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Abstract

Background: Despite a wide range of literature on emergency department (ED) overcrowding, scientific knowledge on emergency
physicians’ cognitive processes coping with overcrowding is limited.

Objective: This study aimed to develop and evaluate a virtual research environment that will allow us to study the effect of
physicians’ strategies and behaviors on quality of care in the context of ED overcrowding.

Methods: A simulation-based observational study was conducted over two stages: the development of a simulation model and
its evaluation. A research environment in emergency medicine combining virtual reality and simulated patients was designed and
developed. Afterwards, 12 emergency physicians took part in simulation scenarios and had to manage 13 patients during a 2-hour
period. The study outcome was the authenticity of the environment through realism, consistency, and mastering. The realism was
the resemblance perceived by the participants between virtual and real ED. The consistency of the scenario and the participants’
mastering of the environment was expected for 90% (12/13) of the participants.

Results: The virtual ED was considered realistic with no significant difference from the real world with respect to facilities and
resources, except for the length of time of procedures that was perceived to be shorter. A total of 100% (13/13) of participants
deemed that patient information, decision making, and managing patient flow were similar to real clinical practice. The virtual
environment was well-mastered by all participants over the course of the scenarios.

Conclusions: The new simulation tool, Virtual Research Environment in Emergency Medicine, has been successfully designed
and developed. It has been assessed as perfectly authentic by emergency physicians compared with real EDs and thus offers
another way to study human factors, quality of care, and patient safety in the context of ED overcrowding.

(JMIR Serious Games 2019;7(3):e13993)   doi:10.2196/13993
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Introduction

Background
Analysis of medical errors shows that among human factors,
psychological, cognitive, and organizational features are directly
related to the quality of care. Emergency department (ED)
overcrowding and patient boarding result in delays in care,
increased short-term mortality, and worsened patient experiences
and safety [1,2]. Emergency physicians have to deal with several
patients in a short period of time and anticipate risk of errors
linked to interruptions and disruptions [3]. To alleviate the
problem of ED overcrowding, various conceptual models of
care have been invented by researchers, which mainly focus on
organizational strategies and input-throughput-output processes
[4-7]. However, few have analyzed the cognitive processes used
by emergency physicians coping with overcrowding, or the
impact of overcrowding on team processes [8]. Team processes
are defined as the cognitive, verbal, and behavioral activities
of a team working together. They include the nontechnical skills
for crisis resource management (CRM), such as leadership,
teamwork, situation awareness, task management, and decision
making. In a systematic literature review, Schmutz has shown
that valid measures and adequate tools are required for
investigating the effects of team processes on clinical
performance and safety [9].

Team process behavior (eg, how the team functions and whether
the team and its members grow, develop, and improve over
time) is influenced by patient volume, the number and attitude
of other caregivers, as well as changes in the department’s
organization [7]. Variations of these confounding factors make
it difficult to analyze the direct relationship between
overcrowding, team processes, and quality of care. Simulation
in a virtual environment could expose emergency physicians to
flow variation only and show its impact on CRM skills and
quality of care (test relevance, working diagnosis,
decision-making time, and patient orientation) [10]. Online
virtual worlds such as serious games have shown their
effectiveness concerning medical education and training of
teamwork skills, including leadership, coordination, and
communication [11,12]. They offer a safe and controlled setting
without real patients’ risks and issues.

To our knowledge, no study has yet been conducted on the
development and evaluation of a virtual ED related to quality
care.

Objectives
The goal of this study was to develop a virtual ED intended to
replicate real patient flow management by emergency physicians
and evaluate the authenticity of this new simulated research
model.

Methods

Study Design
This simulation-based observational study was conducted in
two stages. The first stage was the design and development of
a virtual environment in emergency medicine. The second stage
was an observational study to evaluate this environment.

Design and Development of the Virtual Environment
Virtual Research Environment in Emergency Medicine
(VIREM) is a hybrid simulation that combines a virtual
environment (virtual multiplayer world), technical skills

simulation, and simulated patients (Figure 1) . Second life® was
used as virtual world online because it is an interactive,
3-dimensional, low-cost environment easily accessed by many
participants who interact and communicate together (see
Multimedia Appendix 1). Patients and caregivers were
represented as characters called avatars that interact with their
environment (see Multimedia Appendix 2).

A research team designed and developed the virtual ED. The
team consisted of 3 emergency physicians and 1 nurse who had
more than 10 years of experience in emergency medicine, a
game developer, and an expert in virtual simulation didactics.
They designed the simulated ED premises and equipment in
accordance with the French Emergency Medicine Society’s
guidelines on ED architecture and operation [13]. In a scenario,
the virtual ED team included avatars for 1 emergency physician,
1 resident in postgraduate years 2, and 3 nurses for triage,
ambulatory care, and nonambulatory care, respectively (see
Multimedia Appendix 3). The emergency physician worked
both as team leader and caregiver. The medical conditions of
patient avatars were selected from a French regional registry of
37 ED populations based on the most prevalent conditions; the
final choice of the 13 cases was based on team agreement as
representative of the usual patients in an urban busy ED. The
history, clinical signs, test results, and course were developed
for each patient. Operational procedures were designed for the
nurse avatars who could triage, draw blood samples, perform
electrocardiograms, and deliver medications [12]. The median
length of time of each procedure and intervals from test ordering
to data-ready time were measured in patients admitted in 3
different EDs and reported in the scenario (Table 1).

The patient flow was set at a level higher than the recommended
maximum with 4 patients per physician per hour to simulate
overcrowding conditions. The virtual ED was developed and
iteratively tested by the research team to correct bugs and
improve patient flow, processes, and interactions between the
avatars and their environment.
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Figure 1. Design, development, and assessment of Virtual Research Environment in Emergency Medicine.

Table 1. Length of time of real emergency procedures used in Virtual Research Environment in Emergency Medicine.

Duration (min), median (interquartile range)Real emergency procedures (n)

Nurse 2

4 (2-4)Administrative reception time (20)

Nurse 1 tasks

4 (3-5)Triage time (20)

5 (4-6)Time to prepare and give the medications (17)

5 (4-5)Electrocardiogram recording (16)

88 (67-115)Blood drawn to data-ready time (18)

45 (36-50)Specialty physician consultation, data-ready time (16)

Resident tasks

14 (10-15)History and examination of patient (20)

15 (12-18)Perform cast (10)

21 (13 -39)Sutures (10)

10 (8-12)Medical records (20)

7 (6-8)Prescription (18)

5 (5-5)Patient information (16)

Radiological test ordering to data-ready time

40 (37-48)X-ray (19)

60 (60-120)Computed tomography scan (11)

105 (102-108)Ultrasounds (15)

Specialty physician consultation

45 (36-50)Data ready time (16)

Selection of Participants for Virtual Research
Environment in Emergency Medicine Evaluation
We recruited emergency physicians in 2 EDs of a multifacility
academic hospital, which together treated more than 164,059
patients aged 15 years or older in 2017 [14]. They had at least
3 years’ experience in emergency medicine and were not
involved with the research team. Upon enrollment,
confidentiality was guaranteed, and all physicians gave their
written informed consent. This study was carried out with the
agreement of the ethics committee of the University and the

French National Council for Information Technology and
Liberties (Reference 19880021v0).

Study Protocol
Data collection took place in the University Institute of Health
Simulation. Data were collected by short structured interviews
and questionnaires by a nonparticipant observer. The participants
were alone in a room with a computer and a technical skill
simulator to perform the sutures. They each had a 30-min
briefing focused on the resources available, how to interact with
the environment, and communicate with the patients and
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caregivers as a physician avatar. The participants interacted
with the virtual ED by controlling their avatars and with a
headset (Voice over Internet Protocol). They used a phone to
call other caregivers or specialists who were out of reach. The
scenario lasted 2 hours and was followed by a short, structured
interview lasting 20 min. A total of 4 instructors from the
research team were required to pilot, respectively, the patients,
nurse 1 avatar, resident avatar, and nurse 2 avatars or other
caregiver avatars (dispatcher, specialist). The instructors,
according to their role, triggered the different procedures whose
duration had already been defined (Table 1). Participants and
instructors used Dell Precision T1700 computers, Nvidia GTX
970 type graphics card with 22.5“ full high-definition screens.

Evaluation of the Environment
The study outcome was the authenticity perceived by
participants working in this virtual ED. The perception of
authenticity by users results from the fidelity of the environment
(setting and available resources), the situations experienced,
and the temporal fidelity of procedures [15]. VIREM was
adjudicated as authentic if the 3 components, realism,
consistency, and mastering, were validated.

The realism was defined as the resemblance of the virtual ED
with a real ED. Physicians have been asked to evaluate their
own ED and the virtual environment after the scenario on a
7-item questionnaire about facilities, resources available, and
delays. Each question was scored according to a 5-point Likert
scale from very dissatisfied to very satisfied. The virtual ED
was deemed realistic if the satisfaction level of the 7 items was
not different between the virtual and real ED.

The consistency of the proposed rules and situations was
assessed during individual directive interviews performed after
the scenario. Participants gave their opinion on the quality of
information provided by the scenario, their ability to make
decisions, and whether the scenario was proper to manage the
patient flow and preserve the quality of care. The consistency
of VIREM was deemed to be good if these 3 criteria were
positive for at least 90% (12/13) of participants.

The mastering of the environment was assessed by an
independent observer during the scenario. A total of 5 cognitive
tasks were rated: (1) acceptance and participation in the scenario;
(2) environment testing; (3) ability to make decisions; (4)
anticipation; and (5) use of the environment, procedures, and
resources. We considered that mastering the VIREM was good
when more than 90% (12/13) of participants fulfilled these 5
criteria.

Statistical Analysis
All data were entered into an Excel spreadsheet, (Microsoft
Corp) and the statistical analysis was performed with Stata
(Version 12.0, Stata Corp). Categorical data were presented as
frequencies and percentages (%) and continuous data as mean
with SDs or median with interquartile ranges if not normally
distributed. The realism satisfaction score between the virtual
ED and the real ED environment was compared using a
Wilcoxon signed-rank test. Results with a P<.05 were
considered significant.

Results

Stage 1: Virtual Emergency Department
The virtual ED was designed as a level 1 trauma center in a
major adult referral hospital. It consisted of a reception and
triage area, 5 examination rooms for monitoring with a
computer, a medication preparation room, a waiting room, a
medical office, and a radiology department with ultrasound and
computed tomography scan equipment. The participants took
up their shift when the scenario began. A total of 3 patients were
already undergoing care in the examination rooms. Thereafter,
4 and 6 patients attended the ED during the first and second
hours, respectively (Table 2).

During the scenario, the participant physician led his avatar and
fully reviewed the patient’s history and complaints in the
available examination room. He selected parts of the patient’s
body for physical examination, prescribed biological tests,
x-rays, and treatment and checked test results. He communicated
by Voice over Internet Protocol with the instructor who led the
patient avatars to explain procedures and care to patients, assess
their pain, and discuss the case with other specialists. The
participant could coordinate activities with team members,
exchanging information, communicating, making decisions,
keeping others aware of the situation, planning, and prioritizing
the tasks. The participant could perform the task himself or ask
the resident or nurse avatar to do it (Table 1).

A total of 12 enrolled emergency physicians completed the
study. The sex ratio was 1:4, median age 30 years (range 29-35),
and median experience in emergency medicine as a resident
and attending physician was 4 years (range 3-10; Table 3). All
participants used software and networks at work and had basic
computer skills. Only 1 participant was familiar with the virtual
environment.
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Table 2. Screenplay of Virtual Research Environment in Emergency Medicine.

Instructor 3: Nurse 2/patients (P)aInstructor 2: Nurse 1/dispatcher/other caregiversaInstructor 1: ResidentaMin

P1 —> room 1/P2—> room 2——bT-1

——Physician 1T+0

—Physician family calls—T+5

P3 —> EDc hall——T+10

P3 —> triage room——T+14

—Radiologist calls for P2—T+15

P3 —> room 3a and call EPd——T+19

P4/P13 —> ED hall——T+21

P4 —> waiting room——T+24

P13 —> triage room——T+25

——MD (gastro) calls for P1T+30

P13 —> room 2bGastroenterologist calls—T+35

Call nurse 1 for IV line P13——T+36

P4 —> triage room——T+37

Call EP: “where do I install P4”IVe line P13—T+42

P5 —> ED hall——T+43

—Dispatcher calls EP—T+44

P5 —> triage room——T+46

—Nurse calls EP: “blood test sent”—T+50

P5 —> room 3b——T+51

—Nurse calls EP: “what is the blood test for p5?”—T+52

P6 —> ED hall——T+62

P6 —> triage room——T+66

P7 —> ED hall——T+70

P6 —> room available or call EP——T+71

—Dispatcher calls EP—T+72

P7 —> triage room——T+74

——Call EP: “neurologist is ready”T+78

P7 —> room available or call EP——T+79

P8 —> ED hall——T+81

P8 —> triage room——T+84

P8 —> room available or call EP——T+89

——Call EP: “P13 have a Troponin at 45”T+90

P9 —> ED hall——T+91

P9 —> triage room——T+95

P10 —> ED hall——T+96

P9 —> room available or call EP——T+99

P10 —> triage room——T+101

P11 —> ED hall——T+105

P10 —> room available or call EP——T+106

P11 —> triage room——T+110
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Instructor 3: Nurse 2/patients (P)aInstructor 2: Nurse 1/dispatcher/other caregiversaInstructor 1: ResidentaMin

P12 —> ED hall——T+111

P11 —> room available or call EP——T+114

P12 —> triage room——T+115

aEach column describes the actions carried out by the 3 instructors according to their function in the scenario. The actions are displayed chronologically
after the beginning of the scenario. For example, at the 42nd min the second instructor who controls nurse 1 must place an IV line to patient 13, and the
third instructor who controls nurse 2 calls the emergency physician to ask him in which emergency room patient 4 would be installed.
bNo action.
cED: emergency department.
dEP: emergency physician.
eIV: intravenous.

Table 3. Characteristics of the participants (n=12).

ValueCharacteristics

30 (29-35)Age (years), median (IQRa)

7 (58)Males, n (%)

4 (3-10)Experience in emergency medicine (years), median (IQR)

12 (100)Basic level of computer experienceb, n (%)

Rate of playing computer gamesc, n (%)

10 (83)Never

2 (16)Occasionally

11 (91)First time with experimental virtual reality system, n (%)

12 (100)Basic level of knowledge on 3D images productionb, n (%)

Level of knowledge on virtual realityb, n (%)

11 (91)None

1 (8)Basic

aIQR: interquartile range.
bItems were graded on Likert-type scale (1=none, 2=basic, 3=intermediate, 4=expert).
cItems were graded on Likert-type scale (1=never, 2=occasionally, 3=less than 50% days, 4=more than 50% days, 5=every day).

Stage 2: Evaluation of Authenticity

Realism
Participant satisfaction with the facilities (premise and
examination room) and resources (team members) was similar
in the virtual ED and in their real ED (Table 4).

The participants considered the timeliness of procedures in the
virtual ED satisfactory, and they perceived the lengths of time
shorter. Therefore, our virtual ED was realistic for facilities and
resources but not for procedures, although lengths of time used
in the virtual ED were based on real-life data.
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Table 4. Evaluation of the realism of the virtual emergency department versus the real environment (n=12).

P valueaSatisfaction, median (interquartile range)Categories

Virtual environment, range 1-5bReal environment, range 1-5b

Facilities

.414 (3-4)3 (3-4)Premises

.963 (3-4)3 (3-4)Examination rooms

Procedures

.04c4 (4-5)4 (3.6-4)Duration of blood drawing and electrocardiogram

.008c3.5 (3-4)3 (2.7-3)Blood drawn or radiological test ordering to data-ready time

.003c3 (3-3.2)2 (2-3)Specialty physician consultation ordering to data-ready time

Resources

.083 (2.7-3)3 (3-3)Number of nurses

.323 (3-3.2)3 (3-4)Number of residents

aWilcoxon signed rank test.
bItems were graded on Likert-type scale (1: very dissatisfied, 2: dissatisfied, 3: neither, 4: satisfied, 5: very satisfied).
cSignificant difference.

Consistency
The virtual ED was considered consistent because all
participants felt that patient information was consistent with
reality and allowed for medical decisions similar to their clinical
practice (100%). Strategies for managing patient flow and
preserving quality of care in the context of overcrowding was
deemed by all participants to be consistent with those used in
their real ED (100%).

Mastering
All participants (N=13) performed the cognitive tasks assigned
by the scenario, thus reflecting their mastery of this virtual
environment. They actively participated in the simulation
(100%), used the virtual environment (100%), made decisions
(100%), anticipated actions (100%), and used the environment,
procedures, and resources (100%).

Discussion

Principal Findings
This was the first study to propose a method for developing and
validating a simulated research environment combining different
simulation techniques as procedural simulation and virtual
simulation [16]. Virtual environments are usually targeted
toward the acquisition of skills and knowledge [11,12,17]. Our
goal was to build an authentic research environment to study
the cognitive strategies and CRM skills of physicians in a
situation of high cognitive load because of patient flow in an
ED. We relied on the definition of authenticity given by
Petraglia: “Authenticity is not an intrinsic property of an object,
but a judgment, a decision on the part of the user from the point
of view of his or her past experiences and the socio-cultural
context. Authentic virtual simulation is a game perceived as
authentic by the learners” [15].

Our approach designed and assessed the virtual environment in
the 3 dimensions of authenticity: realism, consistency, and
mastering.

All participants found that the virtual environment was realistic
and easy to master. A previous research study showed that
knowledge of virtual reality was related to engagement. More
knowledge about virtual reality leads to a greater sense of
engagement [18]. Although the population in our study had a
moderate level of computer experience and lacked knowledge
about virtual reality, the physicians were effectively able to
perform the cognitive tasks and get engaged in the simulation.
This finding could be explained by the easy use of this virtual
environment that does not require users to have specific skills
or characteristics.

The realism of the premises and resources was validated by all
participants. Perception of time for physician and nurse tasks,
as well as evaluation of delays for test or consultation results
were different in the scenario than in real life. All participants
agreed that virtual care seemed shorter than real life one. This
difference of perception between virtual and real ED has been
explained by Block et al who found that duration judgments are
affected by cognitive load. If participants are aware that duration
judgments must be made (prospective paradigm), a greater
cognitive load decreases the perception of duration [19].
Therefore, subjective assessment of procedure duration is not
an accurate criterion of realism but instead may be an indicator
of cognitive overload caused by patient flow in this scenario.

All participants agreed that VIREM was a valuable research
environment for studying the cognitive processes of emergency
physicians and the effect of patient flow on quality of care.
Observation of participants’ attitudes during the test showed
that they rapidly mastered this virtual environment. As a
preliminary observation, we noticed that the 12 emergency
physicians used different attitudes and strategies for managing
the patient flow.
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Flowerdew et al have shown that workload management is a
complex skill that covers a wide range of behaviors [8]. This
systemic review identified a link among workload management,
safety, and error. For example, diagnostic errors increase with
work overload.

As it has been suggested by Leblanc et al, a simulation model
such as VIREM could be used to identify the safest workload
management [20]. In addition, its accessibility with distributed
teams and its low cost with only an up-to-date computer and
internet connection would permit widespread studies to be
conducted.

One of the main aspects of VIREM is that it also allows ED
management training. The learnings from the implementation
of the emergency response highlight the need for adapting a
holistic approach by using core competencies in the domain of
emergency management, such as preparedness, response system,
patient care, and resource management (human and material).
Most competencies can be obtained through traditional
accredited education and training programs; on the other hand,
education for personnel operating in emergency situations should
be based on the acquisition of task-related, profession-specific,
and cross-disciplinary competencies that cannot be easily
acquired through those programs. VIREM will allow us to
standardize competency-based education in emergency and
resource management.

Similar to VIREM, other virtual environments could easily be
designed for any health organization that would be interested
in analyzing the links among human factors, diseases, resources
available to health professionals in their workplaces, and quality
of care. Next, it could also be a good way to deliver an effective
and up-to-date interprofessional training in many countries and
more particularly in low and medium income countries where
access to training is a challenge for financial, geographical,
political, and/or institutional reasons. Afterwards, it could

facilitate the implementation of interprofessional training for
health workers in even the remotest regions.

Limitations
The major limitation of this study was the sample size. Although
only 12 physicians took part in the observational study, the
duration of the simulation session was too long to involve more
participants from the same hospital.

Second, we did not measure the participant stress level during
the scenario. Simulations can induce stress that may influence
decision making and performance [21,22]. Also, the perception
of nonreal scenario is likely to alter the alertness and stress level
of the participant, which is unlikely to be the same as the
real-life situation. Future studies using VIREM will have to
integrate the stress level, which affects emotion, perception,
memory, judgment, and reasoning [23]. Third, the physical
activity–induced fatigue for emergency physicians working in
a real ED was not reproducible in this virtual environment.
Another potential limitation of the virtual environment would
be the requirement for concentration and energy. The simulation
would be less stressful as well. However, working in a real ED
during a period of time as short as 2 hours presumably would
not cause enough fatigue to influence decision making and
behavior.

Conclusions
We developed a new virtual environment, VIREM, to study
strategies set in place by emergency physicians to manage
patient flow in EDs. This virtual environment was assessed as
authentic by emergency physicians and thus, offers a new
research tool to study CRM skills and improve quality of care
and patient safety in the context of ED crowding. Its use could
be extended to a different geographical, sociological, and
economic context, but further studies will be needed to validate
it.
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Abstract

Background: Performing high-level surgeries with endoscopy is challenging, and hence, an efficient surgical training method
or system is required. Serious game–based simulators can provide a trainee-centered educational environment unlike traditional
teacher-centered education environments since serious games provide a high level of interaction (feedback that induces learning).

Objective: This study aimed to propose an epiduroscopy simulator, EpiduroSIM, based on a serious game for spatial cognitive
training.

Methods: EpiduroSIM was designed based on a serious game. For spatial cognitive training, the virtual environment of
EpiduroSIM was modeled based on a cognitive map.

Results: EpiduroSIM was developed considering user accessibility to provide various functions. The experiment for the validation
of EpiduroSIM focused on psychological fidelity and repetitive training effects. The experiments were conducted by dividing 16
specialists into 2 groups of 8 surgeons. The group was divided into beginner and expert based on their epiduroscopy experience.
The psychological fidelity of EpiduroSIM was confirmed through the training results of the expert group rather than the beginner
group. In addition, the repetitive training effect of EpiduroSIM was confirmed by improving the training results in the beginner
group.

Conclusions: EpiduroSIM may be useful for training beginner surgeons in epiduroscopy.

(JMIR Serious Games 2019;7(3):e12678)   doi:10.2196/12678

KEYWORDS

medical education; endoscopy; surgery; catheters

Introduction

Background
An epiduroscopy is a highly effective minimally invasive
surgery (MIS) used for chronic lumbago and lumbar disc
herniation [1]. In an MIS, a subminiature endoscope (1-mm

diameter) and a laser are inserted into a cavity; the endoscope
is maneuvered by viewing a 2-dimensional (2D) computed
tomography image. Performing high-level surgeries with
endoscopy is challenging, and hence, an efficient surgical
training method or system is required [2].

Conventional surgical training is performed using surgery
observations, animals, cadavers, and plastic models. Surgery
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observation is achieved by assisting expert surgeons in the
operation room. Such surgical training has limited training
opportunities, and the interaction between surgical instruments
and human organs is difficult to train [3]. Surgical training using
animals and cadavers is costly [4], and surgical training using
plastic models cannot provide realistic visual and tactile
feedback [5].

Recently, surgical training has been performed using a simulator.
The simulator provides an opportunity for the trainee to
repeatedly attempt various actions, including mistakes, in a
virtual environment [6]. In addition, the simulator allows the
objective evaluation of the trainee’s training level and can teach
rare and dangerous complications at a low cost [4]. As the
popularity of video games has increased, serious game
technology has been applied to surgical training using a
simulator [7]. As serious game provides a high level of
interaction (feedback that induces learning) [8], serious
game–based simulators can provide a trainee-centered
educational environment unlike the traditional teacher-centered
education environments [9].

Objectives
In this study, we proposed an epiduroscopy simulator
(EpiduroSIM) based on a serious game for spatial cognitive
training. EpiduroSIM aims to provide a trainee-centered
educational environment for teaching the insertion paths of the
surgical instrument (catheter).

Methods

Study Design
In this study, we focused on EpiduroSIM based on a serious
game and the cognitive map for self-directed learning of the
beginner. Herein, the beginner means a surgeon who has no
experience or has low understanding of epiduroscopy. Design
of EpiduroSIM and modeling of the virtual environment were
achieved through consultation with neurosurgeons.

Analysis and Design
EpiduroSIM was designed based on the game elements of the
serious game, as shown in Figure 1. The objective of the
designed EpiduroSIM was to teach the insertion paths of the
surgical instrument for epiduroscopy, and the content is the
insertion scenario of the surgical instrument for spatial cognition
training. The feedback and interaction of the designed
EpiduroSIM is an alert on the collision between the surgical
instrument and the primary organs in vivo. As surgery is
generally evaluated based on the operation time (completion
time) and mistakes (number of collisions) in surgery [10], the
designed EpiduroSIM provides the number of collisions and
the completion time as the training results.

Humans form a cognitive map through a series of processes
that recognize the space or environment that they experience.
In general, the cognitive map consists of an important point
called a landmark and a surrounding area connecting these points
[11]. This is because it is more effective in human information
processing to hierarchically memorize the regions around the
important points than to memorize the entire region [12].

Figure 1. The design of EpiduroSIM based on the game elements of the serious game.

The cognitive map is divided into the route map and survey
map based on the form and characteristics [13]. The route map

means a linear path connecting the primary landmarks between
the starting point and destination. The route map is obtained
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through limited experience with the surrounding environment
(if only 1 path is used). People with only the linear path
information (route map) are more likely to get lost if they leave
the proficient path [14]. The survey map means a map in which
the geographical information between the starting point and the
destination is configured in a network. The survey map is
obtained through various experiences in the surrounding areas
and data (maps and aerial photographs) that can illustrate the
entire area. People with the survey map are more likely to search
for an alternate path if they leave the proficient path. As the
experience of the region increases, the route map generally
changes to the survey map [15].

The virtual environment of EpiduroSIM is modeled based on
the cognitive map as shown in Figure 2. The modeled virtual
environment is divided into a 3-dimensional (3D) virtual
environment for the route map and a 2D virtual environment
for the survey map. The 3D virtual environment for the route
map consists of bones, a dura mater, and discs that serve as
landmarks. Through these objects serving as landmarks, the
trainee can learn the catheter insertion paths. The 2D virtual
environment for the survey map consists of a projected image
(fluoroscopy). This allows the trainee to learn the perspective
knowledge of all areas of the catheter insertion paths.

Hierarchical spatial cognition [16] does not determine a detailed
path (A→S4→S3→B→S2→S1→C in scenario 1 of Figure 3)

from the beginning when a person selects a path but selects a
primary landmark (A→B→C in scenario 1 of Figure 3) first
and subsequently selects a detailed path
(A→S4→S3→B→S2→S1→C in scenario 1 of Figure 3). In
this path selection process, landmarks with different levels of
importance act as partial regions that constitute the whole space.
Therefore, hierarchical spatial cognition can be thought as the
divide-and-conquer method that resolves a significant problem.

EpiduroSIM provides various catheter insertion scenarios for
spatial cognitive training. Figure 3 shows the hierarchical spatial
cognitive process in various catheter insertion scenarios. In
catheter insertion scenarios in Figure 3, the primary landmark
is important for the catheter insertion procedures. In catheter
insertion scenarios in Figure 3, the primary landmark A is the
starting point where the catheter insertion paths are split into
the dorsal side and ventral side in the sacral hiatus. In scenario
1 and scenario 2, the primary landmark B is the point where the
catheter insertion paths detour from the dorsal side to the ventral
side. In scenario 3 and scenario 4, the primary landmark B is
absent because the catheter insertion paths in scenarios 3 and 4
enter the ventral side from the sacral hiatus to reach the lesion
disc located on the ventral side without a detour. In catheter
insertion scenarios, the primary landmark C is the destination,
which is the lesion disc. In catheter insertion scenarios, the
secondary landmark is the sacral nerves (S1-4), which is used
as a reference point for the trainee to select the detailed paths.

Figure 2. The modeled virtual environments (2D and 3D) based on the cognitive map.
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Figure 3. The hierarchical spatial cognitive process in the various catheter insertion scenarios.

Results

Development
EpiduroSIM consists of the input part, processing part, and
output part, as shown in Figure 4. The input part transmits the
position and rotation data received from the keyboard or mouse,
gamepad [17], and master device [18] to the processing part.
The processing part controls the surgical instrument in the virtual
environment according to the received position and rotation
data. When the surgical instrument collides, it stores the crash
record and provides the trainee with visual feedback.
Furthermore, the force data calculated at the time of the collision
are transmitted to the master device, and the feedback is
provided to the trainee. The output part provides visually the
virtual environments (Figure 2) and training results in the
Database.

EpiduroSIM was developed using Unity3D (Unity technologies
Corp), a commercial game engine. The developed EpiduroSIM
provides an easy operation method and various functions

considering user accessibility, as shown in Figure 5. The
functions provided by the developed EpiduroSIM are the
fluoroscopic view, the catheter insertion path, the recording,
and the miscellaneous menu. The fluoroscopic view function
(① in Figure 5) provides a screen similar to the C-arm view
used in actual surgery, and the catheter insertion path function
(② in Figure 5) provides 4 training scenarios (Figure 3). The
recording function (③ in Figure 5) measures and records the
training results (number of collisions and completion time) in
real time, and the miscellaneous menu function (④ in Figure
5) includes virtual fixture visualization, catheter movement
speed control (1x/2x), and position correction at the catheter
deviation.

The catheter insertion training in the developed EpiduroSIM
proceeds in the following order: (1) select a training scenario,
(2) begin training, (3) move the catheter tooltip to the destination
(lesion), and (4) validate the training results. If the trainee selects
a training scenario other than the free scenario, a virtual fixture
in the form of a tube is created, as shown in Figure 6. A virtual
fixture is a technique that restricts the motion of a control object
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to a specified path [19]. The trainee learns the catheter insertion
paths along the virtual fixture to the destination. During the
training, the catheter tooltip will collide with the virtual fixture
if the catheter is out of the insertion path owing to the intentions
or mistakes of the trainee. When the catheter tooltip collides,
the developed EpiduroSIM records the number of collisions in
the training results and provides visual feedback by changing
the color (from white to red) of the catheter tooltip, as shown
in Figure 7. The trainee can learn the catheter insertion paths
in the desired field of view by selecting the external view, as
shown in Figure 8, or the endoscopic view, as shown in Figure
9, while moving the catheter tooltip. At the end of the training,
the developed EpiduroSIM provides the user with the cumulative
number of collisions and completion time.

Evaluation
The experiments were designed to focus on the fidelity and
repetitive training effects. Fidelity represents the degree to which
the simulator matches the real environment and skills [20,21].
Fidelity can be divided into physical fidelity and psychological
fidelity [22]. Physical fidelity refers to the degree of similarity
between a real environment and virtual environment [21,22].

Psychological fidelity refers to the degree to which the skills
of real tasks are reflected in the simulator [22]. EpiduroSIM is
designed based on a serious game, focusing on psychological
fidelity rather than physical fidelity. Therefore, we examined
the psychological fidelity of EpiduroSIM in the experiments.

The training result in the simulator based on iterations generally
appears as learning curves. This means that the training result
is improved as the training using the simulator is repeated. This
improvement in the training result does not necessarily imply
that the trainee is acquiring actual skills. However, improved
training results in simulators that train basic skills such as hand
and tool movement can lead to the acquisition of actual skills
[23]. This type of verification has been used in many studies as
a simulator evaluation tool [24,25]. Therefore, we examined
the repetitive training effects of EpiduroSIM in the experiments.

The experiments were conducted by dividing 16 specialists into
2 groups of 8 surgeons. The group was divided into beginner
and expert based on their epiduroscopy experience. The sample
size (n=16) of the subject was calculated with a .05 significance
level, 0.9 power, and 0.3 effect size using G*Power 3 (Heinrich
Heine University Düsseldorf) [26].

Figure 4. The structure of the proposed EpiduroSIM.

Figure 5. The developed EpiduroSIM considering user accessibility.
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Figure 6. The catheter insertion training without collision.

Figure 7. The catheter insertion training with collision.
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Figure 8. The external view.

Figure 9. The endoscopic view.

The experimental environment consists of EpiduroSIM and
gamepad as shown in Figure 10. A gamepad is an input device
with higher precision and user preference than a mechanical
master device and joystick [27]. In addition, considering a
serious game and user accessibility, the gamepad is suitable as
the input device of EpiduroSIM. The experiment was conducted
through repetitive training (20 times) in the free scenario (an
environment without a virtual fixture) of EpiduroSIM. To ensure
the reliability of the experimental results, we set the number of
repetitions to be higher than the conventional studies [28,29]

on the surgical training simulator. The experimental results of
repetitive training were analyzed using the repeated-measures
analysis of variance. These analyses were performed using SPSS
21 (IBM Corp). A 2-sided significance level of P<.05 was set.

The results of comparison between the 2 groups (beginner and
expert) are shown in Figure 11. The mean number of collisions
for the beginner group and expert group was 4.91 and 3.56,
respectively. The mean completion time of the beginner group
and expert group was 84.14 seconds and 83.40 seconds,
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respectively. The expert group had fewer collisions than the
beginner group, and the completion time was faster. This implies
that the understanding of actual surgery is well reflected (high
psychological fidelity) in EpiduroSIM.

Figure 12 shows the experimental results of repetitive training.
As the training was repeated, the beginner group showed a

decrease in the number of collisions as a whole and the expert
group did not show any significant variation. As the training
was repeated, the beginner group had a shorter completion time
and the expert group did not show any significant change. From
the experimental results, we confirmed that the beginner group
exhibited the repetitive training effects, in contrast to the expert
group.

Figure 10. The experimental environment.

Figure 11. The comparison results (number of collisions and completion time) between the two groups (beginner and expert).
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Figure 12. The experimental results (number variation of collision and completion time variation) of repetitive training.

Discussion

Principal Findings
In this study, we proposed an epiduroscopy simulator
(EpiduroSIM) based on a serious game for spatial cognitive
training. EpiduroSIM was designed based on a game element
of a serious game. The objective of EpiduroSIM was to help
beginners learn the insertion path of the catheter inside the
human body. Therefore, EpiduroSIM provides various scenarios
of catheter insertion to the trainee as content in the virtual
environment modeled by the cognitive map. The interaction
between EpiduroSIM and the trainee was achieved through
visual feedback based on the virtual fixture. Through this
interaction, the trainee learns a correct insertion path. Finally,
the EpiduroSIM provides the training results of the insertion
completion time of the catheter and the mistakes (number of
collisions) that occurred during the insertion process to improve
the motivation and self-confidence of the trainee.

