.35)

0.06 (16)

N/A

.47

0.02

Δ mean global velocity

a

ITT: intention-to-treat.

b

N/A: not applicable.

c

Wilcoxon rank-sum test.

d

PP: per-protocol.
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Movement Tasks
Comparisons of change between T2 and T3 in lumbar and hip
movement during the movement tasks are shown in Table 5 and
Figure 4. There was no significant difference in either the ITT
or the PP comparisons in accordance with our hypotheses.

However, for the lumbar spine there were small decreases in
the deviation from the starting position during task performance
in the control group and small increases in the intervention
group. Thus, the results descriptively showed a trend opposing
our predictions with respect to the lumbar spine for both the
box lift and waiter bow tasks with moderate effect sizes.

Table 5. Directed group comparisons of change in the movement tasks between T2 and T3.
Outcome and analysis

Control

Intervention

Comparison

Median (range)

Mean (SD)

Median (range)

Mean (SD)

t test (df)

W

P value

r

ITTa

–3.05 (27.86)

–3.00 (8.61)

3.37 (45.08)

3.25 (12.10)

–1.56 (25)

N/Ab

.93

0.30

PPc

–5.37 (27.80)

–5.05 (10.31)

6.69 (45.08)

6.03 (13.00)

–1.93 (15)

N/A

.96

0.45

ITT

0.31 (31.94)

–0.14 (8.52)

1.10 (42.64)

0.43 (12.04)

–0.14 (25)

N/A

.44

0.03

PP

2.48 (31.94)

0.84 (10.21)

–2.27 (42.09)

–2.07 (12.11)

–0.53 (15)

N/A

.70

0.14

Δ box lift lumbar spine

Δ box lift hip

Δ waiter bow lumbar spine
ITT

–1.12 (15.20)

–2.50 (5.22)

1.91 (28.04)

3.16 (8.22)

–2.15 (25)

N/A

.98

0.40

PP

–1.12 (15.20)

–2.62 (5.51)

1.91 (24.28)

3.07 (7.14)

–1.82 (15)

N/A

.96

0.42

ITT

–0.85 (25.43)

1.50 (6.83)

1.32 (37.10)

–0.48 (10.33)

N/A

92

.53d

0.01

PP

–1.81 (25.43)

2.46 (8.93)

1.32 (27.99)

0.41 (7.94)

N/A

33

.41d

0.07

Δ waiter bow hip

a

ITT: intention-to-treat.

b

N/A: not applicable.

c

PP: per-protocol.

d

Wilcoxon rank-sum test.

Figure 4. Lumbar spine and hip movement in degrees during the box lift and waiter bow task at T2 and T3. Data as included in the intention-to-treat
analysis (control: n=14 and intervention n=13). Red triangles and solid lines show data of participants in the intervention group. Blue points and dashed
lines show data of participants in the control group. Circled values represent imputed data.
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Participant-Reported Outcomes
The groups did not significantly differ in the change of scores

in participant-reported outcomes in the ITT or PP analysis (Table
6 and Figure 5).

Table 6. Directed group comparisons of change in the participant-reported outcomes between T2 and T3.
Outcome and analysis

Control
Median (range)

Intervention

Comparison

Mean (SD)

Median (range)

Mean (SD)

t test (df)

W

P value

r

Δ pain intensity numeric rating scale
ITTa

0.00 (5.00)

0.14 (1.18)

0.00 (4.00)

–0.12 (1.12)

0.58 (25)

N/Ab

.28

0.12

PPc

0.00 (5.00)

0.44 (1.33)

0.00 (3.00)

–0.44 (0.88)

1.67 (16)

N/A

.06

0.38

Δ Roland Morris disability questionnaire
ITT

0.00 (8.50)

–0.25 (1.90)

0.00 (10.00)

0.12 (2.26)

N/A

88

.57d

0.03

PP

0.00 (4.00)

0.33 (1.41)

–1.00 (6.00)

–0.55 (1.67)

1.22 (16)

N/A

.12

0.29

Δ Tampa Scale for Kinesiophobia, 11-item version
ITT

–0.75 (9.00)

–0.04 (2.63)

–1.00 (11.50)

–0.88 (3.18)

0.76 (25)

N/A

.23

0.15

PP

–1.00

0.11 (3.18)

–1.00

–1.22 (3.46)

0.85 (16)

N/A

.20

0.21

Δ quality of life physical subscale
ITT

0.20 (7.20)

0.23 (1.83)

1.60 (3.20)

1.11 (1.06)

N/A

63.5

.09d

0.26

PP

1.60 (7.20)

0.53 (2.23)

1.60 (2.40)

1.60 (0.80)

N/A

27.5

.13d

0.27

Δ quality of life psychological subscale
ITT

0.00 (12.00)

–0.19 (2.65)

0.00 (4.00)

–2.56 (1.26)

N/A

101.5

.71d

0.10

PP

1.33 (12.00)

–0.15 (3.36)

0.00 (4.00)

–0.44 (1.33)

N/A

50

.81d

0.20

Δ quality of life social subscale
ITT

0.00 (5.33)

0.62 (1.35)

0.00 (6.67)

–0.15 (1.81)

N/A

114.5

.89d

0.23

PP

0.00 (5.33)

0.89 (1.63)

0.00 (6.67)

0.30 (1.86)

0.72 (16)

N/A

.76

0.18

Δ quality of life environment subscale

a

ITT

0.00 (5.33)

0.45 (1.32)

0.00 (4.00)

0.44 (1.58)

N/A

94

.57

0.03

PP

0.00 (5.33)

0.67 (1.60)

0.00 (4.00)

0.22 (1.60)

N/A

50

.82d

0.20

ITT: intention-to-treat.

b

N/A: not applicable.

c

PP: per-protocol.

d

Wilcoxon rank-sum test.

https://games.jmir.org/2022/2/e31685

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e31685 | p.249
(page number not for citation purposes)

JMIR SERIOUS GAMES

Meinke et al

Figure 5. Scores of participant-reported outcomes for the assessment visits T2 and T3. Data as included in the intention-to-treat analysis (control: n=14
and intervention: n=13) are displayed. To represent all data in the graph despite exact overlap, small random values were added for the graphical
representation of the data. Red triangles and solid lines show data of participants in the intervention group. Blue points and dashed lines show data of
participants in the control group. Circled values represent imputed data. NRS: numeric rating scale; RMDQ: Roland Morris disability questionnaire;
TSK-11: Tampa Scale for Kinesiophobia, 11-item version; WHOQOL-Bref Physical: Physical domain World Health Organization Quality of Life
Questionnaire-short version.

Exploratory Comparisons Across All Assessment Visits
Exploratory analyses were conducted across all 4 assessment
visits among a subset of participants who remained in the study
until T4 (n=20).

Postural Balance
There were no main effects of group or significant interaction
effects (group by time) for any of the postural balance variables
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(Table 7). For AP velocity and global velocity, there was each
a significant main effect of assessment visit, but none of the
post hoc comparisons for the individual assessment visits
showed significant differences. Descriptively displacement and
velocity parameters increased between T1 and T2 and decreased
from T2 to T3. This is surprising, as we did not expect to see
such fluctuations in balance across time for the entire group of
participants.
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Table 7. Effects of Group and Assessment Visit on Postural Balance parameters within two-way mixed ANOVA.
Outcome

a

Group

Assessment visit

Group×assessment visit

F test (df)

P value

η2Ga

F test (df)

P value

η2G

F test (df)

P value

η2G

Mean anterior-posterior displacement

0.25 (1,18)

.63

0.01

1.51 (3,54)

.22

0.02

1.21 (3,54)

.32

0.01

Mean medio-lateral displacement

1.21 (1,18)

.29

0.05

2.52 (3,54)

.07

0.03

0.10 (3,54)

.96

0.00

Mean global displacement

0.71 (1,18)

.41

0.03

2.59 (3,54)

.06

0.02

0.51 (3,54)

.68

0.01

Mean anterior-posterior velocity

1.60 (1,18)

.22

0.07

3.51 (3,54)

.02

0.03

0.28 (3,54)

.84

0.00

Mean medio-lateral velocity

0.03 (1,18)

.87

0.00

2.07 (3,54)

.12

0.01

0.21 (3,54)

.89

0.00

Mean global velocity

0.50 (1,18)

.49

0.02

3.61 (3,54)

.02

0.03

0.12 (3,54)

.95

0.00

Box lift lumbar spine

0.00 (1,18)

.99

0.00

1.32 (3,54)

.28

0.02

1.56 (3,54)

.21

0.03

Box lift hip

0.06 (1,18)

.81

0.00

0.27 (3,54)

.85

0.00

0.91 (3,54)

.44

0.01

Waiter bow lumbar spine

0.54 (1,18)

.47

0.02

0.22 (1.89,34.01) .79b

0.00

0.82 (1.89,34.01) .44b

0.02

Waiter bow hip

0.15 (1,18)

.71

0.01

1.40 (3,54)

.24

0.02

0.42 (3,54)

.74

0.01

Pain intensity numeric rating scale 0.94 (1,18)

.35

0.02

1.34 (3,54)

.27

0.04

0.76 (3,54)

.52

0.02

Quality of life physical subscale

0.26 (1,18)

.62

0.01

5.55 (1.78,31.98) .01b

0.04

1.08 (1.78,31.98) .34b

0.01

Tampa Scale for Kinesiophobia,
11-item version

0.22 (1,18)

.64

0.01

1.05 (3,54)

0.01

0.14 (3,54)

0.00

.38

.93

Generalized η2.

b

Greenhouse Geisser corrected.

Movement Tasks
There was no significant effect for group, assessment visit, and
the interaction for lumbar spine or hip during the waiter bow
and box lift tasks (Table 7).

Participant-Reported Outcomes
For the pain intensity NRS and fear of movement questionnaire,
no significant effects for group, assessment visit, or their
interaction were present (Table 7).
For the RMDQ scores, Friedman tests did not show significant
differences across visits in the control group (χ23=4.1; P=.25)
or the intervention group (χ23=6.0; P=.11). Bonferroni-corrected
Wilcoxon rank-sum tests showed no difference among the
groups at any assessment visit.
However, for the physical QOL, there was a significant main
effect of assessment visit. Post hoc comparisons between
assessment visits across both groups revealed that T3 scores
were significantly higher than those at T2 (t19=3.71; P=.009).
Results for the social, psychological, and environmental QOLs
are reported in Multimedia Appendix 6.
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Adherence
Participants in the intervention group were instructed to
complete a fixed set of 90 exercises between the assessments
T2 and T3. Of these exercises, a median of 61% (55/90; range
2%-99%) were completed. As not all exercises were performed
with the specified duration and frequency, and some participants
performed the exercises that were provided from the device but
were not intended as part of the program, effective time spent
exercising differed from the completion of the program. In this
period with a predefined schedule (T2-T3), participants
exercised a median of 77.2% (139/180; range 3%-202%) of the
targeted exercising duration of 180 minutes. The exercising
time of 4 participants exceeded 180 minutes. During the
intervention period with a schedule, a total of 7 participants
performed a median of 9 exercises (minimum 1, maximum 41),
equivalent to 17 minutes (minimum 2, maximum 109) that were
not part of the program. In the intervention period without a
schedule, of the 11 participants who had remained in the study,
4 (36%) participants performed a median of 27 exercises
(minimum 1, maximum 29), equivalent to 82 minutes (minimum
2, maximum 101). An overview of the number of any exercise
performed is provided in Figure 6.
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Figure 6. Exercises that have been completed during the study per participant per day. Darker color indicates a larger number of exercises performed.
All exercises, including exercises that have not been intended as a part of the schedule are displayed. Black bars show assessment visit T3 and black
boxes show dropouts at or before T3.

Unintended Effects
There were no unintended effects that were related to the
intervention. Although reasons for not adhering to the protocol
were not assessed systematically and participants had been
encouraged to contact the investigators with any difficulties,
some participants in the intervention group reported problems
with handling the devices. This included difficulties such as
finding the right icon on the tablet and difficulties with the
calibration of the IMUs and program failures of the tablet. These
issues likely contributed to the low adherence of some
participants.

Discussion
Principal Findings
Self-directed home exercising with feedback on trunk
movements for a period of approximately 3 weeks did not
enhance postural balance during quiet standing in study
participants with LBP or significantly affect any other of the
investigated outcomes. Comparisons of the groups with respect
to the movement tasks showed, descriptively, a tendency toward
slightly increased motion of the lumbar spine during both tasks
in the intervention group, combined with a small reduction in
the control group, which contradicted our predictions. Adherence
to the scheduled exercising program was low. After the
participants were no longer provided with a schedule to
complete, only some participants kept using the training device
repeatedly without specific instructions. Despite not showing
intervention effects in this trial, it cannot be excluded that these
interventions may still be beneficial when integrated into a
therapy setting with patients. Furthermore, for other exercising
interventions, it has been demonstrated that exercising could
have more pronounced effects in patients than in other study
participants with LBP [3]. A review showed that the results
were positive for exercising with digital systems for LBP, when
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these exercises were delivered together with another
intervention, but otherwise not [32].

Comparison With Previous Work
Postural Balance
In this study investigating an exercise intervention using mobile
sensors under self-directed home conditions in people with
moderate LBP, no improvement of postural balance during quiet
standing was found. To our knowledge, no other studies using
feedback on trunk movements and similar assessments of
postural balance have been conducted with participants with
LBP. In a study where exergaming with the Nintendo Wii was
included into the treatment, participants were not able to
maintain single-legged stance for longer than before the
intervention [67]. In contrast, in a study with older participants
with diverse chronic musculoskeletal complaints and an
exergame that mainly focused on translations of the body
weight, several postural balance parameters improved but not
relative to participants who had performed similar exercises
without gamification [68]. A meta-analysis on studies with older
participants without complaints suggests that exergames affect
different measures of postural balance positively, but an
enhancement of postural balance assessed under stable,
unperturbed conditions could not be confirmed either [69].
Consistent with these observations, differences observable at
the level of the trunk may not necessarily translate to changes
in COP-based assessments during quiet standing [70]. Postural
balance regulation is the product of the complex interaction of
different structures and systems, with the capacity to adapt to
changing conditions [71]. Thus, adaptations in balance should
be explored additionally under varying assessment conditions.
For example, assessments of trunk balance during sitting may
provide an isolated assessment of trunk control [7] and could
possibly reveal more subtle changes. Unexpectedly, we observed
changes in some postural balance parameters across assessment
visits, but statistically significant differences between individual
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visits were not found, which may be owing to a lack of power.
The descriptive pattern did not indicate a continuous trend that
could have been interpreted as learning or other effects of
repetition.

Movement Tasks
In this study, the average amount of lumbar spine movement
observed was comparable with the values reported earlier by
other researchers [46]. However, contrary to our expectations,
descriptively, the participants in the intervention group showed
small increases in movement in the lumbar region during the
movement tasks compared with the control group, who showed
comparable reductions. This was the case despite the instructions
to not bend or extend the lumbar spine during the assessment.
Nevertheless, if only the increase in lumbar spine motion in the
intervention group independently of the decrease in the control
group is considered, this increase was only during the box lift
task in the PP analysis (6.03°) slightly larger than the minimally
detectable change value of 5.3°, which was described in the
study our assessments were adapted from, by Matheve et al
[46]. These descriptive observations may indicate that the
intervention might rather impact mobility than the precise
control of the lumbar spine. This interpretation would be in line
with the finding of other investigators who found an expansion
in ROM after a similar intervention but did not clearly state
whether there was a difference in comparison with the group
without the exercises [9]. No impact on an intervention on ROM
was found in another study [10]. A recent meta-analysis
challenged the assumption that people with LBP tend to bend
their spine more in lift tasks [72], and restrictions in ROM in
the lumbar region of people with LBP have already been
described [14]. Furthermore, it was found that during a box lift
task, participants with chronic LBP moved less in the lumbar
region than participants without LBP [73]. Hence, an increase
in movement in the lumbar spine would not necessarily
constitute an undesirable outcome. Future studies should clarify
the role of lumbar spine posture during lifting and the influence
of exercising interventions on lifting behavior.

Participant-Reported Outcomes
There were no statistically significant differences between the
change scores of groups in participant-reported outcomes. In
contrast, some other studies investigating similar interventions
found positive effects on pain assessments [9,10]. Nevertheless,
it should be considered that pain NRSs could be error prone to
some degree [74], and the power in this study may have been
insufficient to detect an effect. A reduction in pain intensity
across both groups was observed within the first 3 weeks of the
study, where no intervention was provided. This effect could
possibly be caused by participants initiating study participation
during periods in which their pain was perceived as slightly
worse than usual. The amount of pain appeared to be comparable
with the value of approximately 2.5 obtained from visual analog
scales, which had been reported in a review that revealed
postural balance differences between people with and without
LBP [17]. As we have observed, a small study found that
exercises with postural feedback in addition to standard care
was not superior in reducing disability than the usual treatment
alone [11]. This is in contrast with the results of a different
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study, which indicated that disability could be improved [10].
However, in that specific study the feedback from the wearable
device was not only provided during exercises but also during
everyday activities [10]. In our study, the RMDQ mean scores
were generally low, which may have limited the range of
possible improvement. We did not find an intervention effect
on physical QOL. Contrary to this result, in another study, an
intervention effect on the physical subscale of the QOL measure
short form-36 was observed [9]. A small trial using comparisons
of the scores, before and following a similar intervention,
showed significant improvements in pain, disability, and QOL
[22]. We did not find an effect of the intervention on fear of
movement, and neither an intervention effect was found in
another study [10].

Adherence
A particular strength of this work is the combination of an
investigation of the exercising program at home in a period with
a set training schedule and in a second interval, where
participants could exercise as they wished. Comparison with
studies on related interventions in home-based settings, which
are considered similar, are difficult, as in a study a combined
value including other exercises was investigated [11], and in
another study, self-report methods had failed [6]. Furthermore,
in a study that investigated exercising with the Nintendo Wii,
completion of 71% of the advised time was achieved [36], which
is comparable with the median of 77% obtained in this study.
Nevertheless, the schedule provided was much more demanding
and additional measures were used to improve adherence in the
other study [36]. The comparatively short 3-week exercise
period in combination with the low adherence may have limited
the effects of the intervention. This assumption is in line with
the findings of a review on virtual reality interventions, which
indicated that interventions with more sessions may be more
successful [33].
Results on adherence, considering time spent exercising, was
more favorable than the number of exercises performed as
requested by the investigators. Some participants exercised even
more than required but did not follow the instructions precisely.
In some cases, participants may have forgotten to reset the play
time from the default 4 to 2 minutes, or the game may have
motivated the participants to explore additional contents and
may have provided stronger guidance than the instructions from
the investigators. The 6-week period with flexible exercising
opportunity resembled more closely to the conditions under
which participants would be using such tools without the
connection to a therapeutic setting. Only few participants kept
exercising after T3. These results may imply that such
interventions only get adopted by a small number of people or
might rather be integrated within supervised programs on site.
Within the setup of this study, it could not be determined
whether the provided schedule or the participants’ commitment
to comply with the study protocol resulted in higher amounts
of exercises between T2 and T3. Future studies should
investigate if and how automated scheduling options can help
improve adherence and how they should be integrated. Although
the Valedo app offers the option to generate an exercising plan,
such functions could be placed more prominently. In addition,
the context and the kind of assistance required should receive
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more attention. Recently, for example, blended therapy setups
for people with LBP have been explored [75].

Limitations
The low number of participants who could be recruited is an
important limitation of this study. Although the individual
components of the study protocol may not have been too time
consuming, the overall effort associated with study participation,
including diary methods and activity tracking not discussed in
this manuscript, may have been a cause for low recruitment and
retention rates. These assessments were included to answer
additional research questions beyond the scope of a single
manuscript but contributed to the effort by the study participants.
In line with this presumption, reasons given for withdrawal
were frequently related to time investment or perceived benefit
and effort. This might also have contributed to the low adherence
to the intervention. Time intervals between assessments were
slightly stretched owing to frequent requests from participants
to reschedule appointments, as the study participation was not
part of an official treatment program and therefore often had to
take place often outside of the working hours of the participants.
The assessment of the movement tasks was preceded and
followed by the participants shifting their weight to the sides
and back, to time-synchronize the data from the IMUs with data
collected simultaneously from the force platform. Although
supporting analyses of change between T2 and T3, where data
from trials that appeared to be performed from an unstable
starting position were removed, appeared similar, this setup
could have influenced the results. The study participants could
not be blinded, and with most assessments conducted in the
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field, it could not be ruled out that the participants completed
all exercises themselves. In a case with a particularly high
number of exercises, it was suspected that other people may
have completed some of those exercises. We did not record the
use of pain medication during the study; therefore, confounding
effects of pain medication could not be ruled out. Further,
although we consider the availability of the questionnaires in
different languages as a strength, this setup may have caused
inconsistencies between the questionnaires that different
participants received.

Conclusions
The results obtained in this study indicate that exercising with
feedback on trunk movements alone may not influence postural
balance during quiet standing in people with only moderate
LBP intensity and disability. No significant intervention effects
on lumbar spine and hip movement, pain intensity, disability,
QOL domains, and fear of movement were observed. These
results must be seen within the context of a small sample size
and low adherence to the intervention, resulting in low doses
of exercise. More work in this field is required; for example, to
establish the effect of interventions using feedback on trunk
movements in people more severely affected by LBP and clarify
more proximal effects on trunk movement properties. As the
amount of exercising dropped substantially in the intervention
period without a schedule, future studies should investigate the
impact of different scheduling options and explore such
interventions in combination with other therapeutic settings or
other strategies to improve adherence.
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Abstract
Background: Although in many contexts unsuccessful games targeting learning, social interaction, or behavioral change have
few downsides, when covering a sensitive domain such as mental health (MH), care must be taken to avoid harm and stigmatization
of people who live with MH conditions. As a result, evaluation of the game to identify benefits and risks is crucial in understanding
the game’s success; however, assessment of these apps is often compared with the nongame control condition, resulting in findings
specifically regarding entertainment value and user preferences. Research exploring the design process, integrating field experts,
and guidelines for designing a successful serious game for sensitive topics is limited.
Objective: The aim of this study is to understand which elements of game design can guide a designer when designing a game
for sensitive topics.
Methods: To carefully probe the design space of serious games for MH, we present Above Water (AbW), a game targeting the
reduction of stigma surrounding MH, now in its second iteration. The game, AbW, serves as a consistent research probe to solicit
expert feedback. Experts were recruited from a range of topic domains related to MH and wellness, game design, and user
experience.
Results: By using this deployment as a research probe, this study demonstrates how to synthesize gained insights from multiple
expert perspectives and create actionable guidelines for successful design of serious games targeting sensitive topics.
Conclusions: Our work contributes to a better understanding of how to design specialized games to address sensitive topics.
We present a set of guidelines for designing games for sensitive subjects, and for each guideline, we present an example of how
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to apply the finding to the sample game (AbW). Furthermore, we demonstrate the generalizability to other sensitive topics by
providing an additional example of a game that could be designed with the presented guidelines.
(JMIR Serious Games 2022;10(2):e21376) doi:10.2196/21376
KEYWORDS
human–computer interaction; games for change; games for mental health; sensitive topics; game design; empirical analysis;
expert participants

Introduction
Background
Anyone discussing topics such as mental health (MH), poverty,
socioeconomic status, homelessness, race, sexuality, identity
as a person of color, and sexual health will likely agree that
calling the conversation difficult is an understatement. Often,
these topics may be considered extremely personal or taboo in
our society; in other words, these are sensitive topics. Research
on sensitive conversations explores the approaches, techniques,
and outcomes of these situations and emphasizes the importance
of having these discussions [1-3].
Above Water (AbW) is used as a probe to effectively elicit
insights from experts. We then demonstrate how to apply these
insights to the game, AbW, to exemplify how to design games
that target sensitive topics. Contributions of this work
demonstrates how to synthesize insights from multiple
perspectives and create actionable items. We probed experts
with different perspectives using a constant probe stimulus
(AbW), which allowed us to capture the different perspectives
from a range of experts and explore how these lessons may be
generalized to other games targeting sensitive topics.
In this paper, we focus on the sensitive topic of MH. In our
current sociocultural context, MH is often a difficult
conversation. Researchers have demonstrated that parents need
to have conversations early, to attempt to mitigate negative
outcomes [4]. Untreated MH conditions are damaging to the
individual and have cumulative effects on families, communities,
business, and society. Treatment and support have significant
tangible and intangible benefit to society. Considering only
economic factors in the United States, the National Alliance on
Mental Health reports US $193.2 billion in lost earnings per
year owing to poor or unavailable treatment options. Moreover,
this total does not speak to the additional nonmonetary benefits
of increased mental wellness across society [5]. Although
difficult to discuss, MH is an undermined aspect of overall
health that is often overlooked in our culture, society, and
sometimes even in the health care system itself.
Treatment for individuals is available; however, an individual
may hesitate to seek treatment because of the stigma or the
untrue, falsely held beliefs regarding MH [6,7]. It can be argued
that the stigma and the associated feelings of shame, isolation,
and misunderstandings perpetuated our culture and media. It
can be argued that stigma causes more harm than the condition
itself [8]. Stigma results in an avoidance of treatment and
education about MH issues, thereby limiting an individual’s
willingness to get help for themselves [9] or offer effective help
to others [10].
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Research has shown that it is possible to reduce stigma through
the introduction of resources, new information, or meeting with
individuals [11]. In other words, increasing MH literacy (MHL)
is inversely related to stigma. Increased MHL or knowledge of
MH also improves one’s ability to offer help [10]. In this paper,
we explore how to increase MHL and reduce stigma in the
context of a hybrid card and digital game. We leverage games
and playful design to facilitate education and conversation.
The study by Juul [12] explains that games allow for the
formation of a magic circle, a safe, playful space that encourages
exploration. Within the magic circle, players can safely make
mistakes and act in ways that are not in accordance with their
everyday persona, thereby allowing the game to become an
ideal environment for learning. Research on games and games
for change demonstrates that learning through games can change
behavior [13]. However, owing to the sensitive nature of MH
and surrounding stigma, designing games for MH presents a
particular challenge not seen with other health topics (eg,
exergames) [14,15].
To understand what game mechanics and experiences would
be most helpful, we invited experts in both MH and game design
(GD) to participate in semistructured interviews aimed at
eliciting information through the dismantling of a game designed
to battle MH stigma. In this study, we use the game, AbW, as
a research probe [16,17].
Through the dissection of the game, AbW, we see emergent
themes of comfort, learning system, and technical design that
led us to the presentation and discussion of successful mechanics
for the design of sensitive topics. In this paper, we present design
guidelines and demonstrate how to implement our guidelines
using AbW as a case study. To further communicate the
application of our guidelines and the applicability of these
guidelines beyond MH, we also include a second example of a
game that could be designed to tackle another sensitive topic.

Literature Review
MH is an important part of overall health. According to Mental
Health America 2018 [18], 18% of adults or 43.3 million
Americans are living with diagnosable MH concerns. Similarly,
the Mental Health Commission of Canada has identified that
20% of Canadians will also experience an MH concern in their
lifetime [19]. MH concerns are not limited to adults; Mental
Health America 2018 reported that 11.93% of youth (aged 12-17
years) have had at least one episode of major depression [18].
These statistics are alarming given that untreated MH concerns
can lead to further health and social challenges, including
substance abuse disorder, loss of employment, reduced social
functioning, thoughts of self-harm, and death by suicide.
Furthermore, untreated MH concerns can also lead to
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community-level challenges, potentially resulting in greater
rates of incarceration and increased strain on national health
care systems [18]. In addition, companies may experience a loss
of productivity or high turnover rate of employees owing to
untreated MH concerns, resulting in higher personnel
recruitment and training costs.
The current understanding of mental illness reflects the complex
biological, psychological, and sociological factors that impact
MH, in what is termed as the biopsychosocial model. Biological
explanations include neurochemical imbalances, impairments
of neural networks, and inherited genetic predispositions [20].
In addition, environmental factors interact with genetic aspects
that ultimately result in complex networks of factors potentially
predisposing an individual to mental illness [20].
A broad range of environmental factors are understood to
potentially contribute to MH challenges. Some factors can be
substance-mediated, such as substance abuse, whereas others
are rooted in one’s social environment and include adverse
childhood events, sexual abuse, or trauma [21]. Literature on
MH clearly shows that that both factors, internal and external
to an individual, contribute to their MH [20,22].
Individuals living with an MH illness are less likely to receive
treatment than those living with a physical health illness. It is
estimated that only 20% of individuals with an MH concern or
diagnosed condition sought medical treatment, and that only
one-fifth of Canadian children who need MH care receive it
[19,23]. In addition, approximately 60% of Canadians do not
receive timely diagnosis and treatment (ie, <1 year from
symptom onset) [24]. MH conditions represent serious
challenges to those who live with them and our society at large.
The median time of diagnosis from the onset of symptoms is
4.4 years for depression and 6.2 years for anxiety disorders [24].
The time gap is even higher for illnesses such as schizophrenia
and bipolar disorder [24].
Considering that MH illnesses are treatable and manageable,
the previously mentioned statistics are disheartening. The effects
of stigma or untrue beliefs perpetuated about a particular
condition provide a possible explanation for this phenomenon.

Effects of Stigma on MH Issues
Stigma around MH has been shown to result in individuals not
seeking support or treatment, even when they are readily
available [6,7,9,25]. For example, youth may struggle to seek
help from a parent, teacher, or caregiver concerning thoughts
of self-harm and suicide. After seeking help, stigma may cause
individuals to feel that their own problems with anxiety are very
embarrassing to share with a support group, thereby continuing
the perpetuation of MH stigma. Therefore, reducing stigma can
lead people to seek treatment or get help from their community.
Stigma is perpetuated in society through multiple methods, not
limited to media, including television and video games [8]. The
root causes of MH stigma are complex and actively perpetuated
in western media [8]. Even promoting an understanding of the
causes of mental illness can lead to stigma and have adverse,
unexpected effects as people may view MH illness as something
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out of the control of people with MH illnesses, promoting the
stereotype of unpredictability [26].
Although a better understanding of the biology alleviates
negative feelings of blame for those experiencing the mental
illness, resulting feelings of pessimism for the prognosis have
also been noted [26]. Improving MHL is a key factor for
reducing stigma; however, it must be done comprehensively to
ensure efforts to reduce stigma are successful [23]. Studies have
shown that this is possible through the introduction of resources,
new information, or meeting with individuals [11]. Therefore,
a discussion group with new information and connecting
individuals with different lived experiences with mental illness
can potentially reduce stigma. Sensitive topics, such as MH,
require a safe environment for discussion. Consequently, the
ability to access information and ask questions while preserving
privacy of individuals is imperative for success.
If intervention is delayed, for example owing to stigma, one
disorder is likely to progress to multiple comorbid disorders
that are more difficult to treat, with higher chances of recurrence
[27]. In particular, anxiety disorders tend to have a longer delay,
from years to decades, owing to early onset and lower perceived
need for treatment [27]. The solution is changing peoples’
beliefs about MH. Therefore, we need to explore platforms that
provide a safe place to allow for learning, increase motivation,
and change behavior.

Platforms for Battling MH Stigma
Social media has the potential to be used as an MH
stigma–fighting platform. The most notable form of this strategy
has been the sharing of narratives, especially testimonials from
those experiencing mental illnesses [28]. Johnson et al [28]
showed that presenting content in the form of a narrative
combined with homophily in social media is more effective in
education about MH than simply stating facts and statistics.
Social media interactions foster a peer-to-peer support system
that can be helpful in allowing individuals to share similar
experiences and can even be beneficial for users who merely
view the content anonymously [29]. However, information
regarding MH illnesses tends to contain more inaccuracies and
stereotypes than those regarding physical illnesses [30].
Direct MHL education campaigns have the potential to provide
accurate information and have been shown to improve attitudes
toward MH [30]. However, the effects were not lasting and did
not improve the confidence of participants in helping and
supporting those experiencing MH issues [30]. Moreover, the
emphasis of the biological causes of mental illnesses seemed
to encourage a helpless attitude and fear of unpredictability and
dangerousness [30].
Campaigns and programs that have been successful rely on
multiple platforms and approaches. For instance, Time to
Change, an extensive outreach program to improve public
attitude toward MH issues and reduce stigma improved the
attitudes of 5.4 million people in the United Kingdom since
2008 [31,32]. Their approach involved national social marketing
and grassroots-level programs in communities involving social
contact with those affected by MH-related stigma [31].
Beyondblue is another example of an extensive national
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initiative founded in Australia with the aim to improve MHL
[31]. One of their notable approaches was providing a platform
for well-known actors to share their experiences with MH
illnesses [31].
Methods of fighting stigma involving both contact and education
may be the most successful [30]. Serious games involving
discussion of MH topics combine the benefits of both forms of
approaching MH stigma. Games can provide players with a safe
environment [12] and change their attitudes and behaviors [13].
They can also provide players with a sense of belonging or
community, which may allow for the discussion of more
sensitive topics [33,34].

The Use of Games Related to MH
Playful apps, including games, gamified apps, and simulations,
have been used adjunct to therapy, often by gamifying a
well-known method of clinical treatment such as cognitive
behavioral therapy. The game SuperBetter [35] uses a point
system and principles of cognitive behavioral therapy to reduce
depressive symptoms [35]. Similarly, virtual reality (VR) has
gained some traction for exposure therapy of phobias. Although
playful, VR apps are not necessarily considered to be games
owing to the missing cooperative or competitive aspect [36].
The application of games in therapy has gained support because
games are known to be a vehicle for motivating behavior owing
to the complex and responsive rewards systems built into their
design [37-39].
Learning complex ideas is part of many game systems. For
example, the ability to catch a Pokémon in a game is an
abstraction of a larger probability equation. Therefore, games
have often been leveraged for learning [40]. There is an
abundance of support for educational games, serious games,
and gamification [36,41,42]; these games and apps aim to
computerize aspects of existing evidence-based therapies. More
research needs to be done on their contribution to the
effectiveness of therapy; however, they can be potentially useful
for learning about MH.
Another category of games targeting the lay person or general
public aim to improve MHL. For example, Stigma-Stop is a
nonimmersive VR game in which each participant plays the
role of a person who is facing adversity from a mental illness
[43]. Information about the illness and symptoms is presented
to the player, who receives feedback based on their decisions
[43]. The game succeeded in helping players gain a better
understanding of each of the conditions and is demonstrated to
effectively reduce stigma [43].
Researchers have shown that when players enter the game world,
they suspend their disbelief to become more open to concepts
[12]. As a result, researchers have demonstrated that games can
provide a chance for reevaluation of ideas [44]. Therefore,
games can provide an opportunity to reevaluate beliefs held as
inherently true regarding MH. Stigma-Stop [43] was found to
be successful in debunking common misconceptions about
certain MH illnesses; however, its long-term effects are yet to
be evaluated to confirm a long-term reduction in stigma [43].
Cangas et al [43] suggest that contact with those experiencing
a mental illness may be the missing element. Researchers tested
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a serious game to provide training for responding to MH
concerns in the workplace [45]. Hanisch et al [45] reported that
management staff who played the game had improved
knowledge about MH. In both games tested by researchers,
accurate information was provided, and the players could
interact with other characters experiencing a mental illness.
Moreover, testimonials of real people experiencing mental
illness were provided as a supplemental video. Therefore, both
the education and contact strategy were used to reduce stigma
and improve knowledge of MH issues.
In addition, in the context of games, the actions of players
including failures are relatively inconsequential. Unlike other
commonly encountered scenarios, it is acceptable to fail or not
know the correct answer in a game [46,47].
Overall, games and playful apps that provide training were
proven effective [35,43,45,48]; however, these apps are not
always accessible to the public. Moreover, it is possible that
these games are not appealing to the public owing to the
formality surrounding sensitive topics, which again contributes
to perpetuating stigma by discouraging comfortable discussion.

The Potential of Serious Discussion Games in
Mitigating MH Stigma
Although games have been used alongside therapy or as a part
of formal training to improve MHL, there is an unmet need for
games that facilitate discussion of this serious topic aimed at
the general public. Serious games for MH are continuing to
expand in the field as more game designers are beginning to
explore the use of gaming strategies that can increase the
positive outcomes for MH issues [49]. However, most of these
games are either not publicly available (ie, only available to
registered health professionals [HPs]) or not clinically tested
[49]. In response, this study aims to explore GD that can provide
a safe environment for thoughtful discussion of MH that has
the potential to reduce stigma.
More traditional board games are also being used to facilitate
these discussions. For instance, the Learning Life Game [50]
is a simple, noncompetitive board game, which randomizes
questions for discussion. The goal of the game is to help players
learn about themselves and others. The game hopes to teach
problem-solving strategies by leveraging role-playing game
(RPG) strategies, imagined situations, and hypothetical questions
[50]. The purpose of this game is to help adolescent therapy
groups better convey their feelings and communicate. Answering
the questions in a group was found to elicit cooperative behavior
from other group members, particularly when challenging
questions or vocabulary were encountered [50]. Overall, this
game was a helpful tool in helping adolescents develop verbal
skills and provided structure for group therapy sessions [50].
However, as mentioned before, games designed for a formal
therapy setting are not necessarily suitable or appealing to the
public for whom the reduction of stigma is a more immediate
issue.
If serious topics are to be discussed in an unsupervised and
informal setting, game mechanics must work to provide a safe
space to improve the quality of the discussion. Privacy is a
crucial element that can be afforded through the mechanics of
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gameplay such as anonymity, randomization, or hidden
information. For example, anonymity is a contributing factor
to the execution of cheating behaviors; therefore, GD can choose
to include anonymity as a mechanism and leverage it to direct
the atmosphere of the game space [51].
GD has shown mixed results for anonymity as a mechanism to
shape the play space. Cheating behaviors and competitive
actions can be encouraged through the use of deception or
anonymity [51]. In contrast, the permissive environment
encouraged by anonymity can be used positively. For example,
AbW leverages anonymity positively to foster communication
about MH and to reduce fears of experiencing stigma while
playing the game. Similarly, other studies have also indicated
that anonymity can be used to create more welcoming
environments. A study [52] on a web-based focus group, which
discussed dating and intimacy for survivors of childhood cancer,
highlights key design elements that can aid the discussion of
serious or sensitive topics. It was found that participants
preferred the anonymity that the chat provided. They also
preferred groups with >2 people and a moderator to stimulate
the conversation [52]. AbW is a novel game that combines these
design features to construct the ideal environment for the
discussion of stigma surrounding MH.
Finally, games can be used as vehicles for storytelling, which
has been found to increase empathy [53]. Playing games
cooperatively can also increase feelings of empathy [54,55] and
reduce feelings of antifriendship or pleasure from the misery
of others [56]. Emotions can be leveraged in the design of
educational games [57], which AbW plans to do through the
emotional journey that the players experience. Although
simulated, real-emotion experiences can be felt through games
and stories [21,53,58].
GD can use the created empathy to design the mood and
atmosphere in their games. For example, consider Brothers: A
Tale of Two Sons (Starbreeze Studios) [16], which uses the
relationship between the 2 main characters to perpetuate the
story and elicit empathy from its players. Following this strategy,
AbW attempts to use personal connection and empathy as part
of the GD. AbW attempts to bring together members of a group
to share stories and experiences that would otherwise not be
discussed in everyday conversations, in the hope of effectively
reducing stigma surrounding MH challenges.

Design
The game, AbW [17,59], was designed to help educate
individuals about anxiety, specifically generalized anxiety
disorder (GAD) and panic disorder (PD). Upon further iteration
and in-house testing, the concept of the game was widened to
include general information about MH. The current version of
AbW intends to educate individuals on general MH factors
within a wider breadth and focuses on anxiety in depth.
In summary, AbW uses both physical cards and an integrated
digital component in the form of a website, which is intended
to be used similar to a phone app. The game was designed to
be an educational tool and not a treatment in and of itself.
Potential use cases include support groups, caregiver–child
dyadic pairs, and MH training.
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AbW is designed to be an experience in which participants
experience a range of emotions; for example, anticipation of
getting the right card, relief for being able to ask desired
questions, joy when discussing victories related in their own or
their bespoke character’s journeys, and silliness when playing
a minigame. Although the game is not designed to be inherently
stressful, participants may converse in depth about situations
that are stressful and choose to disclose personal information.
The variance of emotional experience will depend on the group,
setting, and individuals’ decisions to disclose information.
Owing to the variability in conversation, the game has inherent
replayability, because it is nearly impossible to replicate a
human interaction as no 2 conversations are the same.

Design History
The design of AbW has been detailed in previous work [16,60].
AbW began as a seminar project focused on exploring the
designing of games for health. The GD was presented at 2
international conferences in the form of a student design
competition submission [59] and an interactive demonstration
[16].
Upon moving to evaluate the efficacy of the game as an
educational game and an intervention for MH stigma, there were
concerns about the safety of presenting information about MH
to naïve participants owing to the sensitive nature of MH
conversations. Researchers worked closely with the office of
research ethics to determine the safest approach to evaluate the
game. To ensure the safety of players, it was decided that an
evaluation with expert participants should precede the evaluation
of the game with a large group of naïve player-participants.

Digital and Physical Card Game
The game is played with a deck of cards and a personal
computing device (ie, mobile phone or tablet; Figures 1 and 2
[17,59]). Most gameplay is conducted through physical game
cards, and the game is moderated by the app.
The goal of the game is to collect the player’s chosen life goal
cards. Among other functionalities, the digital component serves
to track the life goal the players have selected.
Added challenge stems from the appearance of anxiety cards,
randomly drawn from the deck. Management of anxiety cards
is made possible with treatment cards, which convey
information and remove the negatively-scored anxiety cards the
player may accumulate as the group traverses the card deck
(Figure 3 [17,59]). In-game effectiveness of treatment cards is
rated based on the amount of help that each treatment requires
from an MH professional. The more involved an MH
professional is in the execution of the treatment, the more
anxiety cards the treatment card can counteract. For example,
a healthy eating card would only counteract 1 anxiety card,
whereas the card representing a psychiatrist’s prescription would
counteract significantly more.
The game is played open-face, with accumulated life goal and
anxiety cards displayed openly (face-up) on the table (Figure 4
[17,59]). The collected cards in front of each player denote the
player’s current progress.
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Figure 1. An image of the app, which comprises part of the gameplay space [17,59].

Figure 2. The card types in the game [17,59].

Figure 3. The treatment cards come together to symbolize the complexity of treatment plans, which usually comprise multiple interventions or
habit-changing efforts [17,59].

Figure 4. A picture of the game in play using the bring-your-own-device policy. Note that the game is played open-handed [17,59].
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Finally, the last category of cards is the share card which asks
users to share experiences, tips, or ask questions. The game
facilitates dialogue though share cards, which are meant to
stimulate discussion, self-reflection, and discourse with other
players. The share card activity always points to the digital app.
The app serves to augment the card game. During the gameplay,
players may draw a card with a phone-icon; this game event
instructs players to use the mobile app. Treatment cards, share
cards, and anxiety cards point to minigames in the digital
component such as myth-busting, deep breathing, and yoga
exercises.
Activities associated with these cards use the players’ phones
for facilitation. These include engaging players in minigames
to allow them to try some of the basic at-home methods of
managing anxiety, such as guiding players through yoga poses
and deep breathing exercises. The share cards ask players to
type a response to a prompt in their phone, which are
randomized and shared anonymously with other players.
By augmenting a traditional in-person card-based game with
phone-based features, AbW seeks to provide players a way to
fully engage in the game with other players to express feelings
and talk comfortably about sensitive topics, while maintaining
anonymity and privacy.

Designing for Space and Privacy
The game features a distributed platform design, which spans
the mobile device and a tabletop card game. We took a novel
approach to the tabletop game paradigm by orienting and
guiding the card game using a mobile app. We follow a
bring-your-own-device (BYOD) protocol (Figure 4 [16,59]).
The BYOD protocol allows players to have control over their
own privacy. Participants can choose to access the web portal
through the browser of their choice with a device calibrated to
their preferred settings; for example, the participant can choose
to use a privacy-aware browser or their browser’s private
browsing mode.
The game is designed to foster discussion and protect anonymity
of the users, while allowing for a shared group learning
experience. The game leverages anonymity [51] through
augmentation of the card game through a mobile app. The app
allows users to input answers, and it randomly selects 1 answer
to be presented for group discussion. The app balances
anonymity through face-to-face group discussion. Both these
design decisions, anonymity and in-person interaction, have
demonstrable effects on the game’s atmosphere and were
selected to reduce stigma associated with diagnoses of MH
illnesses or MH concerns [11,61]. For a full description of the
game mechanics, please refer to previous work [16,17].
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as medical organizations, government organizations, and
outreach programs. Information presented in the game is
designed to spark curiosity and encourage players to read about
MH and pursue their own active education after the game ends.
With the BYOD paradigm, players leave the game with the
links to resources on their phone and can access the website
again anytime.