The experiment for the validation of EpiduroSIM focused on
the psychological fidelity and repetitive training effects. On the
basis of a comparative result between the expert and beginner
groups, it can be concluded that the expert group completed
catheter insertion faster with fewer collisions than the beginner
group. The result indicates that the understanding of actual
surgery is well applied (high psychological fidelity) in
EpiduroSIM. From the repeated training results for each group,
the beginner group showed a decrease in the number of
collisions and completion time. Generally, surgery is evaluated
based on the surgical time (completion time) and mistakes
(number of collisions) that occur during the surgery. Therefore,
the decrease in the completion time and the number of collisions
in the beginner group means that the understanding of the
surgery has increased. However, there was no repeated training
effect in the expert group. The reason could be that experts have
a higher understanding of the surgery before training by actual
surgical experience compared with the beginners.

Comparison With Past Work
Cognition is a general term used to describe mental activities
related to thinking, learning, and memory [30]. Cognitive

training is applied in the form of mental imagery without actual
physical movements [31]. Cognitive training has been used in
sports and has become an important tool used by athletes at the
elite level [32]. In addition, cognitive training has been applied
in the form of simulators in the aeronautical field to improve
flight performance through pilot training [33].

Owing to the proven efficacy in the sport and aviation sectors,
studies have been conducted on using cognitive training for
surgical training. In a study on the relationship between surgical
proficiency and cognitive processes, surgical competence
reportedly combined the intellectual movements of decision
making with the ability to perform mechanical tasks [34]. In a
study involving 58 expert surgeons, 70% agreed that cognitive
skill was one of the best traits required by the trainee surgeons
[35].

Owing to MIS, the ability to perform mechanical tasks has
become important but the importance of cognitive skills has not
diminished. As laparoscopic surgeries and robotic surgeries
require significant levels of cognitive and decision-making
abilities [24], a few simulators have been studied to provide
cognitive training to surgeons [7,23,36]. In these studies, a
variety of virtual reality tasks were designed to improve specific
cognitive skills such as movement planning, working memory,
and preparatory attention. In other studies, error recognition
and the cognitive simulator feedback were evaluated [37,38].
Although these cognitive simulators have been developed
focusing on surgical procedures, spatial cognitive training for
learning the insertion paths of surgical instruments in the human
body was not considered.

We herein proposed EpiduroSIM based on a serious game for
spatial cognitive training. To learn the catheter insertion paths
in the human body, EpiduroSIM was designed based on the
game elements of the serious educational game. For spatial
cognitive training, the virtual environment of EpiduroSIM was
modeled based on a cognitive map. EpiduroSIM was developed
to provide various functions considering user accessibility. The
experiment for the validation of EpiduroSIM focused on the
psychological fidelity and repetitive training effects. The
psychological fidelity of EpiduroSIM was confirmed through
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the training results of the expert group rather than the beginner
group. In addition, the repetitive training effect of EpiduroSIM
was confirmed by improving the training results in the beginner
group.

Limitations
Serious games based on the game elements for entertainment
are differentiated from simulators for reflecting reality [39]. A
serious game with game elements such as competition,
self-confidence, environment, objectives, and rules has the
advantage of improving the self-direction, personality, and
persistence of learning compared with the simulator [40].
Despite the advantages of a serious game, the following 7 areas
of study are required for the effective development of a serious
game for medical education [41]: (1) disposition to engage in
learning, (2) impact of realism and fidelity on learning, (3)
threshold for learning, (4) process of cognitive development
during knowledge gain, (5) stability of knowledge gain
(retention), (6) capacity for knowledge transfer to related

problems, and (7) disposition toward sensible action within
clinical settings. Among these areas, our study focused on the
process of cognitive development during knowledge gain.

Therefore, EpiduroSIM provides high-level accessibility to
beginners for self-directed learning without past knowledge of
the simulator, but it has a limitation that it does not provide the
same experience as actual surgery such as the kinesthetic sense.

Conclusions
Serious games have begun to be applied to various applications,
including medical education. However, further studies are still
required to popularize serious games. We herein applied the
cognitive map to the insertion paths training of a surgical
instrument to study the cognitive development process during
knowledge gain. In the future, we expect the importance of
cognitive training in surgical education to increase, and we hope
that the results of this study will be used in cognitive training
studies.
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Abstract

Background: The novel genre of pervasive games, which aim to create more fun and engaging experiences by promoting deeper
immersion, could be a powerful strategy to stimulate physical activity among older adults. To use these games more effectively,
it is necessary to understand how different design elements affect player behavior.

Objective: The aim was to vary a specific design element of pervasive games for older adults, namely social interaction, to test
the effect on levels of physical activity.

Methods: Over 4 weeks, two variations of the same pervasive game were compared: social interaction for the test group and
no social interaction for the control group. In both versions, players had to walk to physical locations and collect virtual cards,
but the social interaction version allowed people to collaborate to obtain more cards. Weekly step counts were used to evaluate
the effect on each group, and the number of places visited was used as an indicator of play activity.

Results: A total of 32 participants were recruited (no social interaction=15, social interaction=17); 18 remained until the end
of the study (no social interaction=7, social interaction=11). Step counts during the first week were used as the baseline (no social
interaction: mean 17,099.4, SE 3906.5; social interaction: mean 17,981.9, SE 2171.1). For the following weeks, changes to
individual baseline were as follows for no social interaction (absolute/proportional): 383.8 (SE 563.8)/1.1% (SE 4.3%), 435.9
(SE 574.5)/2.2% (SE 4.6%), and −106.1 (SE 979.9)/−2.6% (SE 8.1%) for weeks 2, 3, and 4, respectively. For social interaction
they were 3841.9 (SE 1425.4)/21.7% (SE 5.1%), 2270.6 (SE 947.1)/16.5% (SE 4.4%), and 2443.4 (SE 982.6)/17.9% (SE 4.7%)

for weeks 2, 3, and 4, respectively. Analysis of group effect was significant (absolute change: η2=.19, P=.01; proportional change:

η2=.27, P=.009). Correlation between the proportional change and the play activity was significant (r=.34, 95% CI 0.08 to 0.56),
whereas for absolute change it was not.

Conclusions: Social interaction design elements of the pervasive game may have some positive effects on the promotion of
physical activity, although other factors might also have influenced this effect.

JMIR Serious Games 2019 | vol. 7 | iss. 3 | e13962 | p.25http://games.jmir.org/2019/3/e13962/
(page number not for citation purposes)

Santos et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:lhsantos@kuhp.kyoto-u.ac.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: Japan Medical Association Clinical Trial Registration Number JMA-IIA00314;
https://dbcentre3.jmacct.med.or.jp/JMACTR/App/JMACTRS06/JMACTRS06.aspx?seqno=7274 (Archived by WebCite at
http://www.webcitation.org/761a6MVAy)

(JMIR Serious Games 2019;7(3):e13962)   doi:10.2196/13962

KEYWORDS

aged; physical activity; pervasive games; social interaction

Introduction

As the proportion of elderly adults increases in populations
worldwide, supporting their quality of life has become a pressing
social challenge [1]. Many studies have pursued this goal by
using electronic games as a novel strategy to address specific
issues, such as the rehabilitation of psychomotor functions [2,3],
prevention of age-related diseases [4,5], or promotion of active
lifestyles [6], all with varied levels of success [7].

Recently, researchers began to explore the new genre of
pervasive games [8-12] in this context. A pervasive game is an
electronic game that incorporates elements from the real world
in its mechanics, blurring the edges of the so-called “magic
circle” [13] (ie, the perceived boundaries of the playing space).
Among the real-world elements used in such games, two of the
most common are physical location and social connections, and
both can be beneficial to senior players. When people are invited
to walk around and visit places in the real world, they are
stimulated to have regular physical activity; when they interact
with other people via the social mechanics of the game, it may
be possible to reduce or prevent social isolation. Both effects
are strongly correlated with higher quality of life among elderly
adults and a lower incidence of age-related diseases [14-18].

Few studies have used pervasive games or gamified apps
targeting older adults; they usually focus on specific goals, such
as cognitive training [19] or the promotion of physical activity
using social incentives [20,21]. A successful commercial
example that does not target elderly adults specifically that
became extremely popular among people of all ages is Pokémon
GO [22]. Different studies have analyzed its effects on levels
of physical activity and found overall positive results, especially
in the first weeks of use [23-25].

However, to effectively use pervasive games to help older
players, it is necessary to better understand how different
elements of game design can affect their experience. In this
work, we investigate whether using social interaction elements
in a pervasive game can increase players’ levels of physical
activity. Because the main element of mechanics of the game
is walking, we assume that if higher levels of physical activity
are observed in association with more frequent play activity
that also implies that the game experience was more fun and
engaging.

Methods

Design
The main focus was on evaluating the effects of change in the
game design; therefore, we compared two versions of the same

pervasive game. The only design element that was changed was
social interaction. It was not possible to blindly assign individual
participants to different groups because players would be aware
of the different interaction options in the game if they interacted
with other players. Thus, we compared the versions of the game
in two isolated groups in a quasi-experimental study design.

Participants
Participants were recruited in collaboration with the University
of Brasília in Brazil among students who attended classes in a
university-run community project that targeted older adults.
Students incurred no financial cost to join the project, and no
educational background was required, except for being able to
read and write. Classes were offered at sites in different regions
of the city (more than 30 km apart). Students at different sites
did not have contact with one another within the project, but
students at the same site attended classes together. Two different
sites were chosen to recruit students and form the intervention
groups: one group played the version of the game without social
interaction and the other group played the version with social
interaction. There were no identifiable differences between sites
regarding participants’ social, educational, or economic
backgrounds.

The inclusion criteria adopted a broader age range of 50 years
or older, aiming for middle-aged and older adults, because this
research was contextualized as a preventive health intervention
and it is expected that experience with games will become
increasingly common among older adults in the future.
Additional criteria included healthy people with independent
ambulation and no cognitive or physical impairment preventing
them from understanding the instructions of the game or taking
short walks. All participants signed informed consent forms,
and the research protocol was approved by the Ethical
Committee of the University of Brasília and by the Kyoto
University Hospital’s Ethical Committee; both boards report
compliance with the Declaration of Helsinki.

Game
Participants played a pervasive location-based mobile game
called Trilhas [26,27]. This game has been previously evaluated
for its feasibility and adaptability to allow for the testing of
different design elements [28].

The basic (no social interaction) version of the game (Figure 1)
invited players to visit different real-world locations and collect
virtual cards. The home screen of the game showed a map that
indicated the player’s current location and nearby hotspots (ie,
places they can visit). Hotspots were defined using information
from Google Maps and included publicly accessible places,
such as drugstores, bakeries, coffee shops, churches, and
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government buildings. Hotspots were spread in a fixed area of
the city that included both experiment sites and a range of 20
km, with the distance between hotspots a minimum of 100 m
and a maximum of 500 m. If a certain region did not have
enough known locations to ensure this distribution, abstract
locations were assigned to random physical positions in publicly
accessible areas.

After visualizing nearby hotspots, players had to walk toward
them. When they were within 50 m of their locations, an “Enter”
option appeared on the screen, and players could register their
visit. For safety reasons, players were not expected to keep the
game screen open while walking, and they were instructed to
access the game only when they arrived at their destination. If
the game was open and the player’s speed exceeded a certain
threshold, the game warned the player not to walk while looking
at their mobile phone.

Each day, players received “cards” for the first level proportional
to how much they walked (measured by the number of steps)
and how many places they visited in previous days. Later, they
could trade a certain number of cards from one level for one
card of the next level. The goal was to obtain a card of the
maximum level for every animal in the game.

In the social interaction version of the game (Figure 2), the
following social elements were added to stimulate players to
interact and collaborate to obtain more cards:

1. Players could leave copies of their cards on the places they
visited, and when other players passed by, they received a
copy and the original owner received more cards. When a
certain hotspot had a card left on it, its icon exhibited an
exclamation mark.

2. Every day, players were randomly assigned to a challenge
group, and when a person in the group collected a card, all
other members also received a card. Members who
contributed to the challenge on that day were shown,
whereas players who could not contribute were not shown
to avoid “social shaming” (ie, negative reinforcement from
other players).

3. When players met in person and scanned each other’s
phones, they also received cards.

4. All players could choose a public avatar and nickname and
make a short self-introduction. When players received cards
from other players’ actions, they had a chance to give them
a “like.”

The feasibility study and follow-up evaluations [27,28]
suggested that these mechanics allowed players to feel more
engaged in playing the game by working together with other
people. We hypothesized that this setup would result in a higher
positive effect on levels of physical activity.

Figure 1. Version of the game without social interaction.
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Figure 2. Social interaction version of the game.

Outcome Measures
The main observed outcome was the level of physical activity,
measured by the mean number of steps per week over a 4-week
period. The step count was measured by the game using a
background service that operated whenever the mobile phone
was turned on. The software used was Google Android’s Sensor
API, which is the same as Google Fit, an app previously shown
to have accuracy equivalent to or better than that of wearable
devices [29]. During the first week, participants did not play
the game, but their step count was still monitored. This
monitoring was performed to assess their baseline level of
physical activity. After that, they played the game for an
additional 3 weeks. To evaluate how much the participants
played the game, the weekly mean number of visits to hotspots
was also observed. Within a single day, this observation
represented the number of unique hotspots visited by the player,
whereas within a week, it was the sum of visits each day of the
week (ie, the same hotspot was not counted twice for the same
day, but it could be counted twice for a week). This
measurement was used because players were directed to not
keep the game open while walking, so play time was not a good
measurement of how much a person played.

As a secondary evaluation, participants were also asked to
answer two questionnaires: one assessing their previous
experience with games and technology and another evaluating
their experience using the game. This second questionnaire was
based on the Game Experience Questionnaire [30] and the
System Usability Scale [31]. Although these questionnaires are
widely used in previous work, they have not been statistically
validated yet. For that reason, they served only as
complementary information, and the results are reported here
for completion. Because the Game Experience Questionnaire

was designed to evaluate a broad range of games, including
nonelectronic ones, we included only questions related to the
gameplay elements present in Trilhas. Items used a 5-level
Likert scale, indicating the mean agreement level (0=not at all,
4=extremely). They were grouped into categories, with the mean
value calculated for each category, as follows:

• Usability:
• Controls, with items such as “I found the game too

complicated to use”
• Learning curve, with items such as “I could learn how

to use the game quickly”
• Game rules, with items such as “I could understand the

game rules”

• Game experience:
• Theme and visual style, with items such as “I found

the game esthetically pleasing”
• Feeling of immersion, with items such as “I forgot

everything about me”
• Feeling of enjoyment, with items such as “I found the

game fun”
• Feeling of engagement, with items such as “I felt

stimulated”
• Feeling of freedom or ability to explore, with items

such as “I felt that I could explore things”
• Feeling of positive challenge, with items such as “I felt

challenged to reach the game’s goals”

The last question of the questionnaire asked participants to
freely write comments, criticism, or suggestions. All
questionnaires were anonymous.

JMIR Serious Games 2019 | vol. 7 | iss. 3 | e13962 | p.28http://games.jmir.org/2019/3/e13962/
(page number not for citation purposes)

Santos et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Procedures
The sites for social interaction and no social interaction were
chosen at random; participants were blinded to group
assignment. At the beginning of the study, participants at each
site signed the informed consent form and answered the first
questionnaire (previous experience with games and technology).
Their mobile phone was checked for compatibility, and the
game was then installed. Compatible systems included
Android-based mobile phones with OS version 5.0 or above
with a GPS (Global Positioning System) sensor and an internet
connection. Participants who did not have an Android mobile
phone or who could not or did not want to use their personal
devices were lent a previously prepared one by the researchers.

Participants were told to keep the mobile phone turned on and
carry it with them whenever they left their homes throughout
the study. There was a follow-up meeting on the same weekday
every week, in which researchers were available to clarify any
questions or solve technical problems. On the last meeting, after
4 weeks, participants answered the final questionnaire to
evaluate their experience while playing.

All questionnaires were administered by researchers, who were
available to clarify possible questions about the items.

Data Analysis
Questionnaire data were consolidated to report percentages in
each item, whereas means and standard errors were calculated
for demographic data using Google Sheets.

Dropout and step count data were preprocessed using Python
(mainly the pandas and matplotlib packages) to generate graphs
and format the data into a suitable format for R. To analyze the
effect, we used the change on the number of steps for each week,

when compared to the baseline week. This measurement was
made for each participant in relation to their own individual
baseline, and the proportional change was also calculated (ie,
the absolute change divided by the baseline value).

In the statistical model, the change for each week after baseline
was considered to be a repeated measure, and an analysis of
variance (ANOVA) was performed, with group and week as
factors, for participants who remained until the end of the study.
Because the experimental setting did not allow for the balancing
of data, a type III strategy was used to account for unbalanced
data. The relationship between the change in step count and the
number of hotspot visits was evaluated using a Pearson
correlation coefficient (r). This analysis was performed using
R.

Results

Participants
The graph in Figure 3 shows the proportion of remaining
participants over time. People could drop out at the weekly
follow-up meetings, so the data reported here considers
participants who stayed for at least the baseline week; otherwise,
it was as if they did not join the experiment. The initial number
of participants in the no social interaction group was 15
(females: n=11) and 17 (females: n=14) in the social interaction
group. At the end of the fourth week, there were 7 (females:
n=5) people in the no social interaction group and 11 (females:
n=8) people in the social interaction group, indicating dropout
rates of 53% and 35%, respectively. Most participants used their
own devices. For the no social interaction group, three devices
were lent, whereas two were lent for the social interaction group.

Figure 3. Active participants over time.
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One person borrowed a device because they did not own a
mobile phone, whereas all others borrowed devices because
their own device was incompatible (different OS or unsuitable
OS version). Only one person who borrowed a device dropped
out (from the no social interaction group), and all other
participants who borrowed devices stayed until the end. There
was no follow-up to verify the reasons for dropping out, but
three participants gave spontaneous reports. One person from
the no social interaction group said they did not find the game
interesting. One person from the social interaction group said
they had back pains that prevented them from walking and
another one said they did not have time to play.

Information about participants’ previous experience with
technology and games is reported in Table 1. These data include
answers collected at the beginning of the study from all
participants.

Main Outcome
Step count data are shown in Table 2 for participants who
remained until the end of the experiment. With the absolute
change, the analysis of the effect of group as a factor resulted

in P=.01 (η2=.19). No relevant relationship was found with
week as a factor (P=.65). For proportional change, taking group

as a factor resulted in P=.009 (η2=.27), whereas taking week
as a factor resulted in P=.54.

For hotspot visits, the group without social interaction had mean
8.4 (SE 2.1) visits in week 2, mean 8.9 (SE 1.7) in week 3, and
mean 5.1 (SE 3.0) in week 4. In comparison, the social

interaction group had mean 14.2 (SE 1.9) visits in week 2, mean
9.5 (SE 2.0) in week 3, and mean 12.8 (SE 3.4) in week 4.

The correlation analysis between the absolute change in the
number of steps and the number of visits resulted in a correlation
factor of r=.21 (95% CI −.06 to .45). When proportional change
was considered, the correlation factor was r=.34 (95% CI .08
to .56).

Game Experience
The scores for the usability and game experience questionnaires
are summarized in Table 3. The score of component items could
go from 0 to 4; therefore, a value of 2 or greater indicates a
positive evaluation. The data included are of only those
participants who stayed until the final week.

The questionnaire also included an open-response item in which
participants could freely make suggestions and comments.

For the no social interaction group, one participant reported that
they often played competitive online games and that Trilhas
could benefit from a competitive factor. Two participants said
they could not play often but wished to have helped more in the
research. One participant said the game was boring.

For the social interaction group, six participants said they
enjoyed the chance to get more exercise. Three participants said
they liked the look of the game, using adjectives such as “cute”
and “pleasing.” During the follow-up meetings, five participants
commented on the fact they received cards from other
participants at specific locations. One participant reported
concern about other people knowing their whereabouts.
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Table 1. Basic data for participants (N=32).

End of week 4BaselineParticipant data

Social interactionNo social interactionSocial interactionNo social interaction

Demographics

1171715Participants

9 (82)5 (71)14 (82)11 (73)Sex (female), n (%)

60.1 (6.0)63.9 (5.1)61.1 (7.4)64.3 (6.0)Age (years), mean (SD)

——a6 (35)8 (53)Dropouts, n (%)

PC usage frequency, n (%)

2 (18)3 (43)5 (29)6 (40)Every day

3 (27)1 (14)4 (24)4 (27)≥2 times/week

5 (46)2 (29)6 (35)4 (27)≤1 time/week

1 (9)1 (14)3 (12)1 (6)Never

PCb experience, n (%)

8 (73)6 (86)12 (71)14 (93)Able to check email

8 (73)6 (86)12 (71)14 (93)Able to do Web searches

7 (64)6 (86)13 (76)12 (80)Able to read news online

10 (91)6 (86)13 (76)14 (93)Able to use social networks

3 (27)4 (57)4 (24)7 (47)Able to install apps

Mobile phone experience, n (%)

1 (9)1 (14)1 (6)1 (7)Never used before

8 (73)6 (86)13 (76)14 (93)Able to make calls

9 (82)6 (86)13 (76)13 (87)Able to check email

9 (82)6 (86)12 (71)14 (93)Able to browse the Web

10 (91)6 (86)16 (94)13 (87)Able to use social networks

6 (55)2 (29)8 (47)6 (40)Able to install apps

Electronic games play frequency, n (%)

3 (27)1 (14)3 (18)1 (7)Every day

0 (0)2 (29)0 (0)3 (20)≥2 times/week

0 (0)0 (0)0 (0)1 (7)≤1 time/week

1 (9)1 (14)2 (12)1 (7)Very rarely

7 (64)3 (43)12 (71)9 (60)Never plays

Devices used to play,c,d,e n (%)

2 (50)1 (25)2 (40)3 (50)Computer

4 (100)2 (50)4 (80)3 (50)Mobile phone

2 (50)0 (0)2 (40)0 (0)Portable console

3 (75)0 (0)3 (60)0 (0)Conventional console

Play partners,c,d,e n (%)

4 (100)2 (50)4 (80)4 (67)Plays alone

1 (25)0 (0)1 (20)0 (0)Plays with friends

1 (25)1 (25)2 (40)1 (17)Plays with adult family members

1 (25)0 (0)3 (60)1 (17)Plays with young family members

0 (0)0 (0)0 (0)1 (17)Plays with strangers online
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aNot applicable.
bPC: personal computer.
cRespondents could indicate more than one item.
dSome people reported playing but did not indicate any option on this item.
ePercentages are relative to the number of people who reported any play activity.

Table 2. Mean number of steps at baseline for each group and mean of the individual variations in subsequent weeks.

Mean change at week 4 (SE)Mean change at week 3 (SE)Mean change at week 2 (SE)Baseline, mean (SE)Group and value

No social interaction

−106.1 (979.9)435.9 (574.5)383.8 (563.8)17,099.4 (3906.5)Absolutea

−2.6 (8.1)2.2 (4.6)1.1 (4.3)—cProportional (%)b

Social interaction

2443.4 (982.6)2270.6 (947.1)3841.9 (1425.4)17,981.9 (2171.1)Absolutea

17.9 (4.7)16.5 (4.4)21.7 (5.1)—Proportional (%)b

aAbsolute values indicate the change in the weekly number of steps compared with the user’s own baseline.
bProportional values indicate the absolute value divided by the user’s own baseline.
cNot applicable.

Table 3. Results from the usability and game experience questionnaires (N=18).

Social interaction (n=11), mean scoreNo social interaction (n=7), mean scoreCategory

Usability

2.72.2Controls

2.62.2Learn curve

2.21.9Game rules

Game experience

2.52.3Theme and visual style

2.22.4Feeling of immersion

2.92.4Feeling of enjoyment

2.31.6Feeling of engagement

2.91.5Feeling of freedom/ability to explore

2.11.4Feeling of (positive) challenge

Discussion

Principal Results
At the beginning of the experiment, the majority of participants
in both groups had experience with both personal computers
and mobile phones. This was also true of those participants who
remained until the end of the experiment. When previous
experience with games was considered, the majority of
participants in both groups reported never playing or playing
very rarely. For participants who remained until the end, the
ratio of people who played at least once a week increased in
both groups. Additionally, participants in both the social
interaction and no social interaction groups reported using
personal computers and mobile phones to play, but only
participants in the no social interaction group used all the
devices listed as options. Most people reported playing alone,
with the one remaining participant in the social interaction group

reporting also playing with friends; the remaining participants
in the no social interaction group reported playing with family
members and friends.

For the main outcome, a larger positive effect was observed in
the social interaction group compared with the no social
interaction group. The statistical analysis regarding the absolute

change indicated a medium-to-large effect size (η2=.19), and
the P value of .01 indicates a statistically significant difference.
There was more variation in the main outcome for the control
group, probably due to the higher dropout rate by the end of the
third week in that group. A higher number of visits in this group
suggests that participants played more, although correlation
data were inconclusive: a medium correlation was found for
proportional change, but only a small correlation was found for
absolute change and that measure was not statistically
significant. Therefore, social interaction mechanics may affect
player engagement, but other factors may also have influence.
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Because hotspots are not uniformly spaced, one other possible
explanation could be that players tended to visit the same nearby
places more often, or visit faraway places only a few times, thus
increasing their physical activity to some extent, but not in a
linear relationship with the number of visits.

The evaluation of usability and game experience was used as
complementary information only. Statistical analysis was not
performed because the questionnaires used are not validated.
The results indicated an overall positive evaluation for system
usability and game experience, as most items had values of 2
or greater. The average evaluation for the social interaction
group was higher for all items except immersion, but the
difference between groups was small for most items, preventing
any solid conclusions. Players in both groups gave positive
feedback for the “visual style” of the game and feelings of
“immersion” and “enjoyment.” However, there was a larger
difference between groups for the categories of “engagement,”
“exploration,” and “challenge.” One possible explanation is that
the no social interaction group might have had an inferior
experience in these categories because the version of the game
they played had a subset of the rules of the social interaction
group, which could be perceived as less challenging. The
usability evaluation for “game rules” was lower in the no social
interaction group; however, because the rules in the no social
interaction version were a subset of those in the social
interaction version, this finding might also be explained by an
inferior game experience. Another possible explanation is that
some players might not have understood these rules, although
players’ comments did not indicate such a case.

In the subjective evaluation considering the open-response
comments, players in the social interaction group seemed to
have had more fun and felt more engaged in the game,
specifically enjoying the card exchange mechanics, although
they also felt motivated by the chance of being stimulated to
do more exercise. One participant from the no social interaction
group complained about the lack of competition, which is a
modality of social interaction, leading to the belief that the social
factor is relevant for some players. Because these reports were
voluntary and many players did not make any comments, it is
not possible to generalize these impressions.

Limitations
There were limitations to this study. The sample size was small,
and although the power analysis indicated a medium-to-large
effect for relative change and a statistically significant difference
for absolute and relative changes, more data could potentially
increase the accuracy of these results. Additionally, the dropout
rate was high, which could introduce bias toward a positive
effect, because the remaining participants might be those who
enjoyed the game and were stimulated to continue playing and,
potentially, have more physical activity.

The nature of the game and recruitment context made it
impossible to use a double-blind design and individually assign
participants to groups, which might introduce two biases. First,
researchers were aware of group assignments; therefore, they
could involuntarily influence participant’s behavior or attitude
toward the game during the follow-up meetings. Secondly, even
though participants were blind to group assignment, participants

in each group had classes together, which might introduce a
cohort effect (ie, participants who knew each other and might
have a higher tendency to interact using the game and stimulate
each other to play). It was also not possible to control for
previous experience with technology and games or other
possible socioeconomic differences that might have affected
the results, although questionnaire data suggest that remaining
participants in the no social interaction group had a higher ratio
of proficiency to technology, which could have made
participants in that group more prone to using the game, in
opposition to the observed effect.

The main outcome was measured using mobile phone software.
The methodology has been evaluated in previous studies, and
the authors of those studies concluded that it is adequate;
however, future interventions might test similar settings with a
different device, such as external pedometers, and compare the
results. In both cases, because the data are not collected in a
controlled environment but rather in a user-dependent context,
and participant’s adherence to carrying the mobile phone with
them was not measured, thus measurements for noncompliant
participants are not accurate.

Step counts were observed in a continuous state, considering
any daily activity of the participants, and the number of visits
to hotspots was used as a proxy measurement to amount of
playing because participants are encouraged to only open the
game to check in at hotspots and close it between visits. Because
step counts for the baseline week were also measured
continuously and the analysis considered the observed change,
the results are still relevant. Further interventions might also
separate in-game counts explicitly and analyze if there is any
difference.

Although this study is inserted in the more general field of
interventions to improve the quality of life of older adults, it
focuses specifically on increasing physical activity based on
previous results that showed a strong correlation between these
variables. Future interventions could directly focus on these
two variables and evaluate their relationship in the context of
pervasive games. Also, the questionnaires used to assess
usability and game experience were not statistically validated.
They could not be used to draw conclusions about the effect
and were only complementary information. Using validated
metrics would allow for increased data comprehension and the
ability to test more hypotheses.

The proposed social interaction mechanics focused mainly on
collaboration and virtual interaction. More types of social
interaction and different variables can be tested, such as
competition, direct (ie, in-person) interaction, group dynamics,
and interaction with family and friends, among others.

Comparison With Prior Work
Although games have been used many times previously to
promote the well-being of elderly people, there is usually an
excessive focus on health benefits, with little attention given to
aspects such as motivations to play and overall game experience.
Recently, new research has emerged [32,33] that analyzes in
greater depth the experience of elderly people in play based on
the principle that games, even serious games, should first be
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fun because the health benefits come later as a natural
consequence [34]. This notion aligns with the idea that a deep
and meaningful connection with play and fun is an inherent part
of human nature [35], and elderly people are no exception. In
that respect, few studies have attempted to clarify elderly
players’ needs and motivations and investigated possible
challenges in designing for older audiences, listing common
physical and cognitive limitations that should be taken into
consideration [36-40]. Other studies have attempted to identify
the preferences of elderly people regarding the content or genre
of the games [41-44]. In this study, we evaluated social
interaction as a design element in the context of pervasive
games, which is a new kind of game that is only now being
explored. This study was limited and focused on a specific
metric, namely physical activity, which was used as a proxy,
but the results suggest that this topic should be further
investigated, with the consideration of additional variables
related to game experience.

Regarding interventions that promoted walking in general [45],
the most effective studies that were analyzed achieved a net

increase of 30 to 60 minutes of walking per week. Considering
the conversion criteria used in that systematic review, this is
equivalent to 3000 to 6000 steps. This study achieved those
numbers for the social interaction group in the first week, but
those results were not sustained over time. More investigation
is necessary to explore how player engagement could be
maintained for longer periods.

Conclusions
In this work, we investigated whether the new genre of pervasive
games could be used to increase physical activity of older adults.
Our results indicated that a pervasive game using social
interaction had a greater positive effect on levels of physical
activity than the same game without social interaction. This
study was limited; these results are promising but not conclusive.
In future interventions, other types of social interaction or design
elements should be evaluated, and additional variables
considered, such as indicators of physical and psychological
health among others.
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Abstract

Background: Exergaming is technology-driven physical activity (PA) which, unlike traditional video game play, requires that
participants be physically active to play the game. Exergaming may have potential to increase PA and decrease sedentary behavior
in youth, but little is known about sustained exergaming.

Objective: The objectives of this study were to describe the frequency, correlates, and predictors of sustained exergaming.

Methods: Data were available in AdoQuest (2005-11), a longitudinal investigation of 1843 grade 5 students in Montréal, Canada.
This analysis used data from grade 9 (2008-09) and 11 (2010-11). Participants at Time 1 (T1; mean age 14 years, SD 0.8 ) who
reported past-week exergaming (n=186, 19.1% of AdoQuest sample) completed mailed self-report questionnaires at Time 2 (T2;
mean age 16 years, SD 0.8). Independent sociodemographic, psychological, and behavioral correlates (from T2)/predictors (from
T1 or earlier) were identified using multivariable logistic regression.

Results: Of 186 exergamers at T1, 81 (44%) reported exergaming at T2. Being female and having higher introjected regulation
(ie, a type of PA motivation indicative of internalizing PA as a behavior) were independent correlates. None of the predictors
investigated were associated with sustained exergaming.

Conclusions: Almost half of grade 9 exergamers sustained exergaming for 2 years. Exergaming may be a viable approach to
help adolescents engage in and sustain PA during adolescence. Sex and PA motivation may be important in the sustainability of
exergaming.

(JMIR Serious Games 2019;7(3):e13335)   doi:10.2196/13335

KEYWORDS

video games; physical activity; adolescents

Introduction

Background
Only 8% of Canadian youth meet current physical activity (PA)
recommendations [1] and they spend up to 9 hours sitting daily,
often in screen-time pursuits [1,2]. Youth who do not meet PA
recommendations are unlikely to benefit from the positive
effects of PA on health [3,4], and sedentary youth may
experience a wide range of negative physical and mental health

issues [5]. Effective programs and public health policy are
needed to address these issues because co-occurrence of low
PA and high sedentary time contributes to childhood obesity
and its numerous, deleterious health sequelae [6-9]. Despite
possible negative impacts on health, screens are an indisputable
reality in today’s increasingly high-tech world. Underscoring
its popularity, 83% of US youth aged 8 to 18 years have a
traditional video game console at home, and many of these
consoles having add-on capacity for exergaming (ie, video
games that are also a form of exercise) equipment. In addition,
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approximately 50% of adolescents own smartphones, which
can download apps for mobile exergaming [10]. Many
smartphone apps are free or low-cost, making exergaming and
augmented reality (ie, a real-world view of the environment
which is “augmented” by computer-generated input) highly
accessible to youth.

In 2010, nearly 40% of US students in grades 9 to 12 exergamed
at least 1 day per week [10], 25% of Canadian youth aged 15
to 18 years reported exergaming in the past week [11], and up
to 20% of young adults exergamed 1 to 3 times per month or
more [12]. In addition, in 2014, a representative sample of
20,122 Canadian youth in grades 6 to 10 reported exergaming
for an average of 30 min per day [13]. The Xbox 360’s Kinect
unit (ie, a motion-sensing device used to capture bodily
movement and promote PA) sold approximately 25 million
units in 2013 [14], and Pokémon Go, released on July 6, 2016
by Nintendo, had 25 million active players daily after only 1
month of the official release [15]. Leveraging benefit from
screen fervor by incorporating PA into video gaming and
designing exergames [16-19] that are easily available and
appealing holds promise in terms of increasing PA and reducing
sedentary time [16-19]. Exergaming may be a healthier pastime
than traditional video games because they elicit more energy
expenditure (EE) [20-22], and they may improve physical
fitness, body composition, and cognitive health [20,23-25]. The
effect of exergaming on reducing sedentary behavior has also
been studied, but to a much lesser extent [26]. Overall, the data
suggest that exergaming may be a viable method to increase
PA, change body composition, and improve mental health, and
it represents an improvement in EE over sedentary behavior
[16,18,19,27].

There are important methodological challenges in the current
literature evaluating exergaming including that many
intervention studies report high attrition. Short intervention
periods (ie, usually 6 or 12 weeks with no follow-up post
intervention) may hinder detection of longer-term effects
[24,28,29], and most studies are performed under controlled
conditions that may not apply to “real-life” settings. For
example, a small pilot study that provided African-American
and Hispanic children with access to exergaming at home and
during an after-school program indicated that fitness improved
after 12 weeks [30]. However, 42% of participants lost interest
in exergaming within 3 months, indicative that use related partly
to the novelty of the consoles. This suggests that improving
understanding of PA motivation pertaining to exergaming and
sustained exergaming is needed.

Objectives
To inform the development of exergaming interventions that
have the potential to be sustained, evidence is needed on the
determinants of sustained exergaming in naturalistic settings.
Although the study by O’Loughlin et al [12]. reported that
exergamers were more likely to be girls, to play nonactive video
games, to watch TV 2 hours per day or more, to report
weight-related stress, and to be nonsmokers, no reports to date
describe factors associated with sustained exergaming in
“real-world” contexts. The objectives of this study were (1) to
describe the sustainability of exergaming over 2 years in a

population-based sample of adolescents and (2) to identify
factors associated with sustained exergaming.

Methods

Population Sample
Data were drawn from AdoQuest I (2005-11), a 6-year
longitudinal study of grade 5 students (n=1843 aged 10-11 years
at baseline), which investigated the natural course of the
co-occurrence of health-compromising behaviors such as
smoking, PA, sedentary behavior, and substance use in children
[11]. A random sample of French-language elementary schools
with more than 90 students in grade 5 was recruited in the
greater Montreal area. To balance representation of students in
high, middle, and low socioeconomic status, all schools were
first stratified into groupings defined by tertile cut-offs of a
school deprivation indicator based on maternal education,
parental employment, and a measure of low family income that
accounts for family size and area of residence [30]. An equal
number of schools was then selected into each grouping, and
10 schools in the first, 10 in the second, and 9 in the third
grouping (72.5% (29/40) of schools invited) agreed to
participate. All students in all grade 5 classes in the 29
participating schools were eligible for recruitment. Of 2946
grade 5 students, 61.13% (1801/2946) participated at baseline
(42 students joined after baseline data were collected). No data
were collected from students who did not participate.
Characteristics of the AdoQuest sample were comparable to
those of 2 provincially representative samples of similarly aged
Québec youth [31]. Parents completed mailed self-report
questionnaires in 2006-07 and again in 2008-09. Participants
provided assent, and their parents or guardians provided
informed consent. The study received approval from the ethics
and protection review boards of Concordia University and the
Centre de Recherche du Centre Hospitalier de l’Université de
Montréal.

Sustainability of exergaming over 2 years was investigated
using data collected in the fall and winter of 2008-09 (Time 1
[T1]) when most participants were in grades 8 and 9 (aged 12-14
years) and 2 years later in the fall and winter of 2010-11 (Time
2 [T2]) when most participants were in grades 10 and 11 (aged
14-19 years). Data on exergaming and potential correlates and
predictors were collected in mailed self-report questionnaires
at both T1 and T2. Most questions used in AdoQuest were drawn
from ongoing surveys and studies of youth including the
Canadian Youth Smoking Survey [32] and the Nicotine
Dependence in Teens study [33].

Study Variables

Sustained Exergaming
At T1, participants were asked: “How many hours a day do you
play active video games?” Response choices included 0<1,
≥1-2, ≥2-<3, ≥3-4, or ≥5 hours per day. Participants were
categorized as exergamers if they responded ≥1 hour per day.
At T2, participants were asked: “Do you play active video games
(eg, Wii Fit, Dance Dance, and Revolution)?” (yes, no).
Participants were categorized into 1 of 2 groups based on their
responses to these 2 questions. “Sustained exergamers” included
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participants who reported exergaming at T1 and T2; those who
“stopped exergaming” reported exergaming at T1 but not T2.
“Never exergamers” and those who began exergaming between
T1 and T2 were not included in the analysis.

Frequency, Timing, and Intensity of Exergaming
At T2, questions on exergaming were included based on the
International Physical Activity Questionnaire (IPAQ), a short,
self-administered questionnaire used in cross-national
monitoring of usual weekly PA in youth and adults. The IPAQ
demonstrates reliability as well as validity against accelerometer
[34]. Specifically, exergamers were asked the following
questions:

1. How many days a week do you play active video games?
(1-7 days)

2. How many minutes (on average) do you play each time?
(open-ended)

3. Physical effort during play? (light, moderate, vigorous)

Potential correlates and predictors of sustained exergaming were
selected based on factors known to be associated with PA or
exergaming in adolescence [12,35] and on the availability of
data in AdoQuest.

Potential predictors measured before or at T1 included lifestyle
behaviors (ie, level of PA, ever smoked cigarettes, binge drank,
marijuana use, hours of TV per day, hours of computer per day,
hours of nonactive video games per day, hours of sedentary
behavior per day), weight-related indicators (ie, body mass
index [BMI], stress about weight, perceived weight too heavy,
trying to lose weight, body-related guilt, body-related shame),
depressive symptoms, and the Pediatric Daytime Sleepiness
Scale (PDSS) [36].

Potential correlates measured at T2 included sociodemographic
characteristics (ie, age, sex, mother university-educated, annual
household income, participant currently employed), lifestyle
behaviors (ie, moderate-to-vigorous PA [MVPA] per week,
meeting MVPA guidelines, past-year binge drinking, past-year
marijuana use, hours of TV per day, hours of computer per day,
hours of nonactive video games per day), weight-related
indicators (BMI, stress about weight, perceived weight too
heavy, trying to lose weight, body-related guilt, body-related
shame), PA motivation, and depressive symptoms. The only
variable reported by parents was mother’s education; all other
variables were reported by participants. Multimedia Appendix

1 describes each variable in detail including response options,
coding for analysis, and Cronbach alpha for scales.

Data Analysis
Descriptive statistics were used to compare participants who
did and did not sustain exergaming. The analysis considered
investigation of each potential correlate or predictor as an
independent study that addressed a specific hypothesis so that
only 3 statistical tests (ie, univariate, partially adjusted model,
and fully adjusted model) were performed for each potential
correlate or predictor [34]. Potential confounders were retained
in the model if they were not on the causal pathway and if they
were correlated with the potential correlate or predictor and
outcome at r>0.20 [35,37]. A total of 3 logistic regression
models including (1) a univariate model examining the
unadjusted association between the potential correlate/predictor
and outcome with no covariates; (2) a partially adjusted model
accounting for age and sex; and (3) a fully adjusted model
including age, sex, and (other) potential confounders. Data were
analyzed using SPSS version 20.0 (released 2011, SPSS
Statistics for Windows; IBM Corp). All statistical tests were
2-sided, with the significance level set at 0.05.

Results

Data on exergaming were collected in AdoQuest for the first
time in grade 9 in 2008-09. Of 1801 grade 5 participants at
inception in 2005-06, 68.46% (1233/1801) completed
questionnaires at T1 in grade 9, and 16.46% (203/1233) of
participants reported exergaming. At T2 in grade 11, 69.01%
(1243/1801) completed questionnaires, and 23.97% (298/1243)
of participants reported exergaming. A total of 54.08%
(974/1801) participants completed questionnaires at both T1
and T2. Of the 974, 62.92% (613/974) never exergamed, 17.96%
(175/974) began exergaming between T1 and T2, and 8.00%
(81/974) and 10.98% (105/974) sustained and stopped
exergaming, respectively. The total number of exergamers at
T1 who provided data on exergaming at T2 was 19.09%
(186/974), and these participants constituted the analytic sample.
Table 1 compares the characteristics of the 186 participants
retained in the analytic sample with those of the 59 participants
who exergamed at T1 but were missing data on exergaming at
T2. There were no statistically significant differences between
the 2 groups, although 49.46% (92/186) of those retained
reported taking action to change their weight compared with
36.02% (21/59) of those not retained (P=.08).
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Table 1. Comparison of baseline characteristics of exergamers retained (n=186) and not retained (n=59) in the analytic sample, AdoQuest 2005-12.

P valueNot retainedaRetainedVariable

.5210.7 (0.5)10.8 (0.5)Age (years) at baseline, mean (SD)

.5232 (53.4)90 (48.6)Male, n (%)

.1315 (25.5)56 (30.1)Mother university-educated, n (%)

.6651 (86.4)165 (88.6)French-speaking, n (%)

>.992.0 (0.7)2.0 (0.7)Self-esteem, mean (SD)

.872.0 (0.6)2.0 (0.7)Depressive symptoms, mean (SD)

.972.3 (0.9)2.3 (1.0)School connectedness, mean (SD)

.0821 (35.8)92 (49.4)Taking action to change weight, n (%)

.7823 (39.7)70 (37.6)TV ≥3 hours/day, n (%)

.3527 (45.5)72 (38.8)Perceived academic performance, n (%) above average

aExergamers at T1 without exergaming data at T2.

The mean age of participants in the analytic sample was 16.7
(SD 0.5) years at T2, 42% (522/1243) were boys, 93%
(1156/1243) were white, 76% (945/1243) were in grade 11,
47% (584/1243) were employed full or part-time, and 33%
(410/1243) had university-educated mothers. The mean (SD)
BMI was 23.6 (5.0) in boys and 22.2 (4.1) in girls. A total of
30% (373/1243) of participants’ parents reported an annual
household income greater or equal to Can $100,000.

Of the 186 participants retained in the analytic sample, 43.6%
(81/186) sustained exergaming (ie, reported exergaming at T1
and T2). At T2, sustained exergamers (n=81) exergamed on a
mean (SD) of 1.9 (1.4) days per week, for 49.0 (33.8) min per
bout on average. Overall, 35% (65/186) of sustained exergamers
reported that they exergamed at light intensity, 42% (78/186)

exergamed at moderate intensity, and 23% (32/186) exergamed
at vigorous intensity.

In univariate analyses of potential correlates measured at T2
(Table 2), girls were twice as likely to sustain exergaming as
boys. With each unit increase in depressive symptoms, the odds
of sustained exergaming increased by 40%. Similarly, the odds
of sustained exergaming were higher in participants with higher
levels of introjected, identified, or intrinsic regulation. Finally,
the odds of exergaming increased by 30% with each unit
increase in body-related guilt. In partially adjusted models, girls
were more likely to sustain exergaming, and for each unit
increase in introjected regulation, there was a 60% increase in
the odds of sustained exergaming. In fully adjusted models, the
only variable retained as statistically significant was introjected
regulation (odds ratio [OR] 1.8; 95% CI 1.1-3.2).
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Table 2. Odds ratio (OR) and 95% CI for the association between potential correlates and sustained exergaming, AdoQuest 2005-12 (N=186).

Covariate(s) included in fully adjusted modelFully adjusted
model ORadj

(95% CI)

Model adjusted
for age and sex
ORadj (95% CI)

ORcrude

(95% CI)
Sustained
exergam-

ingc, n (%)

n (%b)Indicatorsa

Sociodemographic indicators

Age (years)d 

Sex1.2 (0.7-2.0)1.2 (0.7-2.0)1.3 (0.8-2.1)25 (41.7)60 (32.3)14.39-16.63  

————e21 (40.7)59 (31.7)16.64-16.98  

————28 (47.5)59 (31.7)16.99-19.86  

Sex 

Age, MVPAf, nonactive video gamesreferencereferencereference30 (34.9)83 (44.6)Boys  

—1.6 (0.8-3.3)1.9 (1.0-3.4)2.0 (1.1-3.4)51 (50.5)103 (55.4)Girls  

Mother university-educated 

Age, sex, incomereferencereferencereference23 (46.9)49 (26.3)Yes  

—0.9 (0.4-2.0)0.8 (0.4-1.)0.8 (0.4-1.6)45 (41.7)108 (58.1)No  

Income, Can $ 

Age, sex, mother’s educationreferencereferencereference33 (38.9)84 (45.2)<100K  

Age, sex, mother’s education1.5 (0.7-3.2)1.4 (0.7-3.0)1.4 (0.7-3.0)28 (46.9)60 (32.3)≥100K  

Employed (AdoQuest participant) 

Age, sexreferencereferencereference34 (43.6)78 (42.0)Yes  

Age, sex1.0 (0.6-1.9)1.0 (0.6-1.9)1.0 (0.5-1.7)43 (42.6)101 (54.3)No  

Lifestyle behaviors

MVPA/min per weekd 

Age, sex, identified regulation1.0 (1.0-1.0)1.0 (1.0-1.0)1.0 (1.0-1.0)21 (35.6)59 (32.8)0-105  

————30 (52.6)57 (30.6)106-295  

————28 (43.8)64 (34.4)≥295  

Meets MVPA guidelines 

Age, sex, intrinsic, body shamereferencereferencereference16 (38.1)42 (22.6)Yes  

—1.3 (1.0-1.6)1.1 (0.5-2.3)1.4 (0.7-2.8)63 (45.7)138 (74.2)No  

Binge drank past year 

Age, sex, marijuana use, intrinsic regulationreferencereferencereference37 (45.1)82 (44.1)Yes  

—1.2 (0.6-2.4)0.9 (0.5-1.6)0.9 (0.5-1.6)39 (41.5)94 (50.5)No  

Used marijuana past year 

Age, sex, binge drinking, smoked cigarettesreferencereferencereference71 (50.0)141 (75.8)Yes  

—0.4 (0.1-1.0)0.7 (0.3-1.6)1.0 (0.8-1.3)14.2 (41.8)34 (18.3)No  

Hours of TV/dayd 

Age, sex, depressive symptoms1.1 (0.8-1.5)1.1 (0.8-1.4)1.0 (0.8-1.4)19 (45.2)42 (22.6)≥0<1  

————31 (39.7)78 (41.9)≥1<2  

————31 (47.0)66 (35.5)≥2  

Hours of computer/dayd 

Age, sex1.1 (0.8-1.3)g1.1 (0.8-1.3)1.1 (0.9-1.3)15 (39.5)38 (20.4)≥0<1  

————22 (39.3)56 (30.1)≥1<2  

————44 (47.8)92 (49.5)≥2  
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Covariate(s) included in fully adjusted modelFully adjusted
model ORadj

(95% CI)

Model adjusted
for age and sex
ORadj (95% CI)

ORcrude

(95% CI)
Sustained
exergam-

ingc, n (%)

n (%b)Indicatorsa

Hours of nonactive video games/dayd 

Age, sex1.0 (0.9-1.4)g1.0 (0.9-1.4)1.0 (0.8-1.3)32 (39.0)82 (44.1)0  

————28 (56.0)50 (26.7)<1  

————21 (39.6)53 (28.5)≥1  

Weight-related indicators

BMId,h 

Age, sex, income, extrinsic motivation, body
shame, body guilt

0.9 (0.8-1.0)0.9 (0.9-1.1)1.0 (0.9-1.0)23 (46.9)49 (26.3)16.01-20.1  

————20 (39.2)51 (27.4)20.2-23.54  

————18 (36.7)49 (26.3)23.55-40.70  

Stressed about weight 

Age, sex, depressive symptoms, weight per-
ception, introjected regulation, external regu-
lation, body shame, body guilt, trying to lose
weight

referencereferencereference25 (50.0)50 (26.9)Yes  

—0.9 (0.3-2.0)0.8 (0.3-2.1)0.7 (0.4-1.3)52 (40.3)129 (69.4)No  

Perceived weight status: overweight 

Age, sex, BMI, introjected regulation, exter-
nal regulation, body shame, body guilt, stress
about weight, trying to lose weight

referencereferencereference23 (46.9)49 (26.3)Yes  

—0.3 (0.1-1.3)0.8 (0.2-1.6)0.8 (0.2-1.6)53 (41.7)127 (68.3)No  

Trying to lose weight 

Age, sex, BMI, weight perception, introjected
regulation, external regulation, identified
regulation, stress about weight, weight percep-
tion, body shame, body guilt

referencereferencereference57 (50.0)114 (61.3)Yes  

—0.8 (0.3-1.2)0.8 (0.4-1.4)0.7 (0.4-1.2)25 (39.5)62 (33.3)No  

Body-related guiltd 

Age, sex, BMI, depressive symptoms, weight
perception, extrinsic regulation, introjected
regulation, identified regulation, body shame,
stress about weight, trying to lose weight

0.9 (0.4-2.0)1.2 (0.9-1.7)1.3 (1.0-1.7)20 (29.9)67 (36.0)0≤1.0  

————26 (50.0)52 (28.0)>1.0≤2.0  

————29 (50.0)58 (31.2)>2.0-5.0  

Body-related shamed 

Age, sex, stress about weight, BMI, depres-
sive symptoms, weight perception, extrinsic
regulation, introjected regulation, body guilt,
trying to lose weight

1.0 (0.4-2.3)1.2 (0.9-1.6)1.2 (0.9-1.7)16 (26.2)61 (32.8)0≤1.0  

————31 (52.5)59 (31.7)1.0≤2.0  

————28 (49.1)57 (30.6)>2.0-4.8  

Physical activity motivation

Amotivationd 

Age, sex, identified regulation, intrinsic reg-
ulation, body shame

2.0 (0.9-5.0)1.3 (0.7-2.6)1.3 (0.7-2.4)57 (43.8)130 (69.9)0≤1  

————18 (38.3)47 (25.3)>1-4  
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Covariate(s) included in fully adjusted modelFully adjusted
model ORadj

(95% CI)

Model adjusted
for age and sex
ORadj (95% CI)

ORcrude

(95% CI)
Sustained
exergam-

ingc, n (%)

n (%b)Indicatorsa

Externald 

Age, sex. BMI, depressive symptoms, stress
about weight, weight perception, trying to
lose weight, introjected regulation, body
shame, body guilt

0.9 (0.3-2.8)1.1 (0.5-2.2)1.0 (0.5-2.1)46 (40.7)113 (60.8)0≤1  

————11 (55)20 (10.8)>1≤1.67  

————18 (40.9)44 (23.7)1.68-3.25  

Introjectedd 

Age, sex, depressive symptoms, weight stress,
weight perception, external regulation, iden-
tified regulation, intrinsic regulation, trying
to lose weight, body shame, body guilt

1.8 (1.1-3.2)1.6 (1.1-2.3)1.7 (1.2-2.4)21 (31.3)67 (36.0)0  

————20 (43.5)46 (24.7)1-1.67  

————24 (53.1)64 (34.4)1.68-5  

Identifiedd 

Age, sex, amotivation, introjected regulation,
intrinsic motivation, regulation, body guilt,
trying to lose

1.3 (0.8-2.0)1.3 (1.0-1.8)1.4 (1.0-1.8)29 (37.0)54 (29.0)0-2.25  

————22 (34.9)63 (33.9)2.26-3.25  

————33 (55.0)60 (32.3)3.26-5  

Intrinsicd 

Age, sex, MVPA, amotivation, identified,
binge drinking, introjected regulation, body
shame

1.3 (0.9-2.0)1.3 (1.0-1.7)1.3 (1.0-1.6)19 (33.9)56 (30.1)0-1.0  

————23 (41.8)55 (29.6)1-1.67  

————33 (50.0)66 (35.5)≥1.68  

Depressive symptomsd

Age, sex, introjected regulation, external
regulation, body shame, body guilt, stress
about weight, TV use

1.4 (0.8-2.2)1.3 (0.9-1.9)1.4 (1.0-2.0)22 (37.3)59 (31.7)0-1.67 

————25 (37.9)66 (35.5)1.68-2.50 

————30 (55.6)54 (29.0)2.51-4.5 

aPotential correlate measured in grade 11.
bPercentages may not total 100% due to missing data.
cContinuous variables were grouped according to tertile cut-offs for descriptive purposes.
dPotential correlate included in the model as a continuous variable. Odds ratio indicates the increase in the probability of the outcome per 1-unit change
in the correlate.
eNot applicable.
fMVPA: moderate-to-vigorous physical activity.
gPartially and fully adjusted models were identical.
hBMI: body mass index.

In univariate analyses of potential predictors (Table 3), more
time spent playing nonactive video games daily was protective
against sustained exergaming sustainers. Trying to lose weight
was associated with an 80% increase in the odds of sustained

exergaming. In partially adjusted models controlling for sex
and age and in fully-adjusted models, none of the potential
predictors were statistically significantly associated with
sustained exergaming.
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Table 3. Odds ratio (OR) and 95% CI for the association between potential predictors and sustained exergaming, AdoQuest 2005-12 (N=186).

Covariates included in fully adjusted modelFully adjusted
model, ORadj

(95% CI)

Model adjusted
for age and sex,
ORadj (95% CI)

ORcrude

(95% CI)
Sustained
exergam-

ingc, n (%)

n (%b)Predictorsa

Lifestyle behaviors

Physical activity leveld

Age, sex1.1 (0.8-1.3)e1.1 (0.8-1.3)1.0 (0.8-1.3)13 (35.1)37 (20.0)1  

————f50 (46.7)107 (57.5)2-3  

————16 (40.0)40 (21.3)4-5  

Ever smoked cigarettes

Age, sex, cannabis, binge drinking, depres-

sive symptoms, PDSSg
referencereferencereference29 (50.9)57 (30.7)Yes  

—0.5 (0.3-1.2)0.7 (0.4-1.3)0.7 (0.4-1.2)51 (40.2)127 (68.3)No  

Binge drank

Age, sex, cigarette, depressive symptoms,
cannabis, PDSS

referencereferencereference16 (37.2)43 (26.3)Yes  

—1.5 (0.6-3.8)1.3 (0.6-2.6)1.4 (0.7-2.8)65 (45.5)143 (76.9)No  

Marijuana use

Age, sex, cig try, binge drinking, depressive
symptoms

referencereferencereference9 (42.9)21 (11.3)Yes  

—1.0 (0.3-3.5)0.9 (0.4- 2.4)1.0 (0.4-2.6)72 (43.9)164 (88.2)No  

Hours of TV/day

Age, sex, computer, sedentary behavior0.9 (0.6-1.4)0.8 (0.6-1.1)1.1 (0.6-2.2)9 (45.0)20 (10.8)≤1  

————41 (44.1)93 (50.0)≥1≤3  

————30 (41.7)72 (38.8)>3  

Hours of computer/dayd

Age, sex, depressive symptoms, video games,
TV, sedentary behavior

1.3 (0.9-2.1)1.4 (1.0-2.0)1.3 (1.0-1.7)11 (35.5)31 (16.7)≤1  

————29 (38.7)75 (40.3)≥1≤3  

————41 (51.9)79 (42.5)>3  

Hours of nonactive video games/dayd

Age, sex, computer, sedentary behavior0.8 (0.4-1.3)0.8 (0.5-1.3)0.6 (0.5-1.0)54 (50.5)107 (57.5)≤1  

————26 (35.6)73 (39.2)>1  

Hours of sedentary behavior/dayd

Age, sex, TV, computer, video games1.0 (0.9-1.2)1.0 (1.0-1.1)1.1 (1.0-1.2)23 (38.3)60 (32.3)0-9.5  

————24 (46.2)52 (27.4)9.6-11.5  

————30 (49.2)61 (37.8)>11.5  

Weight-related indicators

BMId,h

Age, sex, trying to lose weight, video games,
perceived weight, stress about weight,
sedentary behavior

1.1 (1.0-1.2)1.1 (1.0-1.2)1.0 (0.9-1.1)17 (48.6)35 (18.8)13.7-19.2  

————14 (40.0)35 (18.8)19.3-22.66  

————11 (30.6)36 (19.4)22.67+  

Stress about weight
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Covariates included in fully adjusted modelFully adjusted
model, ORadj

(95% CI)

Model adjusted
for age and sex,
ORadj (95% CI)

ORcrude

(95% CI)
Sustained
exergam-

ingc, n (%)

n (%b)Predictorsa

Age, sex, depressive symptoms, trying to lose
weight, perceived weight, PDSS, BMI

referencereferencereference40 (50.0)80 (43.0)Yes  

—0.6 (0.2-1.8)0.8 (0.4-1.5)0.6 (0.4-1.2)41 (39.0)105 (56.5)No  

Perceived weight too heavy

Age, sex, BMI, stress about weight, trying to
lose weight

referencereferencereference16 (29.5)55 (29.6)Yes  

—3.0 (0.8-10.8)1.1 (0.6-2.2)1.1 (0.6-2.1)39 (30.8)128 (68.8)No  

Trying to lose weight

Age, sex, stress about weight, depressive
symptoms, perceived weight

referencereferencereference42(37.2)113 (60.8)No  

—1.6 (0.7-3.5)1.3 (0.7-2.6)1.8 (1.0-3.3)36 (51.4)70 (37.6)Yes  

Depressive symptomsd

Age, sex, stress weight, binge drinking, trying
to lose weight, PDSS, cigarettes, computer,
sedentary behavior

0.8 (0.5-1.3)0.8 (0.5-1.2)1.0 (0.7-1.4)27 (47.4)57 (30.6)0-1.5 

————24 (36.9)65 (35.0)1.6-1.17 

————30 (48.4)62 (33.3)1.8-5.0 

PDSSd

Age, sex, stress about weight, binge drinking,
depressive symptoms

1.0 (1.0-1.1)1.0 (1.0-1.1)1.0 (1.0-1.1)24 (38.7)62 (33.3)0-7 

————23 (38.3)60 (32.3)8-13 

————34 (54.8)62 (33.3)≥14 

aPotential predictor measured in grade 9.
bPercentages may not total 100% due to missing data.
cContinuous variables were grouped according to tertile cut-offs for descriptive purposes.
dPotential predictor included in the models as a continuous variable. Odds ratio (OR) indicates the increase in the probability of the outcome per 1 unit
change in the predictor.
ePartially and fully adjusted models were identical.
fNot applicable.
gPDSS: Paediatric daytime sleepiness scale.
hBMI: body mass index.

Discussion

Principal Findings
The purpose of this study was to describe sustained exergaming
in a population-based sample of adolescents and to identify
factors associated with sustained exergaming. To our knowledge,
this is the first investigation of sustained exergaming in a
population-based sample. Results indicated that 44% of
exergamers sustained exergaming for at least 2 years. Female
sex and having higher introjected PA behavior regulation were
associated with sustained exergaming.

In a cross-sectional study of 200 children who owned consoles,
Simons et al [38] found that 11% never exergamed and only
32% exergamed regularly (ie, >1 hour per week). Because of
concerns that the novelty of exergaming dissipates over time,
there have been numerous calls to investigate the sustainability
of exergaming [17,24,28,39-42]. The 44% (81/186) of sustained

exergamers in our study compares with the 41% of girls (but
not the 69% of boys) who remained involved in team sports for
over 5 years, as observed by Belanger et al [41]. Specifically,
of 1276 adolescents age 12-13 years who completed a 7-day
PA recall every 3 months for 5 years, the authors reported that
between 14% and 53% re-engaged in a specific PA after
discontinuation. Although not investigated in the Belanger study,
exergaming could be an intermittent activity in adolescents
linked to the release of new games and consoles. Future studies
will need more frequent follow-up to assess the stop-start aspect
of exergaming over time.

Three-quarters (77% [143/186]) of participants exergamed at
light or moderate intensity. Exergaming at these intensities may
be more enjoyable, practical, and achievable among young
persons. Thus, the flexibility of exergaming in level of intensity
may contribute to sustainability.
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Previous studies have reported that females are more likely to
exergame than males [12], and in this analysis, girls were more
likely to sustain exergaming. The reasons for sex differences
in sustained exergaming may mirror the reasons for sex
difference in exergaming. Girls, especially those with body
image challenges, may be more comfortable being active at
home away from the scrutiny of others, while still enjoying the
social interaction provided by exergaming. Boys may be
attracted by the novelty of exergaming but return to nonactive
video games as the novelty wears off. Although sex differences
in exergaming should be further investigated, our results suggest
that exergaming may be a viable option to help girls in particular
remain physically active.

A specific focus of this work was to assess whether PA
motivation is associated with sustained exergaming.
Self-determination theory (SDT) has been used as a framework
to predict intentions to engage in and sustain traditional PA,
and investigators have reported that those with higher intrinsic
regulation (ie, motivation) report increased intentions to engage
in PA than those with external PA regulation (eg, [43-46].
Introjected regulation (ie, a type of PA motivation indicative
of internalization of PA as a behavior) was a correlate of
sustained exergaming. Introjected regulation, as described in
the SDT [47-49], is motivation from an internal pressure that
usually drives short-term behavior change, but does not foster
sustainable behavior change [48,50]. It is generally negatively
associated with or unrelated to PA levels, although there appears
to be sex differences such that girls who report higher introjected
regulation also report more PA [49]. The link between behavior
regulation and exergaming has been studied in clinical settings
and in specific populations such as overweight youth [51,52],
but few studies investigate this association in population-based
samples of youth using the SDT [53], and it is not fully
understood if exercise behavior regulation differs between those
who do and do not sustain exergaming. Sustained exergamers
may not be highly motivated intrinsically toward traditional PA
and are drawn toward exergaming as a PA alternative. They
may be interested in developing skills for fitness and weight

change, which is fostered through fitness exergames (ie, body
weight, body alignment, placement, feeling, and speed captured
by motion and sensor-captures and displayed in real time on
the screen) [52], or aspects of the advertising or marketing of
fitness exergames may play on or increase guilt, particularly
among female users. Future research should focus on better
understanding the differences between motivation for PA and
for exergaming, which in turn lead to exergaming interventions
that have a greater impact on PA and sedentary behavior.

No predictors of sustained exergaming were identified in this
study. Rather than being a planned behavior, exergaming may
be triggered by events in the immediate present such as
purchasing a new console or friends coming over, and therefore,
has few predictors. It is also possible that the sample size was
too small to detect factors associated with sustained exergaming
because exergaming is a relatively new area of research, not all
relevant predictors may not have been investigated.

Limitations of this study include the small sample size, that
self-report data are subject to misclassification, that loss to
follow-up may have resulted in selection bias, and that
restriction of the sample to francophones may have limited
external generalizability. As data were not collected more
frequently, it was not possible to confirm whether participants
exergamed between data collection cycles.

Conclusions
Exergaming may represent a novel approach to help adolescents
remain physically active during a period of life which is notable
for sharp declines in PA. Exergaming may be more sustainable
if games include components that foster intrinsic PA motivation
such as providing more choices in the games offered (ie, with
whom the game can be played, whether the setting is
collaborative or competitive, how intensely the game is played)
or having a coach and/or other social support while learning a
new game. Finally, clinicians and practitioners can counsel
parents to encourage their children to choose exergaming over
more traditional sedentary video games or to exergame as a
family.
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Abstract

Background: Recent studies indicate that participation in exercise-related games can improve executive function, attention
processing, and visuospatial skills.

Objective: The aim of this study was to investigate whether exercise via exergaming (EXG) can improve executive function
in patients with metabolic syndrome (MetS).

Methods: A total of 22 MetS patients were recruited and randomly assigned to an EXG group or a treadmill exercise (TE)
group. The reaction time (RT) and electrophysiological signals from the frontal (Fz), central (Cz), and parietal (Pz) cortices were
collected during a Stroop task after 12 weeks of exercise.

Results: During the Stroop congruence (facilitation) judgment task, both the EXG and TE groups showed significantly faster
RT after 12 weeks of exercise training. For N200 amplitude, the EXG group demonstrated significantly increased
electrophysiological signals from the Fz and Cz cortices. These changes were significantly larger in the EXG group than in the
TE group. Separately, for the P300 amplitude, the EXG groups presented significantly increased electrophysiological signals
from the Fz, Cz, and Pz cortices, whereas the TE group showed significantly increased electrophysiological signals from the Cz
and Pz cortices only. During the Stroop incongruence (interference) judgment task, both the EXG and TE groups showed
significantly faster RT. For P300 amplitude, the EXG group had significantly increased electrophysiological signals from the Fz
and Cz cortices only, whereas the TE group had significantly increased electrophysiological signals from the Fz, Cz, and Pz
cortices.

Conclusions: EXG improves executive function in patients with MetS as much as normal aerobic exercise does. In particular,
a unique benefit of EXG beyond increased aerobic capacity is the improved selective attention among cognitive functions. Thus,
EXG could be recommended to someone who needs to improve their brain responses of concentration and judgment as well as
physical fitness.

Trial Registration: ClinicalTrials.gov NCT04015583; https://clinicaltrials.gov/ct2/show/NCT04015583

(JMIR Serious Games 2019;7(3):e13575)   doi:10.2196/13575
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Introduction

Background
In recent years, the relationship between cognitive function and
metabolic syndrome (MetS) has been widely studied [1,2]. MetS
has been found to be associated with a decline in areas related
to executive function [3,4] because of multiple risk factors,
including hypertension, dyslipidemia, impaired glucose
homeostasis, and abdominal obesity. Executive functions include
basic cognitive processes such as attentional control, cognitive
inhibition, inhibitory control, working memory, and cognitive
flexibility [5].

Research on cognitive neuroscience employs Stroop tasks to
measure selective attention capacity and skills as well as process
speed ability to elucidate the nature of executive functions [6].
Electroencephalographic (EEG) activity using event-related
positioning technology has been widely used to measure
selective attention capacity and skills, and evaluations of
behavioral performance such as reaction time (RT) are
commonly used to determine processing speed ability [7,8].
N200 negativity (200-350  milliseconds [ms] poststimulus) is
an event-related potential (ERP) indicating the attentional
capacity that is usually induced before motion response control
and is related to the cognitive processes of stimulus recognition
and differentiation [9]. P300 positivity (300-600 ms
poststimulus) is another ERP that reflects memory-related neural
processing and is involved in categorizing incoming information
and updating the context of the working memory (eg, encoding,
rehearsal, recognition, and retrieval) [10].

It is well-known that aerobic exercise training provides various
beneficial clinical outcomes in metabolic disease patients
[11,12]. Its effects on cognitive function, especially executive
function, have also been investigated [13]. Furthermore, recent
studies reported that both aerobic and resistance exercise training
facilitate overall electrophysiological effects (eg, increased P300
amplitudes) and behavior changes (eg, faster RT) in otherwise
healthy elderly people [14,15]. In addition, aerobic exercise has
been suggested to improve cognitive processes in cortical
cognitive control (P300 amplitude) in studies involving chronic
stroke patients [16].

Exergaming
Recently, exergaming (EXG, a combination of exercise and
gaming) has attracted much attention as a novel exercise method
in terms of improving cognitive function because it utilizes
video games that require body movements while simultaneously
presenting the user with a cognitively challenging environment
[17]. Along with its popular usage for leisure and entertainment,
there is a growing interest in the application of EXG to improve
clinical outcomes. Recent studies using EXG showed its
beneficial effects on cognitive and dual-task functions, which
reduced falls in older adults [18] as well as cardiovascular
disease risks, such as body fat, serum adipokine levels, and lipid
profiles [19]. EXG also promoted improved executive functions

and cognitive processing speed in both elderly people and
children [20,21]. This growing evidence suggests that EXG
offers the benefit of improving both cognitive and physical
functions.

Although many previous studies have reported improvements
in cognitive function following EXG, it is not clear whether
this benefit is due to an exercise effect or video game effect. In
addition, all of these studies measured RT instead of ERP using
EEG, which limits investigators seeking to illuminate brain
activities. Considering that EEG can measure electrical activities
in various cortex areas in the brain, it is necessary to investigate
ERP using EEG to evaluate executive function. Therefore, we
examined the benefits of EXG in comparison with normal
exercise and investigated executive function by measuring RT
as well as N200 and P300 in 3 cortex areas via Stroop tasks
applied in patients with MetS.