Methods
Overview
In this study, we asked MH professionals and game designers
to provide feedback on the game, AbW, through semistructured
interviews.
The expert evaluation of our game allows the researchers to
ensure that our intervention, AbW, is safe and has a likelihood
of being effective before proceeding to conduct a playtest with
a group of nonexpert participants.
AbW was used as a probe to effectively elicit insights from
experts. We then demonstrate how to apply these insights to
the game, AbW, to exemplify how to design games that target
sensitive topics. Contributions of this work demonstrate how
to synthesize insights from multiple perspectives and create
actionable items. We probed experts with different perspectives
using a constant probe stimulus (AbW), which allowed us to
capture the different perspectives from a range of experts and
explore how these lessons may be generalized to other games
targeting sensitive topics.

Participants
In total, 14 participants were interviewed for the study, 7 (50%)
HPs and 7 (50%) game designers, between April 2018 and
November 2019. Demographic information of the participants
is shown in Table 1. We sought to speak with individuals with
a variety of roles in MH care provision and in the games
industry. Within the scope of MH professionals, we included
social workers, counselors, and community leaders, who
contribute to the biopsychosocial definition of health in the
community; for example, MH3 is a hospital chaplain who
services patients, families, and caregivers to support coping and
provide counseling. In addition, expert participants from game,
user experience (UX), and related disciplines were recruited
internationally (North America and Australia).
Expert participants in MH and wellness were recruited by
contacting health institutions and practices in the local
community. Further calls for participation were sent to HPs
nationally via professional network organizations, networking,
message boards, and listservs. Recommendations from
participants were also followed.

Accessing Trusted Resources
The GD is the contribution of the project, the content itself is
not. The content is sourced from credible trusted resources such
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Table 1. Participants’ occupation.
Demographic type and ID

Demographic information

Mental health professionals
MH1

Clinical and counseling psychologist

MH2

Registered practical nurse

MH3

Chaplain (hospital)

MH4

School guidance counselor

MH5

Psychology professor

MH6

Clinical psychology lecturer

MH7

Occupational therapist

Game designers
GD1

Game designer and experience designer

GD2

Game designer

GD3

Game designer

GD4

Experience designer

GD5

Game producer

GD6

Game designer and programmer

GD7

Senior user experience professional

Interview Protocol
Interviews were made accessible by allowing participants to
choose how and where the interview was conducted, as
web-based or in person, and at a time of their choosing. Consent
was obtained before participating.
Participants were sent a digital copy of the game and a link to
the game website to review before the interview. During
in-person interviews, a physical copy of the card deck was also
presented. Participants were informed that the game was still
in the prototype phase, so that participants would feel
comfortable to be critical of the game.
Interview questions focused on the benefits and risks of playing
the game socially, in a clinical or professional setting; the
feasibility of the game mechanics, especially the digital
components; and the ability of the game to achieve its goal of
reducing stigma. Expert participants were also asked to convey
their opinions on the risks and benefits of AbW and games for
change as interventions.
The interviews were semistructured. Prompts were included for
the research team to pursue based on their own judgment. A
copy of the provided prompts is included in Multimedia
Appendix 1. Typical to semistructured interviews, information
arising from past interviews provided direction for continued
discussion. The interview was designed to take approximately
1 hour; however, in clinical and business settings, this time was
often shortened. When interviews were shortened, we
concentrated on larger themes (Multimedia Appendix 2).

Interview Analysis
The interview protocol itself was semistructured, with prompts
for continued discussion. Interviews were audio recorded and
then transcribed. Interviews were coded using NVivo (version
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12.2.0; QSR International) for macOS using thematic coding
in a grounded theory methodology [62].
As data were collected, the researchers began to build theories
and look for conversion within the emerging results, beginning
with a line-by-line assessment for our initial 2 participants,
which grounded the further thematic analysis with subsequent
participants. Coding conducted on a line-by-line basis abstracted
key themes from participant responses. Relevant codes were
then organized into a mind map, allowing codes to be organized
into emergent themes for inductive analysis. A positivist
approach was taken during this analysis, as the data analyzer
believed that evaluating participants’ thoughts about the game
in an objective manner would result in conclusions about the
game that would increase the game’s utility to stakeholders,
including clinicians [63]. That is, viewing participant responses
as impartially discussing the game allowed more generalizations
to be made about it.
Upon completion of the data collection phase and transcription,
thematic analysis based on the initial grounded theory results
was used to understand larger themes. Three members of the
research team (RRW, CW, and YE) reviewed the transcripts
independently and decided the potential codes individually.
Then, they merged their codebooks through discussion and
reached consensus to form a preliminary codebook. These
preliminary codes were then organized into 12 major codes
inductively.
Then, to remove possible biases, a full code analysis was
performed by YE and naïve coder AS, who coded all the
interviews using NVivo (version 12; QSR International) for
macOS, paragraph by paragraph using the major codes. The
overall unweighted agreement among coders was κ of 0.67,
indicating moderate agreement among coders.
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Following the completion of this iteration of coding, RRW and
CW rejoined the discussion, and then, all the 4 researchers
discussed the results of the coding while providing their
respective takeaways for each of the 12 major codes. Following
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the conclusion of this protocol, all the authors were invited to
review the findings. The complete code reference is shown in
Table 2.

Table 2. Qualitative coding reference table.
Theme and major code

Description of major code

Clinical or medical GDa or UXb

Minor codes

Comfort
Security and priva- Owing to sensitivity of the data, precautions on 58
cy
how it is stored and accessed and how participants
feel about sharing their information (Do they feel
safe and trusting of the system and other players?)

54

Anonymity, privacy, risks, safety
and vulnerability, sensitive information, checkpoints, and sharing

Social dimensions

The social environment surrounding the game,
72
including how participants feel (awkwardness and
tension), talk to each other, room atmosphere, and
the resulting consequences (ie, quality of conversation, fear of being incorrect, or challenging or
correcting others).

49

Social environment, wrongness,
conversation facilitation, and awkwardness

Facilitator

Facilitator role or game leader role as it is needed 21
or as the game is designed.

40

Authority, facilitator, and facilitator
skill

Clinical value or
outcomes

The outcome of the game as it applies to players 83
leaving the game (What did they learn? Did it affect their thoughts or behaviors?)

92

Game outcome and clinical effects

Community

The ability of the game to create a connected en- 41
vironment within a community. In this category,
we refer to the community as a group with a clinical facilitator.

18

Clinical and community value of
game

Target

Who is the target population (age and familiarity 66
with content) and what are their relation to each
other? How does that affect the design of the
game?

40

Population and age

Replay or customization

Features adding to replay value or customization 11
of the game.

24

Customization for player, clinician,
or facilitator and replay value of
game

Content

The content of the game, specifically the density, 90
depth, and breadth of the information.

87

Content of resources, game content,
data dense, and data sparse

Learning system

How learning is approached, handled, and reinforced. In this category we are specific to the
learner (not the facilitator role).

42

Learning, scaffolding, pedagogy,
question structure, presentation of
content, and reinforcing

People

60

Design

a

GD

How the game is designed and the game’s attitude 103
(ie, fun or cooperative).

163

Pacing, simplicity, fictional person
and narrative, cooperative vs competitive goals, impact chain, strategy, analogy, and random

Technical design

The design of the app itself (void of all learning 33
and game elements). Here we refer to the technical
elements of the interface (navigation, buttons,
etc).

43

Mechanic of typing, keyboard accessibility, and input methods; autonomy; navigation of app; coordination;
syncing; and hard to reference

Onboarding

Onboarding procedures and clarity of instructions 22
for both the facilitator and the learner.

28

Onboarding and instruction clarity

GD: game design.

b

UX: user experience.

Ethics

(number: 32195). The data set for this study is not available for
access.

This study received ethics approval from the University of
Waterloo, Canada, registered under office of research ethics
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Results
Overview
The iterative process that resulted in the final codebook can be
represented in 3 stages. In the first stage, the resultant codes of
individual exploration of the data were compiled. After
additional reflection and exploration of the data set, the authors
proceeded to combine the codes into larger themes. Then, the
themes resulting from this stage were used to code the data set.
Next, line-by-line coding of the interviews with both medical
and UX experts and the findings from each domain were
discussed in detail. Finally, an overall look at the data set
revealed the presented themes. In this stage, the authors
discussed the resultant categories and developed 3 main theories.
Each theory is described in detail in this section. Quotes are
presented for each theme to illustrate the findings from the data.

Comfort
Overview
Owing to the sensitive nature of the discussion topic, the
research team worked closely with the office of research ethics
to ensure that the content presented in the game was not
triggering. Here, we use triggering to describe the negative
effects that can occur with the presentation of a stimulus to a
venerable party. As a result of discussions with the ethics board,
it emerged that we would need to probe our expert participants
for their assessment of safety and possible risks of AbW.
The first emergent theme from the data points to the importance
of participant comfort. Upon analysis of the results, we see the
emergent theme of participant comfort, which goes beyond our
initial research question pertaining solely to the presentation of
triggering information. As it became clear that our probe was
very narrow, we began to collect data on factors that contribute
to a concussive environment for discussion. The results indicated
that comfort goes beyond the content provided on the cards.
From the data, we see a clear need for an overall consideration
of security; privacy of data; social environment, clinical and
community values; and a facilitator.

Am I Comfortable With the System?
Does the player trust the game? We know from the literature
that privacy and security on the web is a challenging topic for
the nonspecialized, lay user to understand [64]. Therefore, part
of the work in designing a game that connects to the internet is
to ensure that users feel that data entered into the app will not
be used maliciously. Designed with this in mind, the game does
not store information or participant data. In addition, the game
was designed to obtain user input and randomly select an answer
without identifying the user themselves:
The anonymous component of it is very helpful,
because then a group of people can get through a
game session and not necessarily put them in a
position where they’re - they’re vulnerable about
something that might be difficult to discuss, but still
they’re able to get the information or get the educational resources that you’re trying to convey.
[MH2]
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Am I Comfortable With the Game Content?
We want to ensure that the content of the game is comfortable
to interact with. This includes the content being worded and
presented in a way that demonstrates sensitivity. For instance,
the game should not betray the user’s trust by suddenly
presenting triggering content. Instead, it should allow users to
ease into the material:
[Life Goal Cards] could actually cause some people
to be anxious, when they’re picking it. And like I could
imagine somebody sitting there going `you know, I
really wanted to get that degree in computer science,
15 years ago. I never got that degree in computer
science. [GD5]

Am I Comfortable With This Group?
Creating a comfortable social game environment for discussion
of sensitive topics is an important and challenging aspect of the
game’s design. Initially, we sought information particularly
about triggers for individual experiences; however, expert
feedback created a better understanding of how the design of
the game should be inoculated against situations arising from
the social dimensions of a group.
The goal is clear and well-articulated by GD1 in the following
quote:
If you can get the group to take it seriously and offer
serious conversations, then you can open up things
that a group of friends even or family would never
talk about normally. [GD1]
A challenge could be that people sometimes react in a way that
belies our true feelings (eg, laughing because you feel awkward).
Moreover, it is possible that a player may react strongly to a
general statement (eg, assuming that there is personal
commentary, when none exists):
Some people talking about, or sharing, or
disclosing—even if it's in an anonymous format—can
still have some strong emotional reactions, either to
their stuff being selected, or to discovering that that's
not the social norm, or to putting themselves out there
and not getting the positive feedback that they would
hope. [MH3]
Moreover, if participants are playing the game in a clinical or
formal setting (eg, support group, group therapy, or workshop),
where there may be a facilitator or exercise leader, the idea of
them not being involved as a player in the game may also be
intimidating:
I’d like to have them actually play the game with the
participants. That would always be my inclination,
rather than kind of standing off to the side observing.
Because that obviously leaves a kind of a cold clinical
feel to it, like everybody’s - well if they weren’t
anxious before, they are now because the
psychotherapist is watching. If there was an expert,
I’d rather have them play. [MH1]
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Am I Comfortable in This Setting?
After considering the social environment that the game has built
for each individual, we moved on to understanding the
individual as a group, creating an environment of group comfort.
As MH2 explains, it may be a matter of starting the discussion
and allowing it to flourish, suggesting that the game needs only
to spark the discussion:
It - as far as like stigma, yeah because people get to
talk about how they deal with it together. Raise
awareness, to have it, normalize it into a game
that...yeah. It’s an educational tool. It’s - it - and that,
it’s very helpful. It - it makes it so people are talking
about it more instead of not dealing with it, so I mean
it’s very helpful - it looks like a very helpful tool to
use. [MH2]

Does the Game Need a Facilitator?
A large portion of the discussion arising from the results was
the question of whether the game needs a dedicated facilitator.
A facilitator in GD is not an unusual principle. For example,
the classic Dungeons and Dragons role-playing tabletop game,
has a dungeon master role in which one of the players facilitates
the gameplay [65]. Commercial games available on the market,
such as the Ultimate Werewolf (Ted Alspach, Bézier Games)
follows a similar format.
Expert participants provided careful feedback regarding this
concept. Points of consideration for the role of the facilitator
were related to the maintenance of the comfortable environment:
The only danger might be in - it’s common to any
group, where somebody is really insensitive in
responding to someone else’s sharings, and they’re
like `I can’t believe whoever wrote this was worried
about going to the grocery store, like that’s the
dumbest thing I ever heard’. That I do wonder - that’s
where having a trained group moderator might be
helpful. [MH1]
In addition to a question of whether the game should be designed
with a facilitator role, there was a question about who can fill
the facilitator role. Particularly, expert participants cautioned
that the situation in which the game is played may require a
knowledgeable individual (eg, a clinician or a teacher) to lead
the group:
I would also suggest that if this game was being used
as anything other than background information for
like a health class, then probably it should probably
be targeted for use with someone who has competency
in delivering it. [MH6]
The feedback from the participants about having a facilitator
feed into a larger conversation about the overall learning system
design. Data demonstrate that there is reasonable concern that
a nonfacilitated session depends on the player’s ability to read
and interpret information; especially in groups, it is possible
that the loudest voice may be accepted as correct or
misinformation. The game is a learning environment, as such
participants should explore the concept and think through the
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new information; however, participants may not always be
trusted to completely read the information available or interpret
it correctly.
Moreover, the game presents ambiguous situations with no
completely correct answer. For example, the cards may ask
about how one would deal with stigma from a family member
or in the workplace. In the following quote, GD1 discusses the
mechanics of the share card. Each participant provides an answer
to the situation, and the game chooses an answer and presents
it anonymously:
Sometimes people give advice that comes from a
perspective of not really understanding the issues. So
I’d be curious if that comes up or how - how the game
deals with situations like that. Because there’s no
authority of voice here so the game - the game is
gonna just pick one at random, right? [GD1]
The concern with a game, such as AbW, is that most of the
learning occurs within the context of the group conversation
and that is encouraged, but discussions cannot be controlled by
a card game, even one augmented with an app.

Learning System
Overview
Given that this is an educational game, learning is at the
forefront of the game’s goals. We began simply by analyzing
the data sets for information regarding the level of content. We
then looked at the specificity of the game mechanics to the target
group, and finally, we wanted to understand whether the game’s
learning system met the learning objectives and if it was
replayable.

Content and Replayability
The overall goal of the game was to provide information about
GAD and PD. Most participants indicated that the content’s
depth and breadth were sufficient, with few participants stating
that more content should be added and fewer participants
indicating that the content was very expansive.
To decide the level of content needed, expert participants
pointed to how the game was targeted to a particular subset of
individuals:
Having gone through PTSD, someone saying it's an
anxiety disorder doesn't teach me anything or feel
useful, it just feels a bit dismissive, which seems
opposite to your goal. [GD6]
The game designer points out in the quote above that there is a
difference in how the material feels to someone who is just
beginning to understand the problem as opposed to someone
who has had lived experience. To a person beginning to learn
about clinical anxiety, information about the many subcategories
of the large disorder (eg, PD, posttraumatic stress disorder, and
GAD) may be surprising.
Participants also mentioned the idea of a facilitator as a way to
control the content and flow of the game. That is, if the
facilitator is there to control the environment, can they not also
control the consumption of information?
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Overall, replayability was viewed differently for games designed
for general play and nonsensitive topics. By our participants,
we are advised that multiple sessions of repeated play can help
in effective learning and messaging:
Single run is probably not sufficient or not as good
as, but once a week is perhaps too frequent. I would
that using the game as part of a process. So, if I meet
with a student weekly, that we talk we play the game
for some bit. Maybe next week we talk about
something else. Maybe we'll explore one of the ideas
in greater depth. And then maybe later on, it might
be also be group, right. So, it might be individually,
and then later it might be some group session and
so-on. [MH6]
The value of replaying the game for the participants may be
understated. Revisiting or replaying the game may help with
guidance over a period of growth:
And again with a moderator, a therapist, they might
be able to help - actually help that person draw in
the positive attributes of their treatment, and how
they’re feeling about the treatment they’ve received
over a period of time. So whether they can - at that
point they would be saying - probably sharing their
own experiences, but if - even if they don’t want to
share their experiences they would share things that
they’ve been told by their therapist, right? So they’ve
kind of got to that point where they’re just talking
about it, and it might be even helping them
destigmatize their own health issues. [GD5]
It is possible that as game designers, we see the onus of making
the game replayable on the game mechanics, and clinicians see
the replayability of the game as an assistant to one’s journey of
growth.

Target Market, Clinical, and Community Value
From our data, we see that the game, AbW, sits at a branching
point in design. Expert participants made us aware that the game
could be designed in multiple and highly specific situations. In
our results, we captured a large range of use cases. As
participants were provided a copy of the game before the
interview, many participants came to the interview with ideas
for whom the game may be valuable. As our research questions
included understanding possible target groups, we probed
participants to understand the situations and use cases they had
envisioned.
Suggestions included, but were not limited to, therapy groups,
support groups, GD workshops for non-MH professionals,
in-home family or parent–child dyad communication, and
educational institutions such as schools. The diversity of
responses was in juxtaposition to the only point of
agreement—the game would not be a pick-up-and-play game
at a friend’s game night or at a game cafe:
As far as the mobile component, like if you can make
- maybe if you made the whole game able to be done
through an app, people can just meet up for the
community - the community focus ones. Like there’s
- there’s treatment centres and there’s community
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focus therapies. So people go to - go to their social
work and such and if you have those groups there,
you can just pull up the app on their phone and they
can all play together. [MH2]
When dealing with sensitive topics, our data suggest that the
customization of the game should be in accordance with the
delicate nuances of the population. These nuances are only
revealed when we have gained significant insight into a
demographics of participants. These findings are consistent with
literature, which indicates that personalization of the learning
system is more effective [66].

Technical and Practical Design
Finally, the last emergent theme that we identified was the
technical and practical design. Although, generally, all apps
will need some degree of design improvements, here we focus
on improvements particular to designing a game on sensitive
topics.

Onboarding and Instruction
There is a need for intuitive navigation, user interface design,
and GD. Here, the focus is on being able to support navigation
and research during the game with an emphasis on discretion.
This includes being autonomous in leaving and entering the
game and not being negatively impacted by accessing resources
during gameplay.
Our results indicated that the navigation may be unintuitive for
a mixed audience of people with different levels of computer
literacy. In the following quote, our expert participant highlights
the lack of flexibility in navigation owing to the currently
implemented networking structure of the app:
I’m not as technologically sophisticated as the two
of you, it takes me forever on my phone to type a
message. So if I were to be playing, there would be
all these twelve year olds who are done, and I would
still be hunting around looking for capitals and
punctuation. So that part would be a barrier for
somebody like me. [MH3]
The goal is to create a pick-up-and-play game to allow
participants to concentrate on learning instead of strategy. Again,
the contrast between game designers and HPs provided an
interesting space for design exploration. Slower and simpler
mechanics and pacing were mainly advised by HPs; this was
in contrast to game designers, who felt the need to add more
mechanisms and allow for divergent strategy and player choice.
The divergence among groups of expert professionals converged
on the discussions of pacing, emphasizing icebreakers before
sharing cards. Allowing to develop a sense of comfort before
encouraging more personal discussion was emphasized:
Like once you get started on telling a story - the first
time that you tell a personal story should not be to a
group of strangers, let’s just - so that’s the risk, right?
And so what if the person gets into it and then they
get overwhelmed and so they’re getting more and
more upset. They’ve said something that’s really
upsetting, possibly upsetting other people who have
had similar experiences, but even if that doesn’t
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e21376 | p.271
(page number not for citation purposes)

JMIR SERIOUS GAMES
happen, who’s the person that can handle this and
contain it? [MH3]
Mediation of these concepts led to the discussion of onboarding
or learning to play the game first. Instructions can remove the
discomfort of ambiguity:
For the share functionality, the uncertainty here seems
like it would be uncomfortable. There aren't clear
instructions for who is going to share, or how that
should take place. My friends with anxiety all like
things to be clear and understandable - uncertainty
is a key thing that makes them anxious. [GD7]

Designing Options
The data revealed that the design of the app should allow more
flexibility for players to traverse the content freely during
gameplay with other players. The game is designed to link back
to resources for further information after the game, but the
design should be flexible enough to allow back and forth
movement or in-line definitions.
To improve the original design, the game should leverage the
moment of curiosity. Acting within the moment to deliver
information may be more effective because participants have
just uncovered the content and are actively interested:
It’s one thing to have a page of resources but if you
can’t access them when you’re not playing the game,
then that’s less useful. But if you - if you’re kind of
curious is you could have - you know email this to
myself or download a PDF onto my phone, then it’s
there. [MH3]
In the quoted content above, the expert participant makes an
important point about note-taking. Participants may want to feel
such that they have collected or saved notes during the game.

Discussion
Principal Findings
Our results provide us with an insight into the problems that
are currently present in the game, AbW; however, the
implications of our results are beyond the redesign of a single
game. We use AbW as a research probe to understand how to
design games for MH and sensitive topics. For each theme, we
provide design guidelines for games about sensitive topics. We
also provide an example of how to redesign the example game,
AbW. Using AbW, we can demonstrate the application of our
findings in a redesigning of the game.
In this section, we include a design idea for a possible game for
another sensitive topic as an alternative example to demonstrate
the applicability of these guidelines outside the game, AbW,
showcasing the generalizability of our findings.

Comfort
By presenting this design guideline, we emphasize that the onus
of responsibility to provide this comfortable environment is on
the game designers and not the players. Similarly, the designers
are also seen as responsible for providing the scaffolding for
methods and procedures to maintain a comfortable environment.
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Focus on the Atmosphere and the Meta-game
Design for comfortable environments that encourage discussion
of sensitive topics is a critical challenge to the design of games
for sensitive topics. Owing to the sensitive nature of the
information, designers need to consider mechanisms for dealing
with awkward interactions, icebreakers, and oversharing.
Designing the atmosphere of the game may include considering
the design of the system and content of the game and allowing
for variables including the group of people, the setting in which
the game is being played, and the possibility of a game
facilitator.
If we were designing a game that attempts to tackle the topic
of racism, it is likely that conversations surrounding slavery,
historical violence, and systematic bias in governing bodies
would be discussed. For example, given the recent political
climate following the brutality of police and murder of George
Floyd Jr [67] captured on a cell phone, conversations related to
the found footage can be triggering to individuals. Therefore,
it is necessary to allow participants to decide the comfortable
limitations to the game, possibly by allowing players to create
the atmosphere of the game through emergent gameplay.
Consider we propose a design for a board game in which
participants are given a large quantity of playable pieces of 8
possible colors. The goal is to fill the board to pursue two
possible winning conditions: (1) a single player or alliance of
players controls the board and floods the game with a single
color, thereby dominating as the majority color until the other
players can longer make legal moves or (2) all players win when
negotiation leads to an equal ratio of representation of all colors
on the board. As participants play token pieces on the board,
we may decide to emphasize the injustices faced by minority
groups by allowing players represented by the color in majority
on the board and allow that player to impose arbitrary
overpowered and unfair penalties. As games can become heated,
it may be necessary to impose a clear the board card or equal
ratios card to allow the possibility of the second winning
condition representing a peaceful ending. Perhaps, a player who
is dedicated to pursuing the first winning condition may be
voted out of the game by a majority vote when the game board
is closer to an equal ratio.
A game idea such as this allows players to choose the
atmosphere of the game. If the group as a majority prefers
collaboration, they may choose to pursue a peaceful ending
together as a metaphor for a world with perfect equity.

Assign a Facilitator Role to Monitor the Game
Environment and Keep a Positive Atmosphere (Optional)
A larger point of discussion within the research was the need
for a facilitator. A facilitator is a group leader who would be a
helpful factor in maintaining a comfortable environment because
responsibility has been assigned.
Expert participants suggested any varieties of facilitation ideas
from providing resources to accommodate a player-facilitator
to having the game played within a supervised clinical practice.
However, convergence on the central need for a facilitator was
clear—maintenance and arbitration to maintain a comfortable
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working environment or the creation of an environment for
participants, in which they may feel safe to express their
feelings, knowledge, and lived experience. Recommendations
from experts in this area suggest the need for a responsible party
to act as a group leader—the facilitator.
In the case of AbW, the facilitator role can be added as a
nonplayer. The facilitator role allows for the enforcement of a
comfortable environment as dictated by the game designer. For
example, one option is to limit the game to a clinical setting,
played in the presence of a clinician. In this iteration, the
information in the rule set on what the facilitator should know,
what types of conversations or language to steer away from, or
the stipulation that this game should be attended to by a
clinician. The clinician, acting as the facilitator, can then use
the game as a tool for directed discussion.
Let us propose another GD that may benefit from a facilitator.
Perhaps we are hoping to teach players about the diversity that
exists in the autism spectrum disorder (ASD). We might decide
to extend the known metaphor of a jigsaw puzzle often used by
ASD awareness groups by designing a mystery puzzle. In the
game, participants may be tasked with collaboratively putting
together the puzzle without a visual guide. To solve the mystery
and piece the puzzle together, participants might be given
information from a facilitator. For example, we might have a
facilitator who is given special knowledge about the story’s
outcome and is tasked with leading other players to the solution
by providing hints through telling stories and anecdotes from
characters who are identified as being on the ASD spectrum.
By promoting empathy through storytelling, the facilitator can
complement the collaborative environment needed to piece
together a puzzle of an unknown visual outcome.

Learning System
The core of any educational game is the learning system. In this
section, we present the findings that we have concluded from
the data to design learning systems within games for sensitive
topics.

Target the Game to a Player Group in a Specific Setting
In the evaluation of the learning system, we find that there is a
need for careful consideration and targeting of the player group
because of the sensitive nature of the conversation. Context
plays a large role in players’ experience of the game. Playing
the game at work, home, school, or a workshop could result in
unique experiences with other players and game content. The
needs of a single player at these instances change owing to the
environment, which encapsulates them. Therefore, player 1 may
have a specific set of needs that are divided into player 1.1 in
a professional setting, player 1.2 in a social setting, and so on.
Hence, there is a need for specific targeting.
Human-centered design, the paradigm of work that is described
in the paper by Norman [68] is nearly synonymous with UX,
human–computer interaction, and subsequently games user
research. However, the targeting recommended by experts in
our data set demonstrates that the level at which you specify
your user-focus depth and breadth needs to be carefully
considered. Comments from experts demonstrate that a person
who is interested in learning with age-group specifier is not
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enough. For example, the results suggest that there is a
difference between a person approaching this with lived
experience and a naïve player with only passing knowledge:
When you get a bunch of people together, and one of
those people is a serious anxiety disorder sufferer
and everybody else isn’t, then when they talk about
their experiences and anxiety, there’s a whole pile of
commonality, and one person is thinking `I’m not like
these other people, I’m gonna probably keep my
mouth shut'. [Participant 3]
From the above quote, we see a demonstration of how a group
with commonalities in identified target demographics (eg, age)
can approach the game and unsuccessfully find common ground.
As game designers, we need to design not only for our target
users but also to create an environment in which we can capture
a subset of the user’s personality and engage them in a
conversation about sensitive topics. Therefore, customization
should be based on the common traits of individuals in the target
market and not specifically on GD heuristics for that age group.
To apply this design guideline to AbW, we would need to select
a targeted setting for the game. For example, redesigning the
game to be played with other people in a support group, which
meets anonymously at a university space. The game would need
to support a larger player group and specifically focus on
challenges and emotions, as support groups are designed around
discussing the impact of a condition or label and the lived
experience of or feelings experienced by the users and design
mechanics for player–player interaction. These player–player
interactions can be adding a button in the app, which
communicates that the feelings or experiences expressed by a
player have resonated with others.
As an example of how to apply this principle to other game
ideas, let us imagine a game that tackles the topic of children
who are terminally ill. We may decide to design the game to be
played with healthy siblings or other children visiting the
hospital. To do so, we would need to understand the setting of
the children’s hospital and the disparity in ability among the
groups of players. We may choose to design a game that requires
less cognitive effort or physical dexterity, such as games that
focus on creative expression and imagination. For example,
imagine a game in which participants are using tangram pieces
to tell a story. In the game, younger children may have a chance
to express their feelings indirectly by telling stories using these
large, easy-to-grip, color pieces. Here, this playful activity can
be played on small surfaces such as a bedside table or larger
surfaces such as the floor.

Design Collaborative Challenges
A large body of literature has shown that challenge in games
can be important to the motivation to play, the game atmosphere,
and player–player interactions [69-71].
A subset of participants felt that the game needed more strategy,
in the traditional sense that board games allow participants to
occupy their thoughts between their own turns by thinking about
their next move. However, AbW’s challenge was the discussion
of the sensitive topic of MH:
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There’s - this - this to me right now, unless I’m
missing something as a naive player, doesn’t feel like
there’s any dominant strategy, except for doing
exactly the choice that you need to do each round to
be able to move forward. So I think from a gameplay
perspective, having to make some - some uncertain
or unclear choices at some point would enhance the
play value, but as often - I’ve seen like with games
like this before, I don’t know - I don’t know if that’s
requesting too much cognitive lay from people who
are already managing a lot of other information, you
know. And it also depends on the context and
audience. You know, if this is for a discussion group,
it is possible that you don’t - you don’t want to put
too much game play at the expense of people really
just being able to have an experience shared
conversation together. So - so that’s gonna shift with
your audience, but if it was - if the charge was just
increase game play interest level and this, I would
have - I would have more choices and more obscured
information about what’s the best choice to make was.
[GD2]
To apply this guideline to AbW, the goal of the game would
need to change from collect all your life goal cards to help
everyone in the group to collect their life goal cards. Changing
the goal would orient players to a more collaborative
environment and complement existing mechanisms for sharing
and discussion, such as the share cards or open-hand card game
protocol.
We present an alternative example of how this could be used is
designing a game to discuss privilege, which can be considered
as personal factors, which convey advantage in a situation. As
a thought experiment, consider a massive multiplayer web-based
game world (eg, Elder Scrolls Online, Bethesda 2014), and
imagine instead of the game asking players to choose their race,
they were randomly assigned one. Furthermore, let race X be
extremely disadvantaged, unable to fight against other races in
hand-to-hand combat, and reduce playability of the game.
Instead of making the goal triumph over others in hand-to-hand
combat, consider making the goal design an arena system with
hand-to-hand combat that balances the scales for players who
randomly were born into X race. Changing the goal of the game
from individualist goals to collective player goals creates an
entirely different game, and this new game creates a better
environment for the discussion of privilege by abstracting the
conversation from personal traits to in-game traits.

Technical and Practical Design (Autonomy and
Divergent Paths)
The following section refers to the design of interface,
navigation, and meta-game environment (eg, how the game is
physically situated based on how we expect players to set up
the game). In this section, we also discuss practical aspects of
researching and designing the game itself for transparency and
replicability.
Navigation design is especially important because participants
will want to discretely access information during gameplay. We
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also need to allow for an escape route or a method for
participants to exit if they are uncomfortable.
For AbW, we may apply this principle in the redesign by
allowing participants to change the topic of a share card by
anonymously triggering a redraw. To disguise player identity,
we may also use the app to randomly call a redraw at times.
This would allow participants to avoid conversations based on
their own preferences and potentially pass the blame for abrupt
change of subject.
We may apply this principle to other game ideas as well.
Imagine a game in which web-based players can explore an
open world such as a massive multiplayer RPG. Storylines
written in the game can tackle sensitive issues through
web-based role-play; however, common to massive multiplayer
RPGs, there is freedom to choose what areas of the map to
explore, form a guild or team with other players, or follow a
narrative story path.

Guidelines for Researching Pregame Design
Overview
The review of the literature presented above provides credence
to the importance of games user research. In turn, GD should
also be based on research. Simply, this may be researching the
persona of the target audiences or gathering information for the
story based on real-world objects. Researching before designing
games only becomes more important as we add purpose outside
the entertainment value. As our purposes shift to more serious
and sensitive topics, our results demonstrate that games for
sensitive topics especially need to be researched.
When researching a sensitive topic with the intention of
designing a game, consider the diversity of the topic as it spans
multiple points of further inquiry. Results from the 2 expert
participant groups allowed for triangulation and insight into the
technical and practical design of the game. Therefore, we
suggest guidelines for research.

Research Diversely
To research diversely means to collect data beyond the scope
of information presently captured in one field (eg, GD or health).
To implement this principle, the scope of the research must be
open to all relevant fields and experts within the scope of the
project. Doing so allows one to design a game based on a wide
variety of expertise and diversify research beyond general field
knowledge and GD.
In other words, game designers should not claim expertise
beyond game designing without formal training, hence the need
for expert reviews.
To apply this design guideline, we must consider which
professionals engage in the topic materials. In the case of AbW,
this meant including data from both game designers and MH
professionals. It is evident from our results that these 2 groups
of experts provided different information that could be
contrasting or complimentary at times. To apply this guideline
to improve AbW, future work may consider interviewing another
set of expert professionals: social workers, personal support
workers, registered practical nurses, and registered nurses.
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Unlike other MH professionals interviewed in this study, these
individuals have a role in extending care, beyond the individual,
to the family as a whole. These experts would be able to provide
insight on not only the individual’s health journey but also the
individual’s effect on their own community [65].
As an alternate example, consider a game about sexual
orientation and LGBTQ2++ lifestyle. As usual, game designers
will look at the literature, existing state of the art, and other GD
professionals; however, we might also ask physicians,
psychologists, and neurologists. Moreover, a game designer
may also find that activists, women’s and feminist studies
scholars, community leaders, and club owners may provide
insight into the complex and wide-reaching aspects that
encompass the life of an individual belonging to the lesbian,
gay, bisexual, transgender, and queer 2++ community.

Beware of Assumed Specialization and Misconceptions
That Surround the Game When Conducting Research
During the development of AbW and the presented research
project, we spoke to many individuals. We consider the
assumptions of individuals to whom we communicated our
research ideas. During the development and research of the
game, AbW, it was apparent that a game for MH was assumed
to be for individuals with MH concerns. Ironically, the game
was targeted at the exact people who assumed this to battle
stigma. Ideally, the game would communicate that it is the
community that needs to be informed, work together, and battle
misinformation. The target is to impart an understanding that
MH is a part of overall health and to restructure the idea that
MH is a condition that affects only a subset of people and
instead think of MH similar to the way we think of any physical
aliment. For example, consider the common cold. At any time,
a subset of people might be battling a cold; however, any
individual in our community could catch a cold. Therefore, all
community members should recognize the basic signs and
symptoms of a cold and know basic information about treatment
options and where to seek help. Similar to the common cold, a
community should also treat individuals with MH concerns as
working toward recovery.
During the course of the study, we found that both HPs and
game designers got the impression that the game was designed
to be a treatment or clinical tool despite our emphasis on it being
a game for education. Expert participants were not immune to
the assumption, and some expert participants expected the game
to be played with a clinical target, even when specified
otherwise. To apply this design guideline to AbW, we would
see this misclassification as a need for better clarity in the
presentation of the game.
As explained in the results, the game, AbW, is at the crossroads
of development and therefore one way to counter the
assumptions that follow this game (ie, AbW is a game only for
people with MH concerns) and apply this design guideline would
be to rebrand the game. For example, we may consider a larger
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group size, a younger audience [13-17], and a school setting.
Then, the game would be for general education of high school
children during a health or gym course session.
As an alternative example, consider a game being designed for
education about a health condition such as type 2 diabetes. The
assumption may be that the game would educate individuals
newly diagnosed with this condition. However, this disease is
likely preventable with lifestyle modifications such as a healthy
diet and exercise [72]. Therefore, the game being designed could
be for a larger audience. Designers would need to decide, in the
early design stages, to determine whether the game will be
marketed to all individuals or only those who were recently
diagnosed.

Limitations
Our study combined expertise from multiple disciplines to yield
multiple perspectives on the same set of information. As
explained in the aforementioned discussion section (Research
Diversely), increasing the participant sample to a new domain
of expert participants will yield a new viewpoint on the same
problem. For example, interviewing social workers [73] may
yield new information. Future research should aim to gain these
additional perspectives.
Moreover, a counter methodology to presenting a cultural probe
(as we have done in this study) may reveal additional insights
that are not considered by the game designers. For example, the
use of participatory design methodology [74] may reveal
interesting insights and approaches.

Conclusions
On the basis of our presented study, we discuss the design of
games for sensitive topics. We used the bespoke game, AbW,
as a research probe. Our work resulted in the contribution of
guidelines that focus on the comfort of participants, optimization
of the learning system, and technical and practical guidelines.
We made our findings accessible by providing examples for
their applications, as applied to AbW, and suggested a possible
game idea to germinate creative thinking in our readers.

Comparison With Previous Work
Previous work on this project was presented as part of a
Association Computing Machinery (ACM) special Interest
Group (sig) Computer Human Interactions in Play (CHI PLAY)
Student Game Design Competition (SGDC) [59] and a
conference demonstration with accompanying short paper [17].
These articles can be referred to as earlier versions of the game
presented
with
accompanying
documentation
and
conceptualizations. In this paper, we see the work in its most
recent iteration evaluated. Through the process of analysis, we
contribute a better understanding of how to research and design
games for sensitive topics and MH. In addition, we solidify our
conclusions and make them accessible with examples, to iterate
on both the presented project and alternative game examples.
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Abstract
Background: Gambling within the world of gaming is an emerging phenomenon that may share common conceptual characteristics
with traditional forms of gambling. The current literature suggests a higher degree of problematic behaviors in this gambling
pattern, but studies are few, prompting for further research regarding individual characteristics and comorbid conditions associated
with this activity.
Objective: The aim of the study is to investigate correlations between the use of gambling services within the world of gaming
and individual characteristics and addictive behaviors including problem gambling.
Methods: A cross-sectional web survey was distributed to an existing panel of online respondents in Sweden. A total of 2001
respondents were included. Chi-square and Mann-Whitney U tests, followed by a logistic regression, were used in order to
determine independent variables associated with gambling in the context of gaming.
Results: A total of 2.9% (58/1984) of respondents reported past-year gambling within gaming. Significant associations were
found with male sex, younger age, history of treatment-seeking for alcohol problems, and higher Gaming Addiction Scale scores.
Conclusions: The demonstrated findings strengthen previously found associations between gambling in gaming and younger
age, male sex, and problematic gaming behaviors. Additionally, the association with a history of treatment needs for alcohol
problems adds to the previous impression of increased problem severity and comorbidity in within-gaming gamblers.
(JMIR Serious Games 2022;10(2):e29077) doi:10.2196/29077
KEYWORDS
gambling disorder; gaming disorder; behavioral addiction; mental health; gambling; gaming; addiction; behavior; cross-sectional;
online survey; age; gender

Introduction
Gambling disorder is a psychiatric diagnosis describing a
problematic gambling pattern leading to substantial impairment
or mental distress [1]. The prevalence of either problem
gambling or gambling disorder has been estimated to be between
0.1% and 5.8%, [2], and risk factors for problem gambling
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include male sex, young age, substance use, poor mental health,
low level of formal education, and low socioeconomic status
[3,4]. Gambling disorder can be treated in psychological
therapies in the form of cognitive behavioral therapy [5]. Since
the 1980s, the world has seen an incomparable growth in global
commercial gambling, which is suggested to be due to changes
in attitudes toward legal gambling or the increasing presence
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of internet and mobile devices and other nontraditional platforms
that provide gambling services [6].
A number of harms have been described to be associated with
a history of gambling disorder [7]. Financial harm is a dominant
theme that may include debts and personal bankruptcy, affecting
the gambler, relatives, and society as a whole. Furthermore,
there are documented high rates of comorbid psychiatric
disorders among gamblers. A meta-analysis performed on 36
studies documented comorbid, current psychiatric disorders in
74.8% (95% CI 36.5-93.9) of treatment-seeking gamblers [8].
The most prominent types are nicotine dependence, substance
use disorders, mood disorders, and anxiety disorders [9]; suicidal
ideation, suicide attempts [10], and completed suicides [11] are
also seen.
An increasing proportion of gamblers engage in online platform
activities [12], characterized by high availability, a short time
between betting and outcome, light and sound effects,
uninterrupted gaming sessions, variable stake sizes, near miss
features, anonymity, and illusion of control [13]. As found in
an annual report from the Gambling Commission in Great
Britain, 18% of the respondents had gambled online in the past
4 weeks [14]. In addition, problem gambling is more common
in internet gambling compared to noninternet gambling [15].
When compared to noninteractive gamblers, interactive gamblers
are more likely to be younger, male, educated, and part of a
group household. Interactive gamblers also tend to gamble on
more activities and bet higher amounts [16]. In Sweden, a large
majority of treatment-seeking gamblers are involved in online
gambling activities [17]. Younger adults may represent a
vulnerable subgroup with an increased risk to experience
gambling problems, and this appears to be independent of
gambling modality or degree of gambling participation [18,19].
The comparatively increased risk-taking and poor consequence
thinking in this group has been suggested as a possible
explanation [20].
The phenomenon of digital- and video-gaming is increasingly
highlighted with respect to its addictive properties and
problematic behaviors with negative outcomes [11,21]. Gaming
disorder has appeared in the World Health Organization’s
International Classification of Diseases since 2018. The
diagnosis is characterized by an at least 12-month period of
impaired control of gaming, reprioritization of daily activities
and interests that allows more time to spend on gaming, and
continued gaming despite negative consequences, along with a
clinically significant loss in function in important life areas [22].
In the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), internet gaming disorder is recognized
as a condition warranting more clinical research before it might
be listed as a formal disorder [1].
Computer gaming is a common phenomenon, especially in the
lower age categories where the majority is engaged in this
activity in some way [23]. Concerning the prevalence rate of
internet gaming disorder among adolescents, data indicate that
this is on the rise and has been estimated to be 1.6% in European
adolescents and significantly more common in boys [24,25].
Due to the limited amount of longitudinal studies, causes and
consequences in the field of pathological gaming are not fully
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investigated [26,27]. However, it seems that, for example, lower
psychosocial well-being, including lower social competence
and self-esteem, is an antecedent rather than a consequence of
pathological gaming. Loneliness, on the other hand, turns out
to be both a cause and consequence in this manner [28]. Other
risk factors for developing internet gaming disorder include
greater amounts of gaming participation and impulsivity traits,
while depression, anxiety, and lower school grades should be
seen as consequences [29]. In addition, general population data
show that daily playing of computer games may be associated
with a marked increase in the risk of problem gambling,
regardless of gender [23].
In the context of gaming, specific features appear to overlap
structurally and psychologically with conventional types of
gambling for money [30]. Built-in gambling elements in games
can take the form of loot boxes purchasable for real money,
randomly generating virtual items that can be either cosmetic
assets (ie, skins) or performatively advantageous in the game
in question [31,32]. Virtual currencies can be sold or cashed
out for real money, which creates a situation similar to
traditional forms of gambling [30]. These convergences between
gambling and gaming are often facilitated by digital
microtransactions [33-35]. Notably, the authors label
monetization technologies in games such as loot boxes as
predatory due to their properties to encourage escalating player
spending [36].
According to a recent Danish national survey, more than half
of the gaming adolescents in the sample, with a male
predominance, had engaged in loot box activity at some time
[37]. Additionally, a positive correlation was identified between
loot box engagement and problem gambling. In a Swedish
population study, at-risk gambling was considerably more
common in those who had bet on loot boxes [23]. Similar
correlations have been recognized in the context of skin betting
(gambling with items within the game that have value to the
player’s character) among adolescents [38]. Loot box
involvement, giving rise to more problematic gaming behaviors,
also has been indirectly linked to mental distress [39], and links
between the amount spent on loot boxes and the degree of
gambling problems have been acknowledged [32]. Loot box
users are more likely to be young, employed, low-educated, and
have an average household income [40].
Given these concerns, an important challenge worth emphasizing
is the lack of international consensus for where the boundaries
should be set for gambling-in-gaming activities to meet legal
definitions on gambling [41-43]. These blurred boundaries
between gambling and gaming call for more research addressing
individual characteristics associated with the use of gambling
services in the context of gaming.
Overall, the phenomenon of gambling within computer games
has been increasingly highlighted, but studies of its correlates
in the population are still few. Additionally, uncertainty remains
about how this habit is associated with other health hazards,
such as poor mental health and more traditional addictive
disorders to tobacco, alcohol, and drugs, over and above the
need to study it in the context of problem gambling and problem
gaming. Therefore, the aim of this study is to, on the basis of
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29077 | p.282
(page number not for citation purposes)

JMIR SERIOUS GAMES
responses from an electronic self-response questionnaire,
investigate correlations between the use of gambling within
gaming services while controlling for a number of
sociodemographic, substance use, and mental health variables,
as well as established measures of problem gaming and problem
gambling.