Methods

Participants
A total of 22 MetS male and female patients aged between 50
and 80 years participated in this study. MetS was defined
according to the modified National Cholesterol Education
Program Adult Treatment Panel III definition for South Asians.
Briefly, individuals with 3 or more of the following criteria
were defined as having MetS: central obesity (waist
circumference ≥90 cm for men or ≥85 cm for women); fasting
plasma glucose ≥100 mg/dL or current treatment for diabetes
mellitus; systolic blood pressure ≥130 mmHg, diastolic blood
pressure ≥85 mmHg, or current treatment for hypertension;
serum triglyceride level ≥150 mg/dL; and low high-density
lipoprotein cholesterol (<40 mg/dL for men or <50 mg/dL for
women) [22]. Subjects were asked not to exercise for 24 hours
before the experiment. They were also instructed to eat usual
meals and to finish meals at least four hours before the
experiment, while avoiding alcohol for a day before the
experiment and caffeine during the 4 hours before the
experiment. All subjects were required to complete a written
informed consent form approved by the Institutional Review
Board of Kosin University College of Medicine.

The sample size was calculated using a sample size calculation
software program (G*Power version 3.1.9.2 for Windows), with
an effect size of 0.484, statistical power of .80, and statistical
level of significance of .05. The effect size was calculated from
previous studies [13,14]. As a result, the sample size for each
group was established at 8 patients, so we decided to recruit 11
patients for each group in consideration of a potential 30%
(3/11) dropout rate.

Exercise Training Interventions
Exercise training was conducted at Kosin University Gospel
Hospital. Each participant was instructed to immediately inform
the study supervisor if he or she experienced any unusual
symptoms during exercise training and to consult a physician
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if needed. Subjects were excluded from the final analysis if they
did not perform more than 80% of the exercise sessions.

All subjects were randomly stratified into either an EXG group
or a treadmill exercise (TE) group. Subjects underwent 2 weeks
of adaptation and then carried out 12 weeks of exercise training
for 60 min per day, 3 days per week, at 60% to 80% of their
heart rate reserve (HRR). Each exercise session consisted of 10
min of warm-up, 40 min of main exercise, and 10 min of
cooldown.

The EXG group performed exercise using the Exerheart
equipment (D&J Humancare) that is composed of a running
and jumping mat (730 width × 730 depth × 130 height) and a
tablet personal computer placed on a stand (which could be
adjusted to any height between 70 and 155 cm; Figure 1).
Exerheart is an EXG system developed for in situ running along
with the video game called Alchemist's Treasure (D&J

Humancare; Figure 1). To play this game, the subject has to run
or jump on a spot on the mat to move a virtual avatar on the
screen of the tablet computer to the front, back, left, and right
along with music (Multimedia Appendix 1). The subject can
control the speed of their avatar’s movement via their running
or jumping speed on the mat. Participants in the TE group
performed exercise using commercial treadmills (MOTUS).
Each subject walked or ran on their treadmill at a comfortable
speed.

For both the EXG and TE groups, all subjects’heart rates (HRs)
during exercise were monitored using HR monitors (Polar
RS400sd) to confirm that the value was within the target HR
range. The Karvonen formula [23] was used to calculate the
HRR (estimated maximal HR−resting HR) and the target HR
during exercise (HRR × given percentage of training intensity
+ resting HR).

Figure 1. (A) The exergaming group performed exercise using Exerheart devices with permission from D&J Humancare, who is the copyright holder
of Exerheart. (B) Features of the video game "Alchemist's Treasure.".
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Stroop Test
To assess executive function, a computer-based version of the
Stroop task was administered using the Telescan software
(LAXTHA Inc). During the task, subjects were presented with
a color word appearing in the same color on congruent trials
(eg, blue printed in blue) and in a different color on incongruent
trials (eg, blue printed in green) [24]. To provide similar visual
content, blue, green, and yellow colors were chosen as stimuli.

Subjects performed the Stroop task twice, before and after
exercise training. Subjects sat 1 m from the screen and when
the color words appeared on the screen, they clicked the left
keyboard for the congruent test and the right keyboard for the
incongruent test. Subjects were instructed to respond as quickly
and accurately as possible. The rate of measurement targeted
for 50%. Each color word (vertical viewing angle: 2 degrees)
was presented for 200 ms and a response was accepted within
1500 ms. The interstimulus interval varied randomly between
1500 and 2500 ms.

Electroencephalographic Measurements
EEG activity was recorded during the modified Stroop task by
using a computerized polygraph system (type A: a total of 31
channels Poly G-As, LAXTHA). Silver chloride electrodes
(LAXTHA) were placed on the frontal (Fz), central (Cz), and
parietal (Pz) cortex areas, according to the international 10-20
system. Midline locations were referenced to link earlobe
electrodes. Horizontal and vertical electrooculograms were
monitored by electrodes placed above and below the left eye
and at the outer canthus of both eyes, respectively. The
impedance of all electrodes was maintained below 10 kΩ. The
bandpass filter of the amplifier was 0.1 to 100 Hz, the sampling
rate was 1000 Hz, and a notch filter was established at 60 Hz.

The N200 component was defined as the largest positive peak
occurring between 200 and 350 ms poststimulus, whereas the

P300 component was defined as the largest positive peak
occurring between 300 and 600 ms poststimulus [7]. N200 and
P300 amplitudes were measured as the differences between the
mean prestimulus baseline and maximum peak amplitude.
Telescan’s built-in high-pass infinite impulse response filter
was used for filtering. Waveforms were digitally smoothed with
a low-pass filter using a half power cutoff of 10 Hz before
analysis.

Statistical Analysis
Owing to the small sample size of this study, we used
nonparametric statistics for data analysis. We used the Wilcoxon
signed rank test to examine the changes of each dependent
variable after the intervention within each group. The
Mann-Whitney U test was employed to compare the delta values
between training groups (Δ‐EXG group vs Δ‐TE group).
The effect size of partial eta squared (η2) was reported for
significant effects, where the alpha level for all of the tests was
set at .05. Data were expressed as mean (SD). All statistical
tests were processed using the Statistical Package for the Social
Sciences version 24 software program (IBM Corp).

Results

Demographic and physical characteristics for all subjects are
provided in Table 1. There were no significant group differences
noted during baseline measurements.

Reaction Time
The changes in congruent RT after 12 weeks of exercise training
were not significantly different between the EXG and TE groups
(Table 2): both showed significantly shortened congruent RT
(Figure 2). Similarly, the changes in incongruent RT after 12
weeks of exercise training were not significantly different
between the EXG and TE groups, in that both showed
significantly shortened incongruent RT (Figure 2).

Table 1. Baseline characteristics of study participants.

P valueGroupFactor

Treadmill exercise (n=11), mean (SD)Exergaming (n=11), mean (SD)

.3060 (7)64 (10)Age (years)

.01161.66 (7.1)154.24 (5.73)Height (cm)

.6671.47 (11.62)69.38 (10.54)Weight (kg)

.2427.31 (3.52)29.07 (3.3)Body mass index (kg/m2)

.4093.6 (8.78)97.36 (10.95)Waist circumference (cm)

.35112.36 (29.37)123.55 (25.68)Glucose (mg/dl)

.3250.59 (10.52)46.32 (8.91)High-density lipoprotein cholesterol (mmol/L)

.1978.38 (19.52)66.19 (22.8)Low‐density lipoprotein cholesterol (mmol/L)

.18146.67 (12.04)134.81 (25.52)Total cholesterol (mmol/L)

.86145.73 (142.74)136.82 (78.88)Triglycerides (mmol/L)

.89128.09 (17.39)127.09 (16.86)Systolic blood pressure (mmHg)

.6477.73 (11.99)75.55 (9.43)Diastolic blood pressure (mmHg)
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Table 2. Comparison of Stroop task congruent and incongruent reaction times of the exergame group and treadmill exercise group.

Mann-Whitney U testb,
P value

Chi-square valueWilcoxon signed rank testa,
P value

Post, mean (SD)Pre, mean (SD)Effects, group

.28Congruent

—d0.053.011012.09 (221.64)1265.91 (383.15)EXGc group

——.01957.82 (138.05)1124.18 (161.21)TEe group

.67Incongruent

—0.008.01984.73 (204.81)1299.09 (367.48)EXG group

——.01974.55 (120.97)1171.36 (163.26)TE group

aComparison of pre versus post within group.
bComparison of the delta values between EXG and TE group.
cEXG: exergaming.
dNot applicable.
eTE: treadmill exercise.

Figure 2. Mean reaction time during the Stroop task in the exergaming and treadmill exercise groups before and after the exercise intervention. (A)
Congruent; (B) incongruent. EXG: exergaming; TEG: treadmill exercise group; ms: milliseconds. **Significant difference at P<.01 (Wilcoxon signed-rank
test).

Event-Related Potential Data

N200 Amplitude
According to the results in Table 3, after 12 weeks of exercise
training, the increases in congruent N200 amplitude on Cz and
Pz cortices in the EXG group were significantly greater than in
the TE group, but this was not true with regard to Fz. In addition,
EXG significantly increased congruent N200 amplitude on Cz,
but not for Fz and Pz. On the contrary, the TE group showed
no significant changes in congruent N200 amplitude for Fz, Cz,
or Pz (Figure 3).

The changes in incongruent N200 amplitude for Fz, Cz, and Pz
after 12 weeks of exercise training were not significantly
different between the EXG and TE groups (Table 3).
Interestingly, EXG did not significantly change the incongruent
N200 amplitude for Fz, Cz, or Pz, whereas TE also did not
significantly change the incongruent N200 amplitude for Fz,
Cz, or Pz (Figure 3). The waveforms of congruent and
incongruent N200 amplitudes for Fz, Cz, and Pz for the EXG
and TE groups before and after exercise are shown in Figure 3.
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Table 3. Comparison of Stroop task congruent and incongruent N200/P300 amplitudes of the exergame group and treadmill exercise group.

Mann-Whitney U testc,
P value

η2 bWilcoxon signed rank testa,
P value

Post, mean (SD)Pre, mean (SD)Components, effects, and group

N200 amplitude

Congruent

Fzd

.090.138.09−4.1 (3.02)−1.3 (1.95)EXGe group

——g.33−0.41 (3.82)−0.98 (3.14)TEf group

Czh

.010.291.03−5.13 (2.94)−1.59 (2.54)EXG group

——.42−0.97 (4.59)−1.61 (3.89)TE group

Pzi

.030.207.06−4.06 (2.89)−1.58 (1.89)EXG group

——.53−0.89 (3.99)−1.32 (3.62)TE group

Incongruent

Fz

.370.041.48−2.78 (3.02)−2.85 (2.3)EXG group

——.42−0.73 (3.18)−1.37 (3.3)TE group

Cz

.150.099.29−3.93 (2.92)−3.23 (2.69)EXG group

——.21−1.1 (3.65)−1.9 (3.82)TE group

Pz

.700.008.72−3.07 (2.62)−2.86 (2.45)EXG group

——.48−1.01 (3.52)−1.4 (3.66)TE group

P300 amplitude

Congruent

Fz

.700.008.017.12 (5.73)2.3 (1.94)EXG group

——.014.82 (3.78)3.21 (1.95)TE group

Cz

.750.006.016.49 (5.28)1.92 (1.63)EXG group

——.015.08 (3.03)2.36 (0.93)TE group

Pz

.150.099.015.2 (5.88)1.44 (1.69)EXG group

——.334.87 (3.64)1.74 (1.26)TE group

Incongruent

Fz

.560.018.094.48 (3.27)2.26 (3.14)EXG group

——.013.85 (3.04)1.93 (2.26)TE group

Cz

.850.002.024.38 (2.81)2.03 (2.8)EXG group

——.023.74 (2.99)1.59 (1.63)TE group
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Mann-Whitney U testc,
P value

η2 bWilcoxon signed rank testa,
P value

Post, mean (SD)Pre, mean (SD)Components, effects, and group

Pz

.950.000.023.2 (2.73)1.58 (2.44)EXG group

——.033.33 (2.59)1.05 (0.92)TE group

aComparison of pre versus post within group.
bη2: chi-square test value.
cComparison of the delta values between EXG and TE group.
dFz: frontal cortex.
eEXG: exergame.
fTE: treadmill exercise.
gNot applicable.
hCz: central cortex.
iPz: parietal cortex.

Figure 3. N200 and P300 amplitudes (mean [SE]) on 3 electrodes during the Stroop task in the exergaming and treadmill exercise groups before and
after 12 weeks of exercise training. (A) Congruent N200 amplitudes; (B) incongruent N200 amplitudes; (C) congruent P300 amplitudes; (D) incongruent
P300 amplitudes. Fz: frontal cortex; Cz: central cortex; Pz: parietal cortex; EXG: exergaming group; TEG: treadmill exercise group.

P300 Amplitude
Table 3 shows that the results of the Mann-Whitney U test for
changes in the congruent P300 amplitude for Fz, Cz, and Pz
after 12 weeks of exercise training were not significantly
different between the EXG and TE groups. EXG significantly
increased the congruent P300 amplitude for Fz, Cz, and Pz.
However, TE significantly increased the congruent P300
amplitude only for Fz and Cz (Figure 3).

There were no significant differences in the changes in the
incongruent P300 amplitude for Fz, Cz, and Pz between the
EXG and TE groups after 12 weeks of exercise training (Table
3). EXG significantly increased the incongruent P300 amplitude
for Cz and Pz, but not for Fz. On the contrary, TE significantly
increased the incongruent P300 amplitude for Fz, Cz, and Pz
(Figure 3). The waveforms of congruent and incongruent P300
amplitudes for Fz, Cz, and Pz for the EXG and TE groups before
and after exercise are shown in Figure 4.
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Figure 4. Average event-related potential waveforms of electrodes for mean N200 and P300 amplitudes during the Stroop task in the exergaming and
treadmill exercise groups before and after 12 weeks of the exercise training. (A) Congruent; (B) incongruent. Fz: frontal cortex; Cz: central cortex; Pz:
parietal cortex; EXG: exergaming group; TEG: treadmill exercise group; ms: milliseconds.

Discussion

Principal Findings
This study was the first to investigate the benefits of EXG in
comparison with normal exercise on the behavioral performance
and executive function of patients with MetS. We found that
12 weeks of both EXG and TE training similarly and effectively
improved behavioral performance and congruent and
incongruent memory-related neural processing. However, only
EXG training improved congruent selective attention, whereas
neither EXG nor TE training affected incongruent selective
attention. These results suggest similar overall effects for EXG
and normal exercise on behavioral performance and executive

function in patients with MetS but that EXG could be more
effective than normal exercise for congruent selective attention.

This study showed that both 12 weeks of EXG and TE training
effectively improved RT in MetS patients, and these changes
were not different between the 2 training protocols. These results
suggest that both EXG and normal exercise are able to improve
behavioral performance, but EXG does not have more beneficial
effects compared with normal exercise. In our previous study,
we examined the performance of control tasks using a simple
acute aerobic exercise and complex exercise [25]. The results
indicated that participants did not have a difference in
performance when participating in the simple exercise compared
with very skilled complex exercises. In another study, contrary
to our results, an acute single-bout study comparing the effects
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of standard normal exercise with EXG on attention performance
in young adults found no significant improvement with EXG
[7]. The results of this previous study suggest that, after 20 min
of unskilled WiiFit training, the brain requires further
information processing capabilities, which may be the source
of control requirements and pressure increases, offsetting the
potential benefits of the exercise component. However,
compared with the WiiFit system, EXG with Exerheart involves
running-based aerobic exercise on an air cushion board with
game-based contents, such as adventures, racing, and quizzes,
which continue to arouse the user’s interest in exercise. So, with
Exerheart, an individual is running constantly with changing
visual stimuli; these repeated effects simultaneously increase
physical activity and cognitive function via an interactive virtual
reality engagement [20]. Therefore, through EXG and TE, the
RT of Stroop task conditions of MetS patients could be
shortened, which would promote basic information processing
and the executive function of suppression control.

In this study, the congruent and incongruent P300 amplitudes
were increased after 12 weeks of both EXG and TE training,
with no difference seen between the 2 groups. These results
indicate that both EXG and normal exercise improve
memory-related neural processing, but the beneficial effects of
EXG are more significant than normal exercise. In other words,
participation in exercise, regardless of the exercise modality,
induces an increase in working memory in executive function.
However, our previous study showed that P300 amplitude
increased during a control task following futsal relative to seated
rest or TE, indicating that complex control of the brain
stimulates the executive control network of the cortex [25]. It
was found that as one’s age increases, the P300 amplitude in
the central (Cz) region decreases and the scalp distribution of
the P300 amplitude is transferred to the frontal region [26].
Pontifex et al [27] examined P300 components and found that
older adults with high cardiorespiratory fitness only exhibited
greater P300 amplitudes, whereas Tsai et al [28] revealed that
different exercise types have greater P300 amplitudes for older
individuals. However, as they pointed out, regardless of the
type of older people participating in sports, physical exercise
is a lifestyle factor that is crucial to preventing age-related
biological degeneration in the frontal-to-parietal areas, thus
delaying the cognitive declines associated with later life.
Considering that EXG is a kind of aerobic exercise, it stands to
reason that EXG could improve not only cardiovascular health
but also cognitive plasticity, thereby improving categorization
of the incoming information and updating the context of working
memory in MetS patients.

We found that neither EXG nor TE training affected the
incongruent N200 amplitude. However, the consistent N200
amplitude was increased by EXG training. These findings
suggest that, although neither EXG nor normal exercise affected
incongruent selective attention, EXG improved congruent
selective attention, which suggested that EXG has a more
beneficial effect on congruent selective attention compared with
normal exercise. The results of many studies on the relationship
between exercise and the N200 amplitude indicate that exercise
has no significant effect on the N200 amplitude [28,29]. Pontifex

et al showed that general decreases in N200 amplitudes across
scalp sites were observed during exercise relative to rest [29].
The N200 component plays a key role in the anterior cingulate
cortex (ACC), which is part of the potential prefrontal cortex
and regulates dopaminergic neurons in cognitive functions, such
as working memory, attention, and decision making [30-32].
Therefore, the reduction of N200 amplitude caused by normal
aerobic exercise severely limits ACC activity [29]. In light of
our N200 amplitude findings, these results suggest that EXG
better regulates the activity of ACC in the prefrontal cortex than
does aerobic exercise, thereby effectively increasing consistent
selective attention.

Recent studies suggest that combining motor and cognitive
demands during exercising can improve cognitive function more
so than training these domains separately [17,33]. In addition,
cognitive video game training can have beneficial effects on
memory, attention, and RT in older adults [34,35]. In previous
studies, when participants consistently performed exercises in
a virtual environment, an increase in the N200 amplitude
positively promoted decision making (frontal and central) and
visual perception (occipital) [36]. Therefore, EXG positively
promotes visual perceptual stimulation in the virtual
environment to enhance the selective attention activity
associated with the cerebral cortex, thereby strongly promoting
executive function. Exercise and video games can each improve
brain structure and function [37-40]; thus, their combination
can have a complementary effect on brain stimulation and
protection.

Our study provides evidence that EXG improves RT and
incongruent memory-related neural processing in MetS patients
as much as normal aerobic exercise does. In addition, EXG
improves congruent selective attention, which was not changed
by normal aerobic exercise. Therefore, EXG could provide an
innovative way to enjoy aerobic exercise compared with
repetitive, conventional exercises.

Limitations
Although this study found significant results, there were some
limitations: (1) The sample size in this study was relatively
small (2) The age range was relatively large at 50 to 80 years.
Considering that, with age, response time and brain activity
become slower, we cannot rule out the possibility that age will
affect the performance of executive function. However, the
mean age was similar in both groups, so this possibility might
be low in this study; (3) Finally, the intensity of Exerheart use
while playing the Alchemist's Treasure game was unable to be
controlled in a standard fashion.

Conclusions
The results of this study suggest that EXG enhances brain
responses to concentration and judgment, resulting in increased
behavioral response among MetS patients comparable with the
impact of normal aerobic exercise. Furthermore, the unique
advantage of EXG is that it improves selective attention among
cognitive functions, unlike normal aerobic exercise. Therefore,
EXG could be recommended to some patients who need to
improve executive function as well as physical fitness.
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Abstract

Background: In recent years, many studies have associated sedentary behavior in front of screens with health problems in
infants, children, and adolescents. Yet options for exergaming—playing video games that require rigorous physical exercise—seem
to fall short of the physical activity levels recommended by the World Health Organization.

Objective: The purpose of this study was to investigate the effect of a fully immersive virtual reality (VR)-based training system
on cardiovascular and muscular parameters of young adults.

Methods: A cross-sectional experiment design was used to analyze muscle activity (surface electromyography), heart rate,
perceived exertion (RPE), cybersickness symptoms, perceived workload, and physical activity enjoyment (PACES) in 33
participants performing two 5-minute flights on a new training device.

Results: Participants’ performance of the planking position required to play the game resulted in moderate aerobic intensity
(108 [SD 18.69] bpm). Due to the mainly isometric contraction of the dorsal muscle chain (with a mean activation between 20.6%
[SD 10.57] and 26.7% [SD 17.39] maximum voluntary isometric contraction), participants described the exercise as a moderate
to vigorous activity (RPE 14.6 [SD 1.82]). The majority reported that they enjoyed the exercise (PACES 3.74 [SD 0.16]). However,
six participants had to drop out because of cybersickness symptoms and two because of muscle pain due to prior injuries.

Conclusions: Our findings suggest that fully immersive VR training systems can contribute to muscle-strengthening activities
for healthy users. However, the dropout rate highlights the need for technological improvements in both software and hardware.
In prevention and therapy, movement quality is a fundamental part of providing effective resistance training that benefits health.
Exergaming on a regular basis has the potential to develop strong muscles and a healthy back. It is essential that future VR-based
training systems take into account the recommendations of sport and exercise science.

(JMIR Serious Games 2019;7(3):e12324)   doi:10.2196/12324

KEYWORDS

exergaming; gamification; Immersive virtual reality; exercise; cybersickness; flight simulation

Introduction

Background
There is a growing body of evidence suggesting that a high level
of sedentary behavior can harm human health [1-5]. Despite
the advantages that come with access to information and rapid

communication, sitting in front of screens for hours at a time
has been associated with health and psychological problems in
infants, children, and adolescents [6]. Screen time and total
sitting time have been the most studied exposure variables in
epidemiological research [7]. Of these, television viewing has
been proposed to be the most deleterious [8-11]. Recently, this
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field of interest has expanded to examine the impact of computer
and video game time on health [12].

The World Health Organization (WHO) has identified the
appearance of negative symptoms due to excessive digital
gaming as a disorder. Sedentary behavior spent in front of
screens has been reported to increase the risk of obesity,
high-density lipoprotein dysfunction, and high blood pressure,
which are also major risk factors for cardiovascular morbidity
[13-15]. Adolescent boys who spend a great deal of time playing
video games have been found to have lower bone mineral
densities than average [16,17]. Sedentary behavior spent in front
of screens is a primary contributor to decreasing physical activity
among youths [18-20]. The promotion of exergaming seems to
be a promising way to counteract this trend and its negative
effects.

Exergaming
The portmanteau word exergaming combines exercise and
gaming [21]. The term exergame has many definitions, reflecting
the diverse approaches undertaken by various research
communities during the past 20 years. Health researchers have
introduced several terms similar to exergaming in describing
the promotion of physical activity or interactivity during video
gaming: physical gaming, exertainment, active video games,
and active video training [21]. Bogost [22] refers to exergaming
as “the combination of exercise and video games,”—the term
video gaming is defined as “the process of gaming in any digital
device” [22], but the term exercise allows for a variety of
interpretations.

Exercise can refer to the process of becoming more skilled in
a set of actions, without necessarily specifying the degree of
body movement involved [23]. In this respect, exergaming can
refer to the process of training reaction times in a solely
sedentary setting, provided that it is planned and structured.
Professional players of multiplayer online battle arena games
optimize, train, and exercise their eye-hand coordination skills.

Exercise can also describe physical activity involving body
movements that do not promote physiological adaptation
mechanisms or increase a particular skill level [23]. For instance,
Pokémon Go promotes body movement by forcing users to
change their physical location. Positive beneficial health
behaviors such as a higher level of physical activity, more
socialization, and better mood have been associated with
Pokémon Go [24].

Using the term exercise interchangeably with physical activity
or even physical fitness can, therefore, be misleading when
referring to exergaming systems. The proposed definition by
Oh and Yang [21] describes exergaming as “playing exergames
or any video games that require physical exertion or movements
that are more than sedentary activities and also include strength,
balance, and flexibility activities.” Immersive virtual reality
(VR)-based exergaming systems such as VR Boxing and Fastest
Fist try to bridge the gap between plain body movements and
the planned, structured, and repetitive elements of a training
session.

Physical exercise includes an effective stimulation of the muscle
adaptation mechanism. WHO recommends that adults between

the ages of 18 and 64 years should do at least 150 minutes of
moderate-intensity aerobic physical activity throughout the
week, at least 75 minutes of vigorous-intensity aerobic physical
activity throughout the week, or an equivalent combination of
moderate- and vigorous-intensity activity. Muscle-strengthening
activities should be done for major muscle groups on two or
more days per week [25].

Different muscle contraction types can produce different gains
in muscle strength and power [26]. The most common
contraction types in everyday life are static isometric
contractions (holding an object against gravity) and eccentric
and concentric contractions, which in combination produce a
dynamic motion (such as lifting and lowering an object). The
technical capabilities of VR-based motion capture systems can
motivate the performance of isometric contractions, for example,
by getting users to execute a perfect plank, an exercise known
mostly for its ability to improve balance and strengthen core
muscles.

Plank Exercise
In 2009, lower back pain ranked third among the most common
syndromes and illnesses [27]. Core strength training is the most
effective way to help alleviate the symptoms of chronic lower
back pain [28]. In the exercise known as the plank, the body is
fully stretched with its weight supported entirely by the tips of
the toes and the forearms. This primarily activates the core
muscles (musculus erector spinae and m. rectus abdominis)
together with the deltoids. Varieties of this strengthening
exercise have been introduced with and without the use of
external devices [29-31].

Study Objectives
To the best of our knowledge, this is the first qualitative study
to examine the muscular training potential of an immersive
VR-based full-body exergaming system. The study also analyzed
the impact of exergaming on the cardiovascular system and its
potential to provide effective endurance training. Understanding
its impact on participants’ perceived levels of motion sickness,
cognitive load, and overall enjoyment could provide insight
into the potential and utility of similar approaches.

Methods

Participants
Thirty-three participants (mean age 23.90 [SD 4.58] years) were
recruited via social media platforms, email chains, and flyers.
The study protocol was approved by the ethics committee of
the German Sport University Cologne. Most of the participants
were students at the German Sport University Cologne. Data
collection occurred between June and August 2017. Participant
requirements were defined to ensure that factors such as sex,
age, and physical condition would not bias the data:

• Male participants aged younger than 30 years: due to
hormonal changes, women tend to be more susceptible to
motion sickness than men [32].

• Athletic body: body mass index correlates with body fat
percentage, which can influence the signal quality of surface
electromyography (sEMG). To get a valid sEMG signal,
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participants had to have a BMI <25 kg/m2, indicating a low
body fat percentage.

• Height between 170 and 190 cm: the Icaros device (Figure
1) permits configuration of the distance between the foot
holder and arm rest. This distance influences muscle
activation of the abdominal and back areas. Therefore, a

standardized configuration of the upper torso-to-arm and
upper-to-lower-body angle was selected. In addition, the
body’s center of gravity had to be in line with the device’s
zero balance point. Based on these requirements, the
device’s properties allowed a standardized configuration
for body heights between 170 and 190 cm.

Figure 1. (A) Torso-arm angle measurement using protractor, (B) Icaros device, (C) participant being familiarized with the device, (D) upper-to-lower
limb angle measurement using protractor.

Instrumentation
The experiment protocol required a variety of different systems
to be used simultaneously and synchronized for data analysis.

Icaros System
The Icaros VR fitness machine and flight simulator (Icaros
GmbH) consists of a device and an attached gyro sensor (Figure
1). The gyro sensor connects via Bluetooth with a smartphone
and provides angular velocity data. Body position changes on
the sagittal and longitudinal axes of the device are independent
of the visual stimuli, allowing a deeper immersion in the VR
world through a combination of visual, acoustic, and
proprioception sensors.

The device can be rotated around the pivot point with a range
of motion between –35° and 35° for roll and –45° to 45° for
pitch on the vertical and sagittal axes, respectively.

Head-Mounted Device
The VR system employed the Gear VR headset version
SM-R322 (Samsung Electronics) and gamepad for setting
in-game options. The Icaros software was installed on a Galaxy
S6 (Samsung Electronics) smartphone running Android 6.01.
The integrated smartphone accelerometer and gyroscope paired
with the head-mounted display allowed users to interact with
the visual stimuli in virtual reality while maintaining their body
position on the Icaros.

Heart Rate Monitor
Participant heart rates were measured continuously using the
RS800 heart rate monitor (Polar Electro).

Muscle Activity
Muscle activity was measured based on sEMG using the
TeleMyo 2400T G2 (Noraxon USA).
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Questionnaires
The study employed questionnaires measuring
sociodemographic and anthropometric data. The Simulator
Sickness Questionnaire (SSQ) was used to assess perceived
motion sickness and cybersickness symptoms during the flights.
Enjoyment of the flight sessions was measured using the
Physical Activity Enjoyment Scale (PACES). Results are based
on the mean average of the 16-item modified version of the
questionnaire ranging from a scale of 1 (strongly disagree) to
5 (strongly agree). A high score indicates a high level of physical
activity enjoyment [33]. The Borg scale [34] was used to
measure the rate of perceived exertion (RPE). This scale has a
high degree of validity for endurance training and physical
activity [35,36]. The perceived mental, physical, and emotional
demands on participants during the VR experience were assessed
using the NASA Task Load Index (NASA-TLX) questionnaire
[37]. Five of the six dimensions (frustration, effort, mental
demand, physical demand, and temporal demand) ranged from
0 (low) to 100 (high). The performance dimension ranged from
0 (good) to 100 (bad).

Experimental Protocol
All participants were informed about the aim of the study and
provided with a written description of the procedure. Participants
completed questionnaires collecting sociodemographic and
anthropometric data (Table 1). The heart rate monitor system
was then configured and participants performed the deep
breathing technique [38] for measuring their resting heart rates
while seated.

For each test, participant’s height was measured, and the
distance between the Icaros arm and foot holders was configured
to align the body’s center of gravity with the pitch axis’ zero
degree point. The upper-to-lower limb and torso-to-arm angle
were configured to 135° and 90°, respectively (seen in Figure
1A and D).

In a 5-minute familiarization session, participants were
introduced to the VR in-game tasks. Afterward, eight electrodes
were positioned on the recommended sensor locations for the
m. erector spinae (neck extensors), m. deltoideus pars
clavicularis, m. rectus abdominus, and m. erector spinae (lumbar
region) as per the Surface EMG for Noninvasive Assessment
of Muscles guidelines [39] (Figure 2). Participants were then
asked to perform a maximum voluntary isometric contraction
(MVIC) for each muscle [40]. Participants completed two
consecutive flight sessions, approximately five minutes each,
with an interim pause of 15 minutes. The goal of the game was
for the participants to navigate their virtualized plane in a
first-person view through all 63 rings. Computer software
allowed the researchers to see the participant field of view
(Figure 3). The speed of the vehicle and the horizon view were
standardized to ensure maximal consistency in flight path, speed,
and trajectory. During both sessions, muscle activity, heart rate,
and device movements were continuously captured. Exertion
levels were determined after each successful flight using the
RPE scale. After the second flight, participants completed
postsession questionnaires (SSQ, NASA-TLX, and PACES).

Table 1. Sociodemographic and anthropometric characteristics of study participants.

Motion sickness dropouts (n=6), mean (SD)Finishers (n=25), mean (SD)Variable

25.00 (1.90)24.16 (4.82)Age in years

1.88 (0.08)1.80 (0.63)Height (meters)

83.00 (6.10)77.50 (8.49)Weight (kg)

23.36 (1.18)23.80 (2.03)Body mass index (kg/m2)
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Figure 2. Positioning of electromyography electrodes, hardware, and software.

Figure 3. In-game screenshot of the participant field of view.

Outcome Measurements
The captured sEMG signal was smoothed using the root mean
square algorithm, and the time interval was set to 300
milliseconds [41]. Afterward, the amplitude of the signal was
normalized to the MVIC stack of the participant.

For the purposes of data analysis, a MATLAB script was
programmed to provide a time sync of the Icaros device position
along with the corresponding muscle activation and heart rate.

Statistical Analysis
The captured data were exported from the MATLAB
environment and statistically analyzed (SPSS Statistics 23, IBM
Corp).

Power
Power analysis indicated that for an estimated effect size of 0.6
with 80% power and 5% type I error, 25 participants were
needed. Flight sessions that had to stop due to muscle pain or
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cybersickness symptoms were excluded from all data analysis
except the SSQ score.

Results

Overview
Six participants had to stop the experiment due to signs of
nausea or discomfort indicative of motion sickness. Another
two participants stopped the VR flights because of muscle pain

due to prior injuries. Post hoc analysis was computed based on
a 5% type I error and a total of 25 participants.

Muscle Activity During Flight Sessions
A paired sample mean t test resulted in significant differences
between the two flights for the sEMG signal captured on the m.
erector spinae muscles (neck extensors) of the participants
(Figure 4). During the first flight, participants had significantly
higher muscle activity (mean 24.21 [SD 11.47]) relative to the
second flight (mean 20.60 [SD 10.57]), with t24=2.219, P=.04,
and d=0.33. Achieved power was 35%.

Figure 4. Average muscle activation during the two consecutive flights.

Heart Rate and Rate of Perceived Exertion During
Flight Sessions
There were significant differences between resting heart rate
and heart rate during the flights (Figure 5).

The one-way analysis of variance with repeated measures and
a Greenhouse Geisser correction showed significant differences
in the three heart rate measurements F1.56,37.55=161.29, P<.001,
and η ²=0.87. A Bonferroni post hoc test indicated significant
differences between the resting heart rate and the heart rate

during flight 1 (P<.001, d=0.87; –48.18, 95% CI –56.51 to
–39.86) and during flight 2 (P<.001, d=0.83; –41.07, 95% CI
–49.51 to –32.64).

Average heart rate during flight 1 was significantly higher
(P=.005, d=0.37; –7.11, 95% CI 1.98 to –12.23) than during
flight 2.

Results from the paired sample t test showed no significant
differences between participant RPE scores at the end of the
first flight (mean 14.64 [SD 1.82]) and the second flight (mean
14.48 [SD 2.37]). Achieved power was 98%.
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Figure 5. Heart rate and rate of perceived exertion during the two flights.

Movements During Flight Sessions
Participants were able to steer pitch and roll by changing their
body’s center of gravity. A paired t test showed that the average
upward movements (Figure 6) on the pitch axis during flight 1
(mean 8.04° [SD 1.69]) were significantly larger, with
t24=–2.370, P=.03, and d=0.51, than those during flight 2 (mean
7.33° [SD 1.02]). Achieved power was 69%.

Downward pitch movements also showed a significant
difference, with t24=3.013, P=.06, and d=0.57 between flight 1

(mean 7.73° [SD 1.87]) and flight 2 (mean 6.85° [SD 1.09]).
Achieved power was 78%.

The average degrees of roll were similar in both directions.
Rolling left showed a significant difference, with t24=3.103,
P=.05, and d=0.48 between flight 1 (mean 5.76° [SD 2.70]) and
flight 2 (mean 4.63° [SD 1.98]). Achieved power was 63%.