Methods
Study Sample
A targeted Swedish segment of Userneeds web panel, consisting
of a total of 115,000 individuals aged 16 years and older, was
derived with the aim of accurately reflecting Sweden’s general
population in terms of sex and age distribution. From the way
that data collection took place, it follows that it is not possible
to determine how many individuals in fact were contacted in
order to reach the intended number of respondents.
Out of a total of 2124 respondents, 116 individuals did not meet
the primary inclusionary criteria which were formulated as
having completed all the questions of the survey. Additionally,
7 sets of answers could be paired with possible doublets,
originating from the same IP addresses and indicating duplicate
answers. Consequently, the second round of these responses
were excluded from the material, resulting in a final sample of
2001 completed surveys. Of these, only those responses that
were consistent with the defined outcome measures for each
question were used for further analysis in this study. This means
that respondents who reported answers “don’t know and/or
don’t want to answer” on questions where these answer options
were available were designated as missing cases and hence not
included in numerical calculations. The number of missing cases
was different for each question but amounted at most to 48, so
the total number of respondents with full data included in the
final statistical analysis was n=1953.

Procedure
Recruitment of participants was carried out using the electronic
questionnaire services of the company Userneeds, resulting in
a cross-sectional study design. More specifically, a quantitative
web survey was distributed to the Swedish segment of the
company’s multinational web panel consisting of preexisting
survey respondents who had voluntarily signed up as members
and provided Userneeds with personal information in order to
regularly receive email invitations to participate in online
surveys. The invitations sent out to this study contained written
information regarding the anonymity of participation as well
as on the topic of the survey referred to as “gambling, addiction
to gambling, and mental behavioral and substance use
disorders.” In order to start responding to the questionnaire,
participants were required to give their written electronic
consent. Data collection took place over 17 days in September
2019 and was scheduled to cease when 2000 individual
responses were achieved. As a general reward for completing
surveys distributed from Userneeds, responders receive credits
equivalent to approximately one euro in the company’s bonus
system.
As mentioned above, the survey contained a number of questions
focusing on gambling behaviors but beyond that also intended
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to capture the sociodemographic background of respondents as
well as comorbidities in the form of mental illness and other
addictions. Based on the replies to whether or not the respondent
in the past year had engaged in gambling services within
computer games, the material was divided into 2 main groups:
those who had engaged in this activity (n=58) and those who
had not (n=1926). A total of 17 respondents answered “don’t
know and/or don’t want to answer” on this question and were
consequently not included in the study. The 2 groups with valid
answers, however, were studied separately and compared in
respect of correlates by means of variables obtained from the
survey responses.

Ethics Approval
From the same overall research project, one study has been
published and another is under review addressing other aspects
of gambling and behavioral addictions [44]. The Ethics Review
Authority, Sweden, reviewed the ethics application (number
2019-04176) and found the study did not formally require ethical
permission as no personal data were used and also expressed
that it had no ethical concerns with the study. Respondents
enrolled in the study participated on a completely voluntary
basis and gave their written consent in order to be able to start
answering the questionnaire.

Measures
Sociodemographic Variables
Gender was categorized into the binary groups of male and
female; those who preferred not to answer the question of gender
identity were excluded from the study. Age was stratified into
6 brackets of age ranges (16-19 years, 20-24 years, 25-29 years,
30-39 years, 40-49 years, and 50 years and older). Monthly
income was stratified into 10 brackets measured in Swedish
krona (SEK) from <10,000 SEK (US $1000) to >50,000 SEK
(US $5000). Level of education was categorized on the basis
of ever having attended university or not, regardless of obtained
degree. Finally, the living status was spaced into 5 categories:
single with children living at home, single without children
living at home, living with a husband/wife or partner with
children at home, living with a husband/wife or partner without
children, or living with parents.

Comorbidity Variables
In order to identify serious mental illness among the
respondents, the Kessler Psychological Distress Scale (K6) was
integrated into the survey. K6 is a 6-item self-reported tool
designed to screen for mood and anxiety disorders over the past
6-month period. Each question in the inventory investigates to
what extent distinct feelings of nervousness, hopelessness,
restlessness, depressiveness, lethargy, and worthlessness have
been experienced. The responses are consequently coded with
scores depending on the stated frequency of each question where
0=none of the time, 1=little of the time, 2=some of the time,
3=most of the time, and 4=all of the time. This system results
in a total score range extending from 0 to 24 [45]. A categorical
variable was defined by a summated cutoff score of ≥13, having
a sensitivity of 0.36, and a specificity of 0.96 for detecting
serious mental illness [45]. In the collected material for this
study, 24 individuals had missing answers on one or two K6
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items. In these cases, the individuals’ median values of the
available items were used to calculate their complete K6 scores.
In addition to K6, the survey included questions about having
a history of seeking treatment for either psychological distress
or problems with alcohol, illicit drugs, or prescription drugs. A
question about daily use of nicotine, as in smoking or snuff,
was also included.

Problem Gambling Severity Index
The 9-item scale [46,47] of the Problem Gambling Severity
Index (PGSI) consists of questions asking about how frequently
the responder engage in behaviors related to problem gambling,
thus aiming to determine problem gambling severity. Each
answer is scored from 0 to 4 based on a Likert scale consisting
of the following response options: 0 (never), 1 (sometimes), 2
(most of the time), and 3 (almost always). Hence, depending
on the total score, ranging on a continuum from 0 to 27,
responders can traditionally be classified as being a nongambler
or nonproblem gambler (0 points), low-risk gambler (1-2 points),
moderate-risk gambler (3-7 points), or problem gambler (≥8
points). In this study, however, PGSI scores were used in a
continuous manner rather than with the intention of categorizing
participants into certain gambling profiles.
In order to assess gambling behaviors more generally, the survey
contained questions on whether respondents have engaged in
other forms of past-year gambling activities (online casino,
physical casino, online horse betting, physical horse betting,
online sports betting, physical sports betting, online poker,
physical poker, online bingo, and physical gambling machines).

Gaming Addiction Scale
The Gaming Addiction Scale (GAS) is a 7-item questionnaire
documented to have high reliability and generate consistent
results across various samples [48]. The questions included in
the GAS are based on DSM-based criteria for internet gaming
addiction, and response options were subsumed according to a
Likert scale ranging from 1=never to 5=very often. Assessing
the past 6-month period, the questions asked intend to measure
gaming-related preoccupation, tolerance, escapism, difficulties
of quitting, withdrawal signs, social conflicts, and problems
[48]. In the same way as for the PGSI, GAS scores were used
as continuous measures in this study.

Statistical Analysis
The statistical analyses were conducted using SPSS (version
26, IBM Corp). First, the group of responders that in the past
year had engaged in gambling services within computer games
was compared with the group who had not engaged in this
activity with regard to 20 categorical variables. These
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comparisons were made using chi-squared tests and included
gender; age; monthly income; living status; level of education;
serious mental illness according to K6; history of
treatment-seeking due to psychological distress, alcohol
problems, or problems with narcotics/drugs; and daily use of
nicotine as well as past-year engagement in other traditional
gambling activities. The total scores of the variables PGSI and
GAS were kept as continuous scales rather than classifying tools
and compared between the groups in terms of median values
using nonparametric Mann-Whitney U tests. In order to
investigate adjusted correlates of the use of gambling services
within computer games, variables that according to the
above-mentioned statistical models demonstrated statistically
significant differences between the groups (P<.05) could enter
a binary logistic regression. In order to stay within the
recommended range of minimum events per predictor variable
[49], the variables measuring other forms of gambling activity
in the past year were not included in the logistic regression
analysis. That way, a total of 10 variables entered the final
analysis, which meant an events per predictor variable of 5.8.
Results of the logistic regression were reported as odds ratios
with 95% confidence intervals.

Results
Among the 2001 responders who completed the survey, 17
individuals answered “don’t know and/or don’t want to answer”
on whether they had engaged in gambling services within
computer games in the past year. Among the remaining 1984
responders with valid answers on this question, 2.9% (58/1984)
reported engagement in this activity during the given period.
The unadjusted comparison between gamblers in computer
games and the remaining respondents of the sample showed
that those who participated in gambling services within
computer games in the past year were significantly (P<.05)
more likely to be male, younger, and single or living with their
parents, as well as to have a lower degree of education. In terms
of comorbidity variables, significant associations were found
between gambling in gaming and serious mental illness
according to K6; treatment-seeking for problems with alcohol,
illicit drugs, and prescription drugs; and daily use of nicotine.
Involvement in gambling services within the world of gaming
was significantly associated with higher past-year engagement
in other forms of gambling activities (online casino, physical
casino, online horse betting, physical horse betting, online sports
betting, physical sports betting, online poker, physical poker,
online bingo, and physical gambling machines) as well as higher
median scores on the PGSI (8 vs 0, P<.001) and GAS (21.5 vs
7, P<.001; Table 1).
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Table 1. Comparison between gamblers in computer games and the rest of the sample using chi-square and Mann-Whitney analyses (n=1986).
Past-year gambling within
No past-year gambling within
P value
computer games (n=58), n (%) computer games (n=1926), n (%)

Missing (“don’t
know or don’t
want to answer”)

Male gender

45 (77.6)

930 (48.3)

<.001

2

Age (years)

—a

—

<.001

0

16-19

9 (15.5)

49 (2.5)

—

—

20-24

13 (22.4)

98 (5.1)

—

—

25-29

12 (20.7)

178 (9.2)

—

—

30-39

8 (13.8)

352 (18.3)

—

—

40-49

13 (22.4)

477 (24.8)

—

—

>50

3 (5.2)

772 (40.1)

—

—

—

—

.19b

0

<10,000

12 (20.7)

175 (9.1)

—

—

10,000-15,000

6 (10.3)

182 (9.4)

—

—

15,000-20,000

5 (8.6)

179 (9.3)

—

—

20,000-25,000

4 (6.9)

199 (10.3)

—

—

25,000-30,000

8 (13.8)

308 (16.0)

—

—

30,000-35,000

8 (13.8)

302 (15.7)

—

—

35,000-40,000

4 (6.9)

225 (11.7)

—

—

40,000-45,000

2 (3.4)

127 (6.6)

—

—

45,000-50,000

1 (1.7)

66 (3.4)

—

—

>50,000

8 (13.8)

163 (8.5)

—

—

—

—

<.001

0

Single with children at home

5 (8.6)

103 (5.3)

—

—

Single without children at home

17 (29.3)

496 (25.8)

—

—

With husband/wife or partner and children

14 (24.1)

574 (29.8)

—

—

With husband/wife or partner and no children

11 (19.0)

659 (34.2)

—

—

Living with parents

11 (19.0)

94 (4.9)

—

—

Attended university

19 (32.8)

1084 (56.3)

<.001

0

Serious mental illness on the K6c (≥13 points)

18 (31.0)

170 (8.9)

<.001

10

Need of treatment for psychological distress

27 (47.4)

695 (36.6)

.10

27

Need of treatment for alcohol problems

13 (23.6)

66 (3.4)

<.001

14

Need of treatment for illicit or prescription drug 8 (14.3)
problems

30 (1.6)

<.001

8

Daily use of nicotine (smoking or snuffing)

18 (32.1)

301 (15.7)

.001

8

Past-year gambling activities

—

—

—

—

Casino, online

26 (47.3)

133 (6.9)

<.001

9

Casino, physical

16 (28.1)

57 (3.0)

<.001

6

Horse betting, online

25 (43.1)

248 (12.9)

<.001

8

Horse betting, physical

16 (29.1)

196 (10.2)

<.001

13

Sports betting, online

26 (47.3)

303 (15.8)

<.001

8

Sports betting, physical

21 (36.8)

217 (11.3)

<.001

6

Poker, online

19 (33.3)

49 (2.5)

<.001

4

Monthly income (SEK)

Living status
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Past-year gambling within
No past-year gambling within
P value
computer games (n=58), n (%) computer games (n=1926), n (%)

Missing (“don’t
know or don’t
want to answer”)

Poker, physical

12 (21.8)

54 (2.8)

<.001

5

Bingo, online

25 (44.6)

84 (4.4)

<.001

6

Gambling machines, physical

22 (37.9)

81 (4.2)

<.001

1

Not applicable.

b

Linear by linear association.

c

K6: Kessler Psychological Distress Scale.

In logistic regression of the statistically significant variables
(except the variables on past-year engagement in other forms
of gambling activities), gambling in gaming remained

significantly associated with male sex, younger age groups,
treatment-seeking for alcohol problems, and higher median
scores on the GAS (Table 2).

Table 2. Potential correlates of gambling within the world of gaming (logistic regression including variables with significance in bivariate analyses
[n=1953]).
Odds ratio (95% CI)

a

Male gender

3.30 (1.53-7.12)

Age

0.76 (0.60-0.97)

Living status

0.87 (0.65-1.15)

Attended university

0.65 (0.33-1.31)

Serious mental illness on the K6a (≥13 points)

0.96 (0.42-2.18)

Need of treatment for alcohol problems

3.08 (1.09-8.69)

Need of treatment for narcotics or addictive drug problems

0.59 (0.16-2-20)

Daily use of nicotine (smoking or snuffing)

1.39 (0.63-3.03)

PGSIb median score

0.98 (0.91-1.05)

GASc median score

1.27 (1.19-1.37)

K6: Kessler Psychological Distress Scale.

b

PGSI: Problem Gambling Severity Index.

c

GAS: Gaming Addiction Scale.

Discussion
Principal Findings
The aim of this study was to determine potential correlates of
the use of gambling services within the world of gaming,
focusing on sociodemographic variables, co-occurring mental
health problems and substance use, and gaming addiction and
problem gambling levels. In the study sample, which had a
cross-sectional design and was intended to reflect the general
population of Sweden, 2.9% (58/1986) of respondents (aged 16
years and older) reported they had engaged in gambling services
within computer games in the past year. After controlling the
variables for one another, however, significant associations
were found between gambling in gaming and male gender,
younger age, history of treatment-seeking due to alcohol
problems, and higher scores on the GAS. In the unadjusted
analyses, individuals involved in gambling within gaming had
a markedly higher problem gambling score. However, no
independently significant association was found between
gambling in gaming and problem gambling when controlling
for other relevant variables.
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In terms of the prevalence of gambling in gaming, previous
research conducted in the area has quite unanimously targeted
subgroups of the population such as adolescents or excessive
gamers, making our findings one of the first measures of
prevalence in the general population. The only comparable
figure found was 1.3%, calculated from a recent German sample
of internet users [40].
This study examined a series of sociodemographic variables as
potential correlates of the involvement in gambling in gaming.
Of these, gambling in gaming could be significantly associated
with male sex and younger age in the final logistic regression
model. More specifically, among the respondents who reported
they had engaged in gambling-like activities within computer
games the past year, 78% were male and 59% were aged 29
years or younger. Corresponding figures for the compared group
were 48% and 17%, respectively. These results were consistent
with findings from the limited studies conducted in the area
[39,40]. Considering the young male predominance in the
context of excessive gambling and gaming in general [23,49],
it was not surprising that the distribution of age and sex in the
field of convergence between these activities seems to follow
the same pattern.
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Since poor mental health and substance use problems are
commonly co-occurring with problem gambling [3,4], this study
intended to investigate whether these associations exist in the
case of individuals who engage in gambling in gaming. Li and
colleagues [39] had previously indirectly, through the adverse
effects of excessive gaming, linked loot box involvement to
higher levels of mental distress, yet no significant association
was found in our study between gambling in gaming and serious
mental illness in the adjusted analysis. Here, one should bear
in mind the low sensitivity (0.36) of the K6 scale’s ability to
detect serious mental illness [45], but on the other hand, a history
of treatment-seeking for psychological distress showed no
significant association with gambling in gaming in the
unadjusted or adjusted analysis, indicating that such a direct
association may not exist. Instead, a history of treatment-seeking
for alcohol problems was 8 times as common in the group that
had engaged in gambling in gaming. To the best of the our
knowledge, previous data for comparison is lacking in this
regard. Moreover, drinking alcohol while gambling increases
the risk of developing gambling problems and vice versa [50],
and comorbidity between problem gambling and alcohol use
disorders is high [51]. Thus, as traditional problem gamblers
share symptom characteristics and to some extent
neurobiological and psychological pathophysiology with
substance use disorders [52,53], it is worth investigating if this
is also the case for the gambling in gaming phenomenon.
Comparing median scores on the GAS between the group that
reported they had engaged in gambling in gaming the past year
versus the group that had not, significantly higher scores were
found in the former group, both in the unadjusted and adjusted
analyses. More specifically, respondents who had engaged in
gambling in gaming displayed a median score of 21.5 while the
group for comparison scored 7, which according to the adopted
scale model is the lowest possible total points, indicating
absence of gaming-related problems in a very large portion of
the general population. This should be read as such criteria
largely based on what have been suggested to define internet
gaming disorder according to the DSM-5 being found to be
fulfilled to a greater extent in the group that had engaged in
gambling in gaming. Given that the objective of the study, in
this aspect, was to look for associations between gambling in
gaming and gaming-related problems in general, continuous
scoring was an appropriate approach that would presumptively
detect such a link if it existed. At the same time, it follows that
the use of the GAS scale as a continuous variable did not claim
to detect and address gaming disorder as a psychiatric diagnosis
among the respondents, given that this would require
demarcations on how many criteria of the 7 items, and to what
extent, each respondent met [48]. The positive association found
between gambling in gaming and gaming-related problems,
however, is concurrent with the discoveries of the few studies
conducted in the area, although different screening tools had
been used and the monetization type of the games had in these
cases been limited to loot boxes [39,40].
In terms of the association between gambling in gaming and
problem gambling, previous research has been fairly unanimous
that such a link seems to exist [37,38]. Here, however, while
the uncontrolled analyses showed a statistically significant and
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large difference in the PGSI median scores (8.0 vs 0.0) between
the respondents with and without engagement in gambling in
gaming, these figures did not retain their significance in the
final linear regression analysis model. A likely explanation may
be that problematic gambling behavior was more strongly
explained by elevated GAS scores than PGSI scores, with
reference to the previously cited, indirect relationship between
daily gaming and problem gambling [23]. In the context of
multidimensional gambling behaviors, however, all other forms
of gambling participation in the past year tested for in the
unadjusted analysis were more common among respondents
who had also engaged in gambling in gaming. Wardle [38]
concluded in a recent study that while skin betting as an isolated
phenomenon was not significantly associated with at-risk
gambling, in combination with other gambling activities it was
highlighted as a considerable risk factor for developing
problematic gambling behaviors by underpinning the same
behaviors. Thus, it is theoretically possible that such
multifactorial explanation models exist, which prompts for more
research in the area.

Implications
This study strengthens the limited scientific basis for the
associations previously found between participation in
gambling-like activities within computer games and male
gender, younger age, and problematic gaming behaviors.
However, the demonstrated association between gambling in
gaming and a history of treatment-seeking for alcohol problems
can be considered a new supplement in the emerging description
of the profile characteristics of individuals who engage in this
overlapping activity between gambling and gaming.
Additionally, this newfound link may provide hints about
underlying dependence mechanisms or risk factors in this field
of fusion between gambling and gaming, prompting for closer
investigation of the associations with substance use disorders
as well as possible bidirectional relationships.
As no significant associations could be found between gambling
in gaming and serious mental illness or problem gambling,
which were findings that to varying degrees differed from
existing data, these relationships must be explored further. Since
excessive gaming and in-game gambling services are
predominantly a problem in the younger population, longitudinal
study designs are needed in order to be able to monitor whether
involvement in and normalization of such activities at a young
age could predispose to gambling problems once these
individuals reach legal age. Likewise, given that gambling in
gaming is most prevalent in younger segments, this is an urgent
aspect that needs to be further investigated for the basis of
prevention work.

Strengths and Limitations
The main strength of this study, given its exploratory intentions,
is that it is based on a broad study sample with participants
recruited from the general population rather than from
psychiatric clinical settings where this kind of screening for
correlates could be deceptive.
The limitations of this study largely depend on data
acquisition–related aspects, given that the collected material
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consisted of self-estimates and self-responses, and it is a likely
assumption that web panel members with a greater interest in
or experience of with gambling, mental behaviors, and substance
use may have been more prone to participate in the study after
the topic was presented in the invitation mailings. Whether
online behaviors of individuals who are part of a web panel and
recurrently enroll in online market surveys differ from the
general population cannot be ruled out. These settings may have
contributed to a selection bias, skewing the studied population
toward a higher degree of problematic behaviors in several
respects that the study intended to investigate. In the light of
the findings, however, these circumstances are most important
to bear in mind when drawing conclusions about associations
between gambling and alcohol issues. On the other hand, the
self-administered online questionnaires have the advantage of
decreasing the impact of social desirability bias, as respondents
were anonymized toward the authors and final scores and
potential study implications were withheld.
Another possible limitation of the study that may have impacted
the results is that the study did not include individuals younger
than age 16 years, a group where, considering the current state
of knowledge, involvement in gambling services within
computer games can be assumed to be high. This means that
the estimated 3% prevalence of past-year engagement in
gambling in gaming could be on the low side and should
consequently not be taken for granted or applied to other
populations, especially because online habits may differ
considerably between different countries. However, it is also
possible that the age bracket comprising those aged 16-19 years
may have encompassed a minor number of participants aged
16 or 17 years, whose hypothetical impact on the results of the
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study is somewhat difficult to eradicate since the items of the
PGSI instrument in many ways undertake legal age and
responsibility for one’s own finances.
Despite the relatively high rates of engagement in gambling in
gaming, the absolute number of respondents belonging to this
subgroup was low (n=58) and all of the intended variables could
not be included in the overall logistic regression analysis model.
Although this can be considered a limiting factor of this study,
our findings may serve as guidance for future studies when
sample sizes are to be determined in order to allow for more
elaborate and multifactorial statistical procedures.
Finally, although it was not the aim of the study, it is noteworthy
that this study design does not allow for the determination of
temporality aspects between gambling in gaming and the
associations found. In order to establish such time relationships
and ultimately understand underlying pathological pathways,
further research of longitudinal and prospective approaches is
required.

Conclusions
The demonstrated findings of this study have strengthened
previously found associations between gambling in gaming and
younger age, male sex, and problematic gaming behaviors.
Additionally, an association was found between engagement in
gambling services within computer games and a history of
treatment-seeking due to alcohol problems, which should be
considered as an insight that expands the current scientific
knowledge about how individuals involved with this activity
differ from their counterparts in the general population in terms
of individual characteristics and comorbidities.
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Abstract
Background: The effects of behavioral addiction to video games has received increasing attention in the literature, given
increased use intensity among subgroups of video game players.
Objective: This study seeks to empirically determine the relationship between intensity of video gaming and hedonic experience
of the player.
Methods: We conducted a survey of 835 individuals who regularly play video games to determine the relationship between
intensity of use and hedonic experience. We divided the sample into quartiles by self-reported video game addictive symptom
level (from the Internet Gaming Disorder Scale) and conducted polynomial regressions separately for each quartile.
Results: We found that the higher video game addictive symptom level groups experienced a U-shaped (curvilinear) relationship
between hedonic experience and intensity of play, whereas groups with lower video game addictive symptom levels exhibited
no such relationship. The coefficients for the highest addictive symptom level group (quartile 4) for marginal effects for hours
played per week and hours played per week squared were significantly negative (P=.005) and significantly positive (P=.004),
respectively.
Conclusions: Our results are consistent with sensitization and tolerance theories, which suggest that high-symptom groups
experience frustration and disappointment until they achieve excessive dopamine release, at which point their hedonic experience
is expected to improve with additional play. Conversely, low-symptom groups experience no such fall-and-rise pattern. This
result is consistent with the outcome that members of the latter group play the game for the direct experience, such that their
hedonic experience is more directly related to events occurring in the game than to the increasingly elusive pursuit of excessive
dopamine release. We also find that high-symptom groups spend substantially more time and money to support video game use
and are much more likely to engage in video game use at the expense of other important activities, such as working, sleeping,
and eating.
(JMIR Serious Games 2022;10(2):e33661) doi:10.2196/33661
KEYWORDS
video game use; addictive behaviors; mental health; video game addiction; videogames; addiction; video games

Introduction
In our current technological era, video games have become
pervasive in the United States and many other developed
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XSL• FO
RenderX

countries. This form of gaming has high prevalence among
people of different ages, socioeconomic levels, and cultural
environments. The Entertainment Software Association (ESA)
reports that “we are living in the golden age of video games,
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and video game players are thriving” [1]. In 2020, the ESA
found that 75% of Americans had a gamer in their household
and 64% of American adults played video games. A primary
appeal of video games is their ability to provide pleasure or
mental stimulation to players [2]. These attributes, along with
technological improvements allowing for remote competitive
play, have helped to drive the observed high rate of growth in
video game participation. In general, video game players can
vary widely in terms of intensity and competitive level [3,4].
In 2020, the ESA reported that 80% of video game players said
the activity provided mental stimulation, and 79% said they
experienced high levels of relaxation [1].
Video games are not only pervasive in many areas but also
potent enough to provide hedonic experiences to some players.
The pursuit of this hedonic experience has caused many players
to make video games an essential routine in their lives. Video
games have become a booming component of the entertainment
industry; however, some health issues have been associated
with them [5]. Studies have identified negative consequences
of chronic play, which include social, professional, and
educational impairment [6]. Hence, very much like substance
use disorders, video game disorder is a “persistent or recurrent
behavior pattern of sufficient severity to result in significant
impairment in personal, family, social, educational, occupational
or other important areas of functioning” [3]. Consequently, in
2018, the World Health Organization included video game
disorder as an essential type of mental health disorder [3]. This
is in accord with the fifth revision of the Diagnostic and
Statistical Manual of Mental Disorders.
Many studies have been conducted on the psychological
components of video games; others have concentrated on the
“emotional states of the game player” [6] and the
“playful-consumption experience of videogame[s]” [7]. From
the hedonic perspective, the Greek philosopher Aristippus wrote
that a good life is “to experience the maximum amount of
pleasure, and that happiness is the totality of one’s hedonic
moments.” From this perspective, the pursuit of hedonic
enjoyment though the attainment of pleasure and avoidance of
pain improves one’s well-being as subjectively assessed based
on cognitive and affective evaluation of one’s perceived
happiness in life [8]. In this sense, the term “subjective
well-being” (or alternatively, “hedonic well-being”) is widely
used in attempts to understand how hedonic enjoyment
contributes to well-being. Hedonic enjoyment increases positive
affect, decreases negative affect, and heightens life satisfaction
[9]. Although construing well-being based on pleasure or
happiness provides a useful understanding of self-perceived
psychological states, the subjective well-being approach has
limitations in that pleasurable experiences are not necessarily
optimal in promoting wellness (eg, drug use or alcohol
consumption). Experiencing pleasure (or hedonic value) is a
key motive for video gaming [10]. When pleasure is the
motivation, the pursuit of hedonic value becomes the end goal;
the pursuit of pleasure can lead to enhanced happiness and
hedonic well-being (ie, the aspect of well-being related to
pleasure) but can also lead to perverse elements of learned
addictive behavior over time [11]. Griffiths [12] suggests mood
modification (ie, “the subjective experience that people report
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as a consequence of engaging in the particular activity”) and
tolerance (ie, “the process whereby increasing amounts of the
particular activity are required to achieve the former effects”)
are common components of addiction; such components have
been confirmed to be present in the video gaming context [13].
Tolerance indicates that the more one is exposed to a stimulus,
the greater becomes the threshold for a rewarding experience
[14].
The present study examines tolerance in the context of video
games. Previous work has shown that excessive players of video
games tend to be more reward dependent (for dopamine) [15].
Previous research has also found that when reward expectations
for dopamine are not met, disappointment can be experienced
(eg, in those with internet addiction disorder) [16,17].
Sensitization (ie, hypersensitive reaction to a stimulus) is another
common response among addicted individuals, according to the
literature [18,19]. That is, addicted individuals are more
responsive to stimuli that trigger their need to engage in the
behavior of interest. Hypersensitive response and stimulation
make self-regulatory behaviors more challenging for these
individuals, even when the consequences of failed
self-regulation are not consistent with long-term well-being;
time-consuming addictive behaviors can contribute to loss of
priorities, sleep deprivation, or job loss. Further, research finds
that individuals with behavioral addictions act as they do
because the activity in question releases excessive levels of
dopamine in the brain [20]. The behavior or activity increasingly
becomes a vehicle for dopamine release rather than chiefly an
activity in and of itself. The combination of tolerance and
sensitization can create complementary difficulties for addicted
individuals. Sensitization makes individuals more responsive
to stimuli that trigger a behavior, whereas tolerance increases
the intensity of the activity needed to achieve the desired release
of dopamine [12,13]. The result is something of a trap: addicted
individuals are easily triggered to begin the activity but must
engage in the activity with increasing intensity to achieve the
desired outcome. As the desired outcome relates less to the
activity and more to its effects, moreover, individuals may not
enjoy the activity until the desired cognitive effect is achieved.
Within the context of these prior research findings, we
hypothesized that video game players who show addictive
symptoms would experience a U-shaped relationship between
hedonic experience in video games and video game hours played
per week. If this relationship was present, then we would
observe a significant negative association with video games and
a significant positive association with video games squared, as
in a standard polynomial regression analysis. Sensitization
would increase the likelihood that such video game players
would initiate play even when it does not improve quality of
life (eg, even when the person has other pressing life priorities).
As these types of video game players play additional hours on
average, we expect that an individual’s hedonic response to the
game will decrease with play intensity up to the point of
excessive release of target levels of dopamine. Once video game
play is initiated, we expect such users to be increasingly
frustrated until they attain excessive dopamine release, due
primarily to tolerance. Upon attainment of this target, however,
we expect hedonic response will increase in play intensity. For
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video game users not experiencing addictive symptoms, we
hypothesized that there would be no such U-shaped relationship.
Rather, we expected such users to derive hedonic experiences
directly from features of the game rather than from chasing a
dopamine response. As such, we hypothesized that there would
be a comparatively flat relationship between hedonic experience
and video game hours played per week for this latter group of
video game players.
To test this hypothesis, we divided the study subjects into
quartiles based on self-reported addictive video game symptom
levels using the Internet Gaming Disorder Scale (IGDS).
Quartiles are commonly used in applied statistics to avoid
arbitrary or convenient partition points. This method breaks the
data into balanced subsamples by definition, because cutoffs
are not arbitrarily determined by the researcher. Bennette and
Vickers [21] state that “in contemporary epidemiologic practice,
continuous variables are typically categorized into tertiles,
quartiles and quintiles as a means to illustrate the relationship
between a continuous exposure and outcome.” This approach
was further validated by Maggiore et al [22], Kjos et al [23],
and Sousa et al [24]. Good alternative methods of subsampling
exist, such as the method employed by Zhu et al [25] to define
categories for leisure gamers, excessive gamers, and pathological
gamers based on cutoff values.
In our study, quartile 1 reported the lowest level of symptoms
(mean symptom score 1.38) and quartile 4 reported the highest
(mean symptom score 3.69). We used separate polynomial
regression analyses for each quartile to test for significant
nonlinear relationships between hedonic experience and video
game hours played. Our use of polynomial regression to test
for curvilinear relationships is a key contribution of this study,
given that previous regression analyses of this topic have used
linear regression. We studied this U-shaped relationship as a
potential indicator of sensitization and tolerance in the addicted
individuals. We specified a statistical model to explore this and,
more specifically, estimated the “tipping point” at which the
typical video game player exhibits addictive symptoms, such
as attaining a target dopamine response and subsequently facing
an increasing hedonic experience given additional video game
play.

Methods
Overall Aims
This study aimed to examine how intensity of video game play
(ie, casual or heavy usage) moderates the relationship between
time spent on playing video games and hedonic experience.
First, we hypothesized that subjects reporting higher behavioral
addiction symptoms would show a U-shaped relationship
between time spent on video games and hedonic experience.
Second, we hypothesized that subjects reporting lower
behavioral addiction symptoms would not show a U-shaped
relationship between time spent on video game and hedonic
experience, but instead would show a comparatively flat
relationship.
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Recruitment
To test the hypotheses, an online survey-based study was
conducted after acquiring approval from the institutional review
board at Syracuse University (IRB number: 19-186). Based on
several screening questions (eg, to determine use and knowledge
of video games), subjects who played video games on a regular
basis were identified and allowed to participate in the survey
study. The target population were United States adults who
played video games on a regular basis. Respondents were
recruited and the survey was distributed via Amazon Mechanical
Turk. The initial request asked them to participate in a survey
about well-being. The survey was developed with Qualtrics
software (SAP) and was a 6-screen survey. Interested subjects
answered questions about their daily lives, including 2 screening
questions: (1) Do you play video games on a regular basis?
(responses were either yes or no) and (2) How often do you play
video games? (multiple responses were available). Subjects
who answered “no” to the first question and “not at all” to the
second question were automatically excluded. Additionally,
respondents who chose video game genres that they played in
a multiple-choice question were also asked to list the game titles
they had played in that genre. Respondents who listed titles that
did not match the genre were excluded.

Data Summary
Of 1072 attempts, 835 (77.8%) participants passed the screening
and completed the survey. The average age of the participants
was 32 years. More details on the respondents are presented in
Table 1. To examine different types of players more specifically,
we grouped respondents into quartiles based on game addiction
symptoms.
In Lemmens et al’s study [26], video games players who were
categorized as “addicted/disordered” constituted less than 5%
of video game players. Quartile 4, representing the highest
quartile, corresponded closely to the optimal cutoff point for
disordered gamers defined by Qin et al [27]. Their optimal cutoff
for defining problem gamers was a total 9-item IGDS score of
32, whereas the lower bound in our quartile 4 was 28. Therefore,
all video game players that would have been classified as
problem gamers in Qin’s definition were included in our quartile
4, along with some additional gamers with scores in the range
of 28 to 31, which is near Qin’s cutoff. Given this close
correspondence, as well as the empirical precedent of generating
quartile categorical variables discussed previously, we
maintained our quartile dummies in the regression analysis to
follow. We adopted 3 items from the popular self-report scale
described by Keyes [28], which measures hedonic experiences,
to estimate respondents’ hedonic experience in video games
(these items measure interest in life, satisfaction in life, and
happiness experienced in video game play on a 6-point Likert
scale ranging from “not at all” to “very extremely”); these items
have been applied to previous video gaming studies [29]. The
Cronbach α of our data was .9. Time spent on video games was
measured with a single item: “On average, how many hours per
week do you play video games?” (answers were open ended,
ranging from 1 to 70 hours per week). The IGDS, defined by
Lemmens et al [26], was also employed. This scale assesses 9
criteria for internet gaming disorder: preoccupation, tolerance,
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e33661 | p.294
(page number not for citation purposes)

JMIR SERIOUS GAMES

Walia et al

withdrawal, persistence, escape, problems, deception,
displacement, and conflict. This represents one of the most
commonly used gaming addiction symptom scales (responses
were on a 5-point Likert scale, ranging from “never” to “very
often”); the mean score was employed to group respondents
based on behavioral addiction symptoms. The Cronbach α was
.91. Additional items to determine the level of neglect of other
activities due to video games were also constructed. The first
item was “Have you neglected school or work so that you could
play games?” Additional items were phrased similarly, asking
about neglect of sleeping, eating, socializing with others, and
physical activity (responses were on a 5-point Likert scale,
ranging from “never” to “very often”). Other items were used
to examine money spent on video games (1 item, “How much
money do you spend on video games per year?” Answers were
open ended); health condition (1 item, “Do you have any health
conditions that limit the kind of physical activities you could
do?” Answers were yes or no; 84.3% answered “no”), physical
condition (1 item, “How physically competent are you in sports
and outdoor games?” Answers were on a 4-point Likert scale,
ranging from “not at all competent” to “very competent”; the
average score was 2.7) and alcohol consumption (1 item, “How
many drinks of alcohol do you have per day?” Answer were
open ended; the average number was 0.84, ranging from 0 to
15). Demographics were also assessed in the survey, including
age, gender, race, education, marital status, and employment.
These items are reported in Table 2.

On average, the highest addiction quartile individuals had
markedly higher use intensity than any other group. However,
some of these individuals exhibited low usage and low hedonic
well-being from game play. Though less representative of the
highest addiction quartile group, the presence of these
individuals represents a potential paradox. Their presence in
the sample might be attributable to access issues or the
application of self-control, whereby individuals might accept a
temporary loss of hedonic well-being in an attempt to break
behavioral addictive symptoms. Indeed, at any point in time, a
fraction of addicted individuals are motivated to quit [30].
Further, withdrawal symptoms from self-regulation would be
consistent with the observations of low use and low hedonic
well-being in high behavioral addiction individuals.
Conversely, the lowest addiction quartile individuals, while
exhibiting the lowest average use profile, did have some
individuals who were high-intensity video game players. This
also represents an apparent paradox. However, behavioral
addiction involves dependence. That some low addiction quartile
individuals reported high-intensity use does not necessarily
indicate dependence. For example, it may be that these
individuals enjoy gaming and have ample opportunity to game
(eg, due to a dearth of life responsibilities) but that they could
self-regulate usage if life responsibilities dictated the need to
do so. While correlated with each other, intense and problematic
use of addictive activities are distinct processes [31].

Table 1. Summary table of mean survey results by behavioral addiction quartile.
Quartile Addictive symptoms scorea, mean
(SD)

a

Time spent on
video games per
week (hours)

Activities neglected due to video gamesb

Social

Money spent on Hedonic experience
video games per in video games
year (US$)
(mean score)c

School
or work

Sleeping

Eating

activities

Physical
activities

1

1.38 (0.22)

13.96

1.25

1.82

1.27

1.25

1.63

200.52

4.36

2

2.04 (0.19)

17.32

1.72

2.36

1.76

1.74

2.20

236.95

4.27

3

2.74 (0.20)

21.10

2.24

2.84

2.36

2.49

2.74

290.83

4.29

4

3.69 (0.48)

28.13

3.05

3.54

3.27

3.39

3.55

817.74

4.39

Five-point Likert scale (Internet Gaming Disorder Scale).

b

Five-point Likert scale.

c

Six-point Likert scale.
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Table 2. Survey respondent demographics (N=835).
Characteristics

Value

Gender, n (%)
Male

525 (62.8)

Female

310 (37.2)

Age, average years

32.4

Race, n (%)
White

608 (72.8)

Black

111 (13.3)

American Indian/Alaska native

8 (1)

Asian or Pacific islander

70 (8.4)

Other

37 (4.4)

Not applicable

1 (0.1)

Education, n (%)
Less than high school

4 (0.5)

Highschool

97 (11.6)

Some college

249 (29.8)

College

352 (42.2)

Some graduate school

45 (5.4)

Graduate school

88 (10.5)

Employment, n (%)
Working

635 (76.1)

Looking for a job

70 (8.4)

Retired

17 (2)

Housewife

34 (4.1)

Student

57 (6.8)

Other

22 (2.6)

Marital status, n (%)
Married

338 (40.5)

Single

341 (51.6)

Widowed

4 (0.5)

Divorced

35 (4.2)

Separated

12 (1.4)

Married, spouse absent

1 (0.1)

Not applicable

14 (1.7)

Results
The key variables from the survey are summarized in Table 1.
We divided the subjects into 4 balanced groups by self-reported
video game addictive symptom (quartiles 1 to 4, with quartile
1 exhibiting the lowest addictive symptoms according to the
IGDS). We observed that quartile 4, the group self-reporting
the highest addictive symptoms, was the most distinct from its
neighboring groups in terms of mean IGDS score, video game
time expenditure, video game money expenditure, video game
hedonic experience, and neglect of school or work, sleeping,
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eating, social activities, and physical activities. In other words,
quartile-4 players were less bounded to the video game play
patterns and costs exhibited by their neighbors in the sorted
data. At the individual video game player level, we regressed
hedonic experience in video games on the average hours of
video game play per week, average hours of video game play
per week squared, and a set of variables that served to control
for any individual heterogeneity among survey respondents
when estimating the relationship of interest. We conducted this
regression separately for each addictive symptom quartile
(quartiles 1 to 4, in ascending order of addictive symptoms).
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Video game play per week squared was included to establish
the possibility of a nonlinear, quadratic relationship between
hedonic experience and video game play intensity (by addictive
symptom quartile). Controls included race, education level,
primary video game genre, marital status, alcohol consumption,
whether the individual played a physical sport, physical
condition, and health condition. All interpretations from the
model are based on inferential statistical significance testing at
standard significance (α) levels, as reported in Table 3. The
main (nonparenthetical) values in the table represent regression
coefficients or marginal effects. They refer to the change in the
dependent variable with respect to a unit change in the
explanatory variable. The values in parentheses are 2-sided t
statistics for the regression coefficients.
The video game players exhibited a very different hedonic
experience in weekly hours played across different addiction
quartiles. As addictive quartile rose from quartile 1 to quartile
4, the hours played variables moved from an overall insignificant
(not significantly different from flat) relationship with hedonic
experience in the quartile 1 and quartile 2 regression results to
the predicted U-shaped relationship for quartile 3 and quartile
4. In terms of coefficient value, hours played became smaller
for quartiles 1 to 4 and more significant for quartiles 2 to 4 (for
quartiles 1, 2, 3, and 4, respectively, P=.15, P=.17, P=.06, and
P=.01; t216=1.46, t146=–1.365, t176=–1.872, and t155=–2.589)
and hours played squared became larger and more significant
(for quartiles 1, 2, 3, and 4, respectively, P=.31, P=.11, P=.03,
and P=.008; t216=–1.020, t146=1.603, t176=2.131, and t155=2.676)
as we moved from quartile 1 to quartile 4. We found that the
higher video game addictive symptom level groups experience
a U-shaped (ie, curvilinear) relationship between hedonic
experience and intensity of play, whereas groups with lower
video game addictive symptom levels exhibited no such
relationship. The coefficients for the highest addictive symptom
level group (ie, quartile 4) representing marginal effects for
hours played per week and hours played per week squared,
respectively, were significantly negative (P=.005) and
significantly positive (P=.004). Figure 1 shows scatter plots;
the trend curves illustrate the shift toward a U shape from
quartile 1 to quartile 4.
The first (low) addiction quartile sample exhibited a trend curve
with an inverted U shape. That is, sampled individuals in quartile
1 experienced first increasing, then decreasing hedonic
experience with hours played. This trend curve shows that there
were diminishing returns to video game play, a common result
in microeconomic theory given standard utility functions. These
sampled users reported increasing hedonic experience as they
become involved in the challenges of a game but at a decreasing
rate, until their hedonic experience reached a maximum and
descended. The experience of diminishing returns tends to be
associated with behavior moderation, as individuals experience
negative reinforcement (declining hedonic experience) beyond
a certain number of hours played. This observed negative
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reinforcement may be both a cause and symptom of low reported
addiction levels. Moving to quartile 2, quartile 3, and quartile
4, the trend curve between hedonic experience and video game
hours played per week became increasingly U shaped (in terms
of both coefficient magnitude and coefficient significance level).
For quartile 3 and quartile 4, this U-shaped relationship was
significant, as reported previously.
From the regression coefficient output related to hours played
per week, we can compute the “tipping point” at which,
according to prior findings discussed in the introduction, the
typical video game player exhibiting addictive symptoms attains
the target dopamine response and subsequently faces increasing
hedonic experience given additional video play. For quartile 3
players, the estimated minimum hedonic experience value was
26.25 hours per week. For quartile 4 players, the estimated
minimum hedonic experience value was 37 hours per week.
These postregression estimates suggest that quartile 4 players
experienced a longer period of declining hedonic experience,
consistent with tolerance theory (ie, “the process whereby
increasing amounts of the particular activity are required to
achieve the former effects” [12]). The increasing emergence of
a U-shaped relationship for higher addiction quartile players
suggests that higher-addiction video game players possess a
different motivation and experience in video game play. They
do not exhibit diminishing returns in play. Rather, they
experience decreasing, then increasing hedonic experience.
While seeking excessive dopamine release from video games,
as found in the prior research, the hedonic experience for these
users drops initially as the user plays more. The previous
literature suggests that once the user achieves excessive
dopamine release, however, the hedonic experience of quartile
3 and quartile 4 users increases. Such significant increases are
observed in the regression results we observed. While low
addiction quartile players play the game for its own merits, and
thus experience a standard diminishing-returns response, the
regression results are consistent with the finding that high
addiction quartile users play the game to achieve excessive
dopamine release and experience an initial “low” period of
frustration followed by a “high” period.
In general, there are two elements of addiction that represent
theoretical constructs that are significantly consistent with the
observed hedonic experience profiles: sensitization and
tolerance. Sensitization indicates a hypersensitive reaction to
video game exposure [19] and a heightened threshold of video
game exposure to experience pleasure [12]. Tolerance makes
it more difficult to experience hedonism and pleasure and
achieve excessive dopamine release, driving higher addiction
quartile users to more average hours of video game use.
Sensitization (or amplification) of hedonic experience makes
it more difficult for higher addiction quartile individuals to
regulate video game use, even during periods in which it may
be difficult or represent a high opportunity cost to play until
achieving excessive dopamine release [32].
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Table 3. Regression results, Internet Gaming Disorder Scale addiction score versus use intensity and subject controls.
Variable

Quartile 1, r (t)

Quartile 2, r (t)

Quartile 3, r (t)

Quartile 4, r (t)

Hours of video game play, linear regression (hours per week)

0.087 (0.146)

–0.096 (0.174)

–0.105 (0.062)

–0.148 (0.011)

0.002 (0.111)

0.002 (0.034)

0.002 (0.008)

Hours of video game play, quadratic regression (hours per week) –0.001 (0.309)
Primary video game genre
Multiplayer Online Battle Arena (0 or 1)

Reference

Reference

Reference

Reference

Sports (0 or 1)

–0.989 (0.217)

2.169 (0.034)

0.169 (0.805)

–0.617 (0.280)

First person shooting (0 or 1)

0.082 (0.906)

2.260 (0.009)

1.379 (0.031)

–0.954 (0.178)

Real time strategy (0 or 1)

0.006 (0.994)

–0.659 (0.753)

–0.917 (0.451)

–1.997 (0.113)

Action/adventure (0 or 1)

0.124 (0.855)

2.178 (0.013)

0.718 (0.253)

–1.697 (0.017)

Other (0 or 1)

0.829 (0.280)

2.202 (0.027)

2.558 (0.004)

–0.398 (0.745)

Plays sports (0 or 1)

0.255 (0.611)

–0.133 (0.833)

–0.292 (0.539)

–0.873 (0.576)

Employed (0 or 1)

0.001 (0.995)

0.034 (0.860)

–0.255 (0.105)

–0.068 (0.691)

White (0 or 1)

0 (0.999)

0 (0.999)

0 (0.999)

0 (0.999)

Black (0 or 1)

–1.434 (0.060)

–1.821 (0.029)

–0.497 (0.446)

0.211 (0.700)

American Indian or Alaska Native (0 or 1)

0.429 (0.890)

2.126 (0.206)

1.666 (0.550)

3.795 (0.191)

Asian or Pacific Islander (0 or 1)

–0.420 (0.651)

–2.571 (0.002)

0.825 (0.257)

–2.220 (0.001)

Other (0 or 1)

–2.198 (0.017)

–0.682 (0.626)

–0.364 (0.697)

–1.141 (0.292)

Not applicable (0 or 1)

N/Aa

2.553 (0.437)

N/A

N/A

Less than high school (0 or 1)

0 (0.999)

N/A

0 (0.999)

0 (0.999)

High school (0 or 1)

0.500 (0.823)

0 (0.999)

–2.980 (0.345)

6.142 (0.053)

Some college (0 or 1)

0.116 (0.958)

1.247 (0.150)

–2.722 (0.344)

5.916 (0.056)

College (0 or 1)

0.424 (0.846)

2.022 (0.015)

–3.179 (0.313)

6.075 (0.049)

Some graduate school (0 or 1)

–0.138 (0.954)

0.057 (0.978)

–3.919 (0.240)

6.606 (0.036)

Graduate school (0 or 1)

1.087 (0.627)

3.119 (2.750)

–2.702 (0.397)

6.453 (0.040)

Married (0 or 1)

0 (0.999)

0 (0.999)

0 (0.999)

0 (0.999)

Single (0 or 1)

–.390 (0.001)

–0.380 (0.488)

–1.515 (0.001)

0.012 (0.979)

Widowed (0 or 1)

N/A

–2.834 (0.272)

1.422 (0.633)

0.563 (0.850)

Divorced (0 or 1)

–2.249 (0.016)

2.604 (0.112)

–3.380 (0.001)

–0.249 (0.855)

Separated (0 or 1)

–0.314 (0.886)

–1.279 (0.451)

0.251 (0.889)

–3.512 (0.101)

Married, spouse absent (0 or 1)

N/A

N/A

N/A

0.631 (0.834)

Not applicable (0 or 1)

–2.741 (0.213)

0.001 (0.999)

1.508 (0.294)

–0.131 (0.933)

Health condition (0 or 1, with 1 being no limiting health condition)

1.049 (0.027)

0.244 (0.755)

–0.794 (0.046)

–0.650 (0.051)

Physical condition (4-point scale)

1.449 (0.001)

1.064 (0.002)

0.907 (0.001)

0.461 (0.076)

Alcohol consumption per day (drinks per day)

0.231 (0.102)

–0.401 (0.032)

–0.191 (0.200)

–0.078 (0.168)

Constant

7.117 (0.013)

7.616(0.010)

17.050 (0.001)

11.429 (0.001)

lnsigma2 constant

2.172 (0.001)

2.303 (0.001)

2.122 (0.001)

2.050 (0.001)

Observations

249

179

209

188

Race

Education

Marital status

a

N/A: not applicable.
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Figure 1. Regression-estimated relationship between hedonic experience and use intensity. Hedonic experience was measured using a 6-point, 3-item
Likert scale; thus, total possible hedonic experience was 18 points.

Discussion
The results confirm our two main hypotheses. Namely, for video
game players reporting higher behavioral addiction symptoms,
time spent on video game play has a significant U-shaped
relationship with hedonic experience. For those reporting lower
behavioral addiction symptoms, time spent on video game play
does not have a significant U-shaped relationship with hedonic
experience, but rather a comparatively flat relationship. Hedonic
experience is a key motive and consequence for video gaming
[8] that can bring subjective happiness and pleasure when
playing video games [9]. However, excessive video game play
can increase the amount of video game play required to satisfy
hedonic needs (ie, tolerance) [10] and lead to development of
a hypersensitive reaction to video games (ie, sensitization) [17],
affecting hedonic experience in video games and dependency
on video games. We confirmed a U-shaped relationship between
time spent on video games and hedonic experience among those
reporting a higher tendency toward addictive symptoms; we
did not see such a relationship for those with a lower tendency.
Within the present context, this study is the first to empirically
test this U-shaped relationship. We also computed the “tipping
point” at which the typical video game user exhibiting addictive
symptoms transitions from decreasing to increasing hedonic
experience given additional video game play, consistent with
what the literature has identified as achievement of target
dopamine response. These postregression estimates suggest that
higher addiction quartile players experience a longer period of
declining hedonic experience, consistent with tolerance theory
[10].
The first and second quartile respondents exhibited no
substantial addictive symptoms. They are at low risk of
developing video game addiction. They exhibited a more typical
diminishing-returns response. They are social video gamers or
experimental video gamers with limited video game addictive
symptoms (excessive time spent, loss of money, and inability
to pay attention to their daily responsibilities). Although they
may exhibit some video game addictive symptoms, they do not
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XSL• FO
RenderX

meet the criteria for video game addictive disorder. However,
King, Herd, and Delfabbro [33] state that “there is a consistent
finding in these types of studies that normal and problem gamers
both endorse many of the same motivations for gaming, with
problem users simply tending to score much higher than casual
users. Thus, the boundary between normal and maladaptive
gaming motivations is not always clearly demarcated.”
Nonetheless, results in the third and fourth quartiles show video
gamers who display more addictive symptoms (ie, high amount
of time spent, high level of tolerance, withdrawal, craving for
the behavior, and negative impacts on family, social, and
occupational responsibilities). They are frequent players,
problematic players, or at-risk players. Their hedonic experience
level drops at first (they show disappointment, frustration, and
possibly display depressive symptoms), then rises (increasing
returns to play). With high tolerance to video game exposure,
they are frustrated due to their inability to attain the experience
requirements of the game. This behavior is consistent with a
study conducted by Kaptsis et al [34], in which they found that
problem players exhibited withdrawal symptoms when they did
not experience a certain number of requirements of the game.
The experiencing of withdrawal symptoms explains the low
position of the curve at low usage points for third and fourth
quartile players. This indicates negative reactions when deprived
of video game exposure. These discomforting withdrawal
symptoms include irritability, depressive symptoms, and anxiety.
The discomfort of withdrawal symptoms notably induces craving
symptoms, such as the need to spend more time playing and the
fear of missing specific gaming experiences.
The display of craving symptoms is consistent with a study
conducted by Przybylski et al [35]. In this study, the researchers
highlighted some psychological components of craving, such
as fear of missing social play, novel gaming experiences, and
gaming for escape or relaxation as motivating factors for the
extensive use of time in gaming. These factors help to explain
the rise in hedonic experience among problematic gamers in
the third and fourth quartiles. According to King et al [33], this
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view of craving may explain why problem video game players
engage in prolonged, intense, repetitive, or tedious gaming
activities. This is consistent with results from our study showing
that players with a higher tendency toward addictive symptoms
also show higher levels of neglect of other daily activities, such
as working or studying, eating, sleeping, and socializing. It is
also consistent with multiple previous studies that have reported
that problematic video gamers play video games for a prolonged
period, skip school or work, experience problems with sleep,
and have lower grades at school [36-40]. These symptoms have
been observed across different age groups of video game players
and other populations [41,42].

and disappointment until achieving excessive dopamine release,
at which point their hedonic experience is expected to improve
with additional play. Conversely, low-symptom groups
experience no such fall-and-rise pattern. This result is consistent
with the outcome that members of the latter group play the game
for the direct experience, such that their hedonic experience is
more directly related to events occurring in the game than to
the increasingly elusive pursuit of excessive dopamine release.
We also find that high-symptom groups spend substantially
more time and money to support video gaming and are much
more likely to engage in video gaming at the expense of other
important activities, such as working, sleeping, and eating.

Conclusion

Limitations and Future Research

In this study, we conducted a survey of 835 individuals who
regularly play video games to determine the relationship
between intensity of video game play and hedonic experience
of the player. We divided the sample into quartiles by
self-reported video game addictive symptom level (using the
IGDS) and conducted polynomial regressions separately for
each quartile. We found that the higher video game addictive
symptom level groups experienced a U-shaped (ie, curvilinear)
relationship between hedonic experience and intensity of play,
whereas groups with lower video game addictive symptom
levels exhibited no such relationship. These results are consistent
with sensitization and tolerance theories, which suggest that
high-symptom groups are expected to experience frustration

Although this study shows a novel relationship across all genres
of video game play, it does not study the relationship
categorically by genre of play. Future research based on
longitudinal data can provide information on players and their
well-being at different points in time, shedding light on
microlevel changes in this relationship. Further, this study does
not address cognitive or behavioral consequences of video game
play [43]. Lastly, the study relies upon voluntary, self-reported
data, which is subject to limitations related to honesty,
introspective ability, and sampling (or self-selection) bias. Future
studies might rely on random sampling to overcome some of
these biases.
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Abstract
Background: Extended reality, which encompasses virtual reality (VR), augmented reality (AR), and mixed reality (MR), is
increasingly used in medical education. Studies assessing the effectiveness of these new educational modalities should measure
relevant outcomes using outcome measurement tools with validity evidence.
Objective: Our aim is to determine the choice of outcomes, measurement instruments, and the use of measurement instruments
with validity evidence in randomized controlled trials (RCTs) on the effectiveness of VR, AR, and MR in medical student
education.
Methods: We conducted a systematic mapping review. We searched 7 major bibliographic databases from January 1990 to
April 2020, and 2 reviewers screened the citations and extracted data independently from the included studies. We report our
findings in line with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.
Results: Of the 126 retrieved RCTs, 115 (91.3%) were on VR and 11 (8.7%) were on AR. No RCT on MR in medical student
education was found. Of the 115 studies on VR, 64 (55.6%) were on VR simulators, 30 (26.1%) on screen-based VR, 9 (7.8%)
on VR patient simulations, and 12 (10.4%) on VR serious games. Most studies reported only a single outcome and immediate
postintervention assessment data. Skills outcome was the most common outcome reported in studies on VR simulators (97%),
VR patient simulations (100%), and AR (73%). Knowledge was the most common outcome reported in studies on screen-based
VR (80%) and VR serious games (58%). Less common outcomes included participants’ attitudes, satisfaction, cognitive or mental
load, learning efficacy, engagement or self-efficacy beliefs, emotional state, competency developed, and patient outcomes. At
least one form of validity evidence was found in approximately half of the studies on VR simulators (55%), VR patient simulations
(56%), VR serious games (58%), and AR (55%) and in a quarter of the studies on screen-based VR (27%). Most studies used
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assessment methods that were implemented in a nondigital format, such as paper-based written exercises or in-person assessments
where examiners observed performance (72%).
Conclusions: RCTs on VR and AR in medical education report a restricted range of outcomes, mostly skills and knowledge.
The studies largely report immediate postintervention outcome data and use assessment methods that are in a nondigital format.
Future RCTs should include a broader set of outcomes, report on the validity evidence of the measurement instruments used, and
explore the use of assessments that are implemented digitally.
(JMIR Serious Games 2022;10(2):e29594) doi:10.2196/29594
KEYWORDS
virtual reality; augmented reality; mixed reality; outcomes; extended reality; digital education; randomized controlled trials;
medical education; measurement instruments

Introduction
Background
Extended reality (ER) encompasses immersive technologies
within the reality-virtuality continuum, such as virtual reality
(VR), augmented reality (AR), and mixed reality (MR). The
use of ER technologies is becoming more common in medical
education. These technologies offer a wide range of educational
opportunities within different medical specialties. VR is a
technology that renders a fully computer-generated 3D
multimedia environment in real time. It supports a first-person
active-learning experience through immersion, that is, a
perception of the digital world as real. VR can be integrated
with other educational approaches such as virtual patients or
serious games. VR patient simulations are interactive computer
simulations of real-life clinical scenarios for the purpose of
medical education. VR serious games incorporate gaming
concepts such as different levels of difficulties, rewards, or
feedback within the computer-generated 3D environment.
AR is a technology in which the real-world environment is
enhanced by computer-generated virtual imagery information.
In AR, virtual objects are projected over the real-world
environment. MR is a hybrid technology that merges the features
of VR and AR. In MR, virtual objects become a part of the real
word. ER technologies can be displayed through desktop
computers, mobile devices, and large screens or projected on
the walls. They can be purely screen based or also involve the
use of joysticks, probes, gloves, simulators, and other forms of
haptic devices.

education outcomes can be influenced by different factors,
including types of digital education, the curriculum, and the
field of study [3,4]. The process of measuring digital education
outcomes can be achieved with a wide variety of measurement
instruments, including multiple-choice questions, structured
essays, and structured direct observations with checklists for
ratings [5]. Measurement instruments used in research need to
have validity evidence. Validity is defined as “the degree to
which evidence and theory support the interpretations of test
scores entailed by the proposed uses of tests” [6]. Validity
evidence for measurement instruments is important to ensure
that the instruments reliably measure what they purport to
measure and to support the interpretation of assessment data.
However, reporting of validity evidence of measurement
instruments in health professions education literature is still
suboptimal, ranging from 34.6% in studies on continuing
medical education to 64% in studies on technology-enhanced
health professions simulation training [7,8].
The use of measurement instruments without validity evidence
severely undermines the credibility of the research results [9].
ER is increasingly used in medical education, and studies in
this field should evaluate diverse outcomes using outcome
measurement instruments with validity evidence. Our aim is to
support this by mapping the current choice of outcomes,
measurement instruments, and the prevalence of measurement
instruments with validity evidence in RCTs on the use of ER
in undergraduate and preregistration medical education.

Methods

Effectiveness of VR

Methodology, Definitions, and Eligibility Criteria

Our systematic review on the effectiveness of VR for health
professions education showed that VR may improve
postintervention knowledge and skills outcomes compared with
traditional education (ie, nondigital education) or other types
of digital education such as online or offline digital education
[1]. Data for other outcomes were limited. Systematic reviews
of randomized controlled trials (RCTs) remain the gold standard
for evidence on the effectiveness of interventions. However,
the heterogeneity of participants, interventions, comparison
interventions, and outcomes reported in the individual studies
can limit the trustworthiness of the systematic review findings
and preclude a meta-analysis. Similarly, differences in
measurement instruments and types of validity evidence can
lead to unreliable conclusions [2]. The choice of digital

We performed this systematic review in line with the Cochrane
gold standard systematic review methodology and report it
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) standards of quality
for reporting systematic reviews [10,11]. In this review, we aim
to answer the following research questions:
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1.

2.

Which outcomes (eg, knowledge, skills, attitudes, and
behavior) are assessed and reported in RCTs on the
effectiveness of VR, AR, and MR in undergraduate and
preregistration medical education?
What type of measurement instruments were used in RCTs
on the use of VR, AR, and MR in undergraduate and
preregistration medical education?

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29594 | p.304
(page number not for citation purposes)

JMIR SERIOUS GAMES
3.

What proportion of RCTs on the use of VR, AR, and MR
in undergraduate medical education report validity evidence
for the measurement instruments used, and how was the
evidence reported?

We included studies meeting the following eligibility criteria:
1.
2.

3.

RCTs
Studies on students participating in preregistration or
undergraduate medical education in any geographical or
educational setting
Studies evaluating any type of blended (ie, a combination
of extended and nondigital, traditional education) or full
ER technology, including VR, AR, and MR

Tudor Car et al
4.

Studies comparing VR with control interventions such as
classroom-based learning, no intervention, and other types
of digital and blended education

We defined different ER technologies as per Textbox 1.
Preregistration or undergraduate medical education was defined
in line with the World Health Organization (WHO) definition
as “any type of initial study leading to a qualification that (i) is
recognized by the relevant governmental or professional bodies
of the country where the study was conducted and (ii) enables
its holder primary entry into the healthcare workforce” [12].
Studies were excluded if they focused on traditional and
complementary medicine as defined by WHO (as such education
is not included in most medical schools) and used study designs
other than an RCT [13].

Textbox 1. Descriptions and classification of different types of virtual reality (VR), augmented reality (AR), and mixed reality (MR).
Types of extended reality modalities in medical education
•

VR is a technology that allows the user to explore and manipulate computer-generated 2D or 3D, multimedia sensory environments in real time
[14]. The VR environment is the computer-generated representation of a real or artificial environment that can be interacted with by external
involvement, allowing for a first-person active-learning experience through immersion [15].

•

Screen-based VR interventions are computer-based 3D software applications delivered either through computer screens or head-mounted displays
(ie, VR headsets). This type of VR in medical education mostly includes 3D models of organs and VR worlds.

•

VR simulators or psychomotor skills trainers encompass use of VR technology and physical probes or objects that help the learners to connect
with the objects from the VR environment and convey feedback or tactile sensation to the learners.

•

VR patient simulation refers to the interactive computer simulations of real-life clinical scenarios in VR for the purpose of medical training,
education, or assessment [16]. They include virtual patients represented by computer-generated 2D or 3D characters or avatars.

•

VR serious gaming or gamification intervention involves gaming concepts such as different levels of difficulties, rewards, feedback, and so on,
within the computer-generated VR environment for learning purposes.

•

AR is a technology that allows a live real-time direct or indirect real-world environment to be augmented or enhanced by computer-generated
virtual imagery information (eg, smart, virtually enhanced glasses). Computer-generated information is overlaid on the real-world environment.
AR is distinct from VR in which only a computer-generated image is supplied to the user [17].

•

MR is a hybrid technology that merges the features of VR and AR [18]. In MR, physical and virtual or digital objects are displayed together and
the features of virtuality and reality are merged for the learners [19].

Electronic Searches
We developed a comprehensive search strategy for MEDLINE
(Ovid), Embase (Elsevier), Cochrane Central Register of
Controlled Trials (Wiley), PsycINFO (Ovid), Education
Resources Information Center (Ovid), CINAHL (EBSCO), and
Web of Science Core Collection (Thomson Reuters). Databases
were searched from January 1990 until April 2020 without
language restrictions.
We used 1990 as the starting year for our search because before
1990, the use of computers was uncommon for educational use.
We used the MEDLINE strategy presented in Multimedia
Appendix 1. This was adapted to search the other databases
with the help of a librarian (Ms Yasmin Munro). To identify
unpublished studies, we searched the International Clinical
Trials Registry Platform Search Portal and metaRegister of
Controlled Trials. We also checked reference lists of relevant
systematic reviews and potentially eligible studies against the
inclusion criteria.
Search results across different databases were compiled using
EndNote X8 software (Clarivate), and duplicate records were
removed. In all, two pairs of two reviewers (BMK, AT, TEF,
https://games.jmir.org/2022/2/e29594
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and SV) independently screened the studies, extracted the data,
and carried out data analysis. Any disagreements were resolved
by a discussion between the 2 reviewers, with a third reviewer
acting as an arbiter if needed. The PRISMA flow diagram was
used to report the selection and inclusion of studies [10].

Data Extraction
The data for each of the included studies were independently
extracted and managed by 2 reviewers using a structured data
recording form, which included information about the study
characteristics such as reference of the study, country of the
study, the WHO region of the study, name of measurement
instrument, description of measurement instrument, types of
outcomes reported, assessment category of measurement
instrument [5], assessment method of measurement instrument,
types of participants, sample size, raters of the instrument,
procedure of identifying the raters, and training of the raters for
the instruments [20]. We recorded all information relating to
validity evidence sources and measurement properties that were
reported directly in the articles [5,6]. We also recorded any
validity evidence recorded indirectly; for example, through a
reference to a validation study focusing on a particular
measurement instrument. If the studies presented more than one
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outcome measure, relevant details of the second outcome
measure were also recorded. The data extraction form was
piloted and amended according to feedback received. We
contacted the study authors for further data in case of missing
information.

Data Analysis and Synthesis
We analyzed and synthesized the data as follows: (1) we
ascertained the types of primary and secondary outcome
measurement instruments; (2) we classified and mapped the
data according to types of outcomes (eg, knowledge, skills,
attitudes, satisfaction, or competencies); intervention (eg, VR
vs classroom-based learning and VR vs serious gaming); year
of medical studies (ie, first year, second year, or final year),
types of measurement instruments (eg, written exercises [surveys
with only multiple-choice questions and surveys with other
types of questions and essays] vs in-person assessment where
an examiner observed performance [eg, global ratings, structured
direct observation, and objective structured clinical
examinations]); assessment delivery mode (ie, digital vs
classroom-based assessment); and discipline (eg, laparoscopic
surgery, anatomy, and internal medicine); and (3) we determined
the proportion of RCTs on the use of VR, AR, and MR in
undergraduate medical education using measurement
instruments with sufficient validity evidence in relation to the
goal of the measurements (validity evidence). The aim of this
study is to comprehensively document outcomes and
measurement instruments rather than to synthesize data about
the effect of the interventions [6]. Therefore, we did not
undertake a risk-of-bias assessment of the studies because it
was not relevant to the objectives of this review.
We assessed the validity evidence of the measurement
instruments as reported in the cited validation studies using the
Consensus-Based Standards for the Selection of Health
Measurement Instruments (COSMIN) taxonomy of measurement
properties [21]. The COSMIN taxonomy outlines three
measurement properties or validity evidence domains: reliability,
validity, and responsiveness. The reliability domain
encompasses measurement properties such as internal
consistency, reliability, and measurement error. The domain
validity contains the measurement properties such as content
validity (including face validity), construct validity (including
structural validity, hypotheses testing, and cross-cultural validity
and measurement invariance), and criterion validity [21].
Digital assessments were defined as assessments that were
delivered exclusively using digital technology (ie, PCs, laptops,
mobile phones, and tablets) and included online surveys,
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questionnaires, computer scoring, or the use of software metrics
such as time to completion, number of errors, path length, and
so on. Assessments in which digital tools (eg, video recordings
or Microsoft PowerPoint presentations) were used to facilitate
classroom-based assessment, such as written exercises or
in-person observation by the examiners, were not categorized
as digital assessments.

Ethics Approval
This systematic mapping review is an analysis of published
studies and as such, did not require an ethics approval.

Results
Study Characteristics
The searches identified 59,483 records through electronic
databases, of which we included 126 (0.21%) RCTs. Of the 126
RCTS, 115 (91.3%) assessed different forms of VR, whereas
11 (8.7%) focused on AR simulations (Figure 1). We did not
find any study evaluating the use of MR in medical student
education.
Of the 115 included articles focusing on VR-based training for
medical student education, 64 (55.7%) focused on VR-based
psychomotor skills training [22-85], 30 (26.1%) on screen-based
VR [86-115], 9 (7.8%) on VR patient simulations [116-124],
and 12 (10.4%) on VR serious gaming and gamification
[125-136]. Only 8.7% (11/126) of the included studies focused
on AR simulations [137-147] and none focused on MR training
in medical student education. The included studies were
published between 1997 and 2020. Most of the studies were
from high-income countries, except for 8.7% (11/126) of the
studies, which were conducted in low- and middle-income
countries [35,36,72,75,105,114,126,127,132,134,139]. Of the
126 studies, 31 (24.6%) cited validation studies for the
measurement instruments used [23,25,27,30-32,34-36,47,48,
52,58,60,63-65,70,72,78,79,82,84,92,101,118-120,126,128,133]
(Multimedia Appendices 2 and 3).
Participants included medical students from the first to sixth
year of medical schools (N=9010). The studies compared the
use of VR and AR training (either stand-alone intervention or
blended with traditional, nondigital learning) with traditional,
nondigital learning or a different form of VR and AR training
or other forms of digital education such as online digital
education or offline digital education. Of the 64 studies focused
on the effects of VR simulators for medical student education,
61 (95%) were delivered in a university setting, whereas 3 (5%)
were conducted in a hospital setting [37,72,74].
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Figure 1. Study flow diagram. VR: virtual reality.

VR Simulators
Of the 115 VR studies, 64 (55.6%) with 3132 medical students
evaluated the effects of VR simulators in medical student
education [22-85]. The studies included first year to sixth year
medical students and were published between 2001 and 2020.
In terms of the topic or area of study, 53% (34/64) of the studies
focused on laparoscopic surgery [22,24,27,31,35-38,40,
41,45-48,50-52,54,56-66,69,78,81-83]; 16% (10/64) on surgery
[25,28,53,55,67,68,71,74,76,77]; 8% (5/64) on orthopedic
surgery [39,42,73,79,84]; 8% (5/64) on ureteroscopy
[30,33,34,80,85]; 5% (3/64) each on ophthalmology [26,70,75]
and intravenous cannulation [29,32,72], and 2% (1/64) each on
endoscopy [49], colonoscopy [23], shoulder-joint clinical
anatomy [44], and empathic communication skills [43].
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For the outcomes, 97% (62/64) of the studies reported on
participants’ postintervention skills [22-43,45-53,55-85], 8%
(5/64) on knowledge [28,37,44,54,65], 14% (9/64) on attitudes
toward the intervention [31,32,44,48,54,65,66,71,75], 3% (2/64)
on satisfaction [68,71] and 6% (4/64) on cognitive load
[25,27,39,63](Figure 2). Of the 62 studies that reported on
participants’ postintervention skills, 11 (18%) reported change
score
from
baseline
for
the
skills
outcome
[25,50,56,58,68,73,76-78,80,85] and 1 (2%) reported change
score from baseline for the satisfaction outcome [68]. Regarding
retention, 7.8% (5/64) of the studies assessed skills retention at
2-4 weeks after the intervention [25,31,33,40,83]. The remaining
studies did not report retention outcomes.
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Figure 2. Types of reported outcomes in virtual reality (VR)– and augmented reality (AR)–based training.

For modes of assessment, 46.8% (30/64) of the studies used
paper-based written assessments or in-person assessments (ie,
nondigital) using checklists by the examiners [24,25,31-37,39,
46,47,51-55,58,60,65,68,70-72,75,79-82,84]; 31% (20/64) used
digital assessments such as software-based metrics (eg, time
spent on training, number of errors, total path length, motion
analysis, or checklists) [22,23,26,29,40-42,45,49,50,56,57,59,
61,62,64,69,73,78,85]; 11% (7/64) used a combination of digital
assessments using software-based metrics, paper-based written
assessments, or in-person assessments by supervising examiners
[27,38,43,44,48,63,66] and 2% (1/64) used both paper-based
written assessments and in-person assessments using checklists
[37]. In 10.1% (7/64) of the studies, the mode of assessment
was unspecified [28,30,67,74,76,77,83].
For validity evidence, 54.6% (35/64) of the studies reported a
single form of validity evidence (mostly either internal
consistency or reliability) for the measurement instruments
largely used for assessment of skills [22,23,25,27,30-37,39,40,
47,48,51-55,58,60,63-66,68,70,72,78-80,82,84] (Multimedia
Appendices 2 and 3). The remaining studies did not provide
any information on the validity of assessment tools used for
measuring the outcomes. Of the 64 studies, 23 (36%) referenced
pertinent measurement instrument validation studies, largely
used for assessment of skills (mostly either internal consistency
or reliability) for the measurement instruments largely used for
assessment of skills [23,25,27,30-32,34-36,47,48,52,58,
60,63-65,70,72,78,79,82,84]. Of the measurement properties,
these studies mostly reported internal consistency and reliability,
followed by structural validity and hypotheses testing.

Screen-Based VR
Of the 115 VR studies, 30 (26.1%) studies with 2409 medical
students evaluated the effect of screen-based or nontechnical
training for medical students [86-115]. The studies included
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first year to sixth year medical students and were published
between 1997 and 2020. In terms of the topic or area of study,
37% (11/30) of the studies focused on anatomy [87,91,
95-98,100,102,104,106,114]; 17% (5/30) on ophthalmology
[93,109,112,113,115]; 17% (5/30) on surgery [88,90,
92,101,105]; 6% (2/30) each on patient examination [99,108]
and one study each (3%,1/30) on operating room introduction
[107], biomechanics of the spine [89], histology [111], trauma
[94], traumatic head injury [86], radiology [103], and genetics
[110].
For the outcomes, 80% (24/30) of the studies reported on
participants’ postintervention knowledge [89,91,93-107,
109-115], 17% (5/30) on skills [88,92,99,101,107], 40% (12/30)
on attitudes toward topics and interventions [86,87,90,91,
95,97,102-104,107,108,115], 47% (14/30) on satisfaction
[87,89,91-93,97,98,100, 102,105,109,112-114] and 3% (1/30)
on students’ learning engagement [89] (Figure 2). Of the 24
studies assessing knowledge, 5 (2%) also reported change score
from baseline [101,104,105,113,114]. Similarly, 20% (1/5) of
the studies assessing skills [101], 17% (2/12) of the studies
assessing attitude toward the intervention [90,104], and 21%
(3/14) of the studies assessing satisfaction [105,113,114] also
reported change score from baseline. Regarding retention, only
a single study assessed retention at 12 months after the
intervention [112]. The remaining studies did not report
outcomes at the follow-up stages.
Most of the studies (21/30, 70%) used paper-based written
assessments [86,87,89-91,93,95,97,98,100,102-104,108-115].
Other forms of assessment included in-person assessments by
an examiner [88], digital assessment in the form of
questionnaires and ratings [94,105,106], combined paper-based
written and in-person assessments [92,99,101,107], and a
paper-based written assessment with questions delivered in the
form of a PowerPoint presentation [96].
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Of the 30 studies, 8 (27%) reported at least one form of validity
evidence (mostly reliability) for the measurement instruments
that were largely used to assess skills [88,91,92,
98,99,101,107,108]. Of these 8 studies, 2 (25%) referenced
measurement instrument validation studies, both focusing on
skills assessment and reporting on their reliability [92,101].

VR Patient Simulations
Of the 115 VR studies, 9 (7.8%) with 782 medical students
evaluated the effect of VR-based patient simulations in medical
student education simulations [116-124]. Of these 9 studies, 4
(44%) focused on communication skills [117-119,124]; 2 (22%)
on pediatric life support [121,122]; and 1 (11%) each on clinical
reasoning [123], internal medicine [116], and suicide risk
assessment [120] (Figure 2).
For the outcomes, 11% (1/9) of the studies reported on
participants’ postintervention knowledge [122], 100% (9/9) on
skills [116-124], 33% (3/9) on students’ satisfaction
[119,120,123], 22% (2/9) on patient-related outcomes (eg,
patients’ satisfaction) [119,120], and 11% (1/9) each on attitudes
toward the intervention [124], engagement [123], mood changes
or emotional state [124], and empathetic behavior [117]. None
of the studies reported change score from baseline or retention
data.
For mode of assessment, most of the studies used in-person
assessments by an examiner [116-120,123,124] or paper-based
written assessments [119,120,122,123]. Of the 9 studies, 2 (22%)
used both paper-based written and in-person assessments by an
examiner [119,120]; 1 (11%) used both digital assessments
consisting of virtual patients and scoring and in-person
assessment by an examiner [116]; and, finally, 1 (11%) used a
combined assessment of digital assessment in the form of a
survey, in-person assessment by an examiner, and paper-based
written assessment for different outcomes [123].
Of the 9 studies, 5 (56%) reported at least one form of validity
evidence (mostly internal consistency and reliability) for the
measurement instruments used to assess skills [116-120]
(Multimedia Appendices 2 and 3). Of these 5 studies, 3 (60%)
referenced measurement instrument validation studies: 67%
(2/3) focused on assessment of patient satisfaction [119,120]
and 33% (1/3) on skills [118]. The measurement properties
mentioned in the referenced validation studies were internal
consistency and reliability, followed by internal validity.

VR Serious Gaming and Gamification
Of the 115 studies, 12 (10.4%) with 743 medical students
evaluated the effects of VR serious gaming and gamification
in medical student education [125-136]. The studies included
participants from the first to fifth year of studies and were
published between 2008 and 2020. Regarding the topic or area
of study, 25% (3/12) of the studies focused on surgery
[126,129,136] and 8% (1/12) each on acute medicine [131],
advanced life support [132], basic life support [127],
engagement and self-efficacy beliefs [128], geriatric medicine
[130], laparoscopy [135], pediatrics [133], primary care [134],
and urology [125].
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For the outcomes, 58% (7/12) of the studies reported on
participants’ postintervention knowledge [125,127,129,
130,132-134], 58% (7/12) on skills [126,127,129,
131,132,135,136], 17% (2/12) on attitudes toward the
intervention and toward the outcomes [125,132], 17% (2/12)
on satisfaction [133,134], 8% (1/12) on competencies [130] and
8% (1/12) on engagement and self-efficacy belief [128](Figure
2). Of the 7 studies assessing participants’ skills, 1 (14%) also
reported change score from baseline [126]. Overall, 25% (3/12)
of the studies assessed retention [126,133,134]. Of these 3
studies, 2 (67%) assessing the knowledge outcome also assessed
retention from 4 to 6 weeks after the intervention [133,134] and
1 (33%) assessing the skills outcome also assessed retention at
3 weeks after the intervention [126].
For the assessment methods, most of the included studies used
paper-based written assessments [125,130], in-person
assessments by supervising clinicians [126,131,135,136], or
both assessment methods [127,129,132]. Of the 12 studies, 1
(8%) used digital assessments in the form of a questionnaire in
addition to paper-based written assessment [134], 1 (8%) used
only digital assessments in the form of a questionnaire [133],
and the mode of assessment in 1 (8%) was not mentioned [128].
Of the 12 studies, 7 (58%) reported at least one form of validity
evidence (mostly internal consistency and reliability) for the
measurement instruments that were mainly used to assess
knowledge [125,126,128-130,133,134] (Multimedia Appendices
2 and 3). Of these 7 measurement instruments, 4 (57%) were
focused on knowledge, 2 (29%) on skills, 2 (29%) on
satisfaction, and 1 (14%) each on cognitive load and
self-efficacy beliefs. Of the 7 studies, 3 (43%) referenced a
measurement instrument validation study [126,128,133]. The
reported measurement properties included internal consistency
(for the skills, engagement, and satisfaction measurement
instrument), reliability (for the skills and engagement
measurement instrument), structural validity (for the skills and
satisfaction measurement instrument), and hypothesis (for the
skills measurement instrument).

AR Interventions
Of the 126 studies, 11 (8.7%) with 448 medical students used
an AR intervention to assess the outcomes [137-147]. The
studies included first year to fourth year medical students and
were published between 2013 and 2020. The studies covered
different topics, including arthroplasty [142], facet joint injection
[143], needle insertion [147], general medicine [144], forensic
medicine [137], ophthalmology [140], surgery [141,145],
laparoscopy [146], and anatomy [138,139].
The reported outcomes included participants’ postintervention
knowledge [137-139,144], skills [138,140-143,145-147],
attitudes toward learning experience or intervention
[137,140-142,144], satisfaction [138,146], emotional state ,
[137,144] and cognitive load [139] (Figure 2). Most studies
used paper-based written assessments [137-139,144] or
in-person assessments by examiners [143,147] or both
approaches [140,142,146]. Of the 11 studies, 1 (9%) used both
digital and paper-based written assessments [141] and 1 (9%)
used digital assessment in the form of software-based metrics
[145]. Of the 8 studies assessing a skills outcome, 2 (25%) also
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reported change score from baseline [138,145]. Similarly, of
the 6 studies assessing knowledge and satisfaction, 1 (17%)
also reported change score from baseline [138]. In terms of
retention, only 25% (1/4) of the studies assessing knowledge
also reported retention 2 weeks after the intervention [144].
Of the 11 studies, 6 (55%) reported at least one form of validity
evidence (mostly internal consistency) for a variety of
measurement instruments used [137-140,144,145]. These
measurement instruments were used to assess knowledge in
18% (2/11) of the studies, attitudes in 18% (2/11), and emotional
state in 18% (2/11), whereas in 9% (1/11) of the studies each,
skills, cognitive load, and visuospatial assessment were assessed.
None of the studies provided references for validation of the
instruments used to measure the outcomes.

MR Interventions
None of the included studies assessed the effectiveness of MR
interventions in medical student education.

Discussion
Principal Findings
In this review, we assessed and mapped the choice of outcomes,
measurement instruments, and the prevalence of measurement
instruments with validity evidence in RCTs on the use of ER
technologies in undergraduate medical education. Among the
126 included studies, we found 115 (91.3%) RCTs on different
forms of VR, 11 (8.7%) articles on AR simulations, and no
RCTs on MR in medical student education. The included studies
often reported only a single outcome and immediate
postintervention assessments. The types of reported outcomes
varied across different types of VR and AR simulations.
Participants’ skills were the most common outcomes measured
in studies on VR simulators, VR patient simulations, and AR.
Participants’ knowledge was the most common outcome
measured in studies on screen-based VR and VR serious games.
Other more commonly reported primary outcomes were
participants’ attitudes toward the intervention or topic and
satisfaction with the intervention. More than half of the studies
on VR simulators, VR patient simulations, VR serious gaming,
and AR as well as only a quarter of the studies on screen-based
VR reported at least one form of validity evidence. The most
common validity evidence for the measurement instruments
used were internal consistency and reliability. Most of the
studies used nondigital assessment methods such as paper-based
written or in-person assessments by an examiner.

Comparison With Existing Literature
There is a lack of standardization regarding the choice of
outcomes and assessments in RCTs focusing on ER for medical
student education. The findings are in line with published
reviews focusing on the effectiveness of digital education for
pre- and postregistration health professionals [1,131,148].
Our review shows a diversity of outcomes and measurement
instruments used in trials on ER in medical education. Reporting
of a limited set of outcomes, immediate postintervention data,
and the use of measurement instruments lacking validity
evidence is common in RCTs on different digital health
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professions education modalities. However, the choice of
appropriate outcomes as well as robust measurement instruments
to assess these outcomes is essential when designing trials. It
is also important that the chosen outcomes are relevant to key
stakeholders who will be able to influence policy and practice.
This can be achieved through the development and use of an
agreed standardized collection of outcomes and measurement
instruments [21].

Strengths and Limitations
In our review, we used a comprehensive search strategy for 7
major bibliographic databases and gray literature sources without
language limitations to identify relevant studies. We covered
the search period starting from 1990 onward to include all
available RCTs on VR-, AR-, and MR-based trainings in
medical student education. We performed the screening and
data extraction in parallel and independently to ensure reliability
of our findings.
There are also some limitations to our study. We performed a
descriptive analysis and mapping of outcomes and validity
evidence for the measurement instruments used. A more in-depth
analysis of the types of validity evidence used was not feasible
because of limited information in the included studies. We aimed
to complement this by searching for, and including, additional
information on validity evidence from validation studies
referenced in the included studies. However, information
provided in these referenced validation studies was also often
limited. We acknowledge that some of the mentioned
measurement instruments may have validity evidence not
reported in the included RCT papers or for which no validity
study was referenced. Furthermore, the reporting of validity
evidence in the included RCTs and validation studies may be
incomplete and not reflect all validity evidence for a particular
measurement instrument. Finally, to determine the validity
evidence for the measurement instruments used in the included
trials, we used COSMIN, an established taxonomy of
measurement properties. Although COSMIN was originally
developed for health outcome measurement instruments, it is
also applicable to other types of outcomes. However, there are
other validity frameworks that were developed primarily for
education and may be more appropriate for future analysis of
medical education outcomes [9,149].