Rolling right also showed significantly higher average degrees
for flight 1 (mean 5.75° [SD 2.62]) than for flight 2 (mean 4.7°
[SD 1.86]), with t24=–2.714, P=.012, and d=0.46. Achieved
power was 60%.
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Figure 6. Heat plot of the Icaros device’s movements for both flights. Symbols depict the average positions throughout the flights on each axis.

Questionnaires
Postsession questionnaires included the SSQ, NASA-TLX, and
PACES. Table 2 illustrates the average values of the calculated
dimensions and scores.

Levene test indicated unequal variances for all but the nausea
score. Therefore, the degrees of freedom were adjusted from
29 to 5.26 for oculomotor, from 29 to 5.31 for disorientation,
and from 29 to 5.35 for the total score. Due to the different
sample sizes, a weighted effect size based on Hedges’G formula
replaced the Cohen d effect size.

The independent t test indicated a significantly higher score on
all four SSQ subcategories. Participants who stopped the

experiment due to motion sickness symptoms showed
significantly higher oculomotor, disorientation, nausea, and
total score values than the finishers (Table 2).

Participants found the sessions to be very physically demanding
and exerted much effort when completing the session task. The
task was not perceived as mentally demanding; its pace was not
perceived as hurried or rushed (temporal demand). Participants
felt like they achieved very good results (performance) and
didn’t feel particularly insecure, discouraged, irritated, stressed,
or annoyed (frustration). Despite the high physical demand
scores and the moderate to vigorous RPE scores, participants
rated the flights as highly enjoyable (PACES score 3.74 [SD
0.16]).
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Table 2. Postsession questionnaire scores by dimension.

Effect size gSignificance P valueMotion sickness dropoutsFinishersQuestionnaire and dimension

    SSQa

2.62.0287.17 (48.11)22.44 (15.85)Oculomotor 

2.80.01146.16 (82.93)23.39 (29.72)Disorientation 

3.24<.001124.02 (34.66)27.86 (27.52)Nausea 

3.35.006130.90 (56.67)28.27 (21.51)Total score 

NASA-TLXb

———c45.04 (24.61)Mental demand 

———76.76 (15.73)Physical demand 

———43.04 (18.73)Temporal demand 

———74.88 (16.84)Performance 

———74.52 (10.98)Effort 

———33.24 (24.78)Frustration 

———3.74 (0.16)PACESd

aSSQ: Simulator Sickness Questionnaire.
bNASA-TLX: NASA Task load Index.
cNot available.
dPACES: Physical Activity Enjoyment Scale.

Discussion

Principal Findings

Muscle Activity
For isometric contractions, there is a good correlation between
muscle activity and generated force [42]. The electrical signal
measured on muscles is proportional to the muscle force,
although there is debate about the linearity of this relationship
[43]. Generally, though, MVIC reflects maximal muscle force.
The MVIC normalized muscle activity signal can thus be used
as a control mechanism on the effectiveness of muscle
strengthening exercises. Depending on the generated muscle
force, the effects can vary between mobilization and strength
improvement with muscle growth [44].

Muscle activity during flights indicates the effects on muscle
blood flow stimulation for all muscle groups. Kibler [45] notes
that a minimum of 30% MVIC is required for effective strength
endurance training; percentages below 30% provide mere muscle
mobilization. In both flights, muscle activity for all assessed
muscles ranged between 11% and 26% MVIC.

Dorsal muscle chain activity (neck extensors and lumbar region
of m. erector spinae) shows higher levels of activation, with
values reaching or crossing the 30% threshold in some cases.
Dorsal muscle chain exercises (eg, stabilization exercise) could
assist in alleviating low back pain in the lumbosacral area [28].

Participants position on the Icaros device resembles the
well-established plank exercise. The only difference is the
device’s shin holders, which provide additional support for users
(Figure 1). This explains the rather low activation of the m.
rectus abdominus and m. deltoideus pars clavicularis during

both flights (Figure 4). Other studies reported EMG values of
44% to 65% on the rectus abdominus during the performance
of plank exercises with unstable devices (such as the Swiss Ball)
[29,46].

To achieve the most immersive experience, the virtual horizon
was adjusted to a 45° angle, which required the participants to
tilt their heads back. This position requires an almost constant
isometric muscle contraction of the neck extensors. The neck
extensors’ average muscle activation was relatively high
compared with that of the m. rectus abdominus, the m.
deltoideuspars clavicularis, and the m. erector spinae (lumbar
region). In part, the high muscle activation was due to the extra
weight (approx. 300 grams) of the head-mounted display. During
flight 1, participants’ average muscle activity of the neck
extensors was significantly higher than flight 2 (P=.04). Because
of increased familiarization with the VR in-game elements,
participants undertook fewer head movements during the second
flight, which significantly lowered neck extensor muscle
activation. The second flight did not show any other significant
differences regarding muscle activity.

The similarity between the average muscle activations seems
to indicate the potential reliability of the Icaros VR system.
Being able to reproduce the physiological muscle activation in
a consecutive flight suggests that familiarization effects do not
reduce muscle activity straight away. Nevertheless, the
long-term outcome of repetitive flights cannot be assessed based
on this study’s design. The sample size consisted mainly of fit,
young sport students whose athleticism distinguishes them from
the general public.

Since the second flight was the same as the first one in terms
of the virtualized in-game world and properties (eg, flying
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speed), differences between the two flights are attributable solely
to participants’ movements.

The heat plot in Figure 6 shows the differences in the range of
motion between the first and second flights. Standardizing the
body balance point for all participants ensured that body height
and weight would not bias muscle activity or device movements.

During the first flight, participants rolled by an average of 5.76°
to the left and 5.75° to the right. Pitch movements reached 8.04°
downward and 7.73° upward. Flight 2 resulted in a significantly
smaller range of motion across all four directions, with effect
size varying between 0.46 and 0.57. The smaller range of motion
during the second flight can be attributed to familiarization with
the in-game elements and device properties during the first
flight.

Improved intermuscular coordination from reintroducing and
sustaining body balance on the device after pitch and roll
movements could also explain the significantly smaller range
of motion. Interestingly, the significantly smaller range of
motion did not correspond to significantly lower muscle
activation during the second flight (see Figure 5). The measured
muscle activation seems to be necessary for maintaining the
plank position and coping with in-game goals. Compared with
other exergaming systems, this represents a step forward. In
some other fitness games, for instance, intended exercises can
be avoided by simply shaking the remote controller quickly up
and down.

Due to the mostly static position of the participants on the
device, the effects on their cardiovascular system were expected
to be low. Their resting heart rate (60.04 [SD 7.90] bpm) was
significantly lower than their heart rate during the first (108.22
[SD 18.72] bpm) and the second (101.12 [SD 19.53] bpm)
flights. Despite the significant differences between the two, the
effect size was small to medium (d=0.37). The heart rate stayed
within a lower aerobic intensity level, and the changes did not
reflect a reduction in the intensity zone [47]. Because muscular
activity showed no significant differences for all muscles but
one, significant changes in heart rate should be attributed to
psychological factors rather than to physiological ones. In his
meta-analysis, Howard [48] investigated how excitement could
potentially account as one factor for the success of VR
rehabilitation programs. Furthermore, Bun et al [49] observed
increased excitement during users’ first contact with VR
systems. Such an aroused psychological state could further
stimulate the sympathetic nervous system, increasing users’
heart rates.

Although heart rate alone is an insufficient metric for measuring
energy expenditure and physiological effect [50], the observed
heart rate values do seem to point to the positive effects of a
low-intensity aerobic training zone. However, it must be borne
in mind that the participants needed around 6 minutes per flight
session, during which they mostly remained in a static isometric
position that undercut the effects of aerobic cardiovascular
training.

For muscle strength endurance training, long periods of muscle
tension are connected with significantly higher myofibrillar
protein synthesis [51]. However, long sessions of isometric

exercises are also connected with high blood pressure levels,
which are a risk factor for people with undiagnosed
hypertension, heart disease, or other cardiovascular problems
[52,53]. Such hypertensive participants can develop increased
blood pressure and may need a longer period to recuperate than
healthy individuals [54].

The reported RPE values of 14.56 (SD 2.09) for both flights
indicate a moderate to vigorous activity level. The question of
whether the perceived intensity level is due to physical arousal
or due to cognitive workload can be further analyzed by looking
at the reported NASA-TLX values, in which mental demand is
lower than physical demand. Despite the perceived medium to
high exertion levels, the reported enjoyment (PACES) during
the VR sessions was high (3.74 [SD 0.18]), indicating that the
VR system was fun to use. The perceived exertion, task
workload, and enjoyment level are good indicators of a system’s
potential to provide a good combination of fun and physical
activity.

Motion Sickness and Cybersickness
Cybersickness can be described as a visually induced motion
sickness that is common in immersive VR sessions [55].
Although the SSQ was not explicitly developed for assessing
cybersickness, it is widely used in assessing the outcome of
experience with VR environments [56-58]. The 6 participants
with the strongest motion sickness symptoms had to stop the
experiment. After the symptoms faded, they completed the
accompanying questionnaire. They showed significantly higher
scores on the SSQ than participants who were able to finish the
flights (Table 2), with large effect sizes on all 4 subcategories.

The (forced) planking position on the Icaros was never before
applied in a fully immersive VR system. It introduces high
immersiveness by keeping the users on the transversal plane,
simulating the in-game flying position. Changing of the visual
stimuli as the device shifts on the axes is a unique feature of
the system. Flights with the Icaros system seem to lead to
relatively high SSQ scores in general [59]. Here, three properties
come into play: the technical elements of the head-mounted
display, the participants’ posture, and their postural sway.

The system used for our study does not represent the state of
the art for head-mounted display technology, which can be
found in devices such as Oculus Rift (Facebook Technologies
LLC) and Vive Pro (HTC Corporation). Screen flickering caused
by high latency and a low refresh rate (60 Hz) of systems like
ours has been associated with symptoms of motion sickness
[60,61]. Interestingly, it has been proposed that increased realism
and immersion through improved optic stimulus may exacerbate
motion sickness symptoms [55] as the internal focus is steered
toward the sensory mismatches between the visual and vestibular
systems.

Gallaghar et al [55] describes the vital role of the vestibular
system in causing motion sickness symptoms. The most
established cybersickness theories identify multisensory signal
conflicts caused mainly by visual and vestibular signal
mismatches as the root of motion sickness symptoms. On the
Icaros device, posture and movement affect visual stimuli and
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perceived self-motion, which should lead to fewer
visual-vestibular signal discrepancies.

Riccio and Stoffregen [62] propose that postural instability
causes motion sickness symptoms. Smart et al [63] point out
that postural sway could be related to higher perceived levels
of visually induced motion sickness. On the Icaros device, the
user’s body posture resembles the plank position but undergoes
fast changes on pitch and roll axes, which could explain the
perceived motion sickness. As users tried to maneuver through
the rings, unpredictable changes in the device’s direction may
have further influenced the perceived motion sickness [60].
Moreover, the vection produced by user head movements as
they aimed for the next virtual ring may have also contributed
to motion sickness [64,65].

Limitations and Strengths
There are some limitations that warrant discussion. First,
requirements regarding the physiological status of participants
and the low fat-to-body ratio were very strict. While these
requirements ensured high-quality and reliable EMG activation
signals, they also restricted the transferability of the results to
populations with different body compositions. Furthermore, the
exclusive use of male participants for a consistent perception
of cybersickness symptoms rendered the study unable to assess
the physiological and psychological outcomes on female
participants [32]. A third limitation was the assessment of
training level intensity based on heart rate alone. Training heart
rates can vary among individuals due to variances between
actual maximal heart rates and the ones resulting from age-based
formulas [50,66]. To eliminate the effects of these variances,
we recommend the use of additional tools such as spirometry
for future studies measuring physiological effort and energy
expenditure.

This paper tries to investigate the combination of a fully
immersive VR system with physical activity through a
sport-science–based approach. To the best of our knowledge,
this is the first qualitative study that examines the muscular
training potential of an immersive VR-based full-body
exergaming system.

We use established measuring procedures to identify muscular
activity in terms of muscle innervation and potential training
effects. Our approach points out future development steps of

similar VR exergaming systems, assisting developers to optimize
their efforts in promoting physical activity.

Conclusion
The Icaros flight session appears to provide little to no
cardiovascular benefit. Based on WHO guidelines for resistance
training, muscle activity during the sessions occasionally met
the lower threshold for effective muscle activation. The lower
back’s muscle activation corresponds to plank variations with
instability devices (eg, planks on exercise balls) [29].

By contrast, Icaros can provide improved muscle strength,
especially for the dorsal muscle chain. Differentiated muscle
activation can be achieved in virtualized worlds by, say,
requiring the user to spend more time in a pitch down position,
thereby shifting the body’s center of gravity on the pitch axis.
But achieving the 30 minutes of daily cardiovascular activity
recommended by the WHO requires dynamic instead of
isometric movements.

Performing a plank position without external control of one’s
body posture can result in hyperlordosis, an excessive extension
of the lumbar region. Added stress on the visual and vestibular
systems is associated with higher immersiveness but can lead
to proprioceptive signals receiving less attention by the user.
Spending time in flexed and awkward positions has been
associated with low back pain syndrome [67]. It is crucial,
therefore, that users’ movements do not amplify unwelcome
body positions, especially during shifts in the body’s center of
gravity.

Motivating the public to engage in physical activity is probably
one of the most important and difficult tasks of the health sector.
Gamification of physical exercise can help not only to motivate
physical activity but also to promote social contact and
interaction.

Future full-body and fully immersive concepts should focus on
increasing dynamic muscle activation while considering user
susceptibility to cybersickness and motion sickness. VR systems
can give the public a refreshing and enjoyable form of physical
activity.

In prevention and therapy, movement quality is a fundamental
component of effective resistance training to benefit health. It
is crucial, therefore, that future VR-based training systems
follow the recommendations of sport and exercise science.
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Abstract

Background: Mental disorders are notably prevalent in children with chronic illnesses, whereas a lack of access to psychological
support might lead to potential mental health problems or disruptions in treatment. Digitally delivered psychological interventions
have shown promising results as a supportive treatment measure for improving health outcomes during chronic illness.

Objective: This study aimed to evaluate the usability, acceptability, and feasibility of providing psychological and treatment
support in a clinical setting via a mobile game environment. In addition, the study aimed to evaluate the preliminary effectiveness
of the mobile health game.

Methods: Patients aged 7 to 14 years with less than a year from their diagnosis were eligible to participate in the study. In total,
15 patients were invited to participate by their doctor. A total of 9 patients (age range: 7-12 years; mean age 9.1 years) completed
the 60-day-long study in which the Triumf mobile health game was delivered as a digital intervention. In an engaging game
environment, patients were offered psychological and treatment support, cognitive challenges, and disease-specific information.
The fully digital intervention was followed by a qualitative interview conducted by a trained psychologist. The results of the
interview were analyzed in conjunction with patient specific in-game qualitative data. Ethical approval was obtained to conduct
the study.

Results: Patients positively perceived the game, resulting in high usability and acceptability evaluations. Participants unanimously
described the game as easy to use and engaging in terms of gamified activities, while also providing beneficial and trustworthy
information. Furthermore, the overall positive evaluation was emphasized by an observed tendency to carry on gaming post study
culmination (67%, 10/15). Psychological support and mini games were the most often used components of the game, simultaneously
the participants also highlighted the education module as one of the most preferred. On average, the patients sought and received
psychological support or education on 66.6 occasions during the 60-day intervention. Participants spent the most time collecting
items from the city environment (on average 15.6 days, SD 8.1), indicative of exploratory behavior, based on the quantitative
in-game collected data. During the intervention period, we observed a statistically significant decrease in general health problems
(P=.003) and saw a trend toward a decrease in depression and anxiety symptoms.

Conclusions: This study demonstrated that a game environment could be a promising medium for delivering comprehensive
supportive care to pediatric patients with cancer alongside standard treatment, with potential application across a variety of chronic
conditions. Importantly, the results indicate that the study protocol was feasible with modifications to randomized controlled
trials, and the game could be considered applicable in a clinical context. By giving an empirical evaluation of delivering
psychological support via the game environment, our work stands to inform future mobile health interventions.
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Introduction

Background
The prevalence of chronic illnesses in children is on the rise,
with up to a quarter of children in the general population having
at least 1 chronic illness [1], including pediatric cancer. The
situation is further complicated as up to 60% of chronically ill
children have at least 1 co-occurring mental disorder [2],
compared with the 10% to 20% prevalence in the general
population [3,4]. Indeed, it has been well established that chronic
illnesses predispose children for higher risk of developing
mental disorders such as anxiety, depression, and behavioral
problems [2,5].

Psychological support, although generally seen as an integral
part of comprehensive and effective care [6,7], has not yet been
unified across hospitals [8], leading to large differences in access
to psychological care across regions. Differences in the
availability and quality of psychological support increase the
likelihood of leaving psychological problems unattended, which
in turn may have long-term negative health effects and interfere
with the treatment process of the underlying chronic illness [9].
Furthermore, untreated psychological problems may affect
treatment compliance in the pediatric care setting [10,11] and
may carry on into adulthood [12]. This attests to the need for
the further understanding of psychological problems
co-occurring with chronic illnesses, both at the level of risk
factors and disease development but also in the search for
effective novel intervention strategies. Timely and accessible
evidence-based psychological support in the pediatric care
setting might be a crucial factor in achieving desirable treatment
outcomes.

The factors leading to mental burden among chronically ill
patients are largely universal across different conditions,
encompassing, for example, changes in daily routines, stressful
states related to treatment procedures, and psychological
uncertainty [2,13]. Relatedly, psychological problems are
comparable between general and chronically ill populations,
involving mostly symptoms associated with anxiety, depression,
and behavioral problems [2,5,14]. Hence, various traditional
intervention strategies aimed at reducing mental burden (eg,
psychoeducational programs, solution-focused brief therapy,
cognitive behavioral therapy [CBT], and mindfulness-based
interventions) have been used interchangeably between
chronically ill patients and patients without chronic illness
[4,11,15-18].

In addition to traditional interventions, digital tools have been
shown to be a promising avenue in delivering psychological
support to patients. Currently, there are only a few mobile health
(mHealth) apps for children with cancer that are publicly
available, including: Pain Squad for pain management [19];
Re-Mission2 for patient empowerment [20]; and Super K where
kids can fight cancer cells according to the game description

[21]. However, these solutions have not integrated psychological
care for patients and are primarily used for pain monitoring or
empowering.

Rathbone et al [22] reviewed mHealth apps that used CBT
principles for several psychological conditions and concluded
that although apps can be effective tools in a health setting, the
need for further studies that evaluate the effectiveness of various
mHealth solutions is imminent [23]. Similarly, another recent
review brought out the mental health app efficacy evaluation
as a concern, showing that 38% of app store descriptions
included phrases related to claims of effectiveness, whereas
only less than 3% provided scientific evidence for such
declarations [24]. Furthermore, previous findings also highlight
the need to improve user engagement [25]. As an example of
user engagement, the gamified version of smartCAT solution
was found to be more effective than the nongamified version
in delivering brief CBT treatment [26], therefore suggesting
that gamification could be effective in achieving desired
mHealth platform effectiveness targets. If the solution is
effective, it can facilitate desired behavior changes [27] and
ultimately lead to improved health outcomes.

Against this background, this study aims to assess the usability,
acceptability, and feasibility of a gamified mHealth intervention,
Triumf, both as a whole and by its individual constituent
components. Furthermore, this paper explores the preliminary
effectiveness findings of the mHealth game, Triumf, whereas
further analysis with a pretest-posttest design and without
randomization of the participants is published as a master thesis
[28].

Mobile Health Game, Triumf
A newly developed digital health intervention, called Triumf,
aims to reduce the negative psychological changes associated
with chronic illness through an mHealth game. For clarity
purposes, intervention or (mobile) game will also be used
interchangeably to refer to the Triumf digital health intervention
from hereon in. Importantly, the game has been designed in
cooperation with pediatric patients with cancer, their parents,
and care teams to determine illness-related burdening factors
to develop a solution with maximum relevance to patients.
Creating a game environment in collaboration with the key
stakeholders has allowed building an intervention that
approaches children in a way that is familiar to them. In addition,
patients may be more empowered to comply with treatment if
the intervention is delivered in a way that approaches the
treatment process from a new angle [29]. By delivering care
through a safe and familiar game environment, it is possible to
fill in the gap between attractiveness and effectiveness, a
common challenge in digital health solutions. Furthermore, as
children in general are increasingly using their mobile devices
for day-to day socializing and free-time activities, a new and
still unused avenue for interacting, supporting, and educating
pediatric care patients has been opened.
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Together with the cooperative input from the partners and
previous research literature, the intervention has been designed
to serve as a basis to deliver effective psychological support
that is universally applicable across different chronic illnesses,
while maintaining the platform-level flexibility to consider
disease- and region-specific differences. Thus, the overall
gameplay, mechanics, and setup of the game and its principles
are also applicable to other chronic illnesses, such as diabetes
and asthma. The aim of the intervention was to offer patients
psychological support and information about their health
condition and emotions that would (1) help children to better
understand their new health condition, (2) offer children external
support to promote internal motivation to better cope with the
illness, (3) offer children cognitive challenge and distraction,
but also activity-based learning of healthy behaviors, (4) profile
and screen the psychological well-being of children and offer
psychoeducation and coping techniques accordingly, and thereby
(5) support the formation of better self-understanding and
constructive health behaviors, such as physical activity and diet.
In short, through the continuous screening and support of various
aspects, the intervention seeks to identify, prevent, and lessen
the potential psychological problems and support behavioral
change.

Triumf intervention covers various aspects of comprehensive
care, and the game user experience is personalized and dynamic.
The game learns and adapts with the user and offers individual
and targeted experience. The intervention follows a
predetermined structure in onboarding where the players are
guided through the game narrative. Further gameplay, that is,
accessing the educational module, entertainment games, and
other elements of the intervention, is determined by the in-game
choices made by the player. Furthermore, provision of
psychological support is dynamically dependent on the
individual emotional state of the patient.

Main Theoretical Background of the Game
An inferior understanding of emotions has been found to be a
risk factor for developing psychopathology [30] and poor coping
or adaptation to illness [13]. Furthermore, future health of the

chronically ill individuals is related to general health behaviors.
Thus, a shift toward healthier behaviors is crucial [31]. The
interactive gamified setting in the Triumf intervention puts
theories of emotions [32,33], coping [13], behavior, and
behavior change [34] to practical use and presents as an
educational module of the game. The intervention also consists
of several mini games that include games related to the
application of the in-game learned information and cognitive
challenges, as well as entertainment games that offer cognitive
distraction. The emphasis of the game is on the
storyline—saving the Triumfland City by finding one’s inner
superpowers and taming the Disease Monster—to achieve player
engagement and connectedness, also bringing personal meaning
to the game [35].

In addition, the game combines the Self-Determination Theory
(SDT) and the Player Experience of Need Satisfaction model
[36] to increase autonomy and the player’s competency
experience in the game. SDT suggests that when the 3 core
needs, autonomy, competence, and relatedness, are satisfied,
they promote psychological health and intrinsic motivation [37].
It is argued that enhancing SDT needs in a game results in
motivation to play [36]. As described by Tark [28], the Triumf
intervention could enhance the following: (1) autonomy through
offering noncontrolling guidelines and flexibility in choosing
the flow of tasks and goals and by using in-game rewards as
feedback instead of behavior-controlling mechanisms [36]; (2)
competence through broadening knowledge about the illness
and the importance of treatment adherence by using rewards
and praise for successfully completed health-related actions and
by keeping the players optimally challenged (eg, the possibility
to choose the difficulty level in mini games) [36]; and (3)
relatedness by creating an environment the player can relate to
(eg, inclusion of illness-related but also regular child activities)
and play against the game (eg, interacting with and helping city
kids and playing tic-tac-toe against artificial intelligence). The
visual representation of the 3D game, Triumf, is presented in
Figure 1 and Multimedia Appendix 1, and individual modules
and their theoretical background are presented in Table 1.

Figure 1. Visual representation of the intervention, displaying a screenshot: (a) from the introduction to the game (storyline), (b) from customization,
and (c) from the obstacle course mini-game.
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Table 1. Overview of the intervention modules.

DescriptionRationaleModule

Screening module

Questions to form the player’s profile are prompted during the onboarding
of the game. After the onboarding, the question how one feels at the mo-
ment is prompted daily. Two or more questions per day about symptoms
of depression, anxiety, attention problems, and general health (well-being)
are prompted depending on the player’s profile. In addition, well-being
questions are accessible to the players throughout the game, ie, more than
2 questions per day can be answered by the player.

Profiles and screens to create preconditions
for support [38]

Mental state

SDTa questions about general attitude toward health, autonomy, compe-
tence, and relatedness are monitored once a week.

Offers more specific psychological targets
[36,39]

Motivation and atti-
tudes

Educational module

After the onboarding, educational module is accessible to the player
throughout the game. The topics are not presented in a predetermined order,
ie, they appear based on the choices made by the player. The educational
module presents each topic at 2 levels. First, the general introductory
overview of the topic at hand is presented to the player. After the comple-
tion of the introductory level, more challenging in-depth educational de-
scription about the topic is presented to the player. This is followed by
self-control questions that allow for the assessment and feedback about
the acquisition of new information.

Offers relevant information about the ill-
ness, treatment rationale, potential side ef-
fects, and hospital environment so that the
child could be motivated and an informed
participant in his or her treatment process
[39,40]

Support module

Symptoms of depression, anxiety, attention problems, and general health
questions all have 3 possible answers—sometimes, often, and
rarely—based on which psychoeducation, psychological techniques, or
praise is offered.

On the basis of the child's profile, the mod-
ule offers psychoeducation and coping
techniques [4,11,15-18,41]

Psychological support

Progressing in certain mini games requires applying information learned
in educational module, which supports the motivation to engage in healthy
behaviors and facilitates the consolidation of the acquired information.

Motivates children to learn and engage in
health-promoting behaviors through an ed-
ucational module and content-relevant mini
games (eg, a mini game that reminds the
child to keep oneself well hydrated) [27,34]

Health behavior change

Educational module includes information about 6 basic emotions, which
the player also has to recognize in city kids. The circumplex model helps
player to become better at identifying and relating to various emotional
states. To be more specific, circumplex model, based affective state-space,
gives the player a mental model to understand and relate to different spe-
cific emotional states, thus possibly facilitating cognitive top-town emo-
tional regulation.

Helps children learn about identifying and
regulating emotions [32,33,42,43]

Emotion regulation

Educational module information about one’s health situation and treatment
procedures helps to normalize the daily challenges, wherein the support
module offers ways how to cope with those challenges.

Helps children better understand their new
health situation [13]

Coping

Mini games module

The storyline is introduced to the player during the onboarding.Engages and fosters learning [35]Storyline

Mini games are always accessible to the player after the onboarding.Offers regular activities experience through
entertaining games (eg, football), as children
may be excluded from their social environ-
ment

Activities common
among children

Mini games are always accessible to the player after the onboarding.Offers distraction and challenges through
mini games such as puzzles, tic-tac-toe, and
memory game

Cognitive distraction
and cognitive challenge

aSDT: Self-Determination Theory.

Screening, Support, and Educational Module
The rationale of psychological support provided in the game is
based on continuous screening and monitoring of the player
(patient). Questions about symptoms of depression, anxiety,
attention, and general health are included in the game, wherein

the interval and number of questions is based on the player’s
profile. Questions addressing symptoms of depression, anxiety,
and attention problems are based on DSM-5 diagnostic criteria;
general health items include questions about hygiene, physical
health, healthy eating, and sleep. The profile is created during
the onboarding and is based on the answers given to 8 questions
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about emotional and attention state [32]. The player, based on
the profile, is then categorized in one of the following: in good
psychological functioning (minimum amount of screening and
psychological support), in need of psychological support for
emotional problems (more frequent screening and psychological
support), and in need of psychological support in more than one
area (more frequent screening and psychological support). All
support questions have 3 possible answers (sometimes, often,
and rarely) and after each answer, psychoeducation,
psychological coping techniques, or praise is offered. The
content of the psychological support constitutes the gamified
versions of established evidence-based therapeutic methods,
including mindfulness as well as CBT-based techniques,
relaxation methods, and breathing exercises—all of which are
commonly and successfully used in the context of chronic
illnesses [11,15,16,41].

In addition, questions about how one feels at the moment, how
one slept the previous night, and one’s motivation and attitude
toward health (SDT) are screened to complement the monitoring
of the players’ well-being. A circumplex model [42] is used to
probe the player’s emotional state by letting the player
interactively indicate his or her emotional state by making a
choice between specific emotional states that are situated in the
affective state-space circumplex created by the interaction of
core affect dimensions arousal (still-aroused) and valence
(happy-unhappy). Specific emotional states have been indicated
by the corresponding emoji figures (Figure 2). A question about

how one slept the previous night compared with the average is
prompted daily, as problems with sleep are common among
chronically ill patients with accompanying psychological
problems [33]. SDT questions about the general attitude toward
health, autonomy, competence, and relatedness (health care
climate; modified Treatment Self-Regulation Questionnaire
[34]) are asked once a week to learn more about the needs and
internalization of in-game learnt behaviors [39].

As one of the aims of the intervention is to induce behavioral
change, it is essential to educate patients to support better
coping, enhance resilience, and make informed decisions
regarding their health and well-being [35]. By following the
educational module, children learn about emotions, the illness
itself, the treatment and its side effects, the care team, and social
interactions with friends and family that may be affected by
long-term hospital stay. The module is organized by levels that
correspond to the Bloom taxonomy [40], which is often used
as an underlying theoretical basis in pedagogics. Level 1 sets
out to give information in a descriptive manner to facilitate
initial learning. Level 2 gives further details on these topics.
After reading the detailed material, several questions are asked
to facilitate an understanding of the topic. Higher stages of the
educational game include interactive modules to facilitate the
carryover of new information from the semantic level to real-life
related instrumental behaviors (ie, applying knowledge in
content-relevant mini games, eg, identifying emotions of the
citizens).

Figure 2. Presentation of specific emotional states in emotional state-space circumplex created by core affect dimensions valence and arousal: (a)
displays appearance of the prompted question, (b) displays all possible answers, whereas (c) and d) display the appearance of answers when moving
towards sectors of the circumplex.

Objectives of the Study
This study has 2 main objectives. First, to evaluate the usability,
acceptability, and potential preliminary effectiveness of the
intervention among pediatric cancer patients. Second, to assess

the feasibility of the study protocol of administering the
intervention without the randomization of patients.

Of note, the usability and acceptability assessments were
collected both at the level of the whole game and at the level
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of constituent components. Furthermore, the preliminary
assessment of possible beneficial effects on the well-being of
pediatric patients with cancer was carried out.

To fulfill the main study aims, the following analytical steps
were carried out: (1) assessment of the relations between
participants’ game behavior, medical treatment, self-reported
well-being, motivation and attitudes, sleep, and evaluations on
the intervention, (2) assessment of the perceived usefulness,
ease of use, and enjoyment of the intervention as a whole and
at component level, (3) general evaluation of cooperation and
process with hospitals, and (4) general evaluation of applicability
of the game in clinical context.

Methods

Participants
All pediatric patients with cancer aged between 7 and 14 years
with a new or recurrent diagnosis of cancer, diagnosed no more
than 1 year ago, were eligible to participate and were invited to

the study (Figure 3). Participants were recruited by their medical
doctors from Tallinn Children’s Hospital and Tartu University
Hospital within a 6-month period starting from June 2018. Of
the invited 15 children, 10 agreed (10/15, 67%) to participate
in the study, with 1 participant withdrawing during the
intervention owing to unfamiliarity with the game interface and
without willingness to familiarize oneself. Thus, 90% of
participants completed the study, and the sample used for
analysis consisted of 9 pediatric patients with cancer with the
average age of 9.1 years (SD 1.5; range 7-12), including 4 girls
(44%) and 7 with Estonian as their native language (77%).
Together with the withdrawn patient, 6 patients in total declined
or withdrew their participation, with a mean age of 10.5 years
(SD 2.4; range 7-14), 2 of them being girls (33%) and four
(67%) having Estonian as their native language. Patients had
various reasons for declining participation, where not being
interested in the study or in mobile games was reported most
frequently (4/6, 67%). However, the sample used for the final
analysis did not statistically differ from the patients who decided
not to participate or withdrew from the study (Table 2).

Figure 3. Participant flow diagram.
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Table 2. Sample characteristics.

P value of declined patients vs analytic sampleAnalytic samplePatients who declined participationVariable

Sex, n (%)

.674 (44)2 (33)Girls

.675 (56)4 (67)Boys

.189.1 (1.5)10.5 (2.4)Age (years), mean (SD)

Language, n (%)

.637 (78)4 (67)Estonian

.632 (22)2 (33)Russian

Diagnosis category, n (%)

N/A1 (11)N/AbCNSa tumor

N/A6 (67)N/ALeukemia

N/A2 (22)N/AOther

Treatment status, n (%)

N/A1 (11)N/ANewly diagnosed

N/A6 (67)N/AOn treatment

N/A2 (22)N/ARecurrent

aCNS: central nervous system.
bN/A: not applicable.

Each child and their parent gave written informed consent to
participate in the study. The Research Ethics Committee of the
University of Tartu (decision 283/T-32) approved the study
protocol. Recruiting and participation in the study processes
did not have deviations from the study protocol.

Procedure
The study protocol involved a predetermined 60-day intervention
period with a suggested 10 min of gameplay per day. The game
was available in both Estonian and Russian. Android-operating
smartphones were prepared and provided for the study period
by the research team, and all participants had the option to
continue the intervention following study completion using their
own Android devices. Updates to the game were provided every
other week to improve user engagement through new content.
Technical support and information about game updates were
offered to participants primarily via email.

Medical doctors recruited the patients to the study based on the
eligibility criteria. Subsequently, information about the treatment
and a health status for each participant were obtained from the
medical doctors. This information included a general evaluation
of the participant’s medical status during the study period,
diagnosis and time from the diagnosis, notification of medical
treatments that could affect mood, affect cognitive functions,
or cause fatigue, time spent at the hospital according to the
treatment plan, and outside planned treatment. Time from
diagnosis, treatment that could affect participant’s capabilities,
and total time spent at the hospital and at home were explored
in the analysis. There were no deviations from the initial study
protocol.

Assessment

In-Game Assessment
Game activity and self-reported well-being, sleep quality,
motivation, and attitudes were included in the analysis. The
average scores for symptoms of depression, anxiety, attention
problems, and general health across the study period were
obtained as well-being indicators to observe possible relations
with the SDT score (motivation and attitudes), game behavior,
medical treatment, and intervention evaluation (derived from
the qualitative interview). In addition, average scores in the
beginning (first week average) and in the end (last week
average) of the study period were compared to test the potential
preliminary effectiveness of the intervention, with lower scores
indicative of more problems.

Presentation of the sleep and SDT questions on a visual
red-green gradient scale (slider) was coded on a 7-point scale
such that higher scores indicate better than average sleep or
better general attitude toward health, perceived autonomy,
competence, and health care climate. A study period average
and the first and last week average sleep score and total score
of SDT (average of the questions answered) were calculated.