Future Recommendations
Future studies should aim to include a broader set of outcomes,
report change score from baseline, and assess learning retention.
They should also aim to use measurement instruments with
validity evidence. We list those used in the included trials in
Multimedia Appendix 3. Most of the measurement instruments
with validity evidence were used to assess participants’ skills.
There is a need for greater use or adaptation of existing
measurement instruments with validity evidence and potentially
also development of new ones assessing other relevant outcomes
such as attitudes and satisfaction. In addition, digital technology
offers diverse and potentially more efficient approaches to
assessment and should be more extensively explored and applied
in this area. This is particularly relevant given the pervasive
and sudden shift to remote teaching because of the COVID-19
pandemic.
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Conclusions
Studies on the use of VR and AR in undergraduate medical
education often report a limited set of outcomes, mostly
knowledge and skills, and usually immediate postintervention
assessment data. The use of measurement instruments with

Tudor Car et al
validity evidence for outcomes other than skills is limited, as
is the use of digital forms of assessment. Future studies should
report a broader set of outcomes, change score from baseline,
and retention data, as well as use measurement instruments with
validity evidence.
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Abstract
Background: Virtual reality (VR) is a computer technology that immerses a user in a completely different reality. The application
of VR in acute pain settings is well established. However, in chronic pain, the applications and outcome parameters influenced
by VR are less clear.
Objective: This review aimed to systematically identify all outcome parameters that are reported in relation to VR in patients
with chronic pain.
Methods: A total of 4 electronic databases (PubMed, Scopus, Web of Science, and Embase) were searched for relevant studies.
Multilevel random-effect meta-analyses were performed, whereby the standardized mean difference was chosen as the effect size
to denote the difference between measurements before and after a VR intervention.
Results: The initial database search identified 1430 studies, of which 41 (2.87%) were eventually included in the systematic
review. Evidence has been found for the effects of VR on pain, functioning, mobility, functional capacity, psychological outcomes,
quality of life, neuropsychological outcomes, and physical sensations. The overall effect size (a total of 194 effect sizes from 25
studies) based on a three level meta-analysis was estimated at 1.22 (95% CI 0.55-1.89; z=3.56; P<.001), in favor of improvements
after a VR intervention. When categorizing effect sizes, the overall effect sizes were reported as follows: 1.60 (95% CI 0.83-2.36;
z=4.09; P<.001) for the effect of VR on pain (n=31), 1.40 (95% CI 0.13-2.67; z=2.17; P=.03) for functioning (n=60), 0.49 (95%
CI −0.71 to 1.68; z=0.80; P=.42) for mobility (n=24), and 0.34 (95% CI −1.52 to 2.20; z=0.36; P=.72) for functional capacity
(n=21).
Conclusions: This systematic review revealed a broad range of outcome variables influenced by an intervention of VR technology,
with statistically significant pain relief and improvements in functioning. These findings indicate that VR not only has applications
in acute pain management but also in chronic pain settings, whereby VR might be able to become a promising first-line intervention
as complementary therapy for patients with chronic pain.
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Introduction
Background
After the recent revision of the definition of pain in 2020 by
the International Association for the Study of Pain, chronic
primary pain is defined as pain in 1 or more anatomical regions
that (1) persists or recurs for >3 months and (2) is associated
with significant emotional distress (eg, anxiety, anger,
frustration, or depressed mood) or significant functional
disability (interference in activities of daily life and participation
in social roles), and (3) the symptoms are not better accounted
for by another diagnosis [1]. Approximately 19% of adults
complain of chronic pain [2], resulting in significant physical
and mental burden as well as significant economic and social
consequences [3,4]. Pain management for chronic pain
conditions that are incorporated within chronic primary pain
often entails a multidisciplinary or interdisciplinary pain
management program relying on a biopsychosocial approach
[5], mostly with a focus on functional restoration [6]. For the
management of long-term pain, public opinion is currently in
strong favor of self-management strategies as a first-line
effective strategy to engage patients in actively managing their
own health status [7-9]. The safety and cost-effectiveness of
self-management programs have been proven; nevertheless, the
effect sizes are small and not sustained in the long term [7,10].
In addition, the limited efficacy of pharmacotherapy in treating
chronic pain and the long-term side effects of these
pharmacological treatment options [11,12] have put a premium
on novel nonpharmacological therapy options for chronic pain,
thereby creating room for promising new pain management
strategies such as virtual reality (VR) [13,14].
VR is characterized by an artificial computer-generated
environment created to replace real-world sensory inputs [15].
This technology has evolved rapidly over the last 2 decades
[16] and can be operationally described as simulations that use
a combination of interaction devices and sensory display systems
[17]. Within VR applications, an important distinction can be
made between immersive and nonimmersive media, whereby
they differ based on the participant’s point of view and the
experience that is produced during the application (ie, difference
in spatial presence [18]) [19]. With immersive technology,
participants view the full panorama, which enables the creation
of a high sense of presence and immersion as if the participant
is essentially inside the created environment [19]. 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 [20].
In both acute and chronic pain settings, the main idea of VR is
to create distraction from the painful region [21]. VR can affect
https://games.jmir.org/2022/2/e34402

XSL• FO
RenderX

pain perception through immersive virtual environments, by
occupying finite attentional resources, and by blocking external
stimulation associated with the real environment and painful
stimuli [22]. As distraction interventions work by competing
for attention otherwise directed toward painful stimuli, pain
tolerance and pain thresholds have been shown to increase under
VR conditions [23]. Moreover, pain intensity, anxiety, and time
spent thinking about pain decreased after VR distraction [24].
VR is thought to be more effective than traditional methods of
distraction (eg, pleasant imagining, rhythmic cognitive activities,
external focus of attention, and neutral imagining [25]) because
of its immersive property, encompassing a patient’s visual and
auditory processing and even physical actions, which, in theory,
demand more attention [26]. In addition to distraction as an
underlying analgesic effect of VR, the long-term use of VR is
expected to induce neuroplastic changes in the sensory and
motor brain regions [27].

Objectives
Several systematic reviews have stressed the effectiveness of
VR in the management of acute pain associated with medical
procedures, wound debridement, and experimental pain [28-31].
The implementation of VR in chronic pain settings is still in its
infancy compared with the widely accepted use of VR in acute
pain settings [16]. Within the context of chronic pain, VR could
be applied as an analgesic intervention and distraction method
or could address pain-related behaviors [32]. Nevertheless, there
is no consensus yet on which outcome measures VR has a
positive effect in chronic pain settings. Therefore, this systematic
review and meta-analysis aimed to evaluate the effect of VR
on several outcome parameters related to the application of VR
in patients with chronic pain.

Methods
Protocol and Registration
The study protocol was registered prospectively with
PROSPERO (CRD42021227016). This systematic review and
meta-analysis was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [33].

Search Strategy
A search strategy based on the PICO (Patient or Population,
Intervention, Comparison, and Outcome; evidence-based search
strategy focusing on patients or populations, interventions,
comparisons, and outcomes) framework was developed [34].
The following research question was constructed: The effects
of virtual reality (intervention) on multiple outcome
measurements (outcome) in patients with chronic pain
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(population). The component control was not defined for this
question. The final search strategy was built by combining free
and Medical Subject Headings terms. Within Population,
Intervention, and Outcome, search terms were combined using
the Boolean term OR. The Boolean term AND was used between
the complete search terms for Population, Intervention, and
Outcome. The search strategy was conducted using the following
databases: PubMed, Embase, Scopus, and Web of Science from
their outset until December 2020. No limitations were applied
to the search. The full search strategy for PubMed is outlined
in Multimedia Appendix 1.

Eligibility Criteria
Studies exploring the effects of VR in patients with chronic
pain were eligible for inclusion. Studies with both adults and
children were eligible if the study participants experienced
chronic pain. Chronic pain was defined as pain that lasted for
>3 months [35], including patients with primary and secondary
chronic pain conditions. Studies in which the effect of VR was
explored in healthy participants or in acute pain settings were
excluded. For this intervention, there were no restrictions on
the VR devices, and all types of VR were permitted, including
(but not limited to) studies with head-mounted displays, video
games, displays with body motion sensors, Nintendo Wii
consoles, Xbox, PlayStation, and computers. Studies that did
not use VR to explore its effects on patients with chronic pain
were excluded. There were no limitations in the outcome
measurements because the goal was to explore the effects of
VR on all types of outcome variables that were recorded in this
setting. Studies reporting in languages other than English, Dutch,
French, or German were excluded. Publications available only
in abstract form, conference abstracts, expert opinions, letters
to the editor, study protocols, reviews, meta-analyses, or meeting
reports were considered not suitable for inclusion.

Study Selection
After deduplication using the EndNote X9 reference manager
(Clarivate), 2 reviewers (JJ and VN) independently screened
all retrieved articles for titles and abstracts using the Rayyan
web-based software (Rayyan Systems Inc) [36]. Subsequently,
the same 2 reviewers performed the full-text screening
(independently). If discrepancies occurred, consensus was
sought through consultation and discussion with a third
independent reviewer (ADS).

Data Extraction
All relevant information concerning the possible effects of VR
in patients with chronic pain was synthesized in an a priori
constructed evidence table. The following items were extracted
from each of the remaining articles: author, publication year,
country, study design, sample size (including sex distribution),
underlying pathology, VR application (including duration, type
of VR, and device), and reported outcome measurements. Data
extraction was performed by one reviewer (JJ) and checked for
correctness by another (LG). Any discrepancies were discussed
in a consensus meeting with all the reviewers.

Risk of Bias Assessment
A modified version of the Downs and Black checklist was used
to assess the quality of the included studies [37]. This
https://games.jmir.org/2022/2/e34402
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instrument, consisting of 27 items, was developed to evaluate
the methodological quality of several study designs, including
randomized trials, nonrandomized trials, and observational
studies [37]. All items were categorized into 5 subscales:
reporting, external validity, bias, confounding, and power. Each
item was given a score of 0 (no) or 1 (yes), except for item 5,
where a score of 1 meant the item was partially presented and
a score of 2 if a complete description was presented. The answer
option not applicable was also available. The scoring of item
27, which refers to the power of the study, had been modified
in the sense that it received a score of 1 if a power calculation
was performed and 0 otherwise [38,39]. After scoring each
individual item, all included studies were categorized as having
poor, fair, good, or excellent quality based on the total score
for further data synthesis. A total score of ≤14 out of 28 was
considered poor quality, 15-19 was considered fair, 20-25 was
considered good, and 26-28 was considered excellent
methodological quality [40].

Statistical Procedure for the Meta-analysis
The standardized mean difference was chosen as the effect size
to compare the differences between measurements before and
after the VR intervention, calculated as the difference in sample
means after VR minus before VR, divided by the SD before
VR (g gain).nOnly sample SDs of the measurements before
VR, instead of pooled SDs, were used in the calculation because
they are not influenced by VR effects and are therefore more
likely to be consistent across studies [41]. Correlations between
measurements were estimated to be 0.5. As standardized mean
difference does not correct for differences in the direction of
the scale, the mean values from outcomes that have a higher
score when they reveal an improvement are multiplied by −1
to ensure that all the scales point in the same direction. Thus,
the effect size measures are positive if the data indicate a
desirable effect of VR. Several studies included more than one
outcome measurement, wherefore a random-effect 3-level
meta-analysis was performed [42]. Thus, a 3-level meta-analysis
model was fitted with sampling variance at the first level,
within-study variance at the second level, and between-study
variance at the third level [42]. Meta-analyses were performed
for all effect sizes combined and for effect sizes categorized
according to the type of outcome measurements (ie, pain,
functioning, mobility, and functional capacity). Meta-analyses
were performed using R Studio (R Foundation for Statistical
Computing) version 1.4.1106 (R version 4.0). P≤.05 was
considered statistically significant. Figures were created based
on the code provided by Fernández-Castilla et al [43] to visually
present the results of meta-analyses of multiple outcomes. Only
studies with sufficient data were included in this meta-analysis.
If insufficient information was provided, the authors were
contacted to provide more in-depth data.

Results
Study Selection
A total of 1430 articles were identified through 4 database
searches (Figure 1). After removing duplicates, 687 (48.04%)
articles were selected for screening. After screening titles and
abstracts, 13.2% (91/687) of articles remained eligible for
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34402 | p.322
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full-text screening. Studies were excluded based on study design
or reporting (n=198), no patients with chronic pain (n=194), no
VR as intervention (n=199), duplicates (n=4), or other languages
(n=1). The percentage of agreement on title and abstract
screening between both reviewers was 92.8%. After full-text
screening, 41 articles were included in this systematic review.

Goudman et al
The primary reasons for study exclusion were no patients with
chronic pain (n=10), no VR as intervention (n=13), and a
different study design or reporting (n=27). The percentage
agreement between both reviewers for full-text screening was
95.7%. Data from 25 studies were included in the meta-analysis.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.

A comprehensive overview of the characteristics of the included
studies is presented in Table 1. The earliest study included in
this review was published in 2008 and the most recent study,
in 2020. In terms of study design, the following studies were
included: 18 quasi-experimental study designs, 16 randomized
controlled trials, and 7 case series.

patients with chronic low back pain [62-67], 5 studied patients
with chronic neck pain [68-72], 4 studies evaluated VR in
patients with (upper limb) complex regional pain syndrome
[73-76], and 3 studied patients with phantom limb pain [77-79].
In addition, 1 study investigated pediatric patients with chronic
pain [80], and 1 study investigated both adults and adolescents
[73]. A total of 1232 patients were enrolled in 41 studies, of
which 784 (63.64%) were women.

In terms of population, most studies (n=11) investigated adults
with chronic pain without further specification of the specific
type of chronic pain [44-54]. A total of 7 studies evaluated the
effect of VR in patients with fibromyalgia [55-61], 6 studied

With regard to the VR application, the duration of the sessions
ranged from 2×2 minutes with 30 seconds rest between sessions
[64] up to sessions of 1 hour [60]. The frequency varied from
1 session [64] to 2 sessions per week for 24 weeks [60].

Study Characteristics

https://games.jmir.org/2022/2/e34402

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34402 | p.323
(page number not for citation purposes)

JMIR SERIOUS GAMES

Goudman et al

Table 1. Characteristics of the included studies.
Authors

Country

Design

Participants,
N (number
of female
participants)

Population

Duration of
the intervention

VRa device
and application

Type of VR

Outcome measurements

Alemanno et al
[62]

Italy

QEb

20 (11)

Adults with
chronic low
back pain

1 hour per session for 12
sessions over
4-6 weeks

VR Rehabilita- Nonimmertion System,
sive
Khymeia,
Italy

Roland and Morris Disability Questionnaire,
Repetition Index, SF-36
Short Form Health Survey, NRSc Pain, McGill
Pain Questionnaire, Brief
Pain Inventory, Beck
Depression Inventory,
and neuropsychological
evaluations

Amin et al [44]

Canada

RCTd

30 (13)

Adult patients 2×10 minutes
with chronic
pain

Oculus Rift
Immersive
DK2 and a
Cardboard VR
to play InMind

Present and retroactive
pain intensity

Botella et al
[55]

Spain

QE

6 (6)

Adult patients 7 weeks with
with fiten 2-hour sesbromyalgia
sions: sessions
1 through 6
were delivered
twice a week
for 3 weeks,
whereas sessions 7
through 10
were delivered
weekly for 4
weeks

2 PCs, a large Nonimmerprojection
sive
screen, 2 projectors, a wireless pad, and a
speaker system. Application used: EM-

Beck Depression Inventory II, Positive and Negative Affect Schedule,
Chronic Pain Coping Inventory, Fibromyalgia
Impact Questionnaire,
and VR Satisfaction
Scale

MAe World

Brown et al
[63]

United
States

RCT

45 (27)

Adults with
chronic low
back pain, receiving spinal
injections

One 5-minute
session

VR immersive Immersive
format in the
Oculus GoÒ
headset

Anxiety thermometer,
NRS pain, Patient-Reported Outcomes Measurement Information System, Modified Oswestry
Disability Index, and VR
Symptom Questionnaire

Chau et al [73]

United
States

CSf

8 (7)

Upper limb
complex regional pain
syndrome
(adults and 1
adolescent)

10 sessions (13 per week)
with 45-60
minutes each
session

HTC Vive VR Immersive
System (virtual 3D kitchen
environment)

Short Form McGill Pain

Collado-Mateo
et al [56]

Spain

RCT

83 (83)

Adult patients Twice a week
with fifor 1 hour per
bromyalgia
session over 8
weeks

An exergame Nonimmercalled Virsive
tualEx-FM
based on Microsoft Kinect

Timed up and go test,
functional reach, Clinical
Test of Sensory Integration of Balance, fear of
falling using VAS

Darnall et al
[81]

United
States

RCT

88 (NDh)

Adults with
21 days
chronic nonmalignant low
back pain or
fibromyalgia

Oculus Go VR Immersive
Headset (visual biofeedback
in relaxation
training)

Defense and Veterans
Pain Rating Scale; pain
interference on activity,
mood, sleep, and stress;
pain catastrophizing
scale; pain self-efficacy;
global impression of
change; satisfaction with
treatment; and motion
sickness and nausea

https://games.jmir.org/2022/2/e34402

XSL• FO
RenderX

Questionnaire, VASg,
Wong-Baker Faces
Scale, and Subjective
feedback

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34402 | p.324
(page number not for citation purposes)

JMIR SERIOUS GAMES

Goudman et al

Authors

Country

Design

Participants,
N (number
of female
participants)

Population

Duration of
the intervention

VRa device
and application

Type of VR

Outcome measurements

Fowler et al
[45]

United
States

QE

16 (3)

Veterans with
chronic pain

19-day program with 20
minutes per
VR session

Oculus Rift
and Samsung
Oculus Gear
VR

Immersive

VR feasibility, Pain Outcomes QuestionnaireVA, Fear of Daily Activities, questionnaire for
kinesiophobia, Pain
Catastrophizing Scale,
and patient-specific
functional scale

Garcia-Palacios Spain
et al [57]

RCT

61 (61)

Adults with fi- Six 2-hour
bromyalgia
group sessions
delivered
twice a week

2 PC computers with an
EMMA VR
environment

Nonimmersive

Fibromyalgia Impact
Questionnaire, Brief Pain
Inventory, Chronic Pain
Coping Inventory, Beck
Depression Inventory II,
Quality of Life Index,
and acceptability and satisfaction

Garrett et al
[46]

CS

8 (6)

Adults with
chronic pain
conditions

Oculus Rift
DK2 1100
field of view
stereoscopic

Immersive

NRS pain, Brief Pain Inventory, Self-Administered Leeds Assessment
of Neuropathic Symptoms and Signs, cybersickness, and individual
interviews

1-8 sessions of HTC Vive VR Immersive
30 minutes
system
(once a week)

Presence, child daily
questionnaire, and interviews

Canada

1 month with
12 sessions of
30 minutes
each

HMDi

Griffin et al
[80]

United
States

QE

17 (13)

Pediatric patients with
chronic pain

Gromala et al
[47]

Canada

RCT

13 (7)

Adult patients 1 moment
with chronic
pain

Technology’s Immersive
DeepStream
VR with virtual meditative
walk

NRS pain

Guarino et al
[48]

Italy

CS

11 (8)

Adult patients 8 VR sessions
with chronic
of 30 minutes,
pain
2 times a
week

VR scenarios Nonimmerwere run in a sive
PC, and the
environments
were visualized on a monitor

McGill Pain Questionnaire, Brief Pain Inventory Severity and Interference, State trait Anxiety
Inventory, Beck Depression Inventory, VAS, and
subjective units of distress scales

Harvie et al
[68]

Australia

CS

12 (3)

Adults with
chronic neck
pain

Samsung Gear Immersive
VR system
with Motor
Offset Visual
Illusion

Pain threshold and NRS
pain

Herrero et al
[58]

Spain

QE

40 (40)

Adults with fi- 3 sessions of
bromyalgia
20 minutes
each

2 PC comput- Nonimmerers, a 3.4-m
sive
screen made
of reflective
material, 2
projectors, and
a Dolby 7.1
surround
sound audio
system with
EMMA

Mood State, NRS pain,
NRS fatigue, NRS motivation, NRS self-efficacy, and NRS of several
emotions (joy, sadness,
anger, surprise, anxiety,
calmness, and vigor/energy)
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Country
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Design

Participants,
N (number
of female
participants)

Population

House et al [82] United
States

QE

12 (12)

Jin et al [49]

Canada

RCT

Jones et al [50]

United
States

MatamalaGomez et al
[74]

VRa device
and application

Type of VR

Outcome measurements

Adults with
20-50 minutes
persistent pain twice week for
in shoulder
8 weeks
and arm following postsurgical breast
cancer

BrightArm
NonimmerDuo technolo- sive
gy with 3D
custom integrative rehabilitation games

NRS pain, upper limb
range of motion, Beck
Depression Inventory II,
Neurophysiological Assessment Battery, Revised Hopkins Verbal
Learning Test, Revised
Brief Visuospatial Memory Test, and Trail Making Test

20 (16)

Adults with
chronic pain

1 moment, 3545 minutes per
participant
with 10minute VR

Oculus Rift
DK2 with
Cryoslide
game

Pain intensity (VAS) and
distraction

QE

30 (20)

Adults with
chronic pain
conditions

Single 5minute exposure to VR

Oculus rift
Immersive
DK2 and
Deepstream
VR with cool!

Spain

QE

19 (14)

Adults with
neuropathic
chronic pain
in the upper
limb

Single session HMD rift deof 55 minutes velopment kit
2, Oculus

Immersive

Ownership, agency,
mental representation,
NRS pain, and VR questionnaire

Matheve et al
[64]

Belgium

RCT

84 (54)

Adults with
chronic low
back pain

2×2 minutes
Valedo Pro,
with 30 secHocom
onds of rest in
between

Nonimmersive

NRS pain, Roland and
Morris Disability Questionnaire, Pain Catastrophizing Scale, Tampa
Scale for Kinesiophobia,
pain intensity, time spent
thinking about pain, and
pelvic tilts

Monteiro et al
[65]

Portugal

RCT

34 (34)

Adults with
chronic low
back pain

8 weeks with
sessions 3
times a week
for 90 minutes

Nonimmersive

NRS pain, balance, sitto-stand test, and profile
of mood states

Mortensen et al Denmark
[59]

QE

15 (15)

Adults with fi- 15 sessions of Motion-conNonimmerbromyalgia
30 minutes
trolled video
sive
games, Wii,
Ps3, and Xbox
Kinect

Pain VAS, Brief Fatigue
Inventory, Activities of
Daily Life Questionnaire,
test of playfulness, and
interviews

Mouraux et al
[76]

QE

22 (12)

Adults with
5 sessions of
chronic neuro- 20 minutes
pathic pain in over 1 week
unilateral upper extremity

3D augmented Nonimmerreality system sive
with a 3D display (Kit
Nvidia 3D Vision) and 3D
camera (Xbox
360 Kinect)

Pain VAS, McGill Pain
Questionnaire, and
Douleur Neuropathique
4 Questions

QE

14 (ND)

Adults with
chronic intractable phantom limb pain

Neuromotus
and Integrum
AB

NRS intensity, frequency, duration, and quality
of phantom limb pain;
Pain Rating Index Scale;
Short form of McGill
questionnaire; and interviews

United
States and
Belgium

Ortiz-Catalan et Sweden and
al [77]
Slovenia

https://games.jmir.org/2022/2/e34402
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Duration of
the intervention

Twice per
week, 12 sessions of 2
hours each

Nintendo Wii
motion and
Wii balance
board

Immersive

Nonimmersive

NRS pain, engagement,
and side effects
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Participants,
N (number
of female
participants)

Population

Duration of
the intervention

VRa device
and application

United King- QE
dom

18 (12)

Adults with
chronic pain

4 conditions,
each lasting 2
minutes

HMD (WRAP Immersive
1200, Vuzix)
connected to a
video camera

McGill Pain Questionnaire and illusion and
control questions

Phoon Nguyen
et al [83]

Australia

QE

9 (7)

Adults with
1 session of 3
burning mouth experimental
syndrome
conditions of
1 minute each

MIRAGE-me- Nonimmerdiated reality sive
system; computer screen
displaying live
digitally manipulated
video feed of
their own face

Pain VAS, Wong-Baker
Faces Pain Rating Scale,
and VAS burning
pain/sensation

Rezaei et al
[69]

Iran

RCT

44 (ND)

Adults with
chronic neck
pain

8 training ses- Cervigame
sions over 4
head mouse
weeks with 21 extreme
minutes each

Rutledge et al
[78]

United
States

QE

14 (1)

Adults with
phantom limb
pain

57 treatment
sessions with
40-60 minutes
per session

VR treatment Immersive
based on mirror therapy
with an Oculus Rift Headset

Phantom Limb Pain
Questionnaire, Trinity
Amputation and Prosthetic Experience ScaleShort Form-12, Patient
Health Questionnaire-9,
Posttraumatic Stress Disorder Checklist-Military
version, and Present
Questionnaire

Sarig-Bahat et
al [70]

Australia

RCT

32 (22)

Adults with
chronic neck
pain

4-6 supervised HMD with a
Immersive
intervention
Wrap 1200VR
sessions for 30 by Vuzix
minutes each
over a period
of 5
weeks+home
training sessions of 30
minutes for at
least three
times a week

VAS pain, Neck Disability Index, Tampa Scale
for Kinesiophobia, static
and functional balance,
satisfaction, global perceived effect, and range
of motion

Sarig-Bahat et
al [71]

Australia
and Israel

RCT

90 (63)

Adults with
chronic neck
pain

5 minutes, 4
times a day, 4
days per
week, for 4
weeks

Neck disability Index,
global perceived effect,
VAS pain, self-rated
health status in the European life quality questionnaire, velocity, Tampa
scale for kinesiophobia

Sato et al [75]

Japan

CS

5 (4)

Adults with
complex regional pain
syndrome

5-8 weeks
FASTRAK
Nonimmerwith 1 session and cybersive
each week
glove, PC
desktop with a
CyberGlove
as hand input,
FASTRAK as
real-time position and motion tracker,
and computer
screen

Authors

Country

Pamment and
Aspell [51]
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Design

Oculus Rift
DK1 HMD
with 3D motion tracking

Type of VR

Nonimmersive

Immersive

Outcome measurements

Pain VAS, Neck Disability Index, and Y-balance
test

VAS pain and range of
motion
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Authors

Country

Design

Participants,
N (number
of female
participants)

Population

Duration of
the intervention

VRa device
and application

Shahrbanian et
al [52]

Canada

QE

12 (5)

Adult stroke
patients with
chronic pain

1 moment
with 3-5 minutes of each
VR condition

HMD Kaiser Immersive
Optical System with
Nvidia
Quadro FX
4500 graphics
card

Pain threshold, engagement, VAS mood, and
NRS pain

Solca et al [84]

Switzerland

QE

15 (5)

Adults with
chronic leg
pain with a
spinal cord
implant

1 moment

Oculus Rift
Immersive
CV1 with RealiSM software

Analgesia and embodiment

Tejera et al [72] Spain

RCT

44 (23)

Adults with
nonspecific
chronic neck
pain

2 sessions per
week for 4
weeks

VR Vox Play
glasses used
with an HMD
clamping system

VAS pain, pain pressure
threshold, temporal summation, range of motion,
neck disability index,
pain catastrophizing
scale, Tampa scale for
kinesiophobia, fearavoidance beliefs questionnaire, and Pain Anxiety Symptoms Scale

Thomas et al
[66]

United
States

RCT

53 (ND)

Adults with
chronic low
back pain

3 consecutive
days

Samsung 3D Nonimmershutter glasses sive
with Vizard
software

Changes in lumbar spine
flexion, VAS expectations of pain and harm,
and game experience
survey

Tong et al [79]

China

CS

5 (0)

Adults with
phantom limb
pain

10 sessions
over 6 weeks

Immersive
room-scale
VR system
and HMD
from HTC
Vive with
Unity 3D

Immersive

Short Form McGill Pain
Questionnaire, VAS pain,
NRS embodiment, NRS
ownership, and hospital
anxiety and depression
scale

Trujillo et al
[67]

United
States

CS

2 (0)

Adults with
chronic low
back pain

7 sessions
with 2 sessions per week
of 30-45 minutes each

Virtual embod- Immersive
iment training
with Virtual
Embodiment
Training
(KVET); HTC
Vive with a
VR HMD

Simulator Sickness
Questionnaire; VAS pain
and Pain Catastrophizing
Scale

Villafaina et al
[60]

Spain

RCT

55 (55)

Adults with fi- 2 sessions of 1 VirtualEx-FM Nonimmerbromyalgia
hour per week
sive
for 24 weeks

Chair-stand test, 10-step
stair test, 6-minute walk
test, Fibromyalgia impact
questionnaire, and International Physical Activity Questionnaire

Villafaina et al
[61]

Spain

RCT

55 (55)

Adults with fi- 2 sessions of 1 VirtualEx-FM Nonimmerbromyalgia
hour per week
sive
for 24 weeks

Electroencephalography

Wiederhold et
al [53]

United
States

QE

31 (ND)

Adults with
chronic pain

Simple Descriptive Pain
Intensity Scale, Numerical Pain Intensity Scale,
VAS pain, and physiological measures (heart rate,
peripheral skin temperature, respiration, and skin
conductance)

https://games.jmir.org/2022/2/e34402
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5-minute pain Mobile phone
focus session VR therapy
followed by a and an HMD
20-minute intervention session

Type of VR

Immersive

Immersive

Outcome measurements
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Authors

Country

Design

Wiederhold et
al [54]

Belgium and QE
United
States

VRa device
and application

Participants,
N (number
of female
participants)

Population

Duration of
the intervention

Type of VR

40 (ND)

Adults with
chronic pain

15-minute ex- VR exposure Immersive
posure session while wearing
HMD

Outcome measurements

Pain reduction, pain focus, and skin temperature

VR: virtual reality.

b

QE: quasi-experimental.

c

NRS: Numeric Rating Scale.

d

RCT: randomized controlled trial.

e

EMMA: Engaging Media for Mental Health Applications.

f

CS: case series.

g

VAS: visual analog scale.

h

ND: not displayed.

i

HMD: head-mounted display.

Risk of Bias
The range of the total scores on the Downs and Black checklist
varied between 8 out of 28 and 25 out of 28. Overall, 5 (12%)
of the 41 included studies scored poor on the risk of bias
assessment (total score ≤14), 17 (42%) had a fair score (total
score between 15 and 19), and 19 (46%) had good quality (total
score between 20 and 25). The total scores on the risk of bias
assessment are presented in Table 2. Multimedia Appendix 2
presents the full results of the risk of bias assessment.
In the 18 studies with a quasi-experimental design, low scores
were found for the external validity subscale. Only 6 (33%) of
the 18 studies had an accurate score on the item of whether
patients were representative of the entire population from which
they were recruited, and the item concerning representativeness
of staff, places, and facilities where the patients were treated
was only considered representative of the treatment most
patients received in 7 (39%) of 18 studies. Several items that
evaluated internal validity performed poorly, including the
attempt to blind study participants, which was only evaluated
efficiently in 1 (6%) of the 18 studies. No study has attempted
to blind outcome assessors. Recruiting patients over the same
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RenderX

period was only scored satisfactory in 3 (17%) studies, no
studies randomized patients, and adjustments for confounding
were only performed in 6 (33%) of 18 studies.
In the 16 randomized controlled trials, several items evaluating
internal validity received low scores. Of the 16 studies, only 1
(6%) study provided information on attempts to blind study
participants, whereas 5 (31%) studies provided information on
attempts to blind outcome assessors. Information regarding
adjustments for confounding was provided in only 7 (44%)
studies.
A total of 7 case series were included; only 2 (29%) studies
reported the estimates of random variability. For the 3 items
evaluating external validity, most studies performed poorly with
representativeness ranging from 14% (1/7) to 43% (3/7). Of the
7 studies, on the subscale for internal validity (bias), only 1
(14%) study attempted to blind the study participants, and none
attempted to blind the outcome assessor. Patients were not
recruited in the same period within a study, and only 1 (14%)
of 7 studies used randomization (no concealed randomization).
Adjustments for confounding were explored in 2 (29%) studies,
and a power calculation was reported in 3 (43%) of the 7 studies.

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34402 | p.329
(page number not for citation purposes)

JMIR SERIOUS GAMES

Goudman et al

Table 2. Total score on the risk of bias assessment.
Studya

Total score (out of 28)

Category

Alemanno et al [62]

22

Good

Amin et al [44]

19

Fair

Botella et al [55]

16

Fair

Brown et al [63]

24

Good

Chau et al [73]

16

Fair

Collado-Mateo et al [56]

24

Good

Darnall et al [81]

25

Good

Fowler et al [45]

21

Good

Garcia-Palacios et al [57]

23

Good

Garrett et al [46]

18

Fair

Griffin et al [80]

20

Good

Gromala et al [47]

18

Fair

Guarino et al [48]

10

Poor

Harvie et al [68]

20

Good

Herrero et al [58]

18

Fair

House et al [82]

19

Fair

Jin et al [49]

18

Fair

Jones et al [50]

16

Fair

Matamala-Gomez et al [74]

19

Fair

Matheve et al [64]

24

Good

Monteiro et al [65]

21

Good

Mortensen et al [59]

18

Fair

Mouraux et al [76]

14

Poor

Ortiz-Catalan et al [77]

18

Fair

Pamment and Aspell [51]

20

Good

Phoon Nguyen et al [83]

21

Good

Rezaei et al [69]

25

Good

Rutledge et al [78]

18

Fair

Sarig-Bahat et al [70]

23

Good

Sarig-Bahat et al [71]

21

Good

Sato et al [75]

12

Poor

Shahrbanian et al [52]

17

Fair

Solca et al [84]

19

Fair

Tejera et al [72]

23

Good

Thomas et al [66]

25

Good

Tong et al [79]

16

Fair

Trujillo et al [67]

17

Fair

Villafaina et al [60]

23

Good

Villafaina et al [61]

22

Good

Wiederhold et al [53]

11

Poor

Wiederhold et al [54]

8

Poor
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Each study was scored on all 27 items of the modified Downs and Black checklist. On the basis of the total score, all included studies were categorized
as presenting poor, fair, good, or excellent quality. A total score of ≤14 out of 28 was considered poor quality, 15-19 was considered fair, 20-25 was
considered good, and 26-28 was considered excellent methodological quality.

Interventions
A total of 23 studies used immersive VR techniques, and 18
used non-immersive techniques. Within the category of
immersive techniques, VR games (7/23, 30%),
mindfulness-based interventions (6/23, 28%), practical exercises
(6/23, 28%), and visual illusions (4/23, 17%) were used. In the
category of nonimmersive techniques, of the 18 studies, 6 (33%)
used exergames, 3 (17%) used an avatar or exoskeleton, and 9
(50%) studies used a television or PC screen. A more detailed
description of immersive techniques is provided in further
sections, followed by an in-depth explanation of nonimmersive
VR techniques.
When VR was applied as a game, a broad range of VR games
were used, including shooter games [44], a game of grasping
where participants had to stomp fruit [80], a game with sliding
in an icy cave during which participants should hit creatures
with snowballs [49], a game in which the user travels through
a landscape with interaction [50], a game with a visualization
of a red airplane that could be controlled by head motion and
the user could hit targets [70,71], and a game of pushing a ball
of the table and shooting a basketball [79].
When VR was used in the context of mindfulness-based or
relaxation treatments, several applications were used, including
a 5-minute relaxation video [63], sessions to support patients
in learning self-management skills based on cognitive behavior
therapy principles in which the VR headset was used for visual
biofeedback in relaxation training [81], exploratory
environments [46,47], interaction with simulation graphics and
exploration of virtual worlds [53], and relaxing environments
and sounds [54].
In addition, immersive VR was also used to practice exercises
in a kitchen environment in which participants had to perform
tasks representative of daily activities [73]. In addition, minimal
exercises such as neck and head movements and larger exercises
such as torso and upper extremity movements were provided
[45,68]. Participants could bicycle on a pedaller through VR
environments [78], practice neck exercises through the illusion
of diving with sounds of the sea [72], and perform exercises
based on the principles of graded motor imagery to relearn
associations to pain and improve their function [67].
Finally, other possibilities of immersive VR were seeing an
illusion of the affected body part through an avatar [74], a
visualization of their own back and synchronously or
asynchronously tapping with a wooden stick [51], experiencing
hot and cold stimuli through a snow world environment and a
canyon environment, respectively [52], and a visual illumination
of a circumscribed skin region in the VR corresponding with
Spinal Cord Stimulation [84].
In contrast to immersive applications, several studies have used
nonimmersive VR techniques. The studies (n=6) that made use
of exergames consisted of a variety of exercises, such as aerobic
sessions; postural control and coordination; exercises to improve
https://games.jmir.org/2022/2/e34402
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mobility skills, fitness, ability, and balance [56,60,61]; Wii Fit
Plus workouts [65]; a sports game package [59]; and an exercise
in which a real-time 3D image of the individual’s moving,
nonaffected body part was presented, and participants played a
game to touch a few targets with the hand or fingers of the
virtual affected upper extremity [76].
An avatar or exoskeleton was used in 3 studies as virtual
rehabilitation and could help to teach patients to execute correct
movements with the painful body parts to regain a correct body
image [62] or with games for unimanual and bimanual motor,
emotive, and cognitive training [82] or with pelvic tilt exercises
where the VR was used as a game [64].
A television or PC screen was used in the following situations
(n=9): support of a group cognitive behavior therapy containing
speciﬁc content for developing relaxation and mindfulness skills,
as an adjunct to the activity pacing component, with education,
activity management, and relapse prevention, to induce positive
emotions and promote motivation, self-efficacy, and behavior
activation [48,55,57,58]. Other authors used a television or PC
screen to practice motor execution by games, such as racing
cars using phantom movements and matched random target
postures of a virtual arm [66,77], a rabbit attempting to reach
carrots and avoid obstacles [69], or a target-oriented motor
control task where hand exercises consisted of reaching out,
grasping, transferring, and placing [75]. In another study,
patients with burning mouth syndrome watched their tongues
on a computer screen with illusions and performed tongue
movements [83].

Instruments of Outcome Measurements
Multimedia Appendix 3 provides a complete summary of the
measurement instruments used to evaluate these outcomes. Of
the 41 included studies, 35 (85%) evaluated pain-related
outcomes [44-54,57-59,62-73,75-81,83,84]. Psychological
outcomes, such as kinesiophobia and fear, mood, satisfaction,
expectations of pain, pain focus, time spent thinking about pain,
self-efficacy, emotions, motivation, stress, catastrophizing,
acceptability, global impression of change, ownership, and
a g e n c y,
were
measured
in
19
studies
[45,48,52,55-59,62-65,67,70-72,74,81,82]. Functional outcomes,
including disability, physical comfort, strength, fitness, and
sleep,
were
measured
in
15
studies
[45,55-57,59,60,62,64,65,69-72,77,82]. Functional capacity
(evaluated by measuring balance, repetition index, step test,
and composite value) was measured in 5 studies
[56,62,65,69,70]. Mobility (range of motion) was measured in
4 studies [45,62,71,72]. Neuropsychological functions were
measured in 2 studies [61,82] using resting brain dynamics with
electroencephalography,
Brief
Visuospatial
Memory
Test-Revised, Neurophysiological Assessment Battery, Revised
Hopkins Verbal Learning Test, Trail Making Test, and other
neuropsychological evaluations. Quality of life was measured
in 3 studies [57,62,71]. Other sensations were measured in 5
studies [52,54,68,72,78]. The experience of VR technology,
such as presence, simulator sickness, physical comfort,
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feasibility, safety, effort put in the game, and satisfaction, was
measured in 18 of the included studies
[45,46,50-52,55,57,59,63,66,67,70,74,78-81,84] using the VR
Satisfaction Scale, VR Symptom Questionnaire, satisfaction
with treatment (numeric rating scale), motion and nausea
(numeric rating scale), test of playfulness, illusion and control
questions, questionnaire of embodiment, and a game experience
survey.

Meta-analysis of Outcome Measurements
In most (21/25, 84%) studies, more than one outcome
measurement was used to evaluate the effect of VR in patients
with chronic pain, resulting in 194 effect sizes from 25 studies.
Figure 2 [45,49,52,55-60,62-65,69-73,75-79,82,84] presents
the summary forest plots, where each line represents all the
outcomes from a particular study. If 0 was included in the CI,
the reported effect size was not statistically significant at the
5% level. The overall effect size based on the 3‐level
meta‐analysis was estimated at 1.22, with an SE of 0.34 and
a 95% CI of 0.55-1.89 (z=3.56; P<.001). This indicates that VR
intervention in patients with chronic pain had a positive effect
on the outcome measurements used. Caterpillar plots are
visualized in Figure 3 to provide a general view of the
distribution of all effect sizes (Figure 3A) and study effect sizes
(Figure 3B). Funnel plots are scatter plots in which effect sizes
are plotted against the SE with small SEs at the top of the graph.

Goudman et al
Funnel plots for this meta-analysis are displayed in Figure 4,
demonstrating an asymmetrical plot, which might be interpreted
as an indication of publication bias.
The type of VR intervention (binary factor: immersive vs
nonimmersive) was included as an additional covariate in the
analysis; however, the type of VR intervention was not
statistically significant (F1,192=0.88; P=.35). Given these results,
it can be concluded that the overall effect of VR on several
outcome measurements is not moderated by the type of VR
intervention. In addition, the type of pain (primary or secondary)
and the objective of VR (exercise, virtual illusion, distraction,
or cognitive therapy) were added as potential moderators to the
analyses, whereby the omnibus test for the moderator analysis
was not statistically significant for the type of pain (F1,180=0.03;
P=.86), nor for the objective of VR (F1,190=0.59; P=.62).
When specifically focusing on effect sizes that measure the
effect of VR on pain (n=31), an overall effect size of 1.60 (SE
0.39, 95% CI 0.83-2.36) was revealed, favoring VR
interventions to decrease pain (z=4.09; P<.001; Figure 5A). For
functioning (n=60), an effect size of 1.40 (SE 0.65, 95% CI
0.13-2.67) was calculated (z=2.17; P=.03; Figure 5B). For
mobility (n=24; Figure 5C) and functional capacity (n=21;
Figure 5D), effect sizes of 0.49 (SE 0.61, 95% CI −0.71 to 1.68;
z=0.80, P=.42) and 0.34 (SE 0.95, 95% CI −1.52 to 2.20; z=0.36;
P=.72) were revealed, respectively.

Figure 2. Summary forest plot for the effect of virtual reality on all outcome measurements in patients with chronic pain. Each line presents the results
of 1 study (potentially including multiple effect sizes). The meta-analytic mean, with the corresponding 95% CI, is presented with a black dot and black
line. This black 95% CI represents the total study precision. The additional CI in gray is based on the sampling variance of individual observed effect
sizes of the study to obtain a visual contribution of the study sample size on the total study precision. The thickness of the gray CI is proportional to the
number of effect sizes within studies. The number of effect sizes per study is presented as "J" on the right side of the figure
[45,49,52,55-60,62-65,69-73,75-79,82,83].
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Figure 3. Caterpillar plots with all effect sizes (A) and study effect sizes (B). The overall effect size is presented in red.

Figure 4. A funnel plot of all effect sizes (A) and a study funnel plot (B).
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Figure 5. Reported effect sizes from the studies exploring (A) pain, (B) functioning, (C) mobility, and (D) functional capacity. Significant effects were
found for pain and functioning outcome variables. Effect sizes from individual studies are presented in black, and the overall effect size is shown in
red.

Discussion
Principal Findings
The main aim of this systematic review was to systematically
identify all outcome parameters that are reported in relation to
VR in the context of chronic pain management. This review
revealed a broad range of outcome variables that are influenced
by an intervention of VR technology, with statistically
significant results on pain relief and improvements in
functioning. These findings indicate that VR not only has
applications in acute pain management but also in chronic pain.
Over the last decade, medicine has shifted toward the use of
innovative tools such as VR. The use of VR technology has
expanded from the entertainment industry to clinical medicine
and has proven to be cost-effective and efficient [14]. The effects
of VR technology have been explored in different settings in
medicine, ranging from surgical education to pain management
[14]. The use of VR technology in surgical training has become
an essential prerequisite for junior physicians before they can
actively participate in real surgical operations [85]. Compared
with VR technology, trainees who have received conventional
surgical training have been found to perform surgery
substantially slower and are more likely to cause injury, damage
tissue, or fail to progress with surgery [86].

Comparison With Existing Literature
The management of pain in acute care settings often relies on
pharmacological treatments to decrease pathophysiological
responses [87]. However, the emergence of VR technology has
brought another path for the management of acute pain and has
been investigated for the management of burn-induced injuries
[14]. As a result, VR technology provides analgesia with
minimal side effects [88] and minimal impact on the physical
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hospital environment [88]. Another approach to the use of VR
technology is to augment hypnosis, where patients report lower
levels of pain and anxiety [89,90]. In addition to the use of
morphine for pain reduction, VR for relaxation has shown to
be very effective [91]. In addition, in chronic pain management,
the applications of VR technology are very broad, including
distraction, cognitive therapy, exercise, and enabling virtual
limb movements [32].
Within the field of VR, one of the major classifications is based
on the applied materials to induce a virtual experience. Both
studies with 3D settings with a computer-generated simulation
of 3D environment that makes use of a head-mounted display
to entirely replace the real world and computer-generated
simulations of 2D environment viewed on a computer or a
wall-mounted screen were included [32]. A systematic review
concluded that immersive VR technology is more likely to
generate pain than nonimmersive (2D) VR technology [30]. As
the price of immersive VR equipment continues to decrease,
this approach is becoming very affordable and could potentially
become a self-management tool for pain relief used by patients
in ambulatory and home settings [14]. In this meta-analysis, the
type of VR (immersive vs nonimmersive) was not a statistically
significant confounder, indicating that VR in general has a
beneficial effect on the reported outcome measurements. Further
studies are required to confirm these results in chronic pain
settings.
Patients affected by chronic pain aim to increase participation
in daily living, ranging from work duties and family
commitments to social activities and leisure time [92].
Therefore, a complete view of the patient’s functioning and
health-related quality of life is needed rather than exclusively
assessing the degree of pain relief [93]. A possible framework
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for organizing and documenting information on functioning
and disability is the International Classification of Functioning,
Disability, and Health (ICF), which is a classification of health
and health-related outcomes [94]. The model conceptualizes
functioning as a dynamic interaction between a person’s health
condition, personal factors, and environmental factors, as the
functioning and disability of an individual occur in this context
[95]. Therefore, the ICF provides a multi-perspective,
biopsychosocial approach, which is reflected in the
multidimensional model [95]. Multiple factors of the ICF model
have been found in the reported outcome measurements of this
systematic review, whereby mainly bodily functions and
structures (eg, pain intensity and sleep), functional disability
(eg, walking and balance control), and psychological distress
(eg, depression, anxiety, and catastrophizing) were represented.
The meta-analyses revealed a statistically significant positive
effect of VR on pain-related (95% CI 0.83-2.36; z=4.09; P<.001)
and functioning-related (95% CI 0.13-2.67; z=2.17; P=.03)
outcome measurements. These results are in line with the
decrease in pain intensity and disability by VR compared with
proprioceptive training and lumbar stabilization exercises in
patients with chronic neck pain and chronic low back pain,
respectively, as observed in a recent meta-analysis [96]. No
statistically significant results were found for functional capacity
and mobility, whereby a number of effect sizes were indicative
of no effect of VR on these outcome measurements. However,
this finding does not exclude the potential added value of VR
with another rehabilitation strategy to work on these concepts.
Recently, it was suggested that manual therapy in combination
with VR could define an entire mind-body intervention that
relies on psychological, interoceptive, and exteroceptive
stimulations for rebalancing sensorimotor integration and
distorted perceptions, including visual and body images [97],
denoting the complementary action of several conservative
treatments.

Strengths and Limitations
The main strength of this literature review was the addition of
a 3-level meta-analysis to consider the dependency between
effect sizes. In the case of dependency, effect sizes are

Goudman et al
correlated, which inevitably leads to inflation of information
and overconfidence in the results of a standard meta-analysis
[42]. To avoid this inflation, several approaches have been used,
among which the selection of only one effect size per study,
relying on an average effect size for dependent effect sizes, or
dependency could simply be ignored, and the analysis was
performed as if the effect sizes were independent [98]. As the
aim of this review was to evaluate the effect of VR on all
outcome measurements in relation to chronic pain, the authors
did not find the stated methods well suited, wherefore a
multilevel approach was found to be the most appropriate.
Furthermore, this systematic review has certain strengths that
secure a minimal risk of potential bias: double-blind screening
of the literature, including consensus meetings when needed,
and consultation with several databases with the aim of fully
representing the existing literature.
Certain limitations should be taken into account as well when
interpreting the results of this study. None of the included studies
qualified for excellent methodological quality. Of the 41 studies,
most of the studies were scored as good on the risk of bias
assessment (n=19, 46%), 17 (41%) scored as fair, and only 5
(12%) studies scored as poor. In many of the included studies,
the authors mainly focused on the primary outcome variables;
in this systematic review, all outcome variables were taken into
account (primary and secondary outcome measurements); hence,
the results were not always described in full detail for secondary
outcomes. Finally, much heterogeneity is present in studies with
VR, especially in terms of study design, underlying chronic
pain etiologies, VR materials, and VR applications.

Conclusions
This systematic review explored the outcome measurements
that are influenced by VR in patients with chronic pain. A broad
range of outcome variables was revealed, whereby an
intervention using VR technology can induce pain relief and
improvements in functioning. These findings indicate that VR
not only has applications in acute pain management but also in
chronic pain settings, whereby VR technology might be able to
become a promising first-line intervention as a complementary
therapy for patients with chronic pain.
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Abstract
Background: Sexually transmitted infections and unintended pregnancies among young people remain public health concerns
in many countries. To date, interventions that address these concerns have had limited success. Serious games are increasingly
being used as educational tools in health and professional public education. Although acknowledged as having great potential,
few studies have evaluated the use of serious games in sexual health education among young people, and to date, there have been
no published reviews of these studies.
Objective: This study aims to assess the effects of video game–based sexual health interventions for risky sexual behavior in
young people aged between 15 and 25 years.
Methods: A rapid review of randomized controlled trials and quasi–randomized controlled trials was performed. The search
included the following bibliographic databases: Cochrane Central Register of Controlled Trials, Embase, MEDLINE, PsycINFO,
and Scopus. A total of 2 reviewers independently screened 50% (35/70) of the retrieved articles during the full-text screening
phase.
Results: From a total of 459 identified citations, after removing duplicates, 327 (71.2%) articles were deemed eligible for title
and abstract screening. Of the 327 articles, 70 (21.4%) full texts were screened, from which 10 (3.1%) articles (evaluating 11
different games) were included in the review. The findings highlighted the considerable diversity in video game–based interventions
and assessed sexual health outcomes. Although there were some promising findings in outcome studies using game-based
interventions, the results across studies were mixed.
Conclusions: Although game interventions for sexual health have been in existence for almost three decades, relatively few
studies have evaluated them, and the results of previous outcome studies have been mixed. Moreover, there is little clarity regarding
which specific elements of a game facilitate positive outcomes. We provide recommendations for future researchers developing
video game–based interventions to improve sexual health in young people.
(JMIR Serious Games 2022;10(2):e33207) doi:10.2196/33207
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Introduction

gay, bisexual, transgender, and intersex individuals; people with
disabilities; and migrant populations [17].

Background

It has been argued that education through games is more
efficient and enjoyable than classroom teaching for several
reasons [18]. First, it is predominantly the player who directs
activity in games, whereas in school, it is predominantly the
teacher who directs activity. This is why serious games use a
learner-centered approach in which learners are involved in the
process (learning through doing), in contrast to traditional
education, which uses a teacher-centered approach in which
learners are relatively passive.

Although contraceptive access and sexual education are more
widely available than ever, risky sexual behavior remains an
issue for people of all ages, especially younger individuals.
More than 1 million sexually transmitted infections (STIs) are
acquired each day worldwide among individuals aged between
15 and 49 years [1,2]. The most common STIs are chlamydia,
gonorrhea, and trichomoniasis, although the diagnosis of syphilis
has also increased in recent years [1]. In many countries, young
people aged between 15 and 24 years have the highest rates of
STIs [3,4]. Despite global and national efforts to stop the spread
of STIs, the World Health Organization recently reported a
“concerning lack of progress” in achieving reductions [5].
The best method for preventing the spread of STIs is the correct
use of condoms [6]. However, many young people [7] engage
in risky sexual behaviors such as having sex with multiple
partners without the use of condoms or incorrect or incomplete
condom use [8]. Many interventions have been developed to
encourage consistent condom use and safer sexual behaviors;
however, most of these interventions have been shown to have
limited effectiveness and/or are very resource intensive [9,10].
Adolescent pregnancies are also a global concern in high-,
middle-, and low-income countries. Although the past 30 years
have seen a global decline in unintended pregnancy rates, a
recent review of 166 low- to middle-income countries reported
that approximately half of all pregnancies are unintended [11].
Furthermore, although rates of unintended pregnancies in the
United States and the United Kingdom have dropped in recent
decades [12], adolescent pregnancy rates remain high in many
middle- to high-income countries (particularly in the United
States) [13].
Despite consistent evidence that comprehensive sex education
can increase protective behaviors [14], there are still many gaps
in knowledge. Furthermore, access to contraceptives and sexual
health services for young people remains limited in many
countries [4]. Sex education, often delivered in schools as part
of the national curriculum, can be a highly contested area,
reflecting political, moral, and cultural debates. In the United
States, school-based sex education curricula have long been
criticized for being sex negative, often focusing on abstinence
and omitting any mention of nonheterosexual experiences
[15,16]. In many countries, traditional gatekeepers such as
religious and educational authorities still powerfully restrict
access, content, and materials used for sex education [4].
Therefore, for many young people, obtaining reliable
information about sex and relationships can be difficult.
The internet has been identified as a potentially valuable
resource for comprehensive, interactive, web-based, and
youth-friendly sex education [16]. Young people worldwide
use the internet and social media to access information on sexual
and reproductive health and rights [16,17]. Interventions
delivered through digital media could particularly help reach
marginalized groups such as young people in rural areas; lesbian,
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Second, children and adolescents often find it difficult to
properly engage in school exercises [19], in which the challenge
level is not well adjusted to their skills. In a class, there are
many students with different skills, making it difficult for
teachers to equally engage all students in the class. In contrast,
video games engage players naturally by gradually adjusting
their difficulty level as they progress in the game [20]. Game
developers understand that for a game to be successful, players
of varying abilities need to feel a sense of reward or
achievement, often enough to retain their engagement.
Third, students are sometimes discouraged by the school system
as they are penalized for the mistakes they make (eg, they
receive bad grades). However, in games, players are expected
to make wrong decisions and do so without being discouraged
(ideally, unless the game is poorly designed). In fact, games
have the advantage of allowing users to train in real-life
decision-making situations where the wrong choice may involve
some risk without having to actually be at risk. For example,
pilots often train using Microsoft Flight Simulator, whereas the
military often uses battle simulators to train recruits. This allows
players to make mistakes in a safe environment.
Finally, an important characteristic of educational games is the
constant real-time feedback provided to the user. Players almost
instantly know how well a certain move or strategy works
toward the goal of the game. Feedback can take the form of
points, lives, levels, scores, ranks, or progress bars. Real-time
feedback ensures that users are motivated throughout the game
by promising that a goal is achievable.
Some authors have argued that there is a strong case for
integrating video games into sex education, whether by
supplementing sex education classes with existing games that
explore sex and sexuality or developing new games for the
purpose of sex education [21]. Given the interactive nature of
video games, their lack of real consequences, their capacity for
privacy, and the familiarity that many adolescents already have
with games, when used correctly, games could be very effective
tools for students.

Aims of the Review
This review was conducted as part of a larger Erasmus+ funded
project (Safe4Play) that aims to develop an innovative tool for
sex and reproductive health education for young people using
serious games with machine learning features. The aim of this
review was to analyze the core elements and effects of video
game–based interventions for improving the sexual health of
young people. The findings informed the development of the
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intervention that was produced as part of the Safe4Play
initiative.

Methods
We conducted a rapid review following the Cochrane Rapid
Reviews Method Group guidelines [22,23]. A rapid review can
be defined as a type of knowledge synthesis in which the usual
procedures of a traditional systematic review are streamlined
and accelerated such that the most crucial elements are still
present, but the research time is considerably abridged [24].

Criteria for Study Selection
The criteria for selecting studies were based on the Population,
Intervention, Comparison, Outcomes, and Study characteristics
framework.

Population
This involved interventions aimed at working with youth (aged
15-25 years). Where studies included participants who fell both
inside and outside of our target bracket (eg, aged 12-16 years),
we tried, where possible, to select the appropriate results from
the subset of the sample that met our age criteria; if that was
not possible, we captured that specific limitation in the narrative
form.

Intervention
This involved any video game–based sexual health intervention
aimed at reducing risky sexual behavior. We considered a video
game–based intervention as an educational intervention
delivered through an electronic or digital medium that relied
heavily on game mechanics, aesthetics, or game thinking
(competition, cooperation, exploration, and storytelling) to
engage, motivate action, promote learning, and solve problems
[25].

Comparison
This criterion was not applicable.

Outcomes
As we were broadly interested in sexual health, we chose to
include studies that assessed a broad range of knowledge,
attitudinal, and behavioral variables. We defined primary
outcomes as any of the following: decrease in unintended
pregnancies and STIs, increase in contraceptive use, increase
in intention to use contraceptives, acquisition of new knowledge
regarding sexual health, change in the perception of risk of
pregnancy, and change in the perception of risk of STIs.
Secondary outcomes included changes in attitudes toward safe
sex, self-efficacy toward sexual health, decrease in the number
of sexual partners, increase in safe and consensual relationship
practices, and increase in adherence to pre-exposure prophylaxis
(PrEP).
Where studies reported >1 relevant outcome, each one was
captured and reported in a narrative form. When outcomes were
provided at multiple follow-up points, all outcomes were
reported for each follow-up point.

Franco Vega et al

Study Characteristics
We included randomized controlled trials (RCTs) and
quasi-RCTs (studies in which participants were allocated to
different arms of the study using a method of allocation that is
not truly random). Publications in either English or Spanish
were considered.

Search Strategy and Search Terms
The search strategy was validated by the Safe4Play research
team and an information retrieval specialist from the University
of Bath. It was piloted to analyze the quality and quantity of its
results; only small changes were made based on the findings.
We used 5 databases to identify relevant studies: Cochrane
Central Register of Controlled Trials, Embase, MEDLINE,
PsycINFO, and Scopus. Searches were conducted on April 23,
2021. In addition, we hand-searched the reference lists of the
included trials for referenced articles that were not retrieved in
the original search. We also contacted experts in the field for
additional recent publications that the original search might not
have identified. For details of the search terms used for each of
the databases, see Multimedia Appendix 1.

Study Selection
A total of 2 steps were undertaken to assess the eligibility of
the studies: title and abstract screening and full-text screening.
A total of 2 reviewers (IFV and CG) were involved in the
process. Approximately 20% (51/257) of the abstracts were
independently screened by both reviewers, which served as a
pilot to identify any salient issues. The remaining 80% (206/257)
of the abstracts were screened by IFV. Interrater reliability was
found to be moderate (weighted κ=0.53) [26]. All cases of
uncertainty or discrepancy were resolved through discussions
between the 2 reviewers.
In the full-text screening stage, both reviewers independently
screened half of the articles to confirm whether the studies
identified during the title and abstract screening should be
included. Reliability was found to be substantial (κ=0.71) [26].
The same procedure was used to resolve any discrepancies
between reviewers. The remaining articles were screened solely
by IFV.
Data extraction was performed by IFV. All pertinent data were
extracted from the full text using a spreadsheet template. When
an intervention was analyzed in multiple papers, data from all
papers were considered during the extraction.

Results
Search Results
As shown in Figure 1, the search strategy produced 449 results,
of which, after removing 132 (29.4%) duplicates, 317 (70.6%)
articles remained (299/317, 94.3% of empirical papers, and
18/317, 5.7% of reviews). All systematic reviews were scanned
to identify additional articles to screen; 10 additional articles
were found through this process. A total of 327 abstracts were
deemed appropriate for screening.
Overall, of the 327 articles found, 257 (78.6%) were screened
at the title and abstract screening, leaving 70 (21.4%) articles
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for full-text screening. These 70 articles were downloaded and
examined. After this final screening procedure of the 70 articles,
60 (86%) articles were excluded, leaving 10 (14%) articles with
suitable games to analyze. Most articles described 1 game each,
although one of the articles evaluated 2 games. Thus, the final
search product was 11 games.

Franco Vega et al
In some cases, to obtain the information required to conduct a
proper analysis, additional supplementary materials had to be
downloaded. Most of these were in the form of protocols for
trials or articles that reported preliminary results. In the
following sections, we briefly describe each of the identified
games. Table 1 presents some of the key features (sample,
location, and type of game) of each video game.

Figure 1. Flow diagram from the article selection process.
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Table 1. Key features of included studies.
Game name

Target population

Age (years),
range

Location and publication
date

Console

Type of game

The Baby Game! [27]

High school students

13-18

Hawaii, United States,
1989

PC

Management simulator

Romance [27]

High school students

13-18

Hawaii, United States,
1989

PC

Text adventure

VODO [28]

High school students

15

New Orleans, United
States, 1989

PC

Text adventure

Choose Your Own Adventure [29]

High school sophomores 15-16

Kentucky, United States,
2007

PC

Dating simulator

SOLVEa [30]

Men who have sex with
men

18-24

United States, 2013

PC

3D dating simulator

HIV risk game [31]

Youth

15-19

Cape Town, South Africa, PC
2015

Quizzes

Keep it up! [32-34]

YMSMb

18-29

Atlanta, Chicago, and
Georgia, United States,
2017

Dating simulator and
minigames

BattleViro [35,36]

Young patients of antiretroviral therapy

14-26

Mississippi, United States, Smartphone (only
2018
IOSc)

Twin-stick shooter and
quizzes

Viral Combat [37]

YMSM

18-35

Mississippi, United States, Smartphone (only
2021
IOS)

Twin-stick shooter and
quizzes

MyPEEPS [38-40]

Male youth sexually attracted to men

13-18

United States, 2019

Role-playing games

First-person scenario

College students

17-27

Hong Kong—China, 2020 Smartphone (nonspec- First-person dating simuified)
lator

d

game [41,42]
a

PC

PC and smartphone
(any; usable as a web
application)

SOLVE: Socially Optimized Learning in Virtual Environments.

b

YMSM: young men who have sex with men.

c

IOS: iPhone Operating System.

d

See Multimedia Appendix 2.

Identified Games

sexuality and contraception, increase their skills for interaction,
and serve as a practice for responsible sexual decision-making.

The Baby Game!

VODO

The Baby Game [27] is a management simulator in which high
school students are asked to simulate a budget and schedule
based on different scenarios. The students’ task is to establish
how many hours they could devote to different activities (eg,
chores, homework, sleep, recreation, and caring for their baby).
They receive feedback, printed on a scorecard, based on how
close their schedules are to a hidden correct time distribution.

VODO [28] is a text adventure game in which high school
students aged 15 years have to guide the main character through
a series of scenarios. The game presents the player with a
detailed written description of a situation; for example, “You
are in your room. It is a sunny room full of things that are
important to you. Tell the computer what you want to do?” The
players then respond using simple English sentences; the game
has an extensive vocabulary and is able to anticipate the
responses typically provided by the students. Efforts were made
so that although the player needs to make many choices,
decisions are not presented overtly. This was done because the
researchers wanted to convey the lesson that one has a choice,
even when apparent conditions suggest otherwise.

The game aims to provide realistic information about the life
changes that would occur if a student had a baby and how the
newly added responsibility might affect their lives, with the
assumption that this would enhance young people’s intentions
of delaying parenthood and using contraceptives.

Romance
Romance [27] is a text adventure in which high school students
write down how they will deal with a set of scenarios of
romantic and sexual nature. They then receive feedback in the
form of a simulated outcome. At the end of their run, players
obtain a final scorecard based on the adequacy of their decisions.
The exercise aims to improve students’ knowledge about
https://games.jmir.org/2022/2/e33207
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An important aspect of this game is that it includes a roster of
nonplayer characters (NPCs) with whom a player can interact
and even form relationships that may or may not involve sex.
Each of the NPCs has different names, personalities, and
motives. In cases where the player chooses to have unprotected
sex, the game creates a scenario in which the character has a
child. The child randomly cries for different reasons and requires
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careful attention, creating tension between the character and
their friends.
VODO was designed to improve participants’ decision-making
skills by providing a scenario in which they were able to
rehearse and obtain feedback on their choices. The topics
presented in the game were broad. Although they are focused
on matters of sexual health (eg, contraceptive use, STIs, and
the consequences of unwanted pregnancies), it also includes
other issues that might affect teenagers (eg, drunk driving, drug
use, and the ability to be alone without being lonely). Strategies
such as complementary quizzes were meant to increase real-life
communication about sex within the family.

Choose Your Own Adventure
Choose your own adventure [29] is the name that we have
provided for 1 of the 6 modules that formed an unnamed
intervention aimed at reducing rates of unintended pregnancy
and STIs in adolescents from rural areas in the United States.
The game comprises half of one of the modules. Players are
expected to play through a virtual date and make choices that
could put them in a situation where their dates want to have sex,
but they do not. The game finishes with different positive or
negative outcomes and products of the in-game decisions that
were taken. To make the game more engaging and increase its
replay value, the developers built in some remarkable elements.
For example, they included >150 images of various people,
places, and STIs, which were randomly selected at various points
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in the game so that they would be different during each run.
Furthermore, all in-game dialogs were recorded, and the NPCs
actually spoke to the players. The other half of the module
comprised submitting an original refusal line. The researchers
reported that the entire module (game+refusal line submission)
had a completion rate of 41%.

Socially Optimized Learning in Virtual Environments
SOLVE (Socially Optimized Learning in Virtual Environments)
[30] is a 3D dating simulator aimed at men who have sex with
men (MSM) aged 18 to 24 years who reported having engaged
in recent unprotected anal intercourse (UAI). The settings are
constructed around different scenarios that might be faced by
young MSM involving some form of sexual decision (eg,
meeting someone at a party and going to their apartment
afterward). In each situation, the player encounters a series of
choice points where they need to make self-regulatory decisions
(eg, accepting or refusing alcohol or offers of casual sex). After
choosing to engage (or not) in virtual sex, there is a customized
recap sequence in which the player’s virtual behavior is shown
in sequence so that he can identify the different decisions that
led to a particular outcome (Figure 2).
The idea was that through rehearsal and feedback, players could
practice their decision-making skills. Throughout the process,
they are guided by different NPCs (peers and one’s virtual future
self) who instruct them to follow a set of guidelines when faced
with risky situations.

Figure 2. SOLVE (Socially Optimized Learning in Virtual Environments) avatars [30].
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HIV Risk Game
This intervention [31], unnamed in the published article, is a
relatively simple game in which youth are expected to identify
who was more likely to have HIV between 2 randomly generated
individuals. Each participant plays 10 rounds of the game.
Instead of receiving a direct answer regarding whether they
made the right choice, the participants receive information about
HIV and risk and construct their own learning based on their
experimentation.

Keep it Up!
Keep it up! [32-34] is a 7-module, multi-method intervention
(one that includes the use of >1 method of data collection in a
study) aimed at improving STI prevention strategies among
young MSM in the United States. The main gaming component
is called The Club Game. This game uses a real-life scenario
(going to the club) to explore decision-making around using
condoms; the steps to use condoms properly; and the effects of
excessive alcohol consumption, drug use, and sexual arousal
on decision-making. The player goes through 5 rooms and
interacts with other patrons while completing the activities
related to the abovementioned topics. The intervention uses
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diverse delivery methods (eg, videos, animation, and games)
to improve HIV knowledge, motivate safer behaviors, teach
skills, and increase self-efficacy for preventive behaviors.

BattleViro
BattleViro [35] is a twin-stick shooter mobile game aimed at
improving antiretroviral treatment adherence among young
MSM in the United States. During the game, players control an
avatar that is shrunken down to fight viruses and other infections
in 6 levels of increasing challenge. Each level is set on a specific
organ ranging from the lungs to the brain. Throughout the
different levels, the player shoots down threats to the host’s
body while picking up health points in the form of medicine
(Figure 3). The character also receives messages from health
care personnel, encouraging them to carry on and providing
clues in challenging areas of the run. In addition, the player
might answer quizzes from clinician avatars to earn additional
points or powers. Wrong answers are corrected and explained.
In addition to the game, participants with perfect adherence
would receive congratulatory texts, whereas the other
participants would receive motivational messages encouraging
them to carry on.

Figure 3. BattleViro gameplay [35].

Viral Combat
Viral Combat [37] was developed by the same team that created
BattleViro. However, instead of targeting people already with
HIV, this game attempts to promote PrEP adherence. The levels
are slightly different, as are the messages received by physicians
and nurses; however, the main mechanics are similar. The game
https://games.jmir.org/2022/2/e33207
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includes quizzes that go beyond PrEP adherence, including
information on HIV and other STIs.

MyPEEPS
MyPEEPS [38-40] is a role-playing game in which young MSM
with little to no sexual experience go through different scenarios
guided by 4 characters (the peeps) who teach them about sexual
health care. The game comprises 4 sequential modules
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(PEEPScapades). The completion of the different modules is
incentivized by in-app trophies.

First-person Scenario Game
First-person scenario game (FPSG) is the name we have
provided for a multi-method intervention that aims to protect
university students from the risks of using dating apps. The
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intervention comprises short informative videos in which
students are taught about different risks, such as sexual abuse
and scams. It includes a first-person simulation game in which
the participant is presented with multiple choices when faced
with real-life scenarios (Figure 4). The game was designed with
various algorithms that resulted in positive or adverse outcomes,
depending on the character choices.

Figure 4. First-person scenario game example screens [41] (translation available in Multimedia Appendix 2).

Results of Studies
In the following sections, we discuss the main results of our
review, structured around the findings related to the target
populations, interventions, outcomes, and study designs.

Target Population
Finding games that were targeted exclusively at youth aged
between 15 and 25 years was not an easy task. Several identified
interventions included some participants outside our selected
age bracket, especially at the younger end of the age range. This
was likely due, in part, to the physical location where the
interventions were delivered. For example, several interventions
were conducted in high schools [27-29], including students from
both within and outside our age group. We did not find many
studies that included participants outside the upper end of our
age range. We found only 1 trial in which recruitment was done
in colleges; however, even in this particular setting, the number
of students aged >25 years (our upper age limit) was small [41].
Concerning gender and sexual orientation, many recent studies
have focused on MSM and the prevention of STIs. A total of 7
studies had been conducted over the past 10 years; 5 of these
focused exclusively on MSM. All but one of the games targeted
urban youth; only 1 focused on rural populations [29].
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On the basis of target population profiles, we divided the studies
into 2 broad categories. First, there were those that were based
in an educational institution (high school or university), included
people of all genders and sexual orientations, and focused on
contraception and STIs [27-29,41,42]. The second group was
most commonly recruited from youth centers or sexual health
clinics, focused exclusively on MSM, and had a clear focus on
STI prevention and management [30,32,34,35,37,43,44].

Interventions
Overview
In the following sections, we describe the elements of the 11
games. However, first, it is important to note how little
information about the games themselves was readily available
in published articles. Authors often devoted little space to
describing how the games looked and how they were played.
Considering that playing games is a visual activity, the inclusion
of images could have been a valuable way of providing this
information. However, with some noteworthy exceptions
[27,30,35,41], this was rarely performed; most articles did not
include any form of visual aid to explain the game. Some articles
included links to demos or webpages where the content was
said to be available; however, in >1 case, the links were broken,
or the page had already ceased to exist. Owing to the rapid
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nature of this review, no author and game developers were
contacted during the process.
Game Age
Regarding the age of the games themselves, we identified a
clear bimodal distribution; 3 games were created in the wake
of the digital revolution ≥30 years ago, whereas the remaining
group was developed more recently. Earlier games were
graphically simpler but in no way less informative. We found
it striking that from very early on, video games were seen as
valuable tools to promote learning and attitude change.
Gaming Platform
The interventions used different platforms to host the games.
Considering the time span across which the games were
developed, it is not surprising that the most commonly used
platform was that with the longest history, the PC. The changes
in the games reflect the technological evolution that has affected
this platform. Although popular, tablets were only mentioned
in one of the games [33]. As might be expected, when mobile
phones became widespread, the idea of using smartphones as
platforms for serious gaming became an option. Of the 4
reviewed games for mobile phones, 2 (50%) were exclusively
developed for the iPhone [35,37], whereas the other 2 (50%)
did not specify which operating system they worked with
[38,42]. These later games used mobile connectivity to increase
participant engagement through push notifications and messages
[35,36]. However, it is noteworthy that most interventions did
not appear to use patches and updates to freshen their content,
even when they were constantly connected to the internet.
Accessibility and Difficulty
A decision that is implicit in platform selection is accessibility.
Most interventions aspire to be easily scalable. To achieve this,
they must operate on an already popular and ubiquitous platform
and use relatively little graphic processing power. We do not
have access to the system requirements for any of the listed
games. However, based on their description, it appears most
operated on or below the considered average computing power
at the time of their release.
With regard to game difficulty, all interventions can be placed
on a continuum. On one end, there are games that provide an
easy experience; that is, the game is seen as a vehicle through
which information can be provided in an entertaining fashion.
On the other end, we have games that provide a very demanding
experience. The best example of this in the games we identified
is VODO. The developers included a section of the game in
which the player needed to answer 2 questions about sexual
health. If either of these answers was incorrect, the game was
over, and the player had to start all over again. This type of
failed outcome was a very common scenario of text adventures
at the time and motivated the player to replay the game several
times, learning all its intricacies. An even more challenging
aspect of these questions is that the answers were not provided
in-game. The player was meant to search elsewhere for
information; or even better, the topic should become a
conversation starter for youth to discuss with their friends,
parents, or teachers. This is an example of how a severely
challenging task was used to frustrate the players into action.
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As could be expected, these extremes in game difficulty were
not without their issues. A nonchallenging game can be boring
and can inhibit engagement. At the same time, a too-challenging
game can tire a proportion of the players out of the intervention.
In an effort to resolve these 2 positions, some game developers
opted for an increasing level of difficulty; that is, instead of
having a flat, low-level difficulty throughout the experience or
a series of extreme spikes every so often, these games ramp up
the difficulty with every level [35,37].
Expected Playthroughs and Playing Time
There are 2 related elements to consider here: expected
playthroughs and expected contact time. In other words, how
many times are players expected to play the game, and for how
long? As we will discuss in the following sections, repetition,
rehearsal, and feedback play an essential role in learning through
games; therefore, it is expected that most games were designed
to keep the player engaged in >1 run. Unfortunately, there is
little information about these aspects in most of the included
articles. Among the games that specified an expected playing
time, we found periods of <1 hour of gaming. However, it was
not always clear whether these times were for single or multiple
playthroughs.
Type of Game and Game Setting
Game settings can be broadly divided into 2 types: realistic and
science fiction. There was a clear preference for the latter in
our sample of games. Most games were situated in locations
and environments to which the player could directly relate, such
as hanging out with friends after school or going to a house
party. The idea behind this is that a greater similarity between
the simulated situation and a plausible real-life event might
make it more likely that players will relate to the content and
act upon what they have learned. Game developers have gone
into great efforts to create content grounded in reality, where
situations that the players have directly experienced are
portrayed both didactically and accurately. For example, SOLVE
allowed players to personalize their avatars, and The Baby Game
used actual prices when they calculated the costs of raising a
child.
The types of games in the realistic group were highly diverse.
Table 1 presents a list of the different styles of games that were
included. We want to highlight 3 features. First, the variety is
notable; as can be seen, games ranged from management
simulators to role-playing games. The second feature is the
relative preponderance of the dating simulators. Approximately
44% (4/9) of the nonfiction games were dating simulators.
However, even within this specific setting, we found different
styles (eg, text adventures, 3D, and chat simulators). Finally,
the role of complementary activities in each game should be
mentioned. Minigames are found in several games, particularly
in the form of quizzes [29,34,36,37]. This seems to have been
one of the main strategies through which game developers
delivered specific sexual health knowledge.
However, not all games followed a realistic route. BattleViro
and Viral Combat opted instead for science fiction in the action
setting [35,37]. In both games, the characters are shrunk down
to a microscopic scale and are meant to protect the human body
from infections by shooting down viruses, bacteria, and vectors
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of disease. Here, the developers tried to create a power fantasy
in which the player can take control of their actions and reach
a desirable healthy state. The content and settings were still
related to the topic of focus (antiretroviral treatment and PrEP
adherence); however, the developers avoided making direct or
explicit statements about them.
We can see that there is >1 valid strategy for promoting
engagement with the material. One school of thought aims to
create easy-to-relate experiences, whereas the other uses a
fast-paced game to empower participants into action.
Single or Multiplayer Game (Private or Social Experiences)
An element mentioned throughout the different interventions
is the contrast between creating a single or multiplayer
experience. In other words, was the game designed to be played
alone or with a group? Most of the games reviewed appear to
have been designed for single-player use. However, it should
be noted that all single-player experiences can be turned into
multiplayer experiences by the players themselves. Researchers
reported that, in several cases, games that were not meant to be
social experiences were transformed into a group activity when
a player spontaneously brought their friends or partner to play
the game together and comment on it.
The decision to develop a single- or multiplayer game is affected
by several factors. The first is the target population.
Interventions focused on MSM were very keen on not outing
their players involuntarily or having them openly disclose their
health information; hence, single-player games might have been
preferred. Second, the game’s topic of focus is an important
factor to consider. Some topics are easier to work with at the
individual level than at the group level. For example, SOLVE
was a game that tried to decrease the feelings of shame that gay
or bisexual men might experience regarding their sexual
preferences [35]. Considering that many players had strong
feelings of shame and were reticent to disclose information
about their sexual interests, they may not have been comfortable
playing a game with others.
The third influence is logistical, technological, or economic
restriction. When PCs were not ordinary household items but
specialized pieces of hardware, they were not as commonly
available as they are now. For this reason, older games tended
to be a social experience; many people had to use the same
computer to make it viable for enough players to play the game
[27,28].
The final reason for choosing single- or multiplayer games
relates to the learning strategy of choice. Some game developers
opted to purposely promote out-of-game discussions of sexual
health topics [28]. The aim was to make the game a topic for
discussion with family members, teachers, and friends.
Outcome Change Mechanisms
There are several ways in which we could try to classify the
underlying mechanisms used in video games to change specific
behaviors in users. Here, we divided the mechanisms into 3
categories: those based on knowledge, those focused on
enhancing skills and self-efficacy, and those that motivate
change through emotions. These groups are not mutually
exclusive; 1 intervention might have >1 underlying mechanism.
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Some games aim to provide knowledge, expecting that it will
generate behavior change. For example, some games share facts
about contraceptives, their efficacy, and the risks involved in
not using them. In such cases, one of the most critical elements
is to provide a clear and easy-to-understand message. It has
been noted that most interventions try to make the message
grounded in a specific element or situation in the game. Many
games focusing on providing knowledge prioritized the
provision of immediate and clear feedback, specifying where
and when an error was made and what its potential outcomes
might be. The same applies to decisions that have a positive
outcome. For example, in SOLVE, when a player chose to
engage (or not) in in-game sex, they were offered a quick recap
of all the previous decisions that drove them to their current
state (decisions that were not always apparent at the time they
were made).
The final element of knowledge is how it is constructed. We
have previously stated that the message must be clearly stated.
However, for some interventions, this did not necessarily mean
that the message had to be explicitly delivered. For example,
the HIV risk game had a clear message that needed to be
delivered: older people were more likely to have HIV than
younger people. Players played 10 rounds of the game in which
they made a judgment about which character was more likely
to have HIV. As feedback, the players did not receive the correct
answer; they only knew whether they were right or wrong. This
key message was supposed to be inferred (constructed) by the
participants based on their in-game experience.
Two of the most frequently used strategies in games focused
on increasing the participants’ skills and self-efficacy, which
was achieved by a mixture of relatability and rehearsal. By
relatability, we mean all the different factors that can make the
situation in a game similar to the ones players face or think they
will face. The developers made great efforts to provide
experiences grounded in those that the players have had or will
experience. The assumption is that, in general, the closer a
setting and its characters are to the real world, the easier it will
be for the player to assimilate the lesson and put it into practice.
This is one of the reasons why several games designed
characters with different personalities and stories so that the
player can easily associate 1 or several of them with their friends
and acquaintances. Similarly, one of the reasons why some
avatars were customizable was to make it easier for players to
empathize with their in-game presence. The same can be said
of the setting in which the interactions occur. In several cases,
the setting was very similar to that currently experienced by the
players. One of the clearest cases of relatability is in the FPSG
game. The player learns about the risks of dating apps by playing
a game that uses an instant messaging app as one of its primary
interfaces.
Similarly, rehearsal and repetition also played a significant role
in improving self-efficacy. The idea is that players will train
themselves to make safe decisions in real life because they have
made the same correct decisions in a virtual world before. The
more times a player does something, the more likely it is for
him or her to feel (and be) proficient in it.
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The final strategy relies on using emotions to generate a reaction
in the player. There are several methods in which this has been
performed in different games. Some developers opted to
generate negative emotions that frustrated or scared players into
action. For example, in Romance, if the players initiated
unprotected sex, they would have a baby that would cry
randomly during the game, negatively affecting their
relationships with their friends. Other games used positive
emotions to inspire players to act. BattleViro and Viral Combat
are good examples of this practice, having used fast action,
increasingly challenging shooter-style games to empower their
players to take control of their treatment. Finally, there were
games that aimed to reduce the negative emotions that inhibit
players’ ability to do something. The best example of this
practice is SOLVE, a game whose main aim was to reduce the
feelings of shame that MSM might experience. Through a series
of stories and vignettes, the intention was that the player might
consciously acknowledge their desires as something normal,
which carries no stigma.
Game Development
We cover 3 main topics in this section. We begin with a general
description of the development process of the games. We then
assess the involvement of stakeholders in the creation of the
game: who was invited, when, and in what capacity.
Development Process
The published papers provided little information on the
development of game mechanics. There was often no data
regarding how long the game design lasted, how much its budget
was, who and how many people were involved, and what
program or programs and engine or engines they used to create
it. From conversations with researchers, we know that in some
cases, university-based groups were in charge of software
development. However, apart from FPSG, very little additional
information is readily available from these articles or other
related publications on game development.
Some interventions adapted previous activities or interventions
for the construction of new games. In some cases, existing
materials and activities from previous interventions were adapted
to a video game form. The details of these interventions were
usually left nebulous; however, we know that in the case of
MyPEEPS, Keep it up!, and SOLVE, a considerable part of the
content of the games was taken from previous non–video
game–based interventions. For example, MyPEEPS included 4
characters (the titular peeps), who were a composite of
previously existing characters used during the formative phase
of the intervention.
The development of other interventions was probably informed
by existing games, although few articles provided much detail
about this. The only exception to this trend was Viral Combat,
heavily influenced by BattleViro [37]. The same team of
researchers developed both games, and one might even say that
the former is an improved version of the latter.
In summary, we found that interventions have either been
developed entirely from scratch or based on a previous in-person
intervention. Explicit references to previously existing games
were unusual in the reviewed studies.
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Stakeholder Participation
The teams in charge of designing the interventions frequently
made considerable efforts to involve different stakeholders
throughout the process. Among the stakeholders who
participated in the design of games were end users [32,35,41],
members of nongovernmental organizations concerned with
sexual health or youth well-being [34], and unspecified
community leaders [28]. There is little to no mention of the
involvement of parents, teachers, or other authority figures.
Focus groups [34] and in-depth interviews [32,35] were used
to access stakeholders’ views.
There were 3 main reasons for stakeholder involvement. The
first reason was to conduct a needs assessment. This allowed
the intervention designers to prioritize topics or behaviors that
required specific attention. For example, in the development of
the FPSG intervention, 4 focus groups were held by the
developer to identify key risks that caused concern among young
people using dating apps in Hong Kong. The second reason to
involve stakeholders was to improve the quality of the game
itself. For example, Keep it up! conducted interviews with
stakeholders to ensure that the situations and languages they
used in their club games were similar to those experienced by
young men in their everyday interactions [33]. This allowed
them to generate greater engagement with the final users by
presenting situations comparable with those they had
experienced previously. Finally, approval from the governing
body is needed. By involving community leaders and local
authorities, intervention designers could ensure that they would
receive support for the subsequent stages of the process. For
example, VODO involved people from 30 different local
institutions to avoid the inclusion of content or situations that
might have been perceived as unacceptable by the community
[28].
Multi-Method Interventions
A final element to discuss is that although all interventions
relied considerably on video games to achieve their goals, it
was not necessarily the only method they used. Approximately
27% (3/11) of the games were meant to be played in conjunction
with other activities.
For these specific interventions, the games seem to be one of
the few activities in which the participants could take agency
and act upon the knowledge they received. For example, when
the participants are completing scales or watching videos, they
are fairly passive, and the moments in which they play the games
are the only times when they really take control, make decisions,
and see their results. Although no intervention specified the
playing time, or the time used in the other modules, it appeared
that the games were the activities that comprised most of the
participants’ time.

Outcomes
Overview
In this section, we discuss the effectiveness of the interventions
in achieving their goals, organized by the outcomes adopted in
our search criteria. Multimedia Appendix 3 provides a summary
of the results.
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Decrease in Unintended Pregnancies
Rather unexpectedly, none of the studies assessed the number
of pregnancies. There are 2 possible explanations for this. First,
almost half of the chosen games were not marketed to women
but to MSM. Second, the sample sizes were too small, and the
follow-up periods were too short, for the relatively low
occurrence of pregnancy to become a viable measure of the
success of an intervention.
Decrease in STIs
Only Keep it up! used STI biomarkers to assess changes in STI
incidence. The researchers tested for chlamydia and gonorrhea
through self-collection of rectal swabs. Through matched odds
ratios, the control group showed a 55% increase in STI
incidence, whereas the treatment group showed a decrease of
51%. These results were significant; however, we must be
mindful that this intervention had multiple components, and the
video game was only one of them.
Increased Contraceptive Use
Approximately 27% (3/11) of interventions measured changes
in reported contraceptive use. Unfortunately, they did so in very
different ways, which limited our ability to compare them.
Choose Your Own Adventure asked about condom use at the
last intercourse and found no effect of the intervention. The
other 2 studies assessed the frequency of UAI with nonprimary
partners during the past 3 months. Although SOLVE was unable
to show significant differences between the treatment and
control groups, Keep it up! reported a significant decrease in
the number of UAI events 1 year after the start of the
intervention.
In summary, studies on the effects of video game interventions
on contraceptive use have shown inconsistent results.
Acquisition of New Knowledge Regarding Sexual Health
The acquisition of new knowledge was one of the most
commonly measured outcomes; however, the topics and
measures varied significantly among the different interventions.
Frequently, ad hoc questionnaires were created to assess
differences between the treatment and control groups. The Baby
Game quizzed participants on the costs (both time and money)
involved in taking care of a baby. Romance used the same
methodology but compared knowledge about the efficacy of
different contraceptive methods. Studies on both of these
interventions suggested improved knowledge in the treatment
group compared with the control group. However, we should
keep in mind that knowledge was assessed only immediately
after the game ended and that no effect size measure was
presented. Other interventions also relied on ad hoc tests;
however, it was unclear exactly what topics they explored.
Choose Your Own Adventure showed positive results (of
medium effect size); however, VODO failed to do so. Both
interventions followed a pretest-posttest design.
A comparable example is that of BattleViro and Viral Combat.
They both tested their participants’ HIV knowledge, and
although they were very similar games, only BattleViro showed
positive results. It should be noted that BattleViro tested their
participants 16 weeks after the intervention started, whereas
Viral Combat did so at weeks 12 and 24. The extended period
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between intervention and data collection in Viral Combat,
compounded by attrition of 32% of the original sample, might
have biased the intervention results. However, one would also
expect that participants who stayed longer would be more
engaged, would have clocked in more hours in the game, and
would have a better overall performance.
In conclusion, we do not have enough evidence to clearly state
that games have a significant effect on increasing knowledge
of sexual health topics. The variety of topics assessed, the
limited amount of information regarding the content of the tests,
and the large variability in the time between intervention and
postintervention assessment precludes our ability to establish
a clear causal relationship between playing and learning.
Changes in Perceived Risk of Pregnancy
Only 2 games assessed this variable. Romance asked participants
to assess the odds of becoming pregnant when having
unprotected sex. Improvements in favor of the treatment group
immediately after they finished playing the game were reported.
Unexpectedly, a study on Choose Your Own Adventure found
significant differences in favor of the control group. However,
the researchers measured a construct called susceptibility, which
merged the perceived risk of pregnancy with the perceived risk
of STIs; thus, there might have been some cross-contamination
in the assessment. The authors speculated that their results might
be related to the fact that fewer people initiated sexual activities
in the treatment group (ie, they were abstinent) than in the
control group; hence, they did not feel at risk of any adverse
outcomes related to having sex. They also considered that as
the treatment group was more aware of the risks and the
measures they could take against them, they felt better able to
protect themselves.
Changes in Perceived Risk of STIs
Approximately 36% (4/11) of games addressed this topic. We
have already discussed the findings of Choose Your Own
Adventure. The entire intervention of the HIV risk game was
centered on assessing the risk of someone having HIV based
on their age and gender. Positive results were obtained for both
men and women. The assessment was performed immediately
after the intervention and 3 months later (the last time only for
male participants).
BattleViro and MyPEEPS also assessed the perceived risk of
STIs but in an indirect fashion by asking about STI testing.
BattleViro measured the types of sexual behavior, frequency of
sex, and number and gender of partners reported in the past 3
months. The authors found no differences between the control
and treatment groups. MyPEEPS measured the frequency of
STI testing and found that after the intervention, those in the
treatment group were more likely to get tested than those in the
control group.
Attitudinal Change Toward Safe Sex
Approximately 18% (2/11) of interventions targeted attitudinal
changes toward safe sex. VODO measured participants’ attitudes
toward sex on 2 axes: liberal versus conservative and positive
versus negative. Both the control and treatment groups shifted
to a more liberal position; however, the change was greater in
the treatment group. The change in this group was sufficient
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for it to move, on average, from a conservative perspective
toward a liberal one. No significant changes were observed in
the positive and negative axes.
Choose Your Own Adventure assessed the predisposition toward
waiting to have sex and found a significant effect of their
intervention among students aged between 15 and 16 years.
After completing ≥1 of its modules, participants were more
likely than those in the control group to postpone sexual
initiation.
Self-efficacy Toward Sexual Health
Self-efficacy, be it general or specific to sexuality, was one of
the most frequently chosen outcome variables across the
different games. Choose Your Own Adventure considered 4
domains of sexual self-efficacy: condom negotiation
self-efficacy, condom use self-efficacy, situational self-efficacy
(the ability to control a situation that might be conducive to
sex), and refusal self-efficacy (the ability to say no to sexual
intercourse). However, the findings were mixed. The
intervention increased participants’ self-efficacy toward condom
negotiation and situational self-efficacy; however, no effects
were found regarding condom use or refusal. It is not surprising
that condom use self-efficacy did not change considerably
between groups as the intervention did not include any
components that directly taught students how to apply and use
a condom. However, it did have 1 activity specifically focused
on improving refusal skills, which was tightly tied to the game
itself. The fact that this activity failed to produce the desired
results for this variable is noteworthy.
BattleViro and Viral Combat assessed a similar domain of
self-efficacy: participants’ belief that they would be able to
adhere to a treatment regime. Both interventions found no
significant change in either the short (12 weeks) or long-term
(16 weeks and 24 weeks) assessments. MyPEEPS reported
positive results when assessing HIV self-efficacy in the short
term (3 months). Researchers have yet to publish their results
for the long-term assessments (6 months).
We consider that the results on self-efficacy are mixed.
Considering that the interventions are varied in methodology
and topics and that they have worked on different domains of
self-efficacy, this is not a particularly surprising result.
Decrease in the Number of Sexual Partners
Approximately 27% (3/11) of interventions aimed at reducing
the number of sexual partners, all of them for MSM—Keep it
up!, Viral Combat, and MyPEEPS—and none resulted in a
reduction in the number of sexual partners in their samples.
Increase in Adherence to Prophylaxis or Treatment
Approximately 27% (3/11) of interventions focused on
increasing adherence to either treatment or PrEP. BattleViro
and Viral Combat used a mixture of bioindicators, self-reported
behavior, and electronic device follow-ups to assess this
outcome. A total of 2 bioindicators were used: HIV-1 viral load
in BattleViro and 1ARV (activator protein 1) levels in Viral
Combat. BattleViro produced equivalent decreases in HIV-1
viral load in both treatment and control groups. Viral Combat
reported results that favored the treatment group at both 12
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weeks and 24 weeks after the beginning of the intervention;
however, these findings were not statistically significant.
Treatment adherence, measured by self-report in Viral Combat
and by self-report plus electronic device records in BattleViro,
showed similar results. In this regard, no intervention showed
better results than the usual treatment. MyPEEPS also measured
PrEP and postexposure prophylaxis adherence using
self-reported measures and found no significant differences
between the treatment and control groups.