The progress in educational module was not included in the
analysis owing to technical limitations despite being accessible
to participants. The full play time from opening to closing of
the intervention was also not observed owing to technological
restrictions, and therefore, alternative variables indicating game
activity were included in the analysis. These included total time
spent in all mini games, total amount of collectables gathered
(indication of exploratory behavior), total amount of interactions
with citizens initiated (helping citizen maintain hydration and
dental hygiene), and number of days when the game was used.
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Evaluations on the Intervention and Study Process
(Qualitative Interview)
A semistructured qualitative interview in the native language
of the patient was held after completion of the 60-day study
period. Trained psychologists conducted an oral qualitative
interview with each participant and one of their parents. The
interview was a structured evaluation of the usability and
acceptability of the game following Marsac et al [44] and
covered the following topics: (1) general attitude toward the
game, including negative feedback, (2) participant’s subjective
evaluation of the game (ie, whether it was beneficial, improved
subjective well-being, helped to better follow the treatment plan,
offered distraction from treatment, and was empowering), (3)
evaluation of the intervention’s usability (whether it was easy
to use, would they play more, were the guidelines clear, was
there too much text, and did they learn something new), (4)
acceptability of the game (whether it was fun to use, were the
visuals nice, did the game have nice quests and mini games,
nice characters, did it contain beneficial information, was the
information accurate in their opinion, would they recommend
the game to other children, and were the characters like oneself
or like other children with cancer), and (5) evaluation on the
study processes in general. There were no deviations from study
protocol regarding the semistructured qualitative interviews.
Questions regarding the general attitude toward and subjective
evaluations of the game, as well as the evaluation of the study
process, were asked in an undirected and neutral manner (eg,
What did you like about this game?, What you did not like?,
and Do you think the game was beneficial?). For usability and
acceptability evaluations, participants were instructed to give
yes/no answers to the neutrally read out statements (eg, Triumf
game was easy to use and Triumf game had too much text to
read). In addition, parents were asked to evaluate the general
process of participating in the study. A summary of the interview
answers, captured verbatim, was forwarded to the research
personnel for analysis.

The aforementioned questions, to be included in the analysis,
were coded as follows: clear yes answers as 1, expressions yes,
liked a little or similar as 0.5, and clear no or not really as 0.
Negatively formulated questions were reversed, which means
higher scores indicated higher evaluations. General commentary
on the game and evaluation of the study process were analyzed
qualitatively.

From the subjective evaluations on the game, only 1 question
(whether the game was beneficial) was answered by every
participant (100%) and was rated beneficial unanimously. The
remaining questions had missing values on several occasions,
owing to some of the concepts (eg, benefitting one’s well-being)
being difficult to understand by the young participants, and
were thus excluded from further analysis. Usability questions
were answered by all participants. From 8 acceptability
questions, all participants answered only 2 questions, owing to
difficulties in understanding by younger participants. One
participant gave acceptability answers for half of the questions
(ie, for 4) and was removed from further analysis concerning
the acceptability aspect. To evaluate subjective evaluations,
usability, and acceptability, the remaining data set was analyzed
as described below.

Statistical Analyses
International Business Machines SPSS version 20.0 [45] and
R free software environment [46] were used for data analysis.
Owing to this study’s exploratory nature, aiming to provide
relevant research questions for further similar studies, we have
reported tendencies as measure averages and used small group
size–based statistical comparisons and correlations. Tendencies
and statistically significant results based on our small sample
provide valuable insights that could be meaningful and therefore
could be more stringently tested in future studies that employ
larger sample sizes.

In detail, a Pearson correlation was used to evaluate possible
associations between age, total time of all mini games played,
exploring around the city environment (total of collected items),
helping city kids to maintain healthy behaviors (total of
interactions), number of days when the intervention was used,
treatment that could affect mood (in days), time spent at home
(in days), time spent at the hospital (in days), time from
diagnosis (in months), SDT average score, study period average
depressive symptoms, study period average anxiety symptoms,
study period average attention problems, study period average
self-reported general health score, average sleep score, score of
questions answered in the qualitative interview (questions
answered yes divided by total number of questions answered),
subscore of usability from the qualitative interview, and subscore
of acceptability from the qualitative interview. Goodman and
Kruskal gamma was used for exploring relations between sex
and the aforementioned variables, as well as treatment
complexity and noted variables. A paired sample (dependent)
t test was used to evaluate group differences of continuous
variables and a chi-squared test was used for evaluating
differences in dichotomous variables. Covariates were not
included in the analyses. A conventional cut-off point for
2-tailed significance (P<.05) was used.

Results

Sample Characteristics
Sample characteristics are presented in Table 2. The average
time from diagnosis to recruiting was 5.3 months (SD 4.1, range
0-12 months). Participants received medical treatment that could
potentially influence emotional state and cognitive functions
on 12.7 days (SD 18.5, range 0-60), spent 17.2 days at the
hospital (SD 15.8, range 0-37), and 42.8 days at home (SD 17.8,
range 23-60). During the study period, 8 participants out of 9
(89%) received chemo or hormone therapy, and 1 participant
received the last treatment right before the study period. Out of
the 8 participants, 4 (44%) had a more complex treatment
regimen (eg, presence of infection in addition to main diagnosis).
The group of participants who had a more complex treatment
versus the group who received regular treatment presented a
statistically significant difference in total time spent playing
mini games (gamma=−.70, P=.02), that is, participants with
more complex treatment spent less time playing mini games.
No systematic psychological support in the sample was received
during the study period.
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In-Game Reported Well-Being Overview
Within the intervention environment, participants were divided
into 3 categories on the basis of their profile of existing problems
and strengths, resulting in 8 participants falling into the good
psychological functioning category and 1 participant into the
need for psychological support in more than 1 area category.
On the basis of this, the majority of participants (8/9, 89%)
received psychological screening and support approximately 2
times a day, with the exception of 1 patient, who received
support more often. The participant who was categorized into
the greater psychological support group had more depressive
and anxiety symptoms, the lowest SDT score, and gave the
lowest scores during the qualitative interview, but spent less
time playing the game compared with the other group.

General comparisons (at the level of average scores) between
the beginning and the end of the study period showed that there
were no statistically significant changes in the in-game
self-reported depression, anxiety, and attention problem
symptoms, although a very slight improvement in depressive
symptoms (from 1.15 to 1.19) and anxiety symptoms (from 1.46
to 1.50) was observed, accompanied with a very slight decrease
in attention problems (from 1.31 to 1.29). For self-reported
general health problems, there was a statistically significant
change resulting in less problems (t7=−4.4; P=.003).

In-Game Reported Sleep
The average sleep score of the sample was 5.1 (SD 0.6) from a
total of 7, indicating the best sleep quality compared with the
average. Comparisons between the beginning (first week
average) and the end (last week average) of the study period
showed that sleep quality improved from the average score of
5.05 to 5.53, although the results were not statistically
significant.

Motivation and Attitudes
Out of the 14 SDT questions, on average, 8.1 questions were
answered (range 1-12) and the average SDT score for all
participants was 5.4 (range 3.7-7). Comparisons between the
beginning (first week average) and the end (last week average)
of the study period showed that SDT scores remained stable
over the course of the intervention ranging from 6.13 in the
beginning of the study to 6.35 in the end. The lower average
score of 5.4 for all participants was a result of greater variability
across the study period.

Game Activity
On the basis of the quantitative in-game data, participants used
the game on average on 20.2 days (SD 9.4), answered on

average 66.6 (SD 51.6) support questions, and received support
accordingly. Of specific modules, an obstacle course mini game
was used on an average of 8.6 days (SD 4.3), a memory game
on 6.1 days (SD 3.8), and a medication labyrinth mini game on
7.0 days (SD 3.9). Participants collected stars on 15.6 days (SD
8.1), water on 16.4 days (SD 9.2), and toothbrushes on 15.7
days (SD 8.8); and helped other citizens to stay hydrated and
take care of dental health on 13.6 days (SD 7.6). The total
average time spent playing mini games was 25.4 min (SD 19.6),
total average amount of all collectables was 199.3 (SD 121.6),
and helping citizens was initiated on an average of 74.2 times
(SD 67.9).

Several statistically significant associations between the in-game
data, medical treatment, and evaluations on intervention are
presented in Multimedia Appendix 2. Symptoms of anxiety
were positively correlated with usability evaluations (r=0.71;
P=.03). General health problems and exploring around the city
collecting different items was negatively correlated (r=−0.71;
P=.03). In addition, less general health problems were reported
when participants spent more time at the hospital (r=0.73;
P=.03). Sleep score was positively correlated with acceptability
evaluation of the intervention (r=0.67; P=.049).

There was a positive correlation between the SDT total score
and time from diagnosing (r=0.70; P=.04). In addition,
participant’s sex was negatively related to SDT score
(gamma=−.80; P<.001), that is, boys had lower SDT scores.

Age and usability evaluation for the intervention were positively
correlated (r=0.72; P=.03). Participant’s sex was positively
related to the total amount of collectables (gamma=.60; P=.046),
which means that boys collected more items. In addition, the
more time participants spent at home during the study period,
the more they explored around in the city collecting different
items (r=0.87; P=.002). There were also statistically significant
correlations between time from diagnosis and days spent at
home (r=0.68; P=.04) and between game-related data (eg, the
amount of collectables was related to helping citizens, r=0.71;
P=.03).

Evaluations on Intervention
Quantified usability and acceptability evaluations are presented
in Table 3. All participants evaluated that the game was easy
to use (100%) and 7 out of 9 (78%) would play it again. About
78% (7 out of 9) concluded that the instructions of the game
were clear and that they learned something from the
intervention, whereas 56% (5 out of 9) thought that there was
too much to read in the educational module.
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Table 3. Usability and acceptability evaluations for the intervention.

Value, n (%)Evaluations

Usability

9 (100)Number of participants in analysis

9 (100)Triumf game was easy to use

7 (78)Triumf game instructions were not confusing

4 (44)There was not too much to read in Triumf game

7 (78)I learned something new from Triumf game

7 (78)I would play Triumf game more

Acceptability

8 (100)Number of participants in analysis

7.5 (94)I liked Triumf game visuals

8 (100)I liked Triumf game activities

7.5 (94)I liked Triumf game characters

8 (100)Triumf game contained beneficial information

8 (100)Triumf game information was trustworthy

Acceptability evaluation was based on the total of 8 participants’
answers. All of them (100%) concluded that they liked Triumf
game activities and that the intervention contained beneficial
information and that the intervention was trustworthy; 94% (7.5
out of 8) liked the visuals and the characters of the intervention.

The qualitatively analyzed subjective free form feedback
included both positive and negative feedback. Interviews showed
that each participant liked the different modules of the game
the most. Specifically mentioned by the participants were the
features of the memory game (1/9, 11%), obstacle course (2/9,
22%), medical labyrinth mini game (1/9, 11%), collecting stars
(29, 22%), helping citizens (1/9, 11%), the well-being questions
(1/9, 11%), educational module (3/9, 33%), and characters in
general (5/9, 56%). The game in general was liked by 67% (6/9)
of the participants. Interviews indicated that all the study
participants used educational module. From negative aspects,
different kind of preferences regarding the intervention were
presented, for example, possibilities to access more buildings
and use collectables in more advanced ways. The commonly
reported critique indicated that the game was perceived to be
too short for the 60-day intervention and that it was more
interesting to play the game in the beginning of the study period
until approximately half of the study period. Parents in general
evaluated that the study process was smooth, and they were
given sufficient amount of information.

When offered to continue playing the game following the study
period, on their personal Android device, 6 of the participants
out of 9 (67%) wished to do so. The reasons for the 3
participants not continuing were lack of a personal Android
device (1 participant, 33%) and not interested (2 participants,
67%).

Discussion

Principal Findings
To the authors’ best knowledge, this was the first study to
evaluate the usability, acceptability, potential preliminary
effectiveness, and feasibility of a personalized digital health
intervention that uses a game environment to deliver
psychoeducation, coping techniques, and treatment support.
This approach allowed the researchers to use gamified,
personalized therapeutics to offer comprehensive supportive
care to pediatric patients. Previous studies have repeatedly
stressed that it is highly important to integrate pediatric
oncology-psychology research and standard of care [47], as
well as the comprehensive supportive care of other chronic
illnesses [6]. This study gave support to the prospect of
delivering supportive care through a digital mHealth game in
addition to traditional methodology.

The main findings of the study showed that the patients
positively perceived the game, specifically with regard to their
engagement, liking of the intervention, and learnings from it.
The quantitative data showed that the mini games and the
support module were used the most, whereas the qualitative
findings also indicated the use of the educational module by all
patients. However, on the basis of the qualitative interview
evaluations, all patients expressed their own opinions about the
most favorite parts, showing that all participants found
something valuable to them which, in turn, offered more
personal content. In general, our findings are supported by
previous literature which has found mHealth solutions to be
well suited for children, most of whom are savvy technology
users [23].

Out of the specific modules we found, on the basis of consistent
monitoring during the intervention, the well-being of patients
improved when considering general health, but did not change
significantly for depression, anxiety, and attention problems.
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The evidence of no statistically significant change in mental
health aspects could be explained by the generally stable mental
state of the patients during the study period. Consistent
monitoring is crucial for prevention and early detection of
psychological problems as, for example, the intensity of the
treatment and the change of health may influence the mental
well-being. Furthermore, it could be expected that mental
distress is experienced, even when the overall health status has
improved, as noted in previous findings showing that
psychological problems could last into adulthood [12]. The
evidence that children receiving more complex treatment played
fewer mini games requires further investigation of the potential
different game behavior in this group of patients.

We also found that lower anxiety levels resulted in higher
intervention evaluations, which could indicate that feeling less
anxious during the intervention, and the qualitative interview
may influence the child’s view and opinion about the
intervention. Furthermore, longer stays at the hospital resulted
in less general health problems, which could indicate that
receiving treatment at the hospital, and therefore receiving
greater monitoring by medical personnel and timely adjustment
in diagnosis, could result in less-reported general health
problems. Unexpectedly, better sleep was only related to higher
evaluations on the intervention but not with mental or physical
health status. However, the importance of sleep should still be
emphasized, and sleep quality should still be continuously
monitored to observe whether sleep disruptions indicate
short-term or long-term problems [48,49].

General attitudes toward health showed that a higher SDT score
was related to more time from diagnosis, indicating more
positive attitudes and motivation toward health. However, boys
had lower motivation and attitudes compared with girls and
thus may need more support to reach desired health outcomes.
Focusing on an SDT-based approach could be suggested, as
previous research indicates that components of SDT are
associated with improved self-care among chronically ill
patients, and thus positively related to treatment compliance,
quality of life, and other health-related outcomes [50]. In
addition, using general theories such as SDT as guiding theories
for Triumf game development efforts, many of which having
been widely used to explain the facilitation of motivated health
behavior in wide variety of previous studies [51], enables us to
adapt the intervention for different chronic conditions. SDT
theory is also associated with the concept of mental toughness
that refers to an individual’s capacity to be consistently
successful in coping with difficult life circumstances [52], one
of the goals of Triumf intervention.

We also found that higher evaluations on the usability of the
intervention were related to higher age, which could indicate
that it was easier for older patients to understand the guidelines
and text in the game. The youngest patients gave feedback that
they did not understand some of the words used in the
educational module. A revision of the text has been included
in updates following the study, although already now the text
is presented in levels, which allows younger patients to access
more simple explanations compared with older ones who are
able to access further details. Boys and those who spent more
time at home engaged more in the exploratory use of the game.

This could mean that patients feel more secure in the hospital
setting and at home look for more support or that boys are more
curious about the possibilities of the game.

The usability and acceptability results indicated high usability
in general, and very high acceptability, with only too much
reading being specifically brought out with regard to usability.
In previous literature, a shortened text has been used [44], or
alternatively, a more engaging way of presenting information
could be implemented. The usability and acceptability findings
are in accordance with previous literature that has highlighted
that gamification is more engaging for users than intervention
without gamification [26] and that using mHealth solutions is
a valuable resource to deliver psychological techniques [22].
In general, the choice to collect feedback by constituent
components of the game proved to be a valuable source of
information, informing future studies about the presence of both
strengths and areas of improvement at the same time.

The study protocol was generally feasible and was followed
without deviations throughout the study period, although some
amendments are necessary. Feedback from parents and medical
doctors did not bring any modifications to the study protocol
from the co-operation and communication perspective. As the
questions of qualitative interview appeared difficult to
understand for younger participants, a revision is needed. A
simplification of the wording or more optimal amount of
questions should be considered. In addition, transforming the
oral interview format into a digital form could be more optimal
for larger sample sizes. On the basis of the refusal and
completion rates and necessary changes to the study protocol
and the intervention itself, it could be concluded that the protocol
is feasible for the randomized controlled trial, with minor
modifications, and the game could be considered applicable in
a clinical setting.

Strengths
This study has several major strengths. First, the rationale behind
the intervention has been clearly supported by previous research,
which is central in understanding the included elements and
therefore allows for the selection and design of gamified
components that are potentially most effective [53]. Second,
the intervention was built in a digital environment only, which
indicates players’ engagement without external social
encouragement and creates possibility to evaluate the
cost-effectiveness of digital tools [53]. Moreover, a novel
technological methodology to monitor and support patients in
a timely manner was used. This interventional algorithm took
individual responses and tailored the proposed support
components accordingly. This study was conducted in 2 different
hospitals, allowing to evaluate its effect independently of the
hospital treatment context. Furthermore, it was observed that
patients liked different modules of the game the most, suggesting
that the personalized way of delivering psychological support
is a preferred method, as we showed that all participants were
able to use beneficial components of their liking. Taken together,
our work informs future studies and contributes toward the
development of effective mHealth interventions by giving the
empirical evaluation of delivering psychological support in a
health-focused digital game environment.
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Limitations and Further Directions
Several patients and their parents stated that the game was
interesting for approximately half of the study period (30 days),
followed by a decrease in engagement. A decrease in the
intensity of use of mHealth solutions over time has been
recognized [23], although this could be related to the
intervention design, especially from the motivation and
engagement perspective. On the basis of the above, the
intervention period could be shortened in the randomized
controlled study or the game could undergo significant updates
throughout the 60-day intervention period to keep patients
engaged with the intervention (a process that is already in place
to an extensive degree). It is possible that a shorter intervention
time may be sufficient to induce behavioral change as habit
formation time is very individual [54]. For example, studies on
improvement of physical activity using health apps have shown
that shorter interventions are more effective, although findings
on intervention effects over time are still scarce [55]. Taken
together, a change to the study protocol includes the
reconsideration of the length of the intervention.

As this study involved patients aged 7 to 12 years, future studies
are needed to evaluate the game among other age groups (eg,
5-7 years and 12-16 years). The game was evaluated in the
context of pediatric cancer; thus, the intervention could also be
evaluated among children with other chronic illnesses.

In addition, it was found that the 1 individual who needed
psychological support the most ended up using the intervention
the least. There have been observations that more serious
psychological problems may interfere with engagement with

the game [26]. Considering that digital intervention studies have
been conducted on patients with mild to moderate symptoms
[53], it should be investigated further. To continue, amendments
to the game should be made to accommodate the needs of those
individuals who need psychological support the most. Thus, it
was concluded that the intervention should be delivered in 2
steps. During the initial stage, only educational module and fun
components of the game would be accessible. Subsequently,
psychological intervention would follow. Through this 2-step
approach, new information would be given in different stages
of the intervention. This might result in higher compliance
through reducing the initial load of information. The
abovementioned modifications to the intervention would be
implemented before the next study.

Although data on general health attitudes were collected, it was
proposed that these findings would need reassessment, as
reported general health problem results might have been
dependent on whether prompted questions were about general
health behaviors or related to the current health situation.
Separate measures of the current health situation and general
perceived health condition and behaviors should be considered.

Conclusions
In conclusion, this study shows that delivering comprehensive
supportive care through a game environment to pediatric patients
is a feasible intervention strategy and is accepted by the patients
and applicable in clinical context. This study showed that a
game environment is a safe and engaging way of collecting
real-time comprehensive data that can be used for personalized
support.
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Abstract

Background: History taking is a key component of clinical practice; however, this skill is often poorly performed by students
and doctors.

Objective: The study aimed to determine whether Metaphoria, a 3D serious game (SG), is superior to another electronic medium
(PDF text file) in learning the history-taking content of a single organ system (cardiac).

Methods: In 2015, a longitudinal mixed methods (quantitative and qualitative) pilot study was conducted over multiple sampling
time points (10 weeks) on a group of undergraduate medical students at The University of Auckland Medical School, New
Zealand. Assessors involved in the study were blinded to group allocation. From an initial sample of 83, a total of 46 medical
students were recruited. Participants were assigned to either a PDF group (n=19) or a game group (n=27). In total, 1 participant
left the PDF group after allocation was revealed and was excluded. A total of 24 students in the game group and 14 students in
the PDF group completed follow-up 7 weeks later. Using an iterative design process for over a year, with input from a variety of
clinical disciplines, a cardiac history-taking game and PDF file were designed and informed by Cognitive Load Theory. Each
group completed its intervention in 40 min. A total of 3 levels of Kirkpatrick training evaluation model were examined using
validated questionnaires: affective (perception and satisfaction), cognitive (knowledge gains and cognitive load), and behavioral
attitudes (Objective Structured Clinical Exam) as well as qualitative assessment. A priori hypotheses were formulated before data
collection.

Results: Compared with baseline, both groups showed significant improvement in knowledge and self-efficacy longitudinally
(P<.001). Apart from the game group having a statistically significant difference in terms of satisfaction (P<.001), there were no
significant differences between groups in knowledge gain, self-efficacy, cognitive load, ease of use, acceptability, or objective
structured clinical examination scores. However, qualitative findings indicated that the game was more engaging and enjoyable,
and it served as a visual aid compared with the PDF file.

Conclusions: Students favored learning through utilization of an SG with regard to cardiac history taking. This may be relevant
to other areas of medicine, and this highlights the importance of innovative methods of teaching the next generation of medical
students.
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Introduction

Background
Since the time of Hippocrates, clinical history taking has
remained a cornerstone of medicine [1]. Although history taking
is the most common medical procedure performed by doctors
[2], research has shown a deficit in this essential skill among
medical students [3-6], interns, and, more worryingly, general
practitioners [7]. History taking is more valuable than physical
examination in reaching a diagnosis in around 80% of medical
outpatient referrals [8,9]. When adequately performed, history
taking is associated with improved patient physiological and
psychological health outcomes [10], satisfaction [11,12], and
compliance [13,14]. Although the literature shows that this
essential clinical skill can be learned, it is inadequately taught
[3,5,15].

A fine balance between the history-taking components, that is,
history-taking content (HTC) and history-taking process (HTP),
needs to be achieved for optimal effectiveness. HTC is
commonly referred to as data or information gathering, and it
is concerned with the what part of the medical interview,
eliciting specific information about the patient’s
symptomatology from the presenting complaint through to social
and occupational histories [1]. On the other hand, HTP,
commonly known as communication skills, is the method by
which this content is elicited; thus, it is more concerned with
the how of the medical interview [1]. There is evidence to
suggest that medical students are distracted when trying to
remember HTC, which impairs their communication skills
[16,17]. Despite the importance of teaching HTC, this remains
an understudied area, with a recent systematic review showing
only 6 studies of educational interventions that targeted this
essential part of the medical interview; this review also found
that technologically enhanced interventions improved teaching
of HTC [18].

Objectives
The literature shows that medical students use multiple learning
styles, including visual, auditory, and kinesthetic [19]; therefore,
we propose that a visual metaphor system could prove to be of
significant value to enhance the teaching of HTC. A visual
metaphor is defined as “a graphic structure that uses the shape
and elements of a familiar natural or man-made artifact or of
an easily recognizable activity or story, to organize content
meaningfully and use the associations with the metaphor to
convey additional meaning about the content” [20:233]. The
use of visual metaphors in medicine dates back to antiquity,
when Aristotle explained how blood is contained in the heart
and associated vessels and compared this with a “vase” [21].
Currently, visual metaphors continue to be used successfully
to teach some of the more complicated and abstract scientific
principles, for example, Emil Fischer’s Lock-and-Key model
of enzyme-substrate interaction in physiology [22]. Until

recently, metaphor was considered a decorative component of
speech; it is now considered “to pervade all forms of
knowledge” [23:86]. A number of benefits have been reported
for using a visual metaphor system as a learning and knowledge
sharing tool, including improved audience engagement,
attention, memory, and comprehension [24]. Visual metaphors
can provide a means of transferring a complex concept by using
simple visual symbols that facilitate the connection between
thoughts and feelings [25]. Visual metaphors, when created and
presented well, enable high levels of content comprehension,
retention, and recall, and they are easier to construct and
interpret, compared with mind maps [20]. They also assist
learners to incorporate newly learned material with previous
knowledge [26,27]. Serious games (SGs) offer a promising
modality of delivering visual metaphors, as they have been
shown to provide learners with an “anchor” for knowledge [28].
Fabricatore described how metaphors could be embedded in
SGs to enhance learning, especially if they are designed to being
at the heart of gameplay rather than serving as a mere decorative
component [29]. There are potential benefits of SGs, which
utilize visual metaphorical elements, in medical education [30];
however, the application and assessment of metaphor use in SG
design are limited [31]. SGs are defined as games “that engage
the user and contribute to the achievement of a defined purpose
other than pure entertainment” [30: 5]. Although adopting visual
metaphors in SG design is in its infancy, the SGs’ literature
suggests they can improve engagement and facilitate learning
of the intended teaching points [28,32,33]. However, SGs are
considered complex, and they need to be designed while taking
into consideration the limits of human cognitive capacity [34].
Cognitive Load Theory (CLT) offers a wide range of
instructional design principles [35]. CLT has been used in the
design of SGs to manage the limited cognitive capacity of the
learner [36], and it highlights the limited capacity of working
memory (WM) to process from 3 to 7 items at any given time,
compared with the potentially unlimited capacity of long-term
memory [37]. CLT aims to reduce the cognitive load imposed
by instructional design (extraneous load) on WM to improve
learning (germane load). CLT design principles mostly target
the extraneous cognitive load imposed by poorly designed
material [38,39]. These design principles include using worked
examples and minimizing redundant information and split
attention [38]. The aim of this study was to evaluate the impact
of an SG on learning HTC in medical students during their first
clinical exposure. To our knowledge, this is the first visual
metaphor–enhanced SG implemented for teaching HTC to
medical students. To evaluate this SG’s impact, Kirkpatrick’s
training evaluation model was adopted, as it is the most widely
used method in evaluating training programs [40] and is
commonly used to assess medical educational interventions
[41-43]. Kirkpatrick’s model was modified by Freeth et al [43]
and adopted by the Best Evidence Medical Education
Collaboration to assess medical teaching interventions [44].
The domains included are the following: affective (cognitive
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load, material difficulty level, and perceptions and satisfaction),
cognitive (knowledge gains), and behavioral attitudes (objective
structured clinical exam). The fourth level in Kirkpatrick ‘s
model (outcomes related to the impact of the interventions on
patients’care) is not commonly measured in educational settings
[45] and is beyond the scope of this study.

Methods

Overview
This pilot study used a mixed methods approach by combining
a repeated-measures nonrandomized quasi-experimental design
with a qualitative component. The study was approved by
University of Auckland Human Participants Ethics Committee,
reference number 015567. Med Metaphoria game design and
development were funded by The New Zealand Health
Innovation Hub, in collaboration with Counties Manukau
District Health Board, who provided the first author with a
clinical fellowship in Health Systems Innovation and
Improvement.

Recruitment
The University of Auckland has a 6-year undergraduate medical
program, predominantly comprising basic sciences (Years 1-3)
and then clinical practice (Years 4-6). Our sample was a
preclinical population of year-3 medical students at the South
Auckland Clinical Campus of the University of Auckland, who
were attending a 10-week clinical methods module at the end
of 2015. This is a foundation course for teaching clinical skills.
All 83 students on the rotation were invited to participate in this
study. Recruitment strategies involved both verbal and poster
invitations. Students were preallocated, at the medical school
administration level, to 1 of 2 teaching days (Wednesday or
Thursday), independent of the investigators.

Interventions
To minimize potential contamination, the control group (PDF
file group) was allocated to Wednesday, followed by the
intervention group (Visual Metaphor Game; VMG group) on
Thursday. This was done to minimize contamination in keeping

with medical education recommendations [46], which suggested
restricting access to the intended educational intervention. Both
groups had the same face-to-face cardiac history teaching (whole
morning session) delivered on the day of the interventions,
followed by a one-off 40-min session, using either a PDF file
or the VMG. Both groups used iPads to access content, whereby
the same content was covered but differed in instructional
design, as the PDF file was textual, and the game used visual
metaphors. A visual metaphor–enhanced game (Med
Metaphoria) was developed as a 3D SG that contains elements
of HTC (Figure 1 and Multimedia Appendix 1). The 3D game
was codesigned by the lead author in collaboration with
clinicians, medical educationalists, code developers, and
students. We followed a participatory iterative agile game
development process [47], using the I’s development framework,
proposed by Annetta et al for the design of SGs [48] (Figure
2). This “I’s” framework included the following elements:
Identity, Immersion, Interactivity, Increasing complexity,
Informed teaching, and Instructional. Game development
(versions 1 and 2) incorporated student and clinician feedback
by using a think-aloud protocol, originally developed by
Ericsson and Simon [47,49] and later adopted by SGs’ design
literature [50] until the final iteration (version 3) was developed
(Figure 3). Although there are no significant differences between
2D and 3D educational games in terms of learning gains [51],
3D design was chosen as the main game design modality, despite
a higher associated cost for the following reasons. First, a key
teaching point in the history-taking visual metaphor is to avoid
“tunnel vision” history-taking, which is similar to looking at a
2D pyramid, focusing on 1 causative side or system and ignoring
the other 3D pyramid sides and systems. Therefore, 3D depth
of the visual metaphor was essential to convey this point, which
is commonly used in the game literature and called “spatial
metaphor” [52]. Second, the literature has shown that health
sciences students’ preference for 3D over 2D games [53].
Finally, the game literature has found that 3D games facilitate
a more enhanced sense of presence than 2D games [53]. Overall,
2D graphics were also used if there was no spatial need for
metaphors.
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Figure 1. In-game snapshot showing the symptoms and signs relevant to the cardiovascular system.
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Figure 2. Visual metaphor and game design process in each game version.

Figure 3. Iterative visual metaphor design.

The main characters in the game were the medical students in
the submarine (the rescuer and students had the option of
choosing their own personalized name) and John the
Archaeologist (the patient). The game was a point-and-click
adventure game, taking place in a 3D fantasy world where John
was inadvertently locked up in a pyramid after deciphering a
set of visual metaphors wrongly. The game rules included
deciphering the visual metaphors correctly by associating them
with the correct multiple-choice answer to rescue John, who is
complaining of chest pain. The quicker this was done, the higher
the score and rank achieved. Each section of the history taking
was a separate part of the game journey. Audio visual and
textual feedback was provided, in addition to static and animated
game narrative and cut scenes. Students had to decipher the

visual metaphors by choosing the right answer out of 3 or 4
multiple-choice answers per question. Although question order
was constant, answer positions were randomly ordered for each
question. The game had 3 difficulty levels, with the beginner
level allowing 30 seconds per question, using the full textual
question, followed by the intermediate level, which allows 20
seconds, with questions partially visible, and the advanced level,
allowing 10 seconds, which only shows the visual item with no
textual question. The total number of seconds per difficulty
level was divided into thirds, and students were ranked into 1
of 3 ranks on the basis of their time to answer each question
correctly: Consultant (first third), Resident (second third), or
Intern (last third). Students also scored points corresponding to
their speed in choosing the right answer (Figure 4).
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Figure 4. In-game snapshot showing the visual metaphor in the background, question and multiple choice options. The number of points (29) represents
that it took the player in the beginner level one second to decipher the visual metaphor and answer the question correctly (out of the 30 seconds allocated
per question).

Development and Validation of Teaching Interventions
and History-Taking Content Measures
Both PDF files and the VMG were developed after consulting
with the recommended reading list the students received, which
included a clinical skills module booklet and a recommended
clinical skills textbook [54]. Content validity and instructional
design of both interventions were carried out through iterative
consultation with multiple junior and senior doctors, from
medical and surgical disciplines, including Internal Medicine,
Cardiology, Surgery, and Psychiatry. Face validity was
established through iterative discussions with multiple medical
students across the medical school program.

Measures
For both groups, knowledge about HTC was assessed using a
paper-based context-rich open-ended question. This was asked

immediately before intervention (baseline), immediately after
intervention (postintervention), and then again 7 weeks after
intervention (follow-up). These tests were designed to assess
baseline HTC knowledge and immediate and delayed recall (see
Figure 5 for study design). This open-ended question was
deemed more appropriate than using closed multiple-choice
questions [55]. It read “what are the cardiac symptoms you
would ask about as part of the history of presenting complaint
in a patient presenting with chest pain?” The model answer
template had a total of 25 symptoms. Answers that included lay
or medical terms were accepted if they were consistent with the
symptom meaning. Marking was conducted by a senior
cardiology registrar, who was blinded to both groups, out of a
total score of 25 based on predefined marking criteria
(Multimedia Appendix 2).

Figure 5. Study design and sampling time points.
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Pre, post, and follow-up questionnaires were designed to assess
the 3 levels of Kirkpatrick’s training evaluation model. These
key points about the measures used are summarized in Table
1. The Mental Effort Scale [56] was used to assess students’
perceived history-taking cognitive load, whereas history-taking
difficulty was measured by using the Difficulty Level Scale
[57]. The Mental Effort Scale is a subjective rating scale for
cognitive load, with a Cronbach coefficient alpha of .90 (internal
reliability) [56]. This scale has been studied widely in the
literature, and it has shown good psychometric properties [37].
It has been shown to be comparable to objective physiological
measures and has good validity and reliability [58], and it is
more sensitive and simpler than objective physiologic measures
[37]. The adapted 5-point Likert scale is commonly used to
assess cognitive load [57], where the question “In taking a
history, I invest...” is answered on a 5-point Likert scale. As a
one-off administration of the scale was shown to over or
underestimate scores [59,60], it was administered at 2 timelines
(baseline and postintervention). The perceived task difficulty
level was also measured, as it is an important but different
construct to cognitive load [61]. According to Gog and Paas,
tasks perceived to be highly difficult might lead to using low
mental effort in solving them [61]. This scale was administered
to answer the question “I experienced history-taking as...”