Study Designs
Bearing in mind that our search criteria only allowed for RCTs
and quasi-RCTs, we identified 2 main study designs. Studies
were either posttest-only trials [31,37,43] or pretest-posttest
trials [27-30,33,35,36,42].
Depending on the study, the control group received different
treatments. Waiting-list control was one of the most
straightforward control designs. A more complex one was
treatment as usual (TAU), where the usual or standard was given
to a group of participants.
For example, for The Baby Game, researchers compared their
game with a regular sexual health education class for that
specific age group [28]. A similar option was TAU+. Here, the
participants received TAU and an additional component that
was functionally similar but thematically different from the
experimental group. For example, as BattleViro provided
smartphones so that participants could play the game, they also
provided smartphones to the control group. However, these
iPhones did not have the specific game installed but another
non–HIV-related game [35]. Another form of control group
provided more or less the same content as the game but in a
delivery mode that had no ludic or interactive elements. For
example, Keep it up! provided an internet-based experience
with the same information as their intervention but using static
slides instead of the more dynamic approach taken with the
treatment group.
Finally, in reviewing whether the studies had adequate sample
sizes, we found that the sample sizes were generally large
enough to detect expected differences. Most studies, especially
the more recent ones, determined their sample size based on a
power analysis (although this analysis was usually constructed
around educated guesses). Even if the sample size in the
reviewed studies was usually large enough, one of the main
threats to statistical power was a relatively large attrition rate,
especially among studies with multiple or long follow-ups. The
most extreme case was in the HIV risk game study, which
reported an attrition rate of 66.8%. In the remaining studies, the
attrition rate was approximately 30%.

Discussion
Principal Findings
The findings of our review yielded important conclusions and
implications for future research and game development. First,
the findings highlighted considerable diversity in video
game–based interventions. Although all of them addressed
similar topics, they did so in fairly distinct ways. The outcomes
assessed in studies evaluating games were also very diverse
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and, even when similar, were measured differently in each study.
Second, we found that game developers have made great efforts
to elicit experiences tailored to the specific needs of the targeted
population, most often achieving this through regular
stakeholder participation activities throughout the game
development process.
One of the most surprising findings was the age of the identified
games. The fact that the games were developed over such an
extended period suggests that even when the graphical
complexity and the interface changed considerably, learning
through gaming is and has been seen as a viable and successful
strategy.
However, although game interventions for sexual health have
been in existence for almost three decades, relatively few studies
have evaluated them, and the results of previous studies have
been mixed. Moreover, there is little clarity regarding which
specific elements of a game facilitate a positive outcome. This
is partly because of the diversity of the behavior change
mechanisms underlying interventions, the variety of the games
themselves, the populations they target, the outcomes measured,
and how these are measured. All these differences make it
challenging to identify a clear causal link between playing a
game and improving an aspect of sexual health. However,
although the impact on sexual health is not always clear, the
fact that video game–based interventions are of interest to most
young people is well-established.
Nevertheless, there are other less positive aspects of research
in this area that we need to acknowledge. First, there is a lack
of information available in published reports on different games,
especially in the gameplay aspect. This ties to another
unexpected finding of our review. Although video game–based
interventions are meant to be easily scalable, there are no reports
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on any of these games being picked up for broad distribution.
In fact, only BattleViro was readily available for download.
Moreover, although the interventions were very varied, almost
all of them targeted people living in urban areas of the United
States. There were no interventions developed with populations
from lower-income countries in mind, and almost no
interventions were aimed at rural populations. Finally, very few
interventions were informed by a behavioral theory or model.

Strengths and Limitations
Our review had some notable strengths. We followed the
Cochrane Rapid Reviews Method Group guidelines [22,24] to
conduct the review and searched several key literature databases.
A second reviewer was involved in screening 20% (51/257) of
the articles at the title and abstract screening stage and 50%
(35/70) of the articles at the full-text screening stage.
Some limitations of our review should also be acknowledged.
As this review was rapid, our search used 5 databases; thus, we
may not have identified all the relevant literature. We restricted
our age range to 15 to 25 years and, in the screening process,
noticed that some interesting game-based interventions focused
on younger adolescents and children. A final limitation was that
we did not exclude studies based on quality.

Conclusions and Recommendations
In conclusion, we do not have enough evidence to clearly state
that games have a significant effect on sexual health among
young people. The interventions and how they were evaluated
were too diverse to reach a clear conclusion. However, based
on the original authors’ criteria for success, we have compiled
a set of recommendations for developing game-based
interventions to improve sexual health in young people (Textbox
1).
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Textbox 1. Recommendations for developing game-based interventions to improve sexual health in young people.
Recommendations for developing game-based interventions to improve sexual health
•

Stakeholders should be involved in different stages of the game development process. Most successful strategies used qualitative participatory
methods involving multiple stakeholders.

•

A pilot phase in the development of games is strongly encouraged. This enables specific elements that could otherwise jeopardize the success of
the initiative to be identified and modified.

•

One of the most crucial decisions during the game development process is whether intervention participants are expected to go through the game
once or multiple times. This affects the length, difficulty setting, and the main mechanics of the game.

•

There are several viable ways in which a game can try to change someone’s behavior. None have proven to be markedly better than the others.
However, some recommendations are as follows:

•

•

•

Knowledge-based interventions should aim to provide a clear message, and this message does not need to be explicit. In fact, some researchers
recommend that the message is not explicitly stated but constructed by the players themselves.

•

Self-efficacy and skill-building interventions aim to provide easily relatable experiences and those that feel proximal to the player. The
closer the player feels a game experience is to their own experience, the more likely it is that they will act upon it. The game serves as a
rehearsal for the decisions they will make in real life.

Disregarding the mechanisms chosen by developers, some common elements are shared by most strategies:
•

Feedback is better if it is clear, detailed, and immediate. When playing, it is encouraged that users recap their decisions and learn which
actions drove them to their current stage (whether positive or negative).

•

Repetition (as long as it does not transform into tediousness) is usually favorable, especially for skill building and knowledge acquisition.

There are 3 common threats that plague these interventions:
•

Lack of technical support, especially after the game development phase ends, is a common threat.

•

Another threat is the stagnation of the content; that is, no updates are provided, and no new content is delivered.

•

The games are not easily found when someone wants to use them in other contexts. The created game should be openly available on the
web if possible.

•

Game quality indicators (including playing time) were registered using self-reported measures. A suitable workaround using in-game data
collection is recommended to bypass social desirability and recall issues that affect purely self-reported information.

•

A plan for the implementation of the intervention should be made at the early stage of the project.
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Abstract
Background: Stigma toward people with mental illness presents serious consequences for the impacted individuals, such as
social exclusion and increased difficulties in the recovery process. Recently, several interventions have been developed to mitigate
public stigma, based on the use of innovative technologies, such as virtual reality and video games.
Objective: This review aims to systematically review, synthesize, measure, and critically discuss experimental studies that
measure the effect of technological interventions on stigmatization levels.
Methods: This systematic review and meta-analysis was based on PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) guidelines and included studies in English and Spanish published between 2016 and 2021. Searches were
run in 5 different databases (ie, PubMed, PsycInfo, Scopus, Cochrane Library, and ScienceDirect). Only randomized controlled
trials were included. Two independent reviewers determined the eligibility, extracted data, and rated methodological quality of
the studies. Meta-analyses were performed using the Comprehensive Meta-Analysis software.
Results: Based on the 1158 articles screened, 72 articles were evaluated as full text, of which 9 were included in the qualitative
and quantitative syntheses. A diversity of interventions was observed, including video games, audiovisual simulation of
hallucinations, virtual reality, and electronic contact with mental health services users. The meta-analysis (n=1832 participants)
demonstrated that these interventions had a consistent medium effect on reducing the level of public stigma (d=–0.64; 95% CI
0.31-0.96; P<.001).
Conclusions: Innovative interventions involving the use of technologies are an effective tool in stigma reduction, therefore new
challenges are proposed and discussed for the demonstration of their adaptability to different contexts and countries, thus leading
to their massification.
Trial Registration:
PROSPERO International Prospective Register of Systematic Reviews CRD42021261935;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021261935
(JMIR Serious Games 2022;10(2):e35099) doi:10.2196/35099
KEYWORDS
stigma; mental illness; technology-based; serious games; virtual reality; e-contact; simulation intervention; internet intervention;
meta-analysis
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Introduction
Stigma Toward People With Mental Illnesses
Globally, stigma toward people with mental illness represents
a serious public health problem and is considered the main
barrier to social inclusion and participation of those impacted.
It has a negative effect on their quality of life, worse therapeutic
results, and even an increased risk of suicide and mortality [1-3].
Thus, discrimination, prejudice, and stereotypes present in
society not only severely impact the recovery process, quality
of life, and well-being of people with mental illnesses and their
families, but also represent the main gap in accessing specialized
mental health services by the general population [4,5]. The
aforesaid has great relevance in the global context, where
research has shown the presence of high levels of discrimination,
stigma, and prejudice toward those impacted by mental health
problems, especially schizophrenia and bipolar disorder [6,7].

Innovative Interventions Carried Out at International
and National Levels
Faced with the high levels of stigmatization present in society,
several initiatives and studies have been conducted that focused
on its reduction. It has been demonstrated that direct contact
with people with mental illnesses and educational initiatives
are essential and effective interventions to reduce stigma [8,9].
Although direct face-to-face contact with people with mental
illness has been shown to be a key component of successful
stigma reduction programs, their implementation in virtual
learning and innovative spaces is recent [10]. In the last years,
several authors have shown that innovative technology-based
interventions have had a great impact on the reduction of stigma
toward people with mental illness, mainly due to its adaptability
to different contexts and age ranges [11]. Among this type of
interventions, the use of video games has been highlighted as
an effective tool to reduce anxious and depressive
symptomatology in patients, and has been useful to reduce
misconceptions and stigmatization about severe mental illnesses,
such as schizophrenia or bipolar disorder [12,13].
In addition, because of the growth of technologies, the
application of virtual and immersive reality in mental health
has become increasingly common [14]. For example, it has
demonstrated its utility in the treatment of mental health
problems, such as phobias and anxiety symptoms, among others
[15], along with a reduction of the negative perceptions and
attitudes toward people with mental illnesses [16]. This
usefulness and effectiveness can be explained by the degree of
immersion in a strongly educational environment, which
promotes the change of attitudes and beliefs [17]. By contrast,
the use of simulation platforms has showed controversial results,
with some studies showing an increase of stigmatization when
used through the simulation of hallucinatory symptomatology,
which can promote negative beliefs and attitudes toward people
with mental illness [18,19].
Finally, as an innovative intervention, electronic contact
(e-contact)—defined as “computer-mediated real-time
interactions where members of different groups interact online”
through virtual media with mental health services users
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[20]—has been used as a strategy for promoting awareness and
reducing prejudice among ideologically different groups [21].
However, e-contact implementation in the field of stigma
reduction is new and innovative, and it has been demonstrated
that e-contact using chat and synchronous videoconferencing
can reduce anxiety, stigma, and stereotypes toward the
population impacted by mental disorders, and promote an
inclusive attitude [11,22].
Despite the considerable progress in this field, further research
is needed on innovative technologies and their application in
mental health care, such as advances in detection, treatment,
and promotion of inclusion and well-being of people with mental
health problems [23,24]. Regarding this growing field of
application of new technologies and the need to synthesize,
measure, and critically discuss the effects of the studies
performed for the reduction of stigma, the objectives of this
systematic review and meta-analysis are to assess the
effectiveness of technology-based interventions to reduce stigma
associated with people with mental health problems and to
describe the experimental studies that use these types of
interventions.

Methods
Data Sources and Search Strategy
The systematic review and meta-analysis protocol were
registered in the Prospective Register of Systematic Reviews
(PROSPERO) international database (registration ID:
CRD42021261935) and was conducted according to the
guidelines and recommendations of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
[25].
From January to July 2021, searches were conducted from the
following 5 databases, including texts dated from March 5,
2016, to March 5, 2021: PubMed, PsycInfo, Scopus, Cochrane
Library, and ScienceDirect, using the following string of search
terms: [technology or technologies or simulation or virtual or
digital or Internet or web or games or computer or app or online
or electronic or social media] AND [stigma or discrimination
or prejudice or negative attitude or stereotypes] AND [mental
health or mental disorder or mental illness or schizophrenia or
psychosis or bipolar disorder or depression].
In addition, a final manual trace back literature search was
conducted in August 2021 to identify any recently published
sources/literature.

Inclusion and Exclusion Criteria
Published articles that met the following criteria were included:
(1) randomized controlled trials using innovative technologies
(defined as software apps used with smartphone, videogames,
e-contact, or virtual reality); (2) interventions aimed at reducing
stigma toward people with mental illness (eg, schizophrenia,
psychosis, or bipolar disorder), which included at least one
relevant quantitative measure of public stigma (eg, attitudes,
stereotypes, and social distance); (3) interventions relevant for
any populations (eg, students and general population); (4) all
age groups; and (5) articles written in English and Spanish,
published in peer-reviewed journals.
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Exclusion criteria were (1) reduction of stigma not related to
mental health problems; (2) technology using only video or
education (eg, films or presentations) not combined with any
other innovative technology (eg, virtual reality, videogames, or
e-contact); (3) reduction focused on self-stigma only; (4)
interventions focused on stigma toward psychiatry or addictions;
(5) research protocols; (6) measurement of stigma; and (7)
studies that did not include a randomized control group as a
comparison.

resolved by further discussions and consensus among the
authors. Figure 2 summarizes the assessment of the ROB, which
was performed using the robvis visualization tool.

Study Selection and Data Extraction

The meta-analysis was conducted by researchers (SV and
MER-R) using the Comprehensive Meta-analysis software
(version 2) [28]. Standardized mean difference and the inverse
variance method with a 95% CI were used for continuous and
normally distributed data, respectively. The I2 and Q-statistic
were used to explore heterogeneity of effect sizes [29]. Random
effects models were used due to the heterogeneity in the type
of intervention in the studies [30].

After excluding duplicates using Endnote reference manager
software, 2 researchers (MER-R and AJC) independently
selected articles for inclusion. A third investigator (LAC)
examined all the included articles to review this selection and
resolve discrepancies. In addition, to check and ensure
consistency and clarity at the screening and coding stages across
studies, we calculated the interrater reliability using the Cohen
κ coefficient [26]. We obtained a Cohen κ of 0.75 (SE 0.11),
demonstrating a medium to high degree of agreement among
coders. Following this calculation, coders (MER-R and AJC)
reviewed the articles in which they found disagreements, and
any discrepancies were resolved by a consensus discussion with
a third investigator (LAC) who was not involved in the searches.
The eligibility of search results was examined in 2 stages: first
by title and abstract, and then by full text. Reasons for exclusion
were recorded for each document excluded.
Data were extracted using a standardized table format, which
was then reviewed by a third author (LAC). Characteristics of
each article included the study design, sample size, setting, type
of new technology applied, control or comparison intervention,
as well as the main outcomes and effect sizes of the
interventions. In the cases where the data for the calculation of
the effect size were incomplete, we contacted the principal
investigator to request the necessary additional information.

Quality and Risk-of-Bias Assessment
To assess the quality of the selected articles, 2 researchers
(MER-R and AJC) independently assessed the risk of bias
(ROB) of each study using the Cochrane ROB-2 assessment
tool, which assesses 7 study design quality criteria (ie, random
sequence generation, allocation concealment, blinding of
participant and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias),
graded as high, medium, or low risk [27]. Discrepancies were
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The use of the funnel plot for the evaluation of publication bias
was not incorporated, because it has been demonstrated that its
use is not reliable when the number of studies pooled in direct
comparison is less than 10 [27].

Statistical Analysis

As 3 of the studies included more than 1 scale that assessed
levels of stigma [11,22,31], we conducted an analysis that
combined them into a single effect size. In those cases, we
followed the methodology suggestion for complex data
structures [30]. As a consequence, we computed a summary
effect including the multiple measures; this synthetic effect size
was then included in the meta-analysis.
In addition, as 2 of the studies [32,33] reported their results
through standardized regression, the β coefficients were entered
into the comprehensive meta-analysis software (CMA) as
correlation coefficient, according to the recommendations of
Peterson and Brown [34].
In addition, we used statistical procedures to quantify the effect
of publication bias, by Duval and Tweedie’s trim-and-fill
analysis and Rosenthal’s fail-safe N test [35].

Results
Output of Searches
Of the 2876 studies retrieved from the selected databases, 1718
duplicates were removed and 1158 were screened. Upon the
screening of the titles and abstracts, 1086 studies were removed.
For the remaining 72 studies, their full texts were checked,
among which an additional 63 were removed due to specific
reasons (Figure 1). Only 9 articles presented enough statistical
data for meta-analysis.
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Figure 1. Flowchart of the systematic review process.

Characteristic of Included Studies
The characteristics of the included studies are presented in Table
1. A total of 9 randomized control trial studies were included,
which utilized a variety of technology-based interventions to
reduce stigma, including interventions using video games (n=4),
audiovisual simulation of hallucinations (n=1), virtual reality
(n=2), and the use of e-contact with mental health services users
through videoconferencing and online chats (n=2). Most of
these studies were conducted with undergraduate students (8/9,
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89%). As many as 4 studies (44%) were conducted in Europe,
2 (22%) in North America, and only 1 each in Asia (11%),
Australia (11%), and Latin America (11%). Most of the
participants were female. The proportion of female participants
ranged from 50.3% to 81.1%, and the mean age of the
participants ranged from 15.7 to 24 years. Public stigma in the
studies was measured through different scales, with the most
commonly used being the Attribution Questionnaire and the
Questionnaire on Student Attitudes Toward Schizophrenia.
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Table 1. Characteristics of selected studies (n=9).
Experimental inter- Control group Samvention
ple
size

Population

Mean
age
(SD)

Female,
%

Public stigma
scale

Outcome public stigma scale (EGa and CGb) Study

e-Contact with a
Group without 133
person diagnosed intervention.
with schizophrenia
through an online
chat.

UGSc

18.8
(1.5)

64.7

•

AQ-ERd

•

EG: Decreasing stigma in the factors
[22]
Fear (d=–0.87; P<.001) and Anger
(d=–0.65; P<.001) compared with the
control condition. Pity did not have a
significant difference compared with the
CG (d=–0.25; P=.229).

•

SS-8e

•

EG: Decreasing stigma in the factor
Stereotypes (d=–0.70; P<.001) compared with the CG.

•

PDDf

•

EG: No statistically significant difference in the social distance among EG
and CG (d=–0.34; P>.05).

•

AQ-Eg

•

EG: Decreasing total stigma level
[11]
(d=–2.33; P<.001), and the factors
Dangerous-Fear (d=–1.73; P<.001),
Avoidance (d=–2.32; P<.001), Coercion
(d=–1.77; P<.001), and Lack of Solidarity (d=–0.83; P=.002). No statistically
significant difference in the CG (P=.38).

•

QSASh

•

EG: Decreasing total stigma level
(d=–1.11; P=.004) and the factors Dangerousness (d=–1.02; P=.007) and
Stereotypes (d=–.83; P=.02). No statistically significant differences among the
CG (P=.66).

e-Contact with a
Cardiovascu- 40
person diagnosed lar health-relatwith schizophrenia ed activity.
by videoconferencing.

UGS

20.6
(1.3)

80.0

Audiovisual simula- Group without 244
tion of hallucinaintervention.
tion symptoms.

UGS

18.62
(1.0)

62.7

•

PDD

•

EG: No immediate significant change
and 1 week later was documented for
any of 2 stigma factors evaluated
(P>.05). No significant differences in
the pre-post intervention and 1 week
later among the CG (P>.05).

A serious
videogame called
Stigma-Stop.

A video game 552
unrelated to
mental health.

HSSi

15.78
(2.65)

50.0

•

QSAS

•

EG: Decreasing total stigma level
[36]
(d=–0.39; P<.001), and the factors
Dangerousness (d=–0.66; P<.001) and
Stereotypes (d=–1.36; P=.001). No statistically significant differences among
the CG (P=.44).

A serious
videogame called
Stigma-Stop.

A video game 530
unrelated to
mental health.

UGS
and
HSS

18.51
(4.34)

61.5

•

QSAS

•

EG: University students had decreasing [37]
total stigma level (d=–0.37; P<.001) and
the factor Social Distance (d=–0.65;
P<.001), but not the factor Stereotypes
(P=.64).

•

EG: High-school students had reductions
in total stigma level (d=–0.50; P<.001),
and the factors Social Distance
(d=–0.72; P<.001) and Stereotypes
(d=–0.22; P<.001). No statistically significant difference among the CG
(P=.95).
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Experimental inter- Control group Samvention
ple
size

Population

Mean
age
(SD)

Female,
%

Public stigma
scale

Outcome public stigma scale (EGa and CGb) Study

A videogame that
uses avatars with
mental illnesses.

UGS

20.42
(not reported)

66.7

•

SDS-6j

•

EG: Structural equation model analysis [32]
for both measures show a decrease in
Social Distance (B=–0.21; P<.05) in the
participants that played the videogame
compared with the CG.

•

MIS-9k

•

EG: The structural model did not show
a significance difference in the reduction
of Stereotypes (B=–.09; P>.05) in participants that played the videogames compared with the CG.

Group
watched
gameplay
footage.

207

A serious
videogame called
Stigma-Stop.

Group attendance at routine class.

118

UGS

21.17
(5.8)

81.1

•

AQ-E

•

EG: Videogame intervention had a sig- [13]
nificant effect on decreasing the level
of Anger (d=–0.95; P<.001), Dangerousness (d=–1.01; P<.05), Fear (d=–0.94;
P<.001), Segregation (d=–0.87; P<.05),
Coercion (d=–0.39; P<.05), and Avoidance (d=–1.03; P<.05), and increased
the level of Help (d=–0.54; P<.05). The
CG had no statistically significant differences for any of the factors (P>.05), except for Anger (d=–0.11; P<.05).

Virtual reality implemented by
video recording.

Group without 114
intervention.

UGS

24.0
(6.6)

58

•

SPS-6l

•

Structural equation modeling analyses
that included all participants who positively evaluated the protagonist of the
video game showed significantly increased social proximity (B=0.41;
P=.002).

UGS

21.76
(5.04)

55.3

•

PSA-21m •

Virtual reality by
Virtual reality
immersive animat- exoplanet
ed story.
video.

a

Rodríguez-Rivas et al

206

[33]

EG: Decreased total stigma for the virtu- [16]
al reality immersive intervention
(d=–0.44; P=.003) and even for 1-week
follow-up (d=–0.32; P=.02) compared
with the CG. In the mediation model in
the virtual reality immersive intervention
a decrease in the level of stigma was reported (B=–0.42; P<.001).

EG: experimental group.

b

CG: control group.

c

UGS: undergraduate student.

d

AQ-ER: Attribution Questionnaire, Emotional Response factors.

e

SS-8: 8-item Stigmatization Scale.

f

PDD: Perceived Devaluation and Discrimination Scale.

g

AQ-E: Attribution Questionnaire, Spanish version.

h

QSAS: Questionnaire on Student Attitudes toward Schizophrenia.

i

HSS: high-school student.

j

SDS-6: 6-item Social Distance Scale.

k

MIS-9: 9-item Mental Illness Stereotypes.

l

SPS-6: Social Proximity to persons with schizophrenia Scale.

m

PSA-21: 21-item Public Stigma and Acceptance Scale.

Risk of Bias of the Included Studies
As shown in Figure 2, most of the studies included in this review
were considered as having low ROB in terms of their
methodological quality. However, 3 studies [31,32,37] showed
a high ROB in the blinding of the participants and blinding of
https://games.jmir.org/2022/2/e35099
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outcome assessment. Besides, 2 other studies [11,32] showed
a high ROB related to the allocation concealment. Regarding
data, 2 studies [22,37] presented incomplete data. Finally, only
1 study [31] had a high ROB in selective reporting, and no study
showed a high risk of other bias or random sequence generation.
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Figure 2. Risk of bias graph: review of authors' judgments about each risk-of-bias item presented as percentages across all included studies.

Study and Quantitative Synthesis Outcomes: Public
Stigma
A total of 9 articles were included in the meta-analysis, with a
total sample of 1832 participants. As shown in Figure 3, the
technology-based interventions had medium effects on reducing
the level of public stigma (d=–0.64; 95% CI 0.31–0.96; P<.001)
compared with the control group. Only 1 study [31] that used

audiovisual simulation symptoms showed an increase in the
level of stigma (P=.036; d=0.32), and another that used
videogame with avatars [32] did not show any statistical effect
in the level of stigma (P=.14; d=–0.18). High heterogeneity was
observed among the included studies (P<.001; I2=87.6%;
Q=64.96), which was expected due to the variety of
interventions.

Figure 3. Forest plot comparison of the effect on public stigma (standardized means difference) for the innovation-based intervention and control
groups.

Publication Bias Analysis
We ran statistical analyses for publication bias [35], where
Duval and Tweedie’s trim-and-fill analysis identified the
differences in effect sizes that could potentially be attributed to
bias; the technique imputes effect sizes until the error
distribution gets close to normality. In this way, the test offers
the best estimate of the unbiased effect [30]. Results suggest
that there were no differences in effect sizes attributable to bias.
https://games.jmir.org/2022/2/e35099
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Under a random effect model, the point estimate for the
combined studies did not differ when comparing the original
and the adjusted estimate (in both cases, standardized mean
difference 0.63; 95% CI 0.94-0.30). Based on the parameter of
Duval and Tweedie’s trim-and-fill analysis, it seems that no
studies are missing.
Additionally, Rosenthal’s fail-safe N test is a technique for
computing the number of missing studies that would be
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necessary to nullify the found effect [38]. Small numbers of
missing studies would reveal the likelihood of biased effects.
Test was equal to 180, suggesting that it would be necessary to
allocate and include 180 missing studies with no effects for
every observed study to achieve the combined 2-tailed P value
exceeding .05. Therefore, it is highly unlikely that missing
studies could alter the substantive conclusion.

the application of new technologies in the field of mental health
in the contemporary world. These types of interventions have
a variety of advantages and offer innovative solutions to
everyday problems, due to their adaptability to different contexts
and lower associated cost, along with the possibility of privacy
in a protected environment, which allows strategies to be
focused and adapted to different key population.

Discussion

Furthermore, it is important to mention that while stigma is
currently one of the most important problems in mental health,
there are also a number of socioeconomic, cultural, and
structural barriers present in society that limit access to treatment
and should be considered as an integral part of reducing
discrimination and inequalities in mental health.

Principal Findings
The results of this meta-analysis support the use of new and
innovative technology–based interventions to reduce stigma
toward people with mental illness.
This study shows a medium effect on stigma reduction,
demonstrating a positive impact and effectiveness of these
interventions. Its findings are better compared with a previous
meta-analysis [39], which reported only a small effect of contact
interventions for people with mental illness, and for the
educative intervention, both classical and common-type
interventions. This is probably due to the increasing
technological development, where realism, immersion, and
technological interaction are greater, becoming an increasingly
natural means of communication and daily application [40].
In this regard, a recent meta-analysis showed that antistigma
interventions involving contact had an immediate
small-to-medium effect, and it was equivalent with diverse types
of contact mediums, such as videos and presentation [41].
Another finding of our study is that the intervention that used
simulation of symptoms of hallucination [31] had an increase
in the level of stigma, which is concordant with a previous
meta-analysis that demonstrated that it can increase social
distance and negative attitudes [42]. These negative results may
be explained by the focus on symptoms rather than on the
recovery process, which may increase stereotypes and prejudice,
especially toward people with schizophrenia. Thus, it has been
suggested that it should be used with caution and ideally in
combination with educational or contact interventions [43]. In
this sense, it is important to consider that several research studies
show that the information provided is essential to reduce stigma,
where, for example, it has been helpful to refer to biographical
aspects (eg, related to difficulties, personal adversities), because
it allows people to empathize, understand, and generate a change
in their attitudes, knowledge, and stigmatizing behaviors [44].
Therefore, the aim is not only to show “symptoms,” but also to
promote an understanding of these experiences and the social
consequences for the people who experience them [37].
As an additional result, one of the included studies, which used
videogames through avatar identification [32], despite showing
no significant effect on stigma in the combined effect analysis,
reported a significance effect (B=–0.21; P<.05) for the reduction
of social distance, making it a tool that can be considered for
future research.
Our study demonstrated the usefulness of innovative
interventions in stigma reduction and summarized its latest
advances, in accordance with the growing interest and need for
https://games.jmir.org/2022/2/e35099
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Limitations
This study has some limitations. First, we did not include gray
literature, which can increase the risk of publication bias [45].
Despite this, our statistical analysis of publication bias seems
to show no missing studies, and that it is also very unlikely that
a possible missing study could alter our results. Second, the
small number of studies and high heterogeneity prevented us
from estimating which technology-based intervention was the
most effective, a limitation that may be considered in future
studies as the number of publications in this emerging area
increases, allowing future subgroup analyses of each type of
intervention and addressing the high heterogeneity. Third, all
the studies found and included focused on the population of
high-school and university students, which may limit the
generalizability of the results to the general population. In
addition, most of the included studies did not include follow-up
studies, which prevented the analysis of long-term stigma
reduction.

Future Research
As stigma is a complex social phenomenon transversally present
in the society [1-6], innovative interventions involving use of
technologies can be an effective tool for its reduction. However,
one challenge in the implementation of this type of intervention
is its adaptability to different contexts and countries, and so
future interventions should include cross-cultural comparison.
In addition, all experimental studies involving technology-based
interventions in stigma reduction focus on the young population,
which represents a major challenge for future studies focused
on the development, implementation, and evaluation of these
types of interventions for different ages, such as adults and the
elderly [46,47].
Because of the extensive evidence supporting key strategies in
the development of antistigma programs, such as the educative
and contact components, future research should consider and
adapt them to different innovation-based interventions. Its
adaptation had demonstrated a great utility, for example, in
e-contact with people with mental illness, as they offer the
possibility of wider dissemination and even the possibility of
reaching remote areas [11,22]. New lines of work should
generate greater access and development of low-cost tools with
the use of new technologies that allow their use and integration
in workplaces, health systems, and educational communities as
a daily support tool in mental health, for example, through the
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development and use of free apps for smartphones and freeware
for computers.

potential and growing impact of metaverse as a space for social
interaction and an increasingly used tool.

Finally, it is essential to generate integrated technological
systems not only to reduce stigma, but also to consider
preventive interventions in mental health, together with timely
referrals to specialized health services and access to treatment.
In this regard, we highlight the recently developed app Help
Club [48], which provides the possibility of access to
communities of mutual support in mental health in virtual
spaces, through the use of virtual reality, demonstrating the

Conclusions
Our meta-analysis showed that innovative interventions
involving the use of virtual reality and communication
technologies are effective tools for stigma reduction toward
people with mental illness and can be an alternative and a
complement for the traditional methods on stigma reduction.
As this field is growing and emerging, future studies present
several challenges in their adaptation and dissemination in
different populations and countries.
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Abstract
Background: People with severe mental illness (SMI) face discriminatory situations because of prejudice toward them, even
among health care personnel. Escape rooms can be a novel educational strategy for learning about and empathizing with SMI,
thus reducing stigma among health care students.
Objective: This study aimed to examine the effect of the Without Memories escape room on nursing students’ stigma against
SMI.
Methods: A pre- and postintervention study was conducted with a control group and an experimental group. A total of 306
students from 2 Andalusian universities participated in the study. Data were collected through a pre-post study questionnaire,
consisting of an adapted version of the Attributional Style Questionnaire and a questionnaire on motivation for cooperative playful
learning strategies. The control group carried out an escape room scenario without sensitizing content, whereas the experimental
group carried out an escape room scenario on SMI, with both escape rooms being carried out in a 1-hour session of subjects
related to mental health. To answer the research questions, a 2-way analysis of variance with repeated measures, a linear regression,
and a 2-way analysis of variance were performed.
Results: After the intervention, a significant reduction (P<.001) was observed in the experimental group in stigmatizing attitudes
compared with the control group, in which no statistically significant changes (P>.05) were observed. In contrast, the linear
regression (t195=−22.15; P<.001) showed that there was an inverse relationship between flow and the level of reduced stigma.
When controlling for having or not having a close relative, the intervention was also shown to be effective (P<.001) in reducing
the stigma displayed, both for people with affected and unaffected relatives.
Conclusions: Our findings suggest that the Without Memories escape room can be used as an effective tool to educate and raise
awareness about stigmatizing attitudes toward SMI in university students studying health care. Future testing of the effectiveness
of educational escape rooms should be designed with new programs through playful strategies of longer duration to evaluate
whether they can achieve a greater impact on motivation, acquisition of knowledge, and awareness. In addition, the feasibility
of implementing the Without Memories escape room in other careers related to health and community should be investigated.
(JMIR Serious Games 2022;10(2):e34222) doi:10.2196/34222
KEYWORDS
escape room; severe mental disorder; higher education; nursing education; mental health; mental disorder; serious games
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Introduction
Background
Severe mental illness (SMI) refers to different nosological
entities with certain common severity criteria, lasting more than
2 years, and is associated with a loss of functionality [1].
Formally, it includes diagnoses such as schizophrenia, bipolar
disorder, or severe personality disorders. The main difficulty
faced by this group is stigma. People who are affected from
stigma face discriminatory situations that prevent them from
fully participating in society. Stigma is a multifactorial
phenomenon that thrives on stereotypes and prejudices toward
people with mental disorders. The most common stereotypes
toward people with SMI are, for example, that they can be
dangerous and commit more crimes than the general population
[2]; they can be violent, unpredictable, and dependent; and they
are responsible for their illness [2]. Stigma has severe
consequences on the quality of life and self-esteem of people
with mental disorders, hindering their social inclusion [3],
which, in turn, has a negative effect on finding work, being
economically independent, and having a solid circle of close
friends and supporters [4].
To reduce stigma, different proposals for socioeducational
programs have been made, including the dissemination of
information, leisure activities such as sports or art, and contact
with people with mental disorders. For example, in a
meta-analysis study [5], through the analysis of 72 articles, it
was observed that educational and social programs had positive
effects in reducing stigma in adults and adolescents with mental
illness.
With the arrival of serious games and educational video games,
the possibilities of electronic resources in socioeducational
intervention are also beginning to be studied. For example, in
the video game Stigma-Stop, which aimed at reducing stigma
toward people with mental disorders, its characters had various
mental disorders, with whom participants could empathize. The
results of 552 students aged between 14 and 18 years showed
a statistically significant decrease in the levels of stigma toward
people with schizophrenia [6].
Playful strategies, such as video games, have the potential to
be widely motivating for students, making them pivotal to the
acquisition of social skills among young people with mental
disorders [7] and to the reduction of stigma [8].
In recent years, new forms of games have emerged and
established themselves as a leisure alternative, including escape
rooms [9]. Escape rooms consist of being locked in a room,
solving a series of puzzles, unlocking locks, and finding hidden
clues to escape from that room. Using a variety of settings and
challenges, escape rooms create an experience that manages to
be both motivating and educational for participants [10].
The results of recent studies [11] show that games and the use
of escape rooms have been effective in engaging students in the
learning process and helping them retain information. In higher
education, specifically in the health care field, games have been
used to evaluate the theoretical and practical knowledge of
nursing students and study their motivation, where it can be
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observed that the students perceive that it helps them to learn,
consider that these types of activities are fun, and believe that
they should be included in their training curricula [12]. Owing
to the situation caused by the COVID-19 pandemic, the daily
face-to-face use of escape rooms has had to be transformed to
apply it during web-based teaching. Previous studies [13-15]
show that playful strategies have broad benefits in motivation
and academic performance in massive web-based open courses.

Objectives
University students in health care and social work studies are
especially concerned that they are empathic with the population
affected by mental disorders because they are one of the
vulnerable groups in their professional future that they will have
to attend to. The objective of this study was to evaluate the
impact of a web-based escape room on raising awareness of
SMI among university students in the health care branch during
the 2020-2021 academic year in web-based mode. The specific
objectives of this study were (1) to determine whether through
a web-based escape room, it is possible to modify the
stigmatizing attitudes of university students taking a nursing
degree regarding SMI; (2) to study the influence of the
immersion (flow) experienced during the escape room
experience and on the awareness of the participants toward
stigma; and (3) to determine whether the degree of stigmatizing
attitudes is different between students with family members
with severe mental disorders and students without family
members with SMI and to analyze whether the program has the
same effects on these people.

Methods
Participants
All the participants were first-semester nursing students. The
participants were chosen based on the purpose of the research,
consideration of the resources available when performing the
intervention with web-based escape rooms, and the willingness
of the university teachers to carry out the intervention in their
class schedule.
Both the escape room of the control group and the escape room
of the experimental group were used during class time in
subjects that had some content related to mental health. Students
enrolled in the first semester of their nursing degree could
participate in the research if they gave their written consent.
The escape room did not score on the average of the course,
and no financial reward or any other type of incentive was
offered (Figure 1; Multimedia Appendix 1).
A total of 306 nursing students participated in the study, with
a mean age of 23.34 (SD 8.37) years, comprising 57 (18.6%)
men and 249 (81.4%) women. They were selected through
cluster sampling, where a particular batch of students were
selected as participants, dividing them by participating
classrooms. They were randomly allocated between the control
group and the experimental group. The experimental group
consisted of 197 students with a mean age of 22.93 (SD 7.93)
years, comprising 37 (18.8%) men and 160 (81.2%) women;
the control group consisted of 109 students with a mean age of
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24.1 (SD 9.10) years, comprising 20 (18.3%) men and 89
(81.7%) women.
To fulfill the third objective of this study—to determine whether
the degree of stigmatizing attitudes is different between students
with family members with severe mental disorders and students
without family members with SMI and to analyze whether the
program has the same effects on these people—demographic
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questions were asked of the students before beginning the
intervention about whether they had relatives who had SMI.
The data showed that 67 students had relatives with SMI, with
a mean age of 22.78 (SD 4.27) years. Of these 67 students, 23
(34.3%) belonged to the control group, 19 (82.6%) women and
4 (17.4%) men, with a mean age of 23 (SD 4.62) years, and 44
(65.7%) belonged to the experimental group, 38 (86.4%) women
and 6 (13.6%) men, with a mean age of 22.7 (SD 4.07) years.

Figure 1. Flowchart followed for the selection of participants.

Ethics Approval
This study was conducted in accordance with the Declaration
of Helsinki. All participants provided written informed consent.
Ethics approval was obtained from the Research Ethics
Committee of the University of Almería (Ref. UALBIO
2021/01).

from 1 to 9. It has a Cronbach α of .87. A higher score on this
questionnaire indicates a greater number of stigmatizing attitudes
toward people with SMI. It measures the following four factors:
1.

2.

Instrument
Attributional Questionnaire
The 14-item abbreviated version of public stigma in mental
health (Spanish) was used, adapted from the Attributional
Questionnaire (AQ) 27 [16], with 14-point Likert-type questions
https://games.jmir.org/2022/2/e34222
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3.

Dangerousness—measures whether people with SMI pose
a threat or create feelings of fear. An example question is,
“Do you feel that people with SMI are dangerous?”
Solidarity—measures the willingness to help a person with
SMI; for example, “If I owned an apartment, I would rent
it to people with SMI.”
Coercion—people with SMI are required to participate in
treatment. An example of an item for this factor is “I think
it is in the best interest of the community where a person
with SMI lives to be placed in a psychiatric facility.”
JMIR Serious Games 2022 | vol. 10 | iss. 2 | e34222 | p.373
(page number not for citation purposes)

JMIR SERIOUS GAMES
4.

Avoidance—indicates the willingness to live or work near
someone with SMI. For example, “I will share my car every
day with a person with SMI.”

Motivation Questionnaire for Cooperative Playful
Learning Strategies
The Motivation Questionnaire for Cooperative Playful Learning
Strategies [17] was used to evaluate the learning process, degree
of immersion, and motivation toward gamified activities. It is
a Likert scale, ranging from 1 to 7, with 1 being totally disagree
and 7 being totally agree. The flow factor has been used in this
questionnaire, with a Cronbach α of .83. An example of the
items contained in the factor is, “While playing, I was not aware
of what was going on around me.”
For this study, an escape room has been designed based on SMI,
namely, the Without Memories escape room. The narrative is
that the main character must remember his or her identity and
leave the apartment where he or she is to be on time for an
appointment. In the escape room, the player wakes up with no
memory of who or where he or she is and, through solving tests
and exploration, discovers that he or she is a young man with
a mental disorder. Through different elements, such as
newspapers, mobile phones, social networks, and computers, a
normalized life is gradually presented together with the different
barriers that people with SMI face because of the stigma and
discrimination they face; for example, difficulties in health
services or difficulty finding work.
The escape room features linear mechanics: one test allows the
next to be solved and so on until the final task, which requires
the resolution of 2 tasks to obtain the code that ultimately allows
the player to exit. The escape room is web-based and is designed
within the Genialy digital platform, designed as a graphic
adventure (Click and Point). The difficulty of the escape room
is low because it is designed for a nonexpert audience in these
activities, and its duration is approximately 1 hour.