Despite the known criticism of single-item scales [62], such as
cognitive load and perceived task difficulty scales, research has
shown these scales to have comparable properties with
multi-item scales [63]. The Self-Efficacy Scale [64] was used
to measure student perceived self-confidence in history taking.
Medical students’ self-efficacy has been shown to influence
academic performance [65-67]. Bandura’s seminal work on
self-efficacy theory highlighted that competency to perform a
certain task is not limited to only knowledge and skill acquisition
but also in how the participant believes in their efficacy of
reaching this goal [68]. In the context of SGs, Gee highlighted
how they could increase self-efficacy [69]. The General
Self-Efficacy (GSE) Scale devised by Schwarzer and Jerusalem
[64] was used to measure student perceived self-confidence in
history taking. GSE refers to the global confidence in one’s
coping ability across multiple situations [64]. This scale has

been used extensively in research, with an internal consistency
of 0.75 to 0.91, with a reliability of 0.67 [70]. However, it is
considered a nondomain-specific scale, which goes against
Bandura’s domain-specific conceptualization of self-efficacy
[71]. Therefore, GSE scale adaptation was necessary to make
it history-taking domain specific to fit with Bandura’s
self-efficacy theory [71]. Given that self-efficacy is dynamic,
researchers have advised to measure this construct longitudinally
rather than cross-sectionally [72]. Although some researchers
have measured self-efficacy at 2 time points, medical
educationalists have recommended doing so more than twice
[71]. Given that both educational interventions were delivered
using a technologically enhanced medium (an iPad) in this study,
the Technology Acceptance Model (TAM) was used [73]. The
TAM’s Ease of Use and Acceptability questionnaire has been
previously used to investigate medical students’ [74] and
physicians’ intentions to use technology [75,76]. Owing to its
robustness, simplicity, and adaptive nature, it has become one
of the most widely used models in measuring technology
acceptance [77].

SGs that involve instructional design optimization have been
shown to improve satisfaction levels [78]. Therefore, a
satisfaction questionnaire was designed as it could serve as an
indirect academic performance measure [79]. These questions
were drawn from other relevant medical education literature
evaluating technologically enhanced educational interventions
[80,81]. The questionnaire face and content validation process
followed an iterative design process similar to game design
(Figure 2). Immediately after the intervention, 3 open-ended
questions were used to assess students’ perceptions and
suggestions of what they learned, enjoyed, and did not enjoy,
as well as suggestions for further improvement.

History-taking clinical skills were objectively assessed at 10
weeks postintervention by comparing end-of-year objective
structured clinical examination (OSCE) results for the
history-taking station. The history-taking station was designed
independent of the investigators, and it targeted assessment of
abdominal pain; however, the overall history-taking structure
and pain questions were similar.
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Table 1. Measures used and relevant information.

Timelines5 is1 isItemsScale name and Construct

Mental effort

Baseline and postinterventionVery highVery low1Cognitive load

Perceived difficulty

Baseline and postinterventionVery high difficultyNot difficult at all1Task difficulty

General Self-Efficacy

Baseline, postintervention,
and 7 weeks later

Strongly agreeStrongly disagree10Self-confidence in history
taking

Technology acceptance model

PostinterventionStrongly agreeStrongly disagree6Ease of use

PostinterventionStrongly agreeStrongly disagree6Usefulness

Satisfaction

PostinterventionStrongly agreeStrongly disagree8Satisfaction

Knowledge

Baseline and postintervention——aMarks out of 25Open-ended knowledge
question

Clinical skills

10 weeks postintervention——Marks out of 25Objective structured clini-
cal examination

aNot applicable.

Statistical Analysis
Descriptive statistics were used to assess baseline demographic
characteristics, and mean scores of continuous variables were
calculated. Chi-square or Fisher exact tests were used to test
for associations between the PDF and VMG groups. To examine
changes in self-efficacy and knowledge across baseline,
postintervention, and follow-up, a repeated measure analysis
of variance was carried out. This was adjusted for confounders,
including age, gender, ethnicity, education level, marital status,
and specialty preference. Interaction between group and time
were also tested and adjusted in the model if it was deemed to
be significant (P<.05). All the analyses were carried out using
SAS (version 9.3; SAS Institute) software. Arbitrary missing
data at the follow-up test were handled using multiple
imputation, using the 2-fold fully conditional specification
approach proposed by Welch et al, using the predicted mean
matching [82].

Qualitative Analysis
Data analysis was conducted using the 6-phase thematic analyses
guide developed by Braun and Clark [83].

Authors HA and MA independently followed these 6 steps, and
consensus was reached using the constant comparison approach
where disagreements were discussed until mutual agreement
was reached. The first phase involved entering responses in an
Excel spreadsheet where they were read and reread as part of
the data familiarization stage, and notes were taken for
noticeable patterns. Manual coding was performed through

highlighting repeated meanings that represented certain patterns
as part of a data driven analysis. After data were coded, broader
themes were generated. We used tables of codes and generated
themes accordingly. At this stage, themes were reviewed and
refined against the coded data level, followed by the whole
dataset level. These themes were refined and named to ensure
they reflected the meaning of the dataset they represent,
highlighting interesting points and providing any potential
explanations. Each theme was analyzed separately and in
relation to other themes within the overall dataset meaning.
Finally, report writing involved writing the meaning of the
datasets on the basis of the generated themes supported by data
extracts. At this stage, critical explanations about the rationale
for such themes in the context of our research question about
learning enhancement were sought.

Results

Sample Characteristics
A total of 83 students were eligible for the study, and 46 students
agreed to participate (55% response rate). In total, 1 student left
the PDF group, leaving 18 participants in this group and 27 in
the VMG group. The student demographic characteristics in
both groups were similar, including age, gender, specialty
preference, and gaming frequency (Table 1). All students
participated in the baseline and postintervention measures. Of
those, 24 (88%) of the students in the VMG group and 14 (73%)
students in the PDF group completed the follow-up test 7 weeks
later. The sample characteristics are provided in Table 2.
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Table 2. Sample characteristics.

P valueTotalGroupBaseline characteristics

GamePDF

.73aGender, n (%)

12 (26.1)8 (29.6)4 (21.1)Male

34 (73.9)19 (70.4)15 (79)Female

.68aAge (years), n (%)

28 (60.9)18 (66.7)10 (52.6)19-21

16 (34.8)8 (29.6)8 (42.1)22-25

2 (4.4)1 (3.7)1 (5.3)>26

.32aEthnicity, n (%)

13 (28.9)8 (30.8)5 (26.3)NZ European

5 (11.1)3 (11.5)2 (10.5)Maori

7 (15.6)2 (7.7)5 (26.3)Pacific

7 (15.6)6 (23.1)1 (5.3)Asian

13 (28.9)7 (26.9)6 (31.6)Other

.58aMarital status, n (%)

34 (75.6)18 (69.2)16 (84.2)Single

10 (22.2)7 (26.9)3 (15.8)Couple/De Facto

1 (2.2)1 (3.9)0Married

.75aSpecialty, n (%)

24 (53.3)14 (53.9)10 (52.6)Medicine

2 (4.4)2 (7.7)0Surgery

5 (11.1)3 (11.5)2 (10.5)Subspecialities

14 (31.1)7 (26.9)7 (36.8)Do not know

.88aGaming frequency, n (%)

4 (8.9)3 (11.5)1 (5.3)Once a day

3 (6.7)2 (7.7)1 (5.3)More than one a day

8 (17.8)5 (19.2)3 (15.8)Once a week

1 (2.2)1 (3.9)0More than once a week

29 (64.4)15 (57.7)14 (73.7)I do not play games

.31bEducation, n (%)

32 (71.1)20 (76.9)12 (63.2)Undergraduate entry

13 (28.9)6 (23.1)7 (36.8)Master’s degree

.50aEnrolment status, n (%)

44 (95.7)25 (92.6)19 (100)Domestic

2 (4.4)1 (7.4)0International

aFisher exact test used.
bChi-square test used.

Knowledge and Self-Efficacy
Although between-group differences in knowledge and
self-efficacy at postintervention and 7-week time points

compared with baseline were not significant (knowledge P=.95
and self-efficacy P=.85), the within-group differences were
statistically significant (P<.001) for both groups (Figures 6 and
7). This significant difference persisted across unadjusted and
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adjusted models (adjusted by age, gender, ethnicity, education
level, marital status, and specialty preference).

Clinical skills (Objective Structured Clinical
Examination Scores)
The OSCE took place 10 weeks after the intervention. No
significant differences between the intervention and control
groups were found (P=.60; Table 3).

Figure 6. Knowledge across baseline, postintervention and follow up time points (no statistically significant differences).

Figure 7. History-taking self-efficacy across baseline, postintervention and follow up time points (no statistically significant differences).
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Table 3. History-taking cognitive load, difficulty level, objective structured clinical examination results, ease of use, usefulness, and satisfaction means,
SD, and P values.

P valueMean (SD)Outcome, group, and timeline

.88aCognitive load

PDF

3.94 (0.64)Baseline

3.89 (0.68)Post

Game

3.81 (0.62)Baseline

3.74 (0.66)Post

.68aDifficulty level

PDF

2.94 (0.73)Baseline

3.06 (0.64)Post

Game

2.96 (0.59)Baseline

3.04 (0.52)Post

<.001Satisfaction

PDF

23.72 (4.35)Post

Game

29.85 (4.86)Post

.30Usefulness

PDF

21.39 (4.1)Post

Game

22.59 (3.62)Post

.19Ease of use

PDF

23.28 (3.68)Post

Game

24.7 (3.36)Post

.60Objective structured clinical examination

PDF

14.33 (4.52)Post

Game

15.04 (4.28)Post

aWilcoxon 2-sample test (nonparametric test).

History-Taking Cognitive Load and Level of Difficulty
There were no statistically significant differences from baseline
between the 2 groups in either cognitive load scores (P=.88) or
level of difficulty scores (P=.68; Table 2). Similarly, the
ease-of-use and usefulness levels assessed at postintervention

did not reach statistical significance (ease of use P=.19 and
usefulness (P=.30; Table 3).

Satisfaction
There was a significant difference in satisfaction levels between
the groups, with the VMG group having a statistically higher
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satisfaction level compared with the PDF group (mean
difference of 6.13; 95% CI 3.27-9.00, P<.001; Table 3).

Qualitative Results

The overall findings indicate that the VMG and PDF file
presented both HTC and structure well to participants. However,
although VMG was viewed as a learning tool that aided
understanding, encoding, and recalling history taking in an
engaging and fun way, the PDF file was viewed as easy to read

but difficult to learn or remember. In addition, the PDF file was
seen as an electronic handout, which was no different to other
handouts that were boring and nonengaging. A total of 4 major
themes emerged from this analysis for both interventions:
interventions as learning tools, enjoyment and engagement,
generalizability, and suggestions for future improvement (Table
4). Identities are masked and replaced by pseudonyms in the
section below to preserve confidentiality.

Table 4. Thematic analysis summary.

PDFShared main themesGame

An easy-to-read but hard-to-learn reference
tool

Learning toolMemory aid for conceptual, procedural, and metacognitive
knowledge development

Neither engaging nor enjoyableAffects enjoyment and engagementEnhances enjoyment in learning history taking

Add pictures, color and animations, as well
as enhancing interactivity

Design and functionality optimization sug-
gestions

Text size, spelling, grammar optimization, add skip button,
and increase difficulty levels

——aGame specific theme: Game is generalizable to other clin-
ical scenarios of different systems

aNot applicable.

Theme 1: Interventions as Learning Tools

Visual Metaphor Game as a Memory Aid for Conceptual,
Procedural, and Metacognitive Knowledge Development
A recognized benefit of using visual metaphors is enhancing
memory retrieval through activating prior knowledge, thus
allowing new knowledge and concepts to be learned [21]. For
example, Stacey discussed how visual metaphors enhanced
understanding and recall: “The use of symbols made important
factors to ask about easy to recall.” Michael described how
visual metaphors went beyond being just a memory aid to
facilitating the “how” aspects of knowledge in terms of structure
and systematic history-taking approach, as they added a “very
good systematic process with visual symbols – aids memory,”
whereas James shared that visual metaphors “helped realise that
a system is important to follow - logical order/sequence.” On
a metacognitive level in terms of “thinking about thinking” [84],
visual metaphors enable the interpreter to make strong
associations among concepts [85]. This enables the students to
understand how they think and process information. Tanya
stated that she enjoyed “the metaphors - since it has visual
association with aspects of history-taking. I like that it is very
structured in its approach,” and Sarah highlighted how visual
metaphors were “very effective associating concepts with
images.”

PDF Viewed as an Easy-to-Read but Hard-to-Learn
Reference Tool
Although a majority of the PDF group participants viewed it as
a clear and concise list, they found it hard to learn and
remember. Although it was seen by William as “easy to read
bullet points and concise information,” it was “not interactive,
cannot remember just by reading, boring.” Perceiving the PDF
file as a reference tool is consistent with the medical education
literature, as technology-based handouts were thought of as a
reference tool [86,87]. The negative impact of lack of PDF file
interactivity on learning outcomes has been observed in a

previous study where students in the noninteractive PDF
handouts group had significantly reduced educational outcomes
compared with other interactive electronic handouts [88]. This
may have implications for medical education in general, as
information (including difficult to understand concepts) is often
presented in textual format, without accompanying images.

Theme 2: Instructional Design Influences Enjoyment
and Engagement

Visual Metaphors Enhance Enjoyment in Learning
History Taking
Almost all the VMG participants enjoyed the VMG. For
example, Jake enjoyed “the results afterwards, i.e., remembering
content of history-taking.” Stacey highlighted this by stating:

I enjoyed how easy it was to use…..made things fun
to follow.

This highlighted how enjoyment was linked to improved
learning the material, as well as the ease of playing the game.
This increase in game enjoyment is reported in the SGs
literature, as studies have highlighted how students experienced
high enjoyment levels while playing SGs [28,89]. Some
researchers explained this increased enjoyment by the balance
achieved between the learner’s abilities and the challenge posed
by the game [90], which is consistent with Stacey’s statement
above.

PDF Was Neither Engaging Nor Enjoyable
A majority of the PDF group participants found it boring and
nonengaging because of a lack of visuals or interactivity, as
Josephine stated, “It was not interactive at all, so it was not fun
and I probably won't remember the stuff well.” Sam mentioned
that “It was plain and was not necessarily enjoyable but just
another handout but electronic.” These observations are
supported by the literature, as technologically noninteractive
modalities of presenting information, such as textual
information, are considered less productive than interactive
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educational modalities [91]. Incorporating visual and verbal
modalities of information is said to improve student
understanding of taught material [92], which could explain the
above statements.

Theme 3: Visual Metaphor Game Is generalizable to
Other Clinical Scenarios of Different Systems
Overall, a majority of the VMG group participants appreciated
the teaching value of the VMG and suggested generalizing it
to teach other organ systems and clinical scenarios. Martin
suggested the following:

To have different cases played out but with the same
format so we learn about other systems with depth
too. I feel that it has definitely helped me a lot with
my memory recall, thanks.

Mike said the following:

I think the game is focused on one type of clinical
problem, chest pain. It would be nice to include more
scenarios

This did not feature in the PDF group responses. Visual
metaphor use with games has been reported to serve as an
“anchor” for conceptual knowledge [28], and this could explain
the above responses. In the current study, though the
history-taking visual metaphor had a cardiac focus, this could
be easily applied to other organ systems (eg, respiratory system).

Theme 4: Design and Functionality Suggestions for
Improvement
Participants in both groups offered suggestions on how both
interventions could be optimized. Although PDF group
participants offered several design suggestions, the VMG group
had limited design suggestions.

Game Prototype Design and Functionality Suggestions
VMG participants made suggestions as to how the functionality
and user interface could be optimized. In terms of design, some
participants suggested text size optimization, as Simon
commented “make text larger maybe?” Another suggested
enlarging the buttons’ size. Others suggested spelling and
grammatical corrections and adding more levels of difficulty.
In terms of functionality, suggestions included adding back and
skip buttons, lag improvement, and minimizing repetition. Some
participants, such as Harris, commented on the game prototype
lagging and requested to “make it faster if possible. Great
concept.” Stephanie shared a similar opinion that we need to
“Make the game respond faster.” Lag in the game literature
refers to the game delay in response to the actions of the player
[93], and this has been shown to negatively impact the gameplay
experience [49,93,94]. A possible explanation for the reported
lag is the use of data-rich 3D graphics in the game [95].

Angela appreciated the positive impact of repetition on memory
and acknowledged that repetition was less enjoyable when they
have learned the material. This was captured in her response:
“repetition was really good for memory, but after I was able to
remember it, it became a little boring, sorry.” The use of
repetition in SGs is associated with improved learning [96], and
the reported boredom after learning content is a good illustration

of the flow state proposed by Csikszentmihalyi [95]. In the game
literature, a balance needs to be struck between the game task
difficulty and the player’s ability to reach a state of flow [97].
On the basis of this, hard games could frustrate the player,
whereas easy ones could bore the player. Therefore, the literature
suggests increasing game difficulty as the user’s knowledge
improves, to maintain this state of flow. This increase in
difficulty levels was suggested by Jasmin, as she wanted “an
even more advanced level.” However, others enjoyed the current
3 difficulty levels, which is evident in Yvonne’s response about
enjoying the “different levels to eventually learn history from
memory.” Finally, given that the reported boredom only
occurred after the material was learned, which is the educational
purpose of this SG; adding more difficulty levels might be
questionable.

PDF Design and Functionality Optimization Suggestions
Most PDF group participants had suggestions to enhance PDF
design and functionality through adding pictures, color, and
animations, as well as enhancing interactivity.

In terms of design, Patrick suggested “using more animations,
colours, pictures making it more interesting and interactive,”
whereas Patricia suggested adding functions, such as a record
button, and a function to write on the file by having a “marker
so you can write on and interact with the file to improve
memorisation,” and Ronald suggested to “have a record button
that records the conversation and puts all patients’ responses
into each section immediately.” These suggestions are in line
with educational research, which showed that interactive audio
visual functionalities enhance learning outcomes [98].

Discussion

Summary of Key Findings in This Study
This quasi-experimental pilot study that utilized both the
quantitative and qualitative research methods approach evaluated
a visual metaphor–enhanced 3D SG in teaching cardiac HTC
to year-3 medical students in comparison to PDF-delivered
teaching. More than half the sample indicated a preference to
specialize in General Medicine in the future and were not
playing games regularly. This study showed that the game is
comparable to and as effective as textual information in
increasing knowledge gains, enabling self-efficacy, and
managing cognitive load, level of difficulty, perceived ease of
use, and acceptability at various time points. However, the game
was superior to textual information with regard to higher
satisfaction scores relative to the PDF group. The reasons for
this could be drawn from the qualitative analyses, which showed
that the VMG was perceived to be a useful visual memory aid,
more enjoyable, and transferrable to other clinical scenarios.
On the contrary, the PDF group found the PDF file to be boring
and merely another handout that was neither interactive nor
engaging.

Quantitative Findings in the Context of the Literature
The quantitative findings were consistent with the current pre
and postgraduate medical education SGs literature, which shows
that they are at least as effective as traditional teaching methods.
Consistent with the higher satisfaction scores in the VMG group
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and the qualitative findings of students viewing the game as
more enjoyable, fun, and as a useful memory aid, 2 systematic
reviews reported that SGs have the advantage of increasing
students’ enjoyment and interest in the topic taught [99,100].
The improvement in satisfaction was consistent with medical
education game use among medical students when compared
with traditional teaching [81,101]. The main benefit of the new
teaching approach was that the VMG was statistically more
significant in terms of satisfaction and was more favored in the
qualitative analysis. As student satisfaction improvement is on
its own an important learning outcome that complements
academic achievement [102], this significant satisfaction
improvement in the game group is worthy of further
consideration. Research has shown that improved satisfaction
enhances student academic performance, and its enhancement
is strongly advised by educationalists [103,104]. A previous
systematic review assessing the impact of educational games
on medical students’ learning outcomes found potential for
improving learning outcomes, but it highlighted the need for
more rigorous research [105]. Graafland et al systematically
reviewed the literature for the impact of SGs on training health
professionals and assessed their validity [106]. They included
a total of 30 SGs, 17 of which were designed for educational
purposes. However, none of these games were fully validated.
The authors suggested validating games before incorporating
them into teaching, and such validation needs to include content,
face, and concurrent and predictive validity. In 2013, a Cochrane
review looking at the use of games as a teaching method for
health professionals found insufficient evidence for or against
their use [107]. Wang et al conducted a systematic review in
2016 of SGs in medical education, and they identified 42 studies
reflecting an increase in the number of SGs. Of these, only 19
studies included an evaluation of SGs, with a majority of these
(n=17) associated with significant educational benefits [108].
Out of the 19 studies, only 4 were relevant to a medical student
population, which assessed the use of SGs on medical students’
knowledge and skill acquisition [81,109-111]. Only 1 of these
studies found a significant improvement in knowledge, but this
was for immediate recall only, as long-term retention was not
assessed [111]. There are several possible reasons why this
study showed no significant quantitative differences between
the teaching methods apart from satisfaction scores. The duration
(40 min) for learning the textual information may be a
confounder, as it was regarded as too long by many students,
which meant that students started interacting and assessing each
other. As assessment drives learning [112], it could be argued
that the PDF group assessing each other instead of engaging
with the iPad only could have improved their scores independent
of the PDF file. The influence of student-student interaction has
been found in previous work to be similar to interactions
between students and facilitators [81]. SGs are usually played
more than once, which is different to the one-off 40-min play
session design in this study, and this could also explain the lack
of significant findings. In 2013, a meta-analysis of SGs reported
how a lack of significant difference between games and
traditional teaching could be attributed to the lack of playing
the game on multiple occasions, as normally happens [32]. In
that study, compared with multiple gameplay sessions, single
session gameplay was not more beneficial than traditional

teaching methods. Another possible reason for lack of significant
difference in scores between the groups is the progression of
skill development over time in the absence of formal teaching
[3]. Although the VMG group only had 40 min of gameplay,
both groups had unlimited access to traditional teaching material
from which the PDF file was designed, which could have been
a confounding factor in this study. Another possible explanation
for this result is that the control group’s awareness of its control
status, as text PDF file is 1 of 2 interventions where the other
is a game, influenced the group’s behavior, as the members of
the group may have tried to outperform the intervention group.
This is a statistical confounder called the John Henry Effect
[113], evident by PDF group participants assessing each other
during the experiment and highlighted by the fact that a
participant left the control group as soon as she knew she saw
the PDF file was not the game. Embedding qualitative research
alongside quantitative approaches has been suggested as a way
of addressing the John Henry Effect [114].

Qualitative Findings in Context of the Literature
The qualitative research in this study was to investigate students’
perceptions about the 2 educational approaches. Although both
were seen as learning tools, the depth of such learning was better
in the VMG group (conceptual, procedural, and metacognitive
knowledge levels) compared with the PDF group (conceptual
level). Several students touched on educational benefits of visual
metaphors, for example, students saw how it enabled them to
“associate” visual metaphors with HTCs. This mirrors findings
on how visual metaphors work in terms of associating existing
knowledge of certain visuals (familiar objects) and linking them
with new (unfamiliar) concepts [20,115-117]. This associative
function could be because of its visual nature, which, according
to Pavio’s Dual Coding Theory, creates cognitive associations
with textual information, thus enhancing learning [118]. Active
cognitive processing marrying new-to-previous knowledge is
commonly referred to as “meaningful learning,” a term that was
pioneered by the educational psychologist, Ausubel, in the
1960s. He stated that “If I had to reduce all of educational
psychology to just one principle, I would say this: The most
important single factor influencing learning is what the learner
already knows. Ascertain this and teach him accordingly” [119].

The VMG group’s awareness of such associative cognitive
processes shows how visual metaphor enabled them to “think
about thinking,” which is an important metacognitive skill that
is essential for self-regulated learning [120]. Another benefit
reported by students using visual metaphor was reaching a
personalized deeper meaning of history taking. This “Cognitive
Elaboration” [117] was observed in some responses alluding to
reaching a conceptual understanding of how history taking has
multiple interrelated parts, which need to be uncovered
systematically and carefully. This was consistent with the visual
metaphor literature, as it was seen to provide the learner with
a deeper meaning and understanding of the presented material
[115].

Game Design Considerations
For the VMG group, most participants suggested developing
the game for other organ systems and clinical scenarios
suggesting the usefulness of the VMG. Few students commented
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on the need to address the gameplay lag. This need for
immediacy is one of the main features contributing to improved
gameplay [121], and this will be addressed in the next iteration
of the game. In terms of implications for this study, clinical
educational interventions that focus on HTC should continue
to explore the value of visual metaphor use delivered through
SGs to better teach this crucial skill. First, our SG was delivered
as a one-off 40-min session, and according to the literature,
more than one session of playing SGs yielded significantly
better results compared with traditional teaching [32]. Therefore,
the SG could be tested using a bigger sample and randomized
study design for multiple sessions, to assess its actual impact
compared with traditional teaching, given the overall literature
support of SGs’ benefits. Second, students’ feedback on game
optimization is being taken into consideration, as we are at the
final stages of developing another game iteration, taking into
account students’ feedback. It is hoped that this version will be
tested in a multicenter randomized controlled trial to assess its
impact against traditional teaching. Third, another area that
warrants further exploration is the use of visual metaphors in
teaching other clinical topics, as students’ qualitative feedback
showed its perceived generalizability to other history-taking
topics apart from cardiac history taking. In terms of
cross-cultural impact, SGs could be useful for medical students
across the globe, especially with the technically savvy current
and future millennial medical students. Although most of the
developed SGs are from developed countries, it is expected that
other less-developed countries will follow suit [30]. The global
benefits of SGs are widely recognized [122], as once they are
developed and deployed, they can be accessed from all around
the world, and collaboration could be sought to translate SGs
to local languages to facilitate medical education efforts across
the globe. This is increasingly made possible with higher access
to the internet internationally. An example of this exponential
increase to mobile phone access has jumped from 10% in 2002
to 80% in 2015 in Kenya, with more access to smartphones for
higher education students [123]. Internet is seen by a majority
of the 32 underdeveloped countries as beneficial for education
[124].

Limitations
This study has several limitations. First, this study included a
relatively small sample size, but of note, this was a pilot study,

targeting one of the medical school’s 3 main teaching sites in
Auckland. The response rate was 55%, which is consistent with
the SGs literature [125], as some studies response rates were as
low as less than 50%. The studies with higher response rates
incorporated the interventions as part of the curriculum, which
was not possible in this study. Although a randomized study
design would have been ideal, it was not feasible, as students
were preallocated at the medical school administration level,
factoring in students’ residential proximity to the clinical
teaching campus. This lack of contextual feasibility has been
previously cited as one of the barriers to randomized study
design adoption in medical education [126,127], and this is
reflected in that less than 20% of SGs studies have used a
randomized study design [128]. Moreover, participants were
not blinded, which is a common issue in educational
interventions, such as games, as students can easily identify the
intervention. In addition, student-student interaction in the PDF
group was not possible to control, which could have influenced
their learning; potentially reducing the time limit for the PDF
and VMG groups from 40 min may have helped address this
issue. Finally, our design included a one-off game session, which
differs from the usual gameplay experience of playing it more
than once, which has been found to explain the lack of positive
findings associated with SGs when compared with traditional
teaching methods [32].

Conclusions
In a mixed-method experimental pilot study, we provide
evidence that 40 min of playing an SG is as effective as textual
information in teaching cardiac history taking to year-3 medical
students, with the added value of increasing student satisfaction
compared with traditional teaching. The qualitative analysis
showed the game was more engaging, fun, enjoyable, and
perceived as a useful visual memory aid. The game was as
effective for the 3 Kirkpatrick model levels of evaluating
educational interventions: affective, cognitive, and behavioral
attitudes. Although SGs are in their infancy, their potential
educational benefits should be harnessed, considering the current
and future digitally adept medical students, especially when
motivation and enjoyment of learning is at stake.
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Multimedia Appendix 1
A showreel of the Med Metaphoria game.
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Multimedia Appendix 2
Knowledge test marking criteria.
[PDF File (Adobe PDF File)206 KB - games_v7i3e13748_app2.pdf ]
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Abstract

Background: Serious games for medical education have seen a resurgence in recent years, partly due to the growth of the video
game industry and the ability of such games to support learning achievements. However, there is little consensus on what the
serious and game components in a serious game are composed of. As a result, electronic learning (e-learning) and medical
simulation modules are sometimes mislabeled as serious games. We hypothesize that one of the main reasons is the difficulty for
a medical educator to systematically and accurately evaluate key aspects of serious games.

Objective: This study aimed to identify markers that can evaluate serious games and distinguish between serious games,
entertainment games, and e-learning.

Methods: Jabareen’s eight-phase framework-building procedure was used to identify the core markers of a serious game. The
procedure was modified slightly to elicit “diagnostic criteria” as opposed to its original purpose of a conceptual framework.
Following the identification of purported markers, the newly developed markers were tested on a series of freely available health
care serious games—Dr. Game Surgeon Trouble, Staying Alive, and Touch Surgery—and the results were compared to the
published test validity for each game.

Results: Diagnostic criteria for serious games were created, comprising the clusters of User Experience (UX), Play, and Learning.
Each cluster was formed from six base markers, a minimum of four of which were required for a cluster to be considered present.
These criteria were tested on the three games, and Dr. Game Surgeon Trouble and Staying Alive fit the criteria to be considered
a serious game. Touch Surgery did not meet the criteria, but fit the definition of an e-learning module.

Conclusions: The diagnostic criteria appear to accurately distinguish between serious games and mediums commonly misidentified
as serious games, such as e-learning modules. However, the diagnostic criteria do not determine if a serious game will be
efficacious; they only determine if it is a serious game. Future research should include a much larger sample of games designed
specifically for health care purposes.

(JMIR Serious Games 2019;7(3):e14620)   doi:10.2196/14620

KEYWORDS

serious games; diagnostic criteria; medical education

Introduction

The past decade has seen a surge of digital games seeking to
educate, train, or otherwise inform their players in a broad
spectrum of topics [1]. These serious games are often defined

as games developed for nonrecreational purposes and are
frequently deployed as adjuncts to education and therapy [2,3].
Documented uses of serious games include teaching
mathematics to young children, motivating the elderly to
exercise, and increasing surgical competencies of medical
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students and residents [4-7]. Although such games are unable
to replace full-time educators, they are effective at reinforcing
concepts learned through conventional teaching methods [8].

This reinforcement is particularly notable in fields characterized
by intensive, high-volume learning, such as medical education.
Perhaps, due to the ubiquity of game playing in the present day,
where video games generate astronomical levels of revenue, it
is no surprise that educators are seeking to bend the vast
potential of gaming toward serious causes like learning [3,9,10].
This shift in paradigm comes at the heels of the once ironclad
assumptions linking the notions of play with time-wasting and
frivolousness [1,11]. As more serious games begin featuring in
institutions across the globe, they receive ever-increasing
attention from stakeholders seeking to leverage the benefits of
serious games—be it for profit or learning.

However, despite the growing interest in serious games and the
vast array of such games being pushed to market, there remains
little consensus on core components that afford a serious game
its seriousness while also retaining the fun and entertaining
elements that characterize recreational games [3,12,13]. Many
serious games are affected by a variety of issues that impede
the said serious agenda. Although such games are often the
result of attempts to gamify an existing teaching method, these
often suffer from poor instructional or game design and thus
perform poorly as compared to methods they were meant to
replace or support [14,15]. Surprisingly, the reverse is also true:
When educational elements are inserted into near-completed
games as an afterthought, they do not necessarily perform well
[16].

For an educational serious game to be effective, the educational
content must be robust, appropriate for the target audience, and
well-integrated into the game [17,18]. Thus, it comes as no
surprise that many serious games are now subject to rigorous
validation studies long before implementation.

Recent reviews of the literature suggested that the vast majority
of research remains dedicated to testing the efficacies of specific
serious games for their intended purposes and, where applicable,
the cognitive processes activated by playing these games
[3,4,6,19,20]. Often, newly developed games are trailed to a
targeted sample, typically with a control group, and game
efficacy is determined by whether the game achieved its
intended result, such as increases in standardized test scores.
This user-centric focus, while meritorious, often does not
addressed the factors, mechanisms, or processes that afford
serious games efficacy and receptivity by their target audiences.
It leaves the following question unanswered: “How do I know
this serious game will be both serious and a game?”

Consequently, this has resulted in a gap in the literature with
regard to consistent, definitive, and validated diagnostic criteria
to serve both as a reference and basis of evaluation for serious
games. This has impeded the development of new serious games
whose topics have not yet been subject to extensive testing and
the objective-appropriate selection of ready-made games already
available on the market. The lack of criteria is especially
punishing for educational pathways featuring intensive study,
such as medical institutions, that may be seeking additional

educational strategies to enhance student engagement and quality
of learning.

The development and acquisition of serious games are costly,
time-consuming endeavors, especially in the context of health
care. Often, the initiators of serious game development are health
care professionals idealizing games to tackle specific health or
educational challenges, while the actual game makers are
technical specialists with comprehensive knowledge of game
development. The absence of practical guidelines, or diagnostic
criteria, risks the production of ineffective serious games which,
in turn, is compounded by the poor allocation and utilization of
resources and leads to institutions being discouraged from
adopting games that might significantly enhance the
performance of their students.

Although Yusoff et al [21] and Rooney [22] have proposed two
frameworks established for use by game designers and
educators, both were designed for use during the game
development process, as opposed to the validation of ready-made
games.

The framework by Yusoff et al [21] combined learning theory
with gaming requirements to ensure games meet learning
outcomes [21]. The Learning Activity, built from the intended
learning outcomes and game aspects that support learning and
engagement, was key to this framework. It acted with the game’s
genre and could be modified based on feedback derived from
a player’s achievement within the game. However, the
framework acts as a guiding tool during the developmental
phase of game design and does not readily function as a
validation framework. The theoretical bases of the framework
also require that users possess familiarity with either or both
game development and pedagogy and may not be used easily
by prospective game producers unfamiliar with either.

Rooney [22] proposed a triadic interaction of play, pedagogy,
and fidelity that together form a framework for serious game
design in higher education. They discussed the theoretical
underpinnings and key literature and challenges addressed.
Although play and pedagogy referred to game play and the
pedagogical aspects of learning, fidelity was defined as the
extent to which the game emulated the real world, both
physically, such as visual displays and behaviors of physics
engines, and functionally, as the extent to which the game
behaves like the real world in response to player actions.
However, Rooney [22] acknowledged difficulties in balancing
the framework’s components, in part, due to the
multidisciplinary and sometimes competing nature of game
design that has thus far prevented reconciliation of the
components into a coherent theoretical framework. In addition,
no validation of the framework, such as designing a game from
the ground up, was provided.

Although several frameworks related to serious games have
been proposed, all require above-average competencies in the
knowledge of game development and are applicable in stages
of game development. While touched upon, both frameworks
did not define the base markers comprising serious games, were
not validated against the existing ready-made serious games,
and were not created with specific relevance to or confirmed to
be compatible with medical and medical education games. In
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this context, none are easily distilled into the base components
of a serious game.

Therefore, this study aims to deconstruct serious games into
their base markers before validating them and an accompanying
diagnostic criteria for evaluating serious games that can be used
by nongaming experts. The proposed “diagnostic criteria” would
enable the validation of ready-made serious games and act as
a guide to ensure newly created serious games are both serious
and games. The study’s objectives are hence twofold. The study
will first detail the procedure used for the deconstruction of
serious games into their base markers. These markers will then
be tested on three established serious games to ensure that the
diagnostic criteria are able to assess the serious and game aspects
of serious games.

Methods

Deconstruction of Serious Games Into Base Markers
Figure 1 shows the eight-phase procedure by Jabareen [23] for
building a conceptual framework that was used for the isolation
of base markers.