Procedure
To investigate whether web-based escape rooms could modify
stigmatizing attitudes toward SMI, 2 web-based escape rooms

Rodriguez-Ferrer et al
were designed and evaluated according to the intervention group
(Table 1).
Owing to sanitary measures arising from the COVID-19
situation, both escape rooms were designed on the web. The
escape rooms were prepared using the Genially digital platform,
allowing the creation of Click and Point spaces, which is why
it favors creating an interactive experience that can favor student
immersion. To create the scenarios proposed in the escape room,
images and illustrations from the FreePik resource bank were
used, owing to a premium license for free use (Figures 2 and
3).
The main advantage of placing the escape room on the web is
the ease of implementation in different universities through a
link. The steps to carry out both escape rooms were as follows:
1.

2.

3.

4.

On the official platform of the university (Blackboard
web-based learning platform), the class began, and the game
master explained in a general way what an escape room
was, how the Genially platform was used, and that this
escape room was cooperative. Once any questions among
the students had been resolved, the escape rooms were
distributed to the students in teams of 4 people.
Each team was housed in a web-based workroom so that
they could share ideas and opinions about solving the escape
room. They had 2 options: either one of them shared a
screen and they solved it together through that screen or
each person solved the escape room simultaneously on their
computer, maintaining the relationship between their
partners in both options.
The game master was in the general room of the Blackboard
platform during the entire escape room implementation
time, in case a team contacted to request clues. There was
no limit to the number of clues, as it was important that
they felt they could receive feedback and were able to get
out of the escape room even if they had never played before.
Once the team passed the last test and managed to leave
the escape room, they completed the posttest questionnaire
individually.

Table 1. Investigation procedure.
Pretest

Intervention

Posttest

Control group

Attributional Questionnaire [14] and Motivation
Questionnaire for Cooperative Playful Learning
Strategies [16]

Escape room
Locked In

Attributional Questionnaire [14] and Motivation
Questionnaire for Cooperative Playful Learning
Strategies [16]

Experimental
group

Attributional Questionnaire [14] and Motivation
Questionnaire for Cooperative Playful Learning
Strategies [16]

Escape room
Without Memories

Attributional Questionnaire [14] and Motivation
Questionnaire for Cooperative Playful Learning
Strategies [16]
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Figure 2. Example of elements where you must search for clues.

Figure 3. Example of awareness elements mixed with clues for other puzzles.

To design the escape room Without Memories, interviews were
conducted with people with SMI and 2 professionals from a
local mental health association with the aim of understanding
the difficulties people with SMI deal with daily and the reality
they face as told from their own experiences. The game design
for an escape room has a linear structure. Solving one clue will
provide the object necessary to solve the next clue, and so on
and so forth until the students escape. Tasks in a linear room
https://games.jmir.org/2022/2/e34222
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must be solved in a particular order. The experiment was
conducted on the web and synchronously. The average duration
of the escape room was 60 minutes.
The escape room narrative involves waking up in a room without
any memories of who or where you are. You must overcome
different challenges until you know that your name is Enrique,
you have an SMI, and you have a normal life.
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The different tasks of the escape room are presented in the
following formats inside the game:

277 students. Therefore, the sample size for this study was
considered sufficient.

•

Before starting the analyses to answer the research questions,
the direct scores of the administered tests were calculated using
the corresponding descriptive statistics.

•

•

Computer: in this game, there are elements hidden around
the room (click and point) that allow the student to know
the password of a computer. On the computer, Enrique’s
browsing history can then be accessed, where there are 2
videos of awareness campaigns on mental health and mental
disorders, and Enrique’s social networks can be accessed,
where 2 conversations with friends and a conversation with
his family physician are observed, in which he mentions
difficulties related to medication, such as the fear of not
being able to have erections and to relate intimately with
the woman he likes. Between these conversations, the key
for the next test is observed.
Diary and mobile phone: more conversations with Enrique’s
family and friends are reflected on the mobile phone. These
conversations reflect Enrique’s concerns and limited
relationships. Some responses to his messages can be
interpreted as condescension, childishness, and other
behaviors that people with SMI reported in previous
interviews. It is also narrated how these people may have
a perception of the world that is different from the norm
and may display different concerns and hobbies.
Safe and door: the safe is opened by means of a phrase that
is encoded in the computer. To achieve this, it is necessary
to find the decoding key located in one of the rooms. This
coded information allows the safe to be opened using
information contained in the mobile phone and in the
bedroom and allows you to remember that you are Enrique,
you are an adult, you have an SMI, and you have met the
girl you like for a coffee. The box finally gives you the key
to open the door. When you click on the door again, there
is a concluding message. This message provides statistical
information about SMI and the possibility that the player
may have an SMI or meet someone close with an SMI in
the future.

For the control group, an escape room called Locked In was
prepared. This escape room is a copy of the previous one in
which all the elements that had been prepared to raise awareness,
such as narrative texts and correspondence on social networks,
were removed, replacing them with others without any burden
of awareness, as they are logical tests, puzzles, and numerical
locks. The narrative of this escape room assumes that you wake
up in bed with no memories and must leave the apartment you
are in. The steps for resolution are the same as those carried out
by the experimental group; that is, they follow a linear logic in
which one test leads to another until the final resolution is
reached.

Data Analysis
Initially, a sample size calculation was performed using the
G*Power 3.1 program [18]. The parameters used for the
calculation were α=.05 and statistical power (1−β)=0.80. For
the effect size reference, the scientific literature was reviewed
[6,14,19]. The effect size was moderate (d>0.20). Using these
data, the minimum sample size needed for ANOVA testing was
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To answer the first research question, an ANOVA (2×2) with
repeated measures was performed for each factor of the AQ14,
as well as another test for the total result of the battery. The
Bonferroni correction was used as the adjustment method for
the comparison of post hoc tests.
To determine the relationship between flow and the change in
stigmatizing attitudes, a linear regression was performed, in
which the differential scores were calculated. In other words,
pretest scores were subtracted from posttest measurements.
With the differential scores and the score obtained in the flow,
the linear regression was performed with the score of the flow
as an independent variable.
To address the last research objective, a 3-way ANOVA was
carried out for each of the factors and the total score of the
AQ14.
The analyses were carried out using the R programing language
with the R Studio development environment. The libraries used
were ggplot2, tidyverse, emmeans, and rstatix.

Results
The means and SDs are presented in Table 2. To better
understand these results, it should be clarified that higher scores
on the questionnaire indicate a greater stigma expressed by
participants.
Regarding the first research question, ANOVAs (2×2) were
performed with repeated measurements. The results of the tests
between the groups are reported in Table 3, which shows the
results of the ANOVAs along with the effect size using
generalized eta squared. Post hoc tests are reported in this table,
indicating the group in which there are statistically significant
differences together with significance. This table shows that all
statistical differences were found in favor of the experimental
group in the posttest measurements. Table 4 indicates that the
starting groups had equivalent scores, and statistically significant
differences were found after applying the program. Regarding
the effect sizes found in the variables, it can be indicated that
in all the variables there is a large effect size (η2g>0.14), except
in coercion, where the size is medium, and avoidance, where
the size is small (η2g>0.01).
As for the second research question, as already mentioned, a
linear regression was carried out between the flow variables
(mean 18.4, SD 3.16), such as the independent variable, and
the differential scores (mean −16.7, SD 18.4), such as the
dependent variable. The results obtained in the analysis indicated
that the predictor variables explained 84.5% of the total variance
(r2=−0.845) and a moderate slope of the curve (β=−0.145;
t195=−22.15; P<.001); that is, the higher the score obtained for
flow, the more the stigma displayed was reduced.
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Table 2. Mean and SD (pre- and posttreatment) of the control and experimental groups.
Control, mean (SD)

Experimental, mean (SD)

Pretest

Posttest

Pretest

Posttest

Dangerousness

17.93 (6.78)

17.91 (6.76)

18.03 (7.57)

11.01 (6.17)

Solidarity

11.14 (5.5)

10.99 (5.39)

10.2 (5.48)

6.04 (3.58)

Coercion

8.63 (4.51)

8.87 (4.5)

8.18 (4.72)

5.65 (3.82)

Avoidance

11.86 (4.51)

11.78 (4.69)

11.16 (4.99)

8.13 (5.05)

Total

49.56 (16.03)

49.55 (16.02)

47.57 (16.7)

30.83 (14.79)

Table 3. ANOVA tests comparing between groups with the variables AQ14.
Pretest

a

Posttest

Post hoc

F test (df)

P value (adjusted)a

η2g

F test (df)

P value (adjusted)

η2g

Dangerousness

0.01 (1,304)

.91

0

81.81 (1,304)

<.001

0.212

Expb-Contc,d

Solidarity

2.04 (1,304)

.16

0.007

92.61 (1,304)

<.001

0.234

Exp-Contd

Coercion

0.67 (1,304)

.41

0.002

43.81 (1,304)

<.001

0.126

Exp-Contd

Avoidance

1.52 (1,304)

.22

0

38.60 (1,304)

<.001

0.011

Exp-Contd

Total battery

1.03 (1,304)

.62

0.003

106.16 (1,304)

<.001

0.258

Exp-Contd

Bonferroni adjusted.

b

Exp: experimental.

c

Cont: control.

d

P<.001.

Table 4. ANOVA tests comparing within groups with the variables AQ14.
Control

a

Experimental

Post hoc

F test (df)

P value (adjusted)a

η2g

F test (df)

P value (adjusted)

η2g

Dangerousness

0.01 (1,108)

.90

0

196.13 (1,196)

<.001

0.206

Pre-postb

Solidarity

2.12 (1,108)

.15

0

104.81 (1,196)

<.001

0.169

Pre-postb

Coercion

3.68 (1,108)

.58

0

55.42 (1,196)

<.001

0.08

Pre-postb

Avoidance

0.47 (1,108)

.49

0

64.61 (1,196)

<.001

0.084

Pre-postb

Total battery

0.01 (1,108)

.98

0

163.19 (1,196)

<.001

0.221

Pre-postb

Bonferroni adjusted.

b

P<.001.

The means and SDs before and after the intervention are
displayed in Table 5, differentiating those who reported having
a close relative and those who did not, both for the control group
and the experimental group.
The results of the ANOVA indicated that having a close relative
influences the level of stigma of the participants in all study
variables (dangerousness: F1.604=6.33, P=.01, η2g=0.01;
solidarity: F1.604=30.8, P<.001, η2g=0.04; coercion: F1.604=25,
P<.001, η2g=0.04; avoidance: F1.604=49.5, P<.001, η2g=0.08;
and total battery: F1.604=42.2, P<.001, η2g=0.06), with
statistically significant differences in favor of people who have
https://games.jmir.org/2022/2/e34222

XSL• FO
RenderX

a close relative. In other words, people with a close relative with
SMI display a lower level of stigma than those without a close
relative with SMI.
With the intention of knowing how the program affects the fact
of having or not having family members with SMI, the 3-way
ANOVA was continued, and the results of this are reported for
the posttest measures. The ANOVA results are presented in
Table 6. In addition, the post hoc tests are reported, indicating
only the statistically significant results.
As can be seen, statistically significant differences were found
between the control and experimental groups, especially in the
case of not having a family member affected by SMI. In this
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case, statistically significant differences were observed in all
study variables. However, when someone had a family member
affected by SMI, no statistically significant changes were found
for the variables solidarity, coercion, and avoidance, whereas

for the variables dangerousness and total battery, there were
statistically significant changes between the people in the control
and experimental groups who had family members affected by
SMI.

Table 5. Means and SDs of participants with and without relatives with severe mental illness in the control and experimental group.
Control-pre, mean (SD)

Experimental-pre, mean (SD)

Control-post, mean (SD)

Experimental-post, mean (SD)

Family

No family

Family

No family

Family

No family

Family

No family

Dangerousness

15.43 (5.68)

18.59 (6.92)

16.48 (7.59)

18.46 (7.53)

15.95 (6.03)

18.43 (9.92)

11.48 (5.95)

10.87 (6.24)

Solidarity

7.91 (4.36)

12 (5.47)

7.48 (4.52)

10.96 (5.49)

7.82 (4.03)

11.83 (5.40)

5.58 (3.43)

6.16 (3.62)

Coercion

6.39 (4.08)

9.23 (4.45)

5.81 (3.58)

8.83 (4.79)

6.69 (3.94)

9.45 (4.48)

4.60 (2.87)

5.94 (3.99)

Avoidance

8.30 (4.34)

12.81 (4.08)

7.6 (4.65)

12.14 (4.62)

8.34 (4.93)

12.69 (4.19)

6.90 (4.85)

8.46 (5.06)

Total

38.04
(15.23)

52.63 (14.86)

37.39 (16.70)

50.40 (15.61)

38.82 (15.90)

52.41 (14.86)

28.58
(12.56)

31.45 (15.33)

Table 6. Three-way ANOVA with the interaction between the control and experimental group and whether they have declared a close relative or not
in posttest measures.
Family

Dangerousness

No family

Post hoc

F test (df)

2
P value (adjusted)a η g

F test (df)

P value (adjusted)

η2g

6.41 (1,65)

<.001

67.512 (1,238)

<.001

0.101

0.011

Expb-contc (no family)d/expcont (family)e

Solidarity

3.317 (1,65)

.280

0.005

77.812 (1,238)

<.001

0.114

Exp-cont (no family)d

Coercion

3.61 (1,65)

.232

0.006

37.40 (1,238)

<.001

0.058

Exp-cont (no family)e

Avoidance

1.45 (1,65)

.916

0

46.028 (1,238)

<.001

0.071

Exp-cont (no family)d

Total battery

6.79 (1,65)

.036

0.011

105.88 (1,238)

<.001

0.148

Exp-cont (no family)d/exp-cont
(family)f

a

Bonferroni adjusted.

b

Exp: experimental.

c

Cont: control.

d

P<.001.

e

Persons without family members affected by severe mental illness.

f

Persons with family members affected by severe mental illness.

Discussion

contribution and proximity to the current language of young
people.

Principal Findings

In this study, we investigated the effectiveness of an escape
room as an awareness tool based on empathizing or putting
oneself in the role of a leading character with an SMI. The
intervention significantly reduced the stigmatizing attitudes of
university students in the experimental group compared with
the control group. It is worth highlighting the size of the large
effect observed in the factors of danger, perceived fear, and in
solidarity, variables in which the greatest reduction was
obtained.

This study sought to provide new methodologies to raise
awareness among the young adult population, especially
university students who in their professional future could work
with people with severe mental disorders. There are very few
studies that have used a web-based methodology [20], and at
present, we do not know about any other study that has been
based on an escape room, despite being a methodology that is
being used more and more in the educational field. A recent
systematic review on this topic did not identify any studies that
applied this tool [21]. Applying them in a web-based format is
also novel and, of course, was brought on by the effects of the
pandemic, which resulted in a rapid adaptation to these methods
[22].
However, as stated earlier, escape rooms are an increasingly
used tool in the educational field [23,24] because of their playful
https://games.jmir.org/2022/2/e34222
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Dangerousness is the most common stigma dimension in the
general population [25], and it scored the highest in the
pretreatment evaluation in this study. In contrast, because of
the characteristics of the sample, the intervention also had a
great effect on solidarity. More specifically, providing
information about mental health problems in a participatory
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way, such as in the escape room, favored the strengthening of
this variable.
The implementation of the escape room was carried out with
university students from the health sector, which is important
considering that some of these professionals will work directly
with people affected by SMI, and their expectations and beliefs
will affect the recovery of their patients [26]. Another aspect
that should be highlighted is that professionals who work in the
field of mental health continue to have negative beliefs,
paternalistic attitudes, and even restrictive and directive attitudes
on occasions [27]. These can have repercussions not only on
recovery but also on the patients’ own perception of themselves,
causing them to label themselves in a stigmatizing way, which
is known as self-stigma [28].
In contrast, it has been proven how the narrative of the story
and immersion in the activity encourage the re-elaboration of
value judgments that alter the beliefs and attitudes of people
with SMI. Escape rooms have already been tested as active
methodological tools that promote motivation and student
commitment toward learning [10,29], obtaining good results
when they have been applied. Similar studies [30-32] have found
that it is possible to reduce stigma through other methodologies,
and the interesting aspect of this study is that it is able to raise
awareness through a playful activity that is easy to implement
and replicate.
As for other findings, a variable found to influence the results
is whether the person has a family member with mental health
problems. When a person has a family member with this type
of difficulty, we can observe that the stigma is lower and
possibly owes to the greater knowledge and direct contact that
an individual has around these problems, which is fundamental
in the reduction of stigma [33].

Limitations
This study has several limitations. First, the sample is relatively
small, it comes from 2 universities, and it is not representative
of the general population. Furthermore, the sample of university
students included only individuals from nursing schools. This
may undermine the generalizability of the results and limit the
interpretation of the effect size. Second, the specific
characteristics of the participants and the possible confounding

Rodriguez-Ferrer et al
factors that may influence the results, such as their sociocultural
origin, their level of knowledge, and their desire to work with
patients with SMI, were not evaluated; the only exception was
whether they had family members with SMI, in which case they
were evaluated. Finally, another limitation was not conducting
a reevaluation months after the intervention to determine
whether the changes achieved in the experimental group could
be perpetuated over time.

Conclusions
Mental health awareness is a very important subject for the
proper professional development of health care students. It is
the responsibility of university teachers to prepare students to
learn, understand, and know how to work with their patients.
The lack of theoretical knowledge and stigma toward people
with SMI can contribute to discrimination toward this group,
which, in turn, can influence their self-esteem and quality of
life. Therefore, it is necessary to implement new strategies in
university education to improve the knowledge and awareness
of mental disorders. The integration of playful strategies such
as escape rooms can be of great interest because of their
immersive and motivating capacity.
Without Memories, a web-based escape room where the narrative
is about a character with SMI, is an effective tool to promote
awareness around mental health because it favors learning by
discovery and playful challenges through attractive dynamics
and mechanics, which can encourage students to learn about
SMI and be more empathetic toward these people.
Future studies could use this escape room not only in nursing
degree studies but also in other degrees related to health and
community education to promote awareness among other
professionals who also have direct contact with people with
SMI. Furthermore, future research could assess whether the
results on the impact of playful strategies for mental health
awareness vary because of other sociodemographic factors.
Finally, the duration of the escape room Without Memories is
very limited, and although this may have benefits for its
replication, there is a need to plan future awareness programs
through playful strategies of longer duration to evaluate whether
they can achieve a greater impact on motivation, acquisition of
knowledge, and awareness.
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Abstract
Background: The pandemic has highlighted the importance of low-threshold opportunities for exercise and physical activity.
At the beginning of 2020, the COVID-19 pandemic led to many restrictions, which affected seniors in care facilities in the form
of severe isolation. The isolation led, among other things, to a lack of exercise, which has led to a multitude of negative effects
for this target group. Serious games can potentially help by being used anywhere at any time to strengthen skills with few
resources.
Objective: The aim of this study is to evaluate the effectiveness of a serious game to strengthen motor skills (study 1) and the
influence of pandemic restrictions (study 2) on seniors in care facilities.
Methods: The data on motor skills (measured by the Tinetti test) originated from an intervention study with repeated measurements
that was interrupted by the pandemic conditions. Data were collected 4 times every 3 months with an intervention group (IG,
training 3 times for 1 hour per week) and a control group (CG, no intervention). There were 2 substudies. The first considered
the first 6 months until the pandemic restrictions, while the second considered the influence of the restrictions on motor skills.
Results: The sample size was 70. The IG comprised 31 (44%) participants, with 22 (71%) female and 9 (29%) male seniors
with an average age of 85 years. The CG comprised 39 (56%) participants, with 31 (79%) female and 8 (21%) male seniors with
an average age of 87 years. In study 1, mixed-design ANOVA showed no significant interaction between measurement times
and group membership for the first measurements (F2.136=1.414, P<.25, partial η2=.044), but there was a significant difference
between the CG (mean 16.23, SD 1.1) and the IG (mean 19.81, SD 1.2) at the third time of measurement (P=.02). In study 2 the
mixed-design ANOVA (used to investigate motor skills before and after the pandemic conditions between the 2 groups) couldn’t
reveal any significant interaction between measurement times and group membership: F1.67=2.997, P<.09, partial η2=.043.
However, there was a significant main effect of the time of measurement: F1.67=5.44, P<.02, partial η²=.075.
Conclusions: During the first 6 months, the IG showed increased motor skills, whereas the motor skills of the CG slightly
deteriorated and showed a statistically significant difference after 6 months. The pandemic restrictions leveled the difference and
showed a significant negative effect on motor skills over 3 months. As our results show, digital games have the potential to break
down access barriers and promote necessary maintenance for important skills. The pandemic has highlighted the importance of
low-threshold opportunities for exercise and physical activity. This potentially great benefit for the challenges of tomorrow shows
the relevance of the topic and demonstrates the urgent need for action and research.
Trial Registration: Deutsches Register klinischer Studien DRKS00016633; https://tinyurl.com/yckmj4px
(JMIR Serious Games 2022;10(2):e36768) doi:10.2196/36768
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Introduction
Background
By the spring of 2020, the rapid spread of coronavirus led
several German states to implement drastic measures in order
to protect their population. Many of these measures included
restrictions on movement and social contact, which particularly
impacted groups that were already affected by multimorbidity,
restricted functionality, and the need for care [1]. For instance,
the high mortality rate, in particular among the older, more
vulnerable population (6.5% of the population 65+ years old
and 14% of those 75+ years old) [2,3], put a considerable burden
on the health care system. This tragically resulted in an increase
in restrictions stipulated and implemented by local authorities.
Especially in nursing homes, caution and strict adherence to
regulations were essential [4].

Physical Consequences of the Pandemic-Related
Isolation
Compared to the results from a survey study conducted in 2017,
the pandemic-related measures led to a sharp reduction in
physical activity [5-7] in 40% of individuals between the ages
of 46 and 90 years, a 29% increase in sitting time, and a
widespread reduction in leisure activities [8-11]. By now, a
number of negative effects of the measures implemented during
the pandemic are known and documented. The literature, for
instance, provides evidence of an exacerbation of psychological
issues with possibly persistent, long-term effects [12-14], which
are also associated with increased depressive and anxiety
symptoms [15-19]. At the same time, due to physical inactivity,
more negative physical symptoms have been found [20,21].
These, together with other mentioned effects, lead to increased
mortality [22] and reduced quality of life [23], which can be
additional triggers for withdrawal and physical inactivity (a
vicious circle) [4,24]. An effective strategy to counteract these
harmful effects is to keep up regular physical activity. It can
promote resilience (self-efficacy and optimism) and mental
health [25-27], reduce depressive symptoms [28], and balance
an individual’s overall psychomotor performance [1]. During
the pandemic [29], even light physical activity can mitigate the
negative effects [8]. Both the global recommendations for
physical activities published by the World Health Organization
(WHO) and the German National Health survey
(Bundes-Gesundheitssurvey) issued by the Robert Koch Institute
[30] point out that physical activity is key for seniors to maintain
not only their health and mobility but also their independence
and self-reliance [30,31], especially in times of a pandemic [32].
To be sustainable, the latter should be integrated into daily
routines and carried out collectively [30].

Social Consequences of the Pandemic
Even before the outbreak of the COVID-19 pandemic, the
German health care system was faced with major challenges
https://games.jmir.org/2022/2/e36768
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related to demographic change. Among those were the growing
number of aging individuals in need of care (22% of
60-80-year-olds) [33] and, as a result, the increased utilization
of health care services, which burdened the social security
system and the health care structure [34]. Moreover, the rapidly
growing need for support caused by the pandemic has placed
excessive demands [35] on practitioners, creating an enormous
amount of stress, which has negatively impacted the quality of
care and, by extension, also the psychological well-being of
seniors [36]. The forecasted shortage of half a million skilled
workers in the German nursing sector by 2035 is also alarming,
given that it may further exacerbate the issue [37]. Therefore,
it is imperative to focus on health care promotion for seniors,
which concentrate on health care resources that promise
long-term autonomy and independence [38].

Effectiveness of Digital Serious Games That Promote
Physical Activity
The positive effect of physical activities [39] combined with
the challenges outlined before highlight the need for
low-threshold, inexpensive, nationwide solutions that promote
physical activity [40]. Digital technologies can play a key role
in this effort [41]. These new digital technologies in the health
care sector that primarily focus on prevention and health
promotion via gameful experiences can be summarized under
the umbrella term “serious games for health” [42].
The overall positive effect of serious games with a special focus
on promoting motor movement sequences in older individuals
has already been investigated and reported in several
meta-analyses [43-47] that highlighted that the impact resulting
from the use of serious games can range from
moderate-to-strong training effects, especially in participants
with initially low motor capability [48]. Vaziri et al [49]
specifically point to a significant reduction in the risk of falling,
especially in participants with low initial motor capability [50],
while Stanmore [50] and Brox [51] were even able to report the
first positive follow-ups in this regard. However, it needs to be
emphasized that long-term effectiveness of physical activity
has not been sufficiently investigated yet [52-54].
Initial studies conducted during the pandemic show the
usefulness and positive effects of digital exercise on physical
well-being [55]. For example, Parker et al [56] reported that
participants who used digital exercise platforms were more
likely to remain physically active during the pandemic. Thus,
serious games can be part of a rehabilitative treatment plan that
might prevent the functional deterioration of seniors suffering
from COVID-19 [57]. In conclusion, it can be said that most of
the findings indicate promising potential for using game-based
interventions with senior citizens, thus highlighting the
importance of establishing such opportunities, especially during
the pandemic [58]. However, there is a clear need for research
into the long-term effects [59], the study conditions [45], and
the intensity and choice of suitable game modules relative to
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different physical conditions and symptoms. To exploit the
potential of serious games in the psychomotor domain,
additional variables related to game engagement, such as
usefulness, purpose, and user orientation, must be clearly defined
and implemented in the context of empirical studies [60].

This Study
Despite the positive effects of physical activity and the
preliminary evidence that serious games have a positive impact
on health and physical well-being, new digital technologies [61]
should be researched more to become a key measure in the fight
against the social- and health care–related challenges, negative
effects, and consequences of the pandemic. This intervention
study does so by analyzing the effects of the restrictive measures
implemented during the COVID 19 pandemic in interaction
with exergaming a social and physical activity on seniors' motor
skills over the course of a long period. The study is unique
insofar as the participants began the intervention before the
onset of COVID-19 and carried on during the pandemic (with
its restrictive measures). Key questions were, “Can the positive
effects reported in the literature be replicated?” and “Can serious
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games cushion the far-reaching, undoubtedly negative impact
of the pandemic measures on the motor skills of seniors?”

Methods
MemoreBox
In 2014, MemoreBox was developed in response to the need
for promoting prevention and health relative to the cognitive,
motor, and psychosocial skills of senior citizens and, in
particular, nursing home residents. MemoreBox is a health game
that includes a gesture-controlled game console, which records
the participants' movement data by means of a Kinect camera
(Microsoft Corporation) and an individual quick response (QR)
code. Games can be played when sitting or standing, individually
and in groups, and the therapeutic training program can be used
preventively and independently of any indications. There are
currently 6 games (motorcycling, bowling [Figure 1], table
tennis, singing, postman, and dancing), which are based on
everyday activities. Depending on the game, the player’s
balance, memory, ability to react, hand-eye coordination, motor
skills, stance, or mobility are trained.

Figure 1. Exemplary Bowling module in the serious game MemoreBox.

Study Design
As part of a large, applied research study, the data used here for
the analysis came from an intervention study that was set up as
a quasi-experimental design with repeated measurements. The
overarching goal of this intervention study was to test the
effectiveness of MemoreBox. To evaluate the game’s
effectiveness, we designed a large-scale study with 100 German
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nursing homes. Over the course of 1 year, we recorded and
examined a total of 1000 seniors in an intervention group (IG)
and a control group (CG). The intervention, training by playing,
was carried out 3 times per week for 1 hour in a group using a
fixed training plan that was developed in advance by
occupational therapists. Data were collected over the course of
1 year during which participants were asked to complete
standardized questionnaires 8 times. The standardized
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questionnaires on cognition, motor skills, and psychosocial
health were administered every 3 months and thus 4-5 times in
total. In this paper, we focus on the participants’ motor skills,
which were recorded at 4 points over the course of 9 months
using the Tinetti test [62].

COVID-19 Situation
Due to the global COVID-19 pandemic, which has also caused
major changes in Germany, at least since March 2020, the
research could not be carried out as originally planned.
Protection of and care for the target population, that is,
vulnerable senior citizens who are dependent on care due to
physical or psychological frailties, is the top priority. For a large
majority of the participating nursing homes, this situation led
to an inevitable interruption of the study and thus of the planned
data collection (also due to a lack of appropriate facilities)
starting at the beginning of March 2020. However, the situation
and the respective restrictions caused by COVID-19 differed
greatly from 1 nursing home to the next. Given that such a large
number of facilities were originally recruited throughout
Germany, a few nursing homes emerged that were able to
continue with the study and data collection due to their particular
local setups and conditions within the respective facilities. These
11 nursing homes were able to continue the training plan
unaltered, which ultimately led to a sample size of 70
participants (IG n=31, 44%, vs CG n=39, 56%).

Participants
The sample consisted of an IG that played regularly and a CG
that did not play. All participants are residents of nursing homes
in Germany. We started with 10 participants per nursing home
(IG n=5 and CG n=5, 50% each), that is, N=1000. The
assignment of groups was voluntary for practical and ethical
reasons, which required a final parallelization of the data.
Exclusion criteria for both groups were severe mental or
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neurological illnesses and age below 60 years. In addition, the
state of health, comorbidities, and medications of both groups
were surveyed.

Data Collection Process and Instruments
All data collection was carried out by scientifically trained
nursing staff. The data collection instruments were designed to
suit the target population, and age-related restrictions in the
process were considered. This paper deals with the results of
the Tinetti test [62], 1 of the standardized questionnaires used
to investigate the effectiveness of MemoreBox on the motor
performance of seniors in relation to the effects of the pandemic.
The Tinetti test is used to evaluate a person's static and dynamic
balance skills. The test is divided into 2 components for separate
evaluation of gait and balance skills. Both measurement units
consist of 8 questions, with the answer options for the walking
test being rated from 0 to 2 points and those for the balance test
being rated from 0 to 4 points [63]. The maximum total of the
Tinetti test is 28 points, made up of 15 points for the balance
test and 13 points for the walking test [63].

Dropouts
The enormously high dropout rate was largely a result of the
outbreak of the COVID-19 pandemic (see description before).
Given the length of the study and the target population
examined, a high dropout rate was generally assumed. Illnesses
and deaths, as well as lack of motivation, were the other main
reasons for dropping out. The weightings shown in Figure 2
roughly correspond to those reported in the literature. Over the
entire data collection period, the following reasons led to
attrition: 409 (44%) seniors dropped out due to
COVID-19-associated reasons, 279 (30%) dropped out due to
illness, 130 (13%) passed away, and 116 (13%) dropped out
due to a lack of motivation.
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Figure 2. Survey times, periods of operationalization, and dropout reasons. CG: control group; IG: intervention group.

Statistical Analysis
At the beginning of the data analysis, the 2 study groups were
compared with regard to their characteristics in the dependent
variables at baseline (T0). The reason for this was the
nonrandomized group assignment, which made t tests for
independent samples between the groups necessary in order to
statistically demonstrate the comparability of the groups. Then,
descriptive statistics regarding the groups and relevant
sociodemographic variables were carried out. For psychometric
calculations, the statistical significance was set at a level of
α=.05. To highlight the relevance or practical significance of
the results, we calculated the effect size partial η2 for
mixed-design ANOVA (η2<.01, small effect; η2<.06, medium
effect; η2<.14, large effect) [63]. To examine the effects on the
IG in comparison to the CG, a 2×3 and a 2×2 mixed-design
ANOVA were used in 2 study sections. The dependent variable
was motor ability; the factor time, with study segment 1 having
3 levels (T0, T1, T2,) and study segment 2 having 2 levels (T2,
T3), acted as an inner-subject factor and group membership as
a between-subject factor (2 factor levels). Corresponding
Bonferroni corrections within and between subjects were also
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calculated. The assumptions for the interval scale level of the
dependent variable, independence, and the nominal scale level
of the between- and within-subject factors can be assumed.
Outliers were removed based on the IQR. The assumptions of
the normal distribution of the dependent variable residuals, the
homogeneity of variance, the equality of the covariances, and
the given sphericity can, according to Bortz and Schuster [64],
be neglected due to the robustness of the variance analyses if
the sample size is almost the same and n>10.

Ethics Approval
This study was approved by the Ethics Committee of Charite
Berlin (Ethikausschuss am Campus Benjamin Franklin; review
number: EA4/035/19).

Results
Baseline Comparison
Due to the lack of randomization of the study groups,
independent sample t tests were used for the demographic
variables to reveal possible distorting differences between
groups. The groups did not differ with regard to the main
variables at the beginning of the study (Table 1).
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Table 1. Mean values, SDs, and statistical differences of the examined variables: IGa and CGb at measurement time T0.
Variables

a

IG (N=31), mean (SD)

CG (N=39), mean (SD) Statistics

95% CI

t (df)

P value

Age (years)

85.45 (4.99)

86.66 (8.76)

.718 (60.5)

.48

–0.311 to 0.639

Level of care neededc

2.34 (0.974)

2.47 (0.71)

.592 (61)

.56

–0.347 to 0.645

State of healthd

2.33 (1.07)

3.16 (1.22)

–.623 (66)

.54

–0.631 to 0.328

Health behaviore

2.42 (0.720)

2.54 (0.97)

.570 (68)

.57

–0.335 to 0.609

Health self-assessmentf

2.84 (0.735)

2.92 (0.81)

.452 (68)

.65

–0.364 to 0.580

Tinetti mean

1.15 (0.37)

1.05 (0.41)

–.974 (68)

.33

–0.707 to 0.240

Tinetti total sum

18.16 (5.88)

16.67 (6.58)

–.989 (68)

.33

–0.710 to 0.236

IG: intervention group (playing regularly).

b

CG: control group.

c

0=no need for care to 5=most severe impairment.

d

0= healthy to 5=chronically ill.

e

0=does not take care of health to 5=strongly focuses on health.

f

0=“I rate my health as very bad” to 5=“I rate my health as very good.”

Descriptive Statistics
The analysis sample was part of the total sample and included
those participants who were present at all measurement times
and throughout the entire intervention. Therefore, this study
included 70 participants. The IG (participants who played
regularly) comprised 31 (44%) participants, of which 22 (71%)
were female and 9 (29%) male. Participants in the IG ranged
were aged from 74 to 97 (mean 85.45, SD 4.99) years. The CG
included 31 (79%) females and 8 (21%) males, who were aged
from 61 to 102 (mean 86.66, SD 8.76) years. The distribution
of age (mean 86.06, SD 8.2 years) and gender (female n=53,
76%, male n=17, 24%) in the total sample roughly corresponded
to the findings on the need for care in Germany [65].

Outcome
Next, the results of the Tinetti data collected from the 70
participants over the course of 1 year were analyzed separately
in 2 study sections. Study 1 looked at the first 6 months of the
intervention, which analyzed the situation before the outbreak
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of the pandemic. The second study then dealt with the analysis
of the data collected during the pandemic with its severe
restrictions for the participants. Both studies looked at the CG
in comparison to the IG, which carried out the study plan
consistently despite massive, pandemic-related restrictions.

Study 1
Mixed-design ANOVA showed no statistically significant
interaction between measurement times and group membership:
F2.136=1.414, P<.25, partial η²=.044. Both main effects (time
factor: F2.136=0.489, P=.62, partial η²=.016; group membership
factor: F1.68=2.792, P=.10, partial η²=.044) showed no statistical
significance. However, the post hoc tests carried out within and
between subjects indicated a statistically significant difference
between the CG (mean 16.23, SD 1.1) and the IG (mean 19.81,
SD 1.2) at the third time of measurement (P=.02). This finding
shows that the regular players differed statistically significantly
in their motor skills from the nonplayers after 6 months of
playing (Figure 3).
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Figure 3. Results of the Tinetti total score for the IG and CG over 6 months of intervention. T0: IG (mean 18.16, SD 5.88), CG (mean 16.67, SD 6.58);
T1: IG (mean 19, SD 6.77), CG (mean 16.62, SD 7.93); T2: IG (mean 19.81, SD 6.34), CG (mean 16.23, SD 7.14); CG: control group; IG: intervention
group.

Study 2
Mixed-design ANOVA used to investigate motor skills before
and after the outbreak of the pandemic between the groups did
not reveal any statistically significant interaction between
measurement times and group membership: F1.67=2.997, P=.09,
partial η²=.043. However, there was a statistically significant
main effect of the time of measurement, which indicates a
significant difference between the measurement times:
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F1.67=5.44, P=.02, partial η²=.043. However, there was a
statistically significant main effect of the time of measurement,
which indicates a significant difference between the
measurement times: F1.67=5.44, P<.02, partial η²=.075.
Considering the descriptive statistics (Figure 4), one can assume
a significant drop in estimates between the 2 measurement times.
A statistically significant main effect of group membership
(F1.67=2.34, P=.12, partial η²=.043) was not found.
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Figure 4. Significant differences after 9 months of intervention between IG and CG and between measurement times. CG: control group; IG: intervention
group.

Discussion
Principal Findings
Senior citizens were particularly affected by the COVID-19
pandemic, which led to far-reaching and extensive measures of
isolation. These resulted in a significant reduction in physical
activity, which is counterproductive for an independent life and
disease prevention. The WHO states that high physical activity
is essential for an independent life and disease prevention.
Physical inactivity not only leads to deterioration and
dependency in physical, psychological, and social areas, it also
accelerates the need for nursing and health care services [66].
The goal of this paper was to investigate whether the use of the
serious game MemoreBox has a positive impact on the motor
skills of seniors in nursing home facilities. Additionally, the
data collected provide insights into the effects of COVID-19
restrictions (especially isolating measures) on the development
of motor skills of the participants.

Discussion Study 1
The data analysis of study I clearly shows that during the first
6 months of the study, the IG had increased motor skills,
whereas the motor skills of the CG slightly deteriorated. After
6 months, there was a statistically significant difference in motor
skills between the 2 groups (Figure 3). These findings are in
line with the predominantly promising potential of video
game–based interventions (serious games) for the motor skill
development of seniors [42-45]. Under known conditions and
in the context of a regular everyday life routine, motor stability
can be built up, therefore reducing the risk of falling in old age
[49]. The results of this study also support the known positive
tendencies toward improved cognition in the IG. However, the
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missing main effects need to be addressed and discussed. Due
to the clear trend of the data, it seems conclusive that the time
frame for changes in particular is not sufficient. It should also
be noted that there are many motor impairments in seniors that
cannot be reversed or influenced by training. This might have
a major impact on the test results, which do not measure these
limitations. It seems imperative to address these points in future
research.

Discussion Study 2
After 6 months of intervention, the outbreak of the COVID-19
pandemic led to severe restrictions in nursing home facilities,
which essentially led to isolation and separation, resulting in
an overall strong reduction in physical activity. The effects can
be clearly seen in the collected data, which show a significant
decrease in the motor skills previously gained, resulting in the
IG almost falling back to the initial level (Figure 4) and a
continued decrease in the CG motor skills as well. These data
clearly show the serious effects of isolation measures on motor
skills. In line with previous research, the data confirm a
deterioration in motor skills, associated with a higher risk of
falling [67]. The continued use of serious games does not seem
to be able to stop this deterioration in isolation, a finding that
may be due to the intensity of the changes. It can be assumed
that mobility is negatively affected by the failure of conventional
therapeutic, individually tailored, and medically necessary offers
such as physical and occupational therapy. Opportunities to
exercise without a special therapeutic approach, such as walks
outside, excursions, or other therapy-related activities, have also
ceased to exist during the pandemic-induced isolation. Isolation
reduces social interaction and affects mental health, ultimately
leading to reduced physical performance. Regardless of the use
of MemoreBox, the lack of social contact in connection with
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far-reaching changes in daily routines had a considerable
negative effect on the overall physical health of the participants.

Implications
Based on these findings, we conclude that serious games can
have a positive influence on the motor skills of seniors.
However, despite continued use, other severe motor restrictions
(in this case, isolation and separation) can counteract the gain
in motor skills. Moreover, regardless of the examined
intervention, the data clearly show that COVID-19-related
restrictions had a significantly negative influence on the motor
skills of the participating seniors. Despite the subsequent
limitations, the longitudinal data underlying this study offered
a valuable and rare opportunity to examine the direct effects
the isolating measures implemented during the COVID-19
pandemic have on senior citizens’ health and mobility.
Regarding the reported results on the effectiveness of
MemoreBox, this intervention certainly provides a
complementary measure to already established prevention
programs.

Limitations
The data collection instrument designed by the study and the
examined data have clear limitations. The design limitations,
which were analyzed in detail in Kleschnitzki et al [68], are
primarily due to the voluntary assignment of the participants to
the groups. The lack of randomization is an artifact of the
practical implementation.
The most important limitation of this study, however, is the
sample size, which implies that the results cannot necessarily
be generalized. However, there were at least 30 participants in
each study group, which allowed for statistical methods.
Furthermore, this population is difficult to reach. This stems
from limitations (motor, cognitive, social) with regard to their
location. Additionally, the longitudinal design of this study
(most studies examine a period of 3 months) also posed great
challenges for the participants and led to high dropout rates due
to illnesses and deaths. Furthermore, there were large variances
within the groups and thus among the participants. This
variability, which had a similar range at all measurement times,
also posed challenges to making possible significant differences
visible. However, the examination of smaller, more
homogeneous groups in regard to identifying potential
statistically significant differences relative to certain
characteristics did not provide any conclusive evidence. The
G*Power analysis revealed an a priori minimum sample size
of >260 (study 1) and >224 (study 2).
The outbreak of the COVID-19 pandemic undoubtedly had the
greatest negative impact on the sample size. It led to high
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dropout rates among participants and created new challenges
for data collection. Nevertheless, it also allowed us to collect
data on COVID-19-related changes and associated limitations.

Future Studies
These limitations and analyzed consequences, in terms of their
sustainability, cannot be fully foreseen at the moment and will
certainly need to be examined more. The considerable variability
in study designs and foci (eg, game applications, data collection
instruments, target populations) makes it challenging to compare
results from different studies that have examined the
effectiveness of serious games [69,70]. Hence, there is a clear
need for high-quality, large-scale studies that further investigate
the use of serious games by senior citizens. Following a good
scientific standard, these studies should focus on the effects that
serious games may have on motor skills and fall prevention
among seniors. Importantly, studies should consider the
limitations of our research and thus include a larger sample size,
a longitudinal study design, a randomized trial, and optimized
training conditions. It should also be noted that the pandemic
provides interesting areas of inquiry for different research
domains. The insights gained from pandemic-related research
could ultimately help to better understand and counterbalance
the negative effects of the COVID-19 pandemic. Finally, the
importance and feasibility of using serious games relative to
the various issues that the health care system is facing and to
the rising number of people in need of care should be
investigated further.

Conclusion
Our results show that digital games can be deployed to promote
health in a variety of contexts. They have the potential to break
down access barriers and promote social engagement and
interaction. The pandemic has highlighted the importance of
low-threshold opportunities for exercise and physical activity,
especially when conventional recreational programs are either
greatly reduced or temporarily not available.
The results of this study help to further establish this new
research area by (1) identifying that serious games can have a
positive effect on motor skills of senior citizens and (2) revealing
critical insights into the effects of COVID-19 on the motor
development of seniors in isolation (physical inactivity,
increased risk of falling, etc). Additionally, the results are
discussed relative to the critical need for action and further
research in that area. Lastly, our study contributes to identifying
future global health-related challenges as well as potential
preventive measures that could be developed and implemented
in order to enable seniors, a consistently increasing population,
to lead a healthier, independent, and more active lives.
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