In phase 1, sources of serious game data were extensively
mapped. Sources consisted of multidisciplinary journal articles
reporting on evaluative research on serious games, consultations
with educators experienced in game-based teaching, and auditing

of learning-through-play workshops during international
conferences at the Lee Kong Chian School of Medicine in
Singapore. In phase 2, the accumulated data were extensively
reviewed and categorized according to discipline, representative
power, and importance. In phase 3, a qualitative inquiry into
the data was conducted. Concepts that surfaced were identified
and named even if they competed with or contradicted each
other. In phase 4, concepts were deconstructed to identify their
main attributes, characteristics, and roles in serious games.
Deconstructed concepts were then sorted by their ontological,
epistemological, and methodological roles. In phase 5, concepts
with similar features were condensed, reducing the total number
of concepts to more manageable levels. In phase 6, using an
iterative process, the newly integrated concepts were synthesized
into a single theoretical framework. Concepts were subject to
repeated resynthesis until a sensible general theoretical
framework was recognized. In the study, three clusters of
interrelated serious games markers were produced instead of a
framework. In phase 7, we examined three established serious
games to determine if the markers proposed by Jabareen’s
process can be confirmed in games via the detection of each
cluster’s base markers. Finally, in phase 8, as theoretical
frameworks representing multidisciplinary phenomena remain
dynamic, the tested framework will eventually be revised in
light of new findings and developments as part of future studies
undertaken by the authors and the broader serious games
scientific community.
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Figure 1. Overview of Jabareen’s eight phases [23].

Games Used to Validate the Framework
Three serious games for medical education were used in the
validation of the clusters and their base markers. All three games
had been previously validated as serious games efficacious in
their target areas or audiences and are easily accessible by
medical students and professionals, as they are freely available
from either the Android or iOS mobile app stores or from the
developer’s website [24-26].

“Touch Surgery” simulates hundreds of different medical
procedures in three-dimensional environments and enables users
to train in a three-dimensional environment. Upon selection of
a procedure, users are guided through all the appropriate steps
of an operation step-by-step, following which, players are

provided opportunities for rehearsal and self-assessment via
multiple-choice questions that focus on cognitive decision
making. Of the available modules, the chest tube insertion
procedure was chosen due to its relative novelty to the
investigators of the study.

“Dr Game, Surgeon Trouble” trains medical residents to
recognize and correct responses to equipment failure events
during laparoscopic surgery. Player attention is held by a
match-three-puzzle minigame unrelated to surgery and must
concurrently solve equipment-related problems in a visually
embedded laparoscopic tower. The onset of problems is
accompanied by signals such as camera blurring or changes in
lighting intensity, which occur partially beyond a player’s direct
focus of attention, emulating a surgical environment. Upon
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detection of a problem, the player is then moved to a
troubleshooting mode where the educational aspect of the game
features. At this stage, players interact with the laparoscopic
tower to resolve equipment malfunctions and are given a set
number of “attempts” at the correct solution. Throughout, the
game maintains a cycle of challenges, actions, and direct
feedback.

“Staying Alive” teaches the general public and health
professionals about the management of a sudden cardiac arrest.
Players are presented a three-dimensional environment wherein
a man has just collapsed due to the onset of cardiac arrest and
is guided through the appropriate measures and techniques
required to maximize his chances of survival. Difficulty
increases across levels, where level 1 takes place in an indoor
office, while level 2 takes place in a sports field.

Validation of the Markers
In the validation phase of the study, each game was played till
completion and markers that surfaced were noted using the
Serious Games Markers Scoring Protocol (Multimedia
Appendices 1 and 2). As the markers serve as a means to detect
the base markers of the game, as opposed to how well or how
much of a marker is represented, a binary scoring system was
utilized. Markers that clearly featured in games were marked
as present and their total scores were tallied.

Results

Markers of Serious Games
Figure 2 shows the three clusters of markers that, when brought
together, form the base composition of a serious game—User
Experience (UX), Play, and Learning—that must be present for
a serious game to be considered both serious and a game. This
is in contrast to recreational games and e-learning, which are
respectively missing the clusters of Learning and Play.

UX encompassed the player’s cognitive and affective
experiences while playing and interacting with the game and
found ways in which they were moderated by the game’s actual
play, professional applicability, and usability through its user
interface. The cluster comprised elements detailed in Textbox
1.

The cluster of Play encompassed the game’s nonlearning
mechanics, genres, style, control mechanism (ie, controller and
keyboard), within-game objectives, playable content, and
infrastructure (ie, cloud-based, hardware requirements). The
cluster comprised markers detailed in Textbox 2.

Learning encompassed the scenes, scenarios, or situations
wherein the player is exposed to the knowledge or skills the
game intends to impart. They need not be singular, and distinct
instances can be spread out or embedded into the game’s central
mechanics. The cluster comprised markers detailed in Textbox
3.
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Figure 2. Overview of the diagnostic criteria of serious games. UX: User Experience.

Textbox 1. Markers comprising the cluster of User Experience.

• Limits: The game attempts to govern how users should play, in accordance with the developer’s intent, and discourages styles that circumvent
its overall purpose. It also refers to constraining the player within the play area to avoid unintended bugs.

• Feedback: For most of the time, the game responds to actions taken by the player, confirming to the player that the said action had taken place.
It typically refers to auditory or visual cues in response to all actions, no matter how inconsequential, such as clicks or bumps when interacting
with objects.

• Scaffolding: The game gradually increases the intensity of mechanics that directly influence player impressions and feelings toward it in the
moment of play. It also refers to the gradual introduction of new mechanics across time, if such mechanics are available.

• Affordance: Actions or purposes available to the player should be affordable, in that the game makes clear how the presented options are to be
used, or such that the player will be able to figure out how options are to be used. Does not apply to puzzle-based games or objectives that require
significant cognitive input.

• Transparency: Options available to the player, in both gameplay and the game’s user interface, require little to no thought to discern their purpose.
Does not apply to mechanics designed to assess levels of competencies and novel mechanics accompanied by dedicated explanations.

• Consistency: Game manages its interactions with the player in a mostly consistent manner, inclusive of predictable outcomes when using external
instruments (mice, keyboards, etc) to interact with the game.
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Textbox 2. Markers comprising the cluster of Play.

• Relevance: The game’s overall themes, style, genre, and design should be professionally applicable to its target audience at the time of publication.

• Objectives: The game possessed explicit overarching or instance-specific purposes for the player to attain.

• Possibility: The game should introduce more substance, usually new game content, events, and features over time. These may include new
methods to overcome challenges, and entirely novel materials or themes within the game.

• Consistency: Methods, controls, game mechanics, and rules for gameplay should display consistency most of the time. Does not consider the
actual playable content of the game.

• Scaffolding: The effort or cognitive input required by a player to overcome challenges or content presented by the game should gradually increase
as play time increases. Play should begin at a manageable level before increasing in difficulty to maintain challenge and flow. If difficulty is
moderated by variations of in-game mechanics, then these mechanics should be gradually introduced.

• Error Friendliness: The game allows for player errors to be made, allows consequences of said errors, and does not bar an action or cease missions
upon detection of an incorrect choice.

Textbox 3. Markers comprising the cluster of Learning.

• Target Outcomes: The game has clear goals or target outcomes it intends to achieve. It can be operationalized as intent to raise latent or constant
awareness of a problem. If targeted at behaviors, it can be operationalized as behavioral modification attempts.

• Knowledge: The game contains the knowledge and skills it intends for the player to take in and utilize.

• Relevance: Knowledge or skills present in the game have been set to a standard suitable for the target audience’s learning level and interests,
wherein interest is defined as whether the content will be applicable to the said audience.

• Cognitive Load Management: The game supports the player’s exposure to new knowledge and allows for the regular intake of new information.
The game ideally seeks to maintain players within the zone of proximal development, avoids overloading the player, and ensures that the pace
is not too slow as to induce boredom or disinterest.

• Expectation Defying: The game attempts to prevent players from being conditioned to one stimulus to the point that introducing a second,
necessary stimulus has no effect. Operationally, the game avoids monotonous and predictable “learning moments” and takes steps to keep players
from knowing what will happen next with regard to learning.

• Assessment: The game features a system to assess player learning improvements with regard to the target learning outcomes. It need not be
operationalized as traditional scorecards and may feature as achievement or medal systems. “Total Score” features that lack clarity and specifics
do not qualify.

Scoring Methodology
Due to the need for a simple validation process, each marker of
each cluster is marked on a binary level—they are either present
(1) or not present (0)—and must be indisputably present in a
game to be considered so. Each cluster (UX, Play, and Learning)
contains six markers and will be scored from 0 to 6 depending
on the number of markers present, with a score of ≥4 denoting
a cluster as present. When all clusters score ≥4, the game is
considered a serious game.

The serious game to be validated is to be played from start to
finish or, for games designed to end midway due to player error,
until five game-ending mistakes are committed or until the
player is no longer willing to continue due to the inability to
overcome the obstacle wherein the mistakes were committed,
whichever comes first. The player is to observe the game for
each cluster’s markers and record them accordingly.

To facilitate the ease of reporting game scores posttabulation,
scores are reported in a UX/Play/Learning format, abbreviated
as #U/#P/#L, where # ranges from 0 to 6 depending on the
number of markers recorded for the respective clusters.

Scoring the Seriousness of the Games

Game Scores
“Touch Surgery” scored 6U/0P/5L. It was found to possess all
six markers of UX and five markers for Learning, missing out
on Expectation Defying due to the absence of conditioning
stimuli in the Learning cluster of the game. However, the game
scored 2 points in the cluster of Play, as the “game” component
resembled e-learning as opposed to games defined by Alvarez
and Djaouti [2].

“Dr. Game Surgeon Trouble” scored 6U/5P/6L. It was found
to possess all six markers of UX and Learning, but missed out
the Scaffolding component in Play due to the study being unable
to confirm if its match-three-puzzle minigame increased in
difficulty over time nor did the frequency of problem signaling
increasing over time.

“Staying Alive” scored 6U/5P/5L. It was also found to possess
all six markers of UX but missed out on the Possibility
component in Play because the second level was mostly the
same as the first and there was uncertainty about whether there
was an increase in difficulty.

Figure 3 summarizes the game scores for the three games.
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Figure 3. Markers for the three games evaluated. UX: User Experience.

Discussion

Principal Findings
The diagnostic markers of serious games were developed by an
iterative process that began with the identification of knowledge
within the existing literature. During this process, the two
existing frameworks of serious games proposed by Yusoff et
al [21] and Rooney [22] were found to be used during the game
development process and not as a validation tool for ready-made
games [21,22]. As no such tool existed, this study attempted to
close the gap in the literature through the construction and
validation of diagnostic markers that included extensive
deconstruction and resynthetization of data until a sensible
cluster of markers was recognized. The newly developed clusters
were then tested on a series of ready-made health care serious
games. Although all games were previously validated by at least
one study, some appeared to defy the criteria’s definition of a
serious game.

Haubruck et al [25] conducted a randomized controlled trial
that demonstrated the validity and effectivity of “Touch
Surgery” as an educational adjunct for chest tube insertion
procedures [25]. The study applied the Gameplay/Purpose/Scope
(G/P/S) classification model by Djaouti et al [13] to confirm
Touch Surgery’s status as a serious game. However, the G/P/S
model aims to precisely classify a serious game into a subgenre
via a system that acknowledges both the “serious” and “game”
dimensions. The model’s principal goal was to allow educators
to find serious games that were useful for their specific causes
but were otherwise not designed for or marketed toward their
use. A secondary application of the model was to identify
entertainment games that could be repurposed for use in
education. In both circumstances, the model requires that the
game being classified qualifies as one to begin with.

Similarly, notwithstanding the study by Haubruck et al, no
citation referring to Touch Surgery as a serious game could be
found, including the manufacturer’s website. This discrepancy
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is most likely due to a case of mistaken identity due to the
multitude of definitions for what exactly construes a serious
game. Djaouti et al [13] noted that serious gaming draws
expertise from a broad range of fields such as pedagogy,
computer science, and medicine that may not wholly agree with
the definition of a serious game [13].

Alvarez and Djaouti defined “serious games” for health care as
games that were designed specifically for the serious purpose
of providing education via digital devices [2]. The term “serious
gaming” was defined as the use of any digital games for health
care education and could also refer to nonserious games used
for a serious purpose, which they termed “serious diverting”
[2]. Therefore, although none of the definitions define what
construes a game, it can be inferred that the related software
must be games to begin with. A related concept (“gamification”)
was defined as the use of game elements in real-world
applications that typically were not games to begin with [27].
Such characteristics include rewarding users of e-learning with
points, badges, or achievements upon completion of a module.
As “Touch Surgery” does not demonstrate transparent
implementation of game elements, does not offer users
challenging problems outside of its assessment module, and
was not cited as a serious game by its manufacturer, it is more
applicably categorized as an e-learning tool than a serious game,
thereby falling in line with the markers and proposed diagnostic
criteria, notwithstanding its efficacy as an educational tool.

Conversely, “Dr. Game Surgeon Trouble” appears to fit well
with the proposed criteria for a serious game, and its status as
one is supported by existing literature. Graafland et al [24] had
developed the game specifically to improve the problem
recognition and resolution skills of surgical trainees [24,28].
The game has had its construct validity established, and a
randomized controlled trial demonstrated favorable outcomes
in improving trainee problem recognition and resolution.
Moreover, while there is no evidence to suggest that Graafland
et al [24] employed existing conceptual frameworks of serious
games during the development phase, the game demonstrates
the distinct, yet well-integrated game and educational
components that fit neatly within common definitions of serious
games. Although requiring only a few minutes to complete,
“Staying Alive” appeared to fit well within the diagnostic
criteria, and its status as a serious game is supported by both
the manufacturer and a randomized controlled study by
Drummond et al [26].

Validating all three games through either Yusoff’s [21] or
Rooney’s [22] conceptual frameworks would logically require
that both first be adapted for use in ready-made games. Such a

venture, while plausible, is likely a complex undertaking that
requires some degree of familiarity with game development,
game playing, and related pedagogies such as learning through
play or game-based learning in addition to validating the
suitability of the adapted frameworks or diagnostic criteria.
Instead, due to the differing goals of each, a more appropriate
use would be their original purposes: Yusoff’s [21] framework
to ensure newly developed serious games can meet their learning
outcomes and Rooney’s [22] framework to ensure a balance of
design and pedagogical elements during game development.

Limitations
The diagnostic markers for serious games were designed with
an aim of simplicity and this, in turn, also serves as one of its
limitations. In this regard, the markers may only be used to
discriminate between serious games and other digital solutions
purporting to be serious games, but belonging to other fields
like e-learning. These markers, and the associated diagnostic
criteria, cannot determine the efficacy of a serious game, as
demonstrated by the analysis of “Staying Alive,” a serious game
that did not perform as well as its creators had hoped as
compared to a conventional e-learning alternative.

Another limitation is the lack of readily available, high-quality
health care serious games to test the markers. Owing to the
specific or controlled uses of health care serious games, many
remain noncommercialized or unmaintained and thus difficult
to acquire. The study was also unable to utilize serious games
that required specialized or customized hardware due to
logistical constraints.

Conclusions
The diagnostic markers of serious games presented in this study
offer a simpler alternative that may be used by professionals or
educators without extensive familiarity with serious games.
They allow for the validation of ready-made games on the
market and are used to confirm the presence of “seriousness”
in any given health care serious game.

Although the markers may also be used during the game
development phase to ensure the end product is both serious
and a game, further evaluation is required to confirm its validity
in this regard. The dynamic nature of diagnostic markers and
the accompanying criteria, akin to the those employed by
modern medicine, could potentially see new, possibly
industry-specific markers being developed from evidence
surfacing in future works, which might result in criteria that
enable educators or professionals to determine the efficacy of
premade serious games while maintaining their simplistic
approach to game validation.
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Serious Games Markers Scoring Protocol (analog).
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Multimedia Appendix 2
Serious Games Markers Scoring Protocol (digital).
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Abstract

Background: Competitive and cooperative serious games have become increasingly popular in areas such as rehabilitation and
education and have several potential advantages over single-player games. However, they are not suitable for everyone, and the
user experience in competitive and cooperative serious games depends on many factors. One important factor is the verbal
interaction between players, but the effect of this factor has not been extensively studied because of the lack of a validated
measurement tool.

Objective: This paper aimed to validate a brief questionnaire that measures the verbal interaction between 2 players of a serious
game. The questionnaire consists of 8 questions pertaining to the amount of conversation, its valence (positive or negative
emotion), and its game relatedness.

Methods: The questionnaire was validated with 30 pairs of participants who played a competitive serious game for 10 min
while being recorded with cameras. The questionnaire was filled out by both participants, an in-person observer, and 2 members
of our research group who watched the videos. Results from these raters were used to develop questionnaire instructions, and the
finalized questionnaire was given to 2 additional raters who were trained on 5 videos and then rated the other 25 videos
independently.

Results: The questionnaire’s interrater reliability is excellent for the amount of conversation and its game relatedness (intraclass
correlation coefficients [ICCs] above 0.9). Interrater reliability is fair to good for conversation valence (ICCs between 0.4 and
0.7). We believe that the lower interrater reliability for valence is primarily because of a limited spread of valence values in our
sample. Furthermore, questionnaire ratings were significantly correlated with players’ personality characteristics (eg, amount of
conversation was correlated with extraversion) and pressure/tension experienced in the competitive game.

Conclusions: The validated questionnaire has the potential to be a useful tool for studying user experience in competitive and
cooperative serious games. Furthermore, it could be adapted for other applications such as entertainment games. However, it has
only been validated with unimpaired university students in a 2-player competitive serious game and should next be validated
with different target populations (eg, stroke survivors) and different game designs (eg, cooperative games).

(JMIR Serious Games 2019;7(3):e12788)   doi:10.2196/12788
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Introduction

2-Player Serious Games
Although serious games have traditionally involved only a single
player, 2-player and multiplayer serious games have become
increasingly popular in the last decade. For example, competitive
and collaborative serious games can be used for motor
rehabilitation [1-3]; for weight loss and general fitness [4-7];
for language therapy [8]; for military training [9]; to teach school
subjects such as mathematics [10], language [11], and
programming [12]; to teach more informal skills such as
recycling [13], energy awareness [14], and sexual risk reduction
[15]; and for many other applications. Such games have several
potential advantages: compared with single-player games,
competitive and cooperative games have been found to result
in higher motivation and energy expenditure in rehabilitation
and weight loss [3,4,16] as well as higher motivation and faster
learning in educational applications [12].

However, not all users benefit equally from competitive and
collaborative games. For example, studies in rehabilitation
[2,17], weight loss [4], and education [13] have found that
people who like competition often do not like cooperation (and
vice versa). Furthermore, a person’s experience with a
competitive or cooperative game depends on factors such as
age, gender, personality, and the person’s relationship with the
other player(s) [2,17-23]. The exact effects of these factors are
often unclear and interaction effects are likely—for example,
our previous studies on rehabilitation games have found that
effects of personality are stronger in pairs of strangers than in
pairs of friends [2,17]. To enable more effective deployment
and personalization of serious games, these effects critically
need to be studied in more detail.

Interpersonal Interaction in 2-Player Serious Games
One factor that strongly affects users’ experience with
competitive and cooperative serious games is the amount of
interaction (both verbal and nonverbal) between players. For
example, our previous study found a very strong correlation
between self-reported enjoyment and the amount of conversation
between 2 players [17], and other studies have found that
self-reported enjoyment decreases as interaction elements
between players are removed [20]. However, studying the effect
of interpersonal interaction on user experience in serious games
is difficult because a commonly accepted objective or subjective
measure does not exist. In our previous study, we measured the
amount of conversation between players using a simple 0 to 3
scale reported by an observer [16], but that measurement was
not validated and had several methodological issues (eg, lack
of consistent rating guidelines, no ability to rate positive vs
negative conversation, and no ability to rate whether 1 player
is talking more than the other). Other studies of 2-player serious
games have acknowledged that verbal interaction between
players is an important factor but did not analyze it because of
a lack of a validated measure [1,3,24,25].

The goal of this study was to validate a brief questionnaire that
measures the verbal interaction between 2 players of a serious
game. The questionnaire consists of 8 questions pertaining to
the amount of conversation, its valence (positive or negative

emotion), and its game relatedness. The justification for these
3 quantities is as follows:

• Amount of conversation: previous research with
unvalidated, ad-hoc measures has shown that the amount
of conversation is correlated with subjective experience in
competitive serious games [16] and that the amount of
interaction differs between participant groups (eg, young
and old [23]). Furthermore, although this has not been
studied, we believe that the conversation balance (relative
amount of talking done by each person in a pair) could
provide insights into, for example, cooperation dynamics.
Thus, measuring the amount of conversation is expected to
provide insight into diverse aspects of competitive and
cooperative serious games.

• Valence: providing a positive experience is a critical aspect
of serious games for rehabilitation [1-3], physical fitness
[7], and education [12], and we reasonably believe that a
positive overall experience will result in positive
conversational valence. Thus, a measure of conversational
valence can provide insights into the players’ experience
with the serious game.

• Game relatedness: although less well justified than the other
2 quantities, we believe that measuring game relatedness
would provide important insights into whether the
participants are focused on the serious game. Studies have
suggested that participants need to be actively engaged with
a serious game (rather than just going through the motions)
to maximally benefit from it [26], and a high amount of
game-unrelated conversation may indicate that the players
are simply chatting rather than actively participating in the
game.

The questionnaire is primarily meant to be filled out by an
observer who watches the game session either in person or on
video, although it could also be filled out by the players
themselves. To validate the questionnaire, 30 pairs of
participants played a competitive exercise game for 10 min
while recorded on video. Results of the questionnaire are
compared between the participants, an in-person observer, and
several raters who watched the videos after the data collection
had been completed.

Methods

In this section, we first present the questionnaire and its rating
instructions, then describe the methods used to validate the
questionnaire.

Questionnaire Items
Our brief interpersonal interaction questionnaire was developed
to evaluate the verbal interaction between 2 game players who
are ideally colocated (in the same room). It consists of eight
5-point items that can be answered in less than 5 min by either
a player (after gameplay has concluded) or an observer (during
or after gameplay). For an observer, the items are as follows:

1. How much did player A talk to player B? (1: little to no
talking; 5: nearly constant talking)

2. How much did player B talk to player A? (same scale as
above)
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3. How balanced was the conversation? In other words, did
both players talk about the same amount or did 1 player
talk more than the other? (1: both players talked about the
same amount; 3: 1 player talked moderately more; and 5:
1 player dominated the conversation)

4. How positive or negative were the things that player A said
during the game? (1: very negative; 5: very positive)

5. How positive or negative were the things that player B said
during the game? (same scale as above)

6. Were the things that player A said about the game or other
unrelated topics? (1: mostly unrelated to the game; 5: mostly
related to the game)

7. Were the things that player B said about the game or other
unrelated topics? (same scale as above)

8. How would you rate the overall conversation between the
players? (1: very negative; 5: very positive)

For a player, these questions were modified to refer to “you”
and “the other player” instead of players A and B. Full copies
of both versions of the questionnaire are available in Multimedia
Appendix 1. For observers, players A and B should be defined
within the context of the experiment to avoid confusion; in our
study, for example, we defined player A as the person sitting
on the left and player B as the person sitting on the right.

Rating Instructions
Administering the questionnaire is relatively easy and should
not take more than a few minutes. However, as some situations
can be confusing for raters, the following instructions should
be read carefully before using the questionnaire to ensure
consistent answers.

General: Raters should answer all the questions even if the
amount of conversation is limited; answers of “not applicable”
should only be permitted if a player says nothing during the
entire gameplay session. Raters are allowed to take notes and
make preliminary scores during the gameplay interval and may
rewind and replay the videos as desired. However, raters have
to watch the entire interval before giving their final ratings.

Items 1 and 2 (amount of conversation): If both players talk
almost constantly, both should receive a score of 5; conversely,
if 1 player talks for approximately half the gameplay session
and the other never talks, the silent player should receive a score
of 1, whereas the talking player should receive a 3 or 4.

Item 3 (balance): Very high values (4 or 5) should only be used
in cases where 1 player is talking frequently and the other is
not. For example, if 1 player talks for 5 min and the other player
never talks, that would be a 5. However, if 1 player never talks
and the other player only says 1 sentence, that should be rated
a 2.

Items 4 and 5 (valence): Raters should rate all things spoken,
not only those directed at the other person. For example, if a
player appears to be talking to themselves, those comments
should be considered for these items. Furthermore, raters should
rate not only the words but also the tone and facial expression.
For example, neutral words (eg, “the game is getting harder”)
accompanied by a smile should result in a 4. In cases of sarcasm
(eg, “you did such a good job” said insincerely), raters should

consider the other player’s reaction—if the other player appears
amused by the sarcasm, it should be treated as positive;
conversely, if the other player appears annoyed by the sarcasm,
it should be treated as negative. Finally, raters should use the
extreme values (1 and 5) sparingly—1 should be used when the
players are actively antagonizing each other, whereas 5 should
be used when the players are actively praising each other or the
game.

Items 6 and 7 (game relatedness): The answers 1 and 5 indicate
“mostly unrelated to the game” and “mostly related to the
game”, respectively. The players do not need to talk 100% about
the game to get a 5, and the answers 1 and 5 can be used
relatively frequently here. For example, a 5 would correspond
to about 90% of the conversation being game related, whereas
a 1 would correspond to about 10% of the conversation being
game related. Furthermore, metagame discussion (eg, criticizing
the game's features or wondering how it is programmed) counts
as game related. However, discussion about other games (other
than the one being played) does not count as game related.

Item 8 (overall mood): This item is not meant to be an average
of items 4 and 5 and does not only include conversation but
also includes facial expressions and body language. The answers
1 and 5 can be used more frequently here than on questionnaire
items 4 and 5; for example, if the players are smiling and appear
to be having a good time, but their conversation is mostly about
neutral topics (eg, “oh, the game is getting harder”), raters could
answer 4 to items 4 and 5, but 5 to item 8.

Evaluation

Our Serious Game
The validation study was performed with a single 2-player
competitive serious game: the game of Pong previously used
in our arm rehabilitation studies [16,17]. Each player controls
a paddle near the top or bottom of the screen and moves it left
or right using their controller. A ball bounces around the game
field, and each player’s goal is to intercept the ball so that it
does not pass their paddle. If the ball passes a player’s paddle
and reaches the top or bottom of the screen, the opponent scores
a point. Once the point is scored, the ball moves to the middle
of the screen and begins moving in a random direction again
after a 1-second pause. Every 60 seconds, the difficulty of the
game changes according to a simple adaptation algorithm that
changes the ball speed and the size of the 2 paddles depending
on the players’ relative score as described in our previous paper
[16]. A screenshot of the game is shown in Figure 1.

Both players play the game on the same computer and are seated
side by side in front of the same screen. To control the game,
we reused the same hardware from our previous rehabilitation
study [16]. One player (participant A) uses a joystick and tilts
it left and right to move their paddle left and right. The other
player (participant B) uses a Bimeo arm rehabilitation device
(Kinestica d.o.o), which consists of 2 acceleration sensors
attached to armbands and a spherical handheld module; this
module must be tilted left and right to move the player’s paddle
left and right. A photo of 2 participants playing the game is
shown in Figure 2.
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Figure 1. Screenshot of the competitive Pong game. Each player controls one of the 2 paddles. The current game duration, score, ball speed, and time
until the next automated difficulty adaptation are shown on the right side of the playing field. Image reused from Gorsic et al with permission [16].

Figure 2. Study setup. Two participants play Pong using a joystick and Bimeo arm rehabilitation device while observed by an experimenter (not shown)
and 2 webcams. Participants could use whichever arm they wished to play the game.

Participants
Data collection was carried out in the first half of 2018. Overall,
30 pairs (60 participants) were recruited among students and
staff of the University of Wyoming. Participants were not

allowed to take part in the study if they had played our specific
version of Pong before, although they were not asked if they
had played Pong in general. Participants could volunteer for the
session alone or in self-selected pairs (eg, 2 friends); if a
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participant volunteered alone, they were paired with another
random single participant. No additional restrictions were placed
on allowed pairings. Of the 30 pairs, 22 were same-gender pairs,
whereas 8 were mixed-gender pairs; 14 were self-selected pairs,
whereas 16 were paired together randomly. There were 42 male
and 18 female participants (none self-identified as nonbinary),
aged mean 22.3 (SD 5.5) years.

Study Protocol
Each pair of participants took part in a single session. On arrival
to the laboratory, participants were told that the purpose of the
study was to examine player behavior in a competitive game
and that they would be videotaped, although they were not
specifically told that the goal was to validate the interpersonal
interaction questionnaire. The experiment procedure was
explained, the game and questionnaires were demonstrated, and
informed consent forms were signed. Participants filled out a
brief demographic questionnaire and were then seated in front
of the computer and played the game for 10 min without breaks.
A total of 2 webcams (1 atop the computer screen and 1
integrated into the screen) were used to take video and audio
recordings of the participants. An example image from the 2
webcams is shown in Figure 3. After the 10-min period
concluded, both participants filled out the interpersonal
interaction questionnaire as well as an 8-item version of the
Intrinsic Motivation Inventory (IMI), which measures 4
motivation scales during gameplay: interest/enjoyment,
effort/importance, perceived competence, and pressure/tension,
each using two 7-point Likert items. The specific version of the
IMI was reused from our previous work [16]. Furthermore, they
filled out the Ten-Item Personality Inventory, which measures
the Big Five personality factors (extraversion, agreeableness,
openness, conscientiousness, and neuroticism), each using two
7-point Likert items [27].

At the same time as the participants, the experimenter also filled
out the interpersonal interaction questionnaire. The videos were
then provided to 2 other raters (members of our research group),
who filled out the interpersonal interaction questionnaire by

watching the videos. Both raters scored each video, and the
rating procedure was done in 2 stages to develop the rating
instructions. The experimenter and the 2 video raters first
collected and scored the first 15 videos. They then met to
compare their answers, rewatched videos where the 3 ratings
did not match (at least a 2-point discrepancy between any 2
raters on any item) and developed the rating instructions (Rating
Instructions section) to address the discrepancies. With the
rating instructions at hand, the experimenter and 2 raters
adjusted their ratings for the first 15 videos as desired. After
that, the remaining 15 pairs were rated independently by the
experimenter and 2 video raters using the rating instructions.

Once all 30 pairs had been rated by the original 3 raters, the
instructions were finalized, and the videos and the questionnaire
were given to 2 external raters (paid US $10 per hour for this
study, but otherwise unaffiliated with our research group). A
total of 5 videos were selected as training videos: the external
raters rated them one by one and received feedback about their
score and clarifications about the rating procedure after each
rated video. Of these 5 videos, the first 2 were considered easy
by the original raters and had resulted in identical ratings; the
other 3 videos were considered more difficult to rate and
included either unbalanced conversation, an overall low amount
of conversation (making it difficult to rate valence and game
relatedness), or sarcasm (making it difficult to rate valence).
For items 1-2 and 6-8, the external raters’ first ratings (before
receiving feedback) were already very similar to those of the
original raters for all 5 training videos. For item 3 (balance), 1
external rater had to be reminded that an answer of 1
corresponds to perfectly balanced conversation, as they had
assumed that an answer of 3 corresponds to balanced
conversation. For items 4 and 5 (valence), the external raters’
first ratings were very similar to the original raters’ first ratings
for the first 3 training videos, but feedback was needed for the
low amount of conversation and sarcasm training videos. After
completing the 5 training videos, the external raters rated the
other 25 videos independently.

Figure 3. Screenshot of the video from the webcams. Videos from the 2 webcams are automatically synchronized and shown to raters side-by-side as
one video. Faces are blurred for anonymity.
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Data Analysis
As the primary analysis, intraclass correlation coefficients
(ICCs) were calculated between pairs of raters for each
interpersonal interaction questionnaire item separately. ICCs
are a standard method to assess the consistency of measurements
made by different observers who are measuring the same
quantity; in our case, they were calculated to determine whether
our questionnaire can produce consistent ratings of the same
conversation when used by different people, a necessary
prerequisite for the use of the questionnaire in research. ICCs
provide a more stringent test of consistency than standard
Pearson correlations because their estimates account for both
the covariation and absolute agreement between raters. They
were calculated using a 2-way mixed, single-measures model
with absolute agreement [28]. Interpretive benchmarks for ICCs
(excellent: 0.75-1.00; good: 0.60-0.74; fair: 0.40-0.59; and poor:
below 0.40) are provided by Cicchetti [29].

As the secondary analysis, we also calculated Spearman
correlation coefficients between the interpersonal interaction
questionnaire, the 4 IMI scales, and the Big Five personality
factors. This provides an estimate of how the results of our
questionnaire correlate with personality and game experience;
as an important future application of the questionnaire is to
study correlations between conversation and game experience
in 2-player serious games, the secondary analysis provides
preliminary data in this regard. For the interpersonal interaction
questionnaire, the correlations were calculated separately using

the averaged answers of the 3 original raters, the averaged
answers of the 2 external raters, and the participants’ own
answers.

For participants and the 3 original raters, ICCs and correlation
coefficients were calculated over all 30 pairs; for external raters,
only 25 pairs were included because the 5 training pairs were
excluded. We chose to use all 30 pairs for the 3 original raters,
as they updated their ratings after the rating instructions had
been finalized, although we acknowledge that this may have
introduced some bias.

Results

Participants’ mean self-reported answers to the Ten-Item
Personality Inventory (on scales of 2-14) were 10.6 (SD 1.5)
for openness, 10.3 (SD 2.2) for conscientiousness, 8.2 (SD 2.7)
for extraversion, 6.3 (SD 2.2) for agreeableness, and 5.8 (SD
2.2) for neuroticism. Their mean self-reported answers to the
IMI (on scales of 2-14) were 10.3 (SD 2.5) for
interest/enjoyment, 10.6 (SD 2.8) for effort/importance, 9.8 (SD
2.6) for perceived competence, and 7.3 (SD 3.1) for
pressure/tension.

ICCs for different pairs of raters are shown in Table 1.
Furthermore, Spearman correlation coefficients between the
interpersonal interaction questionnaire, the IMI, and the
Ten-Item Personality Inventory are listed in Tables 2 and 3.

Table 1. Intraclass correlation coefficients for the 8 questionnaire items and different pairs of raters.

Externals 1 and 2cVideos 1 and 2bIn-person: video 2In-persona: video 1Participants A-BQuestionnaire item

0.940.920.910.920.821. How much A talks to B

0.940.910.930.930.752. How much B talks to A

0.630.450.470.630.273. Balance

0.490.370.150.550.584. Valence A to B

0.650.480.420.590.655. Valence B to A

0.900.970.930.930.516. Game relatedness A to B

0.970.940.930.980.757. Game relatedness B to A

0.680.650.690.600.528. Overall valence

aIn-person: in-person observer (experimenter).
bVideos 1 and 2: video raters used to develop the questionnaire instructions.
cExternals 1 and 2: external video raters used for the validation of completed questionnaire.
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Table 2. Spearman correlation coefficients for correlations between the interpersonal interaction questionnaire items and the Intrinsic Motivation
Inventory scales. If a questionnaire item does not appear in the table, no correlations had a P value below .10 for that item.

Pressure/tensionCompetenceEffort/importanceInterest/enjoymentRater and Questionnaire Item

P valueCCP valueCCP valueCCP valueCCa

Self-rating

.02-0.30 b.580.07.22-0.16.390.11How much participant talks to other one

.002-0.38.700.05.097-0.22.420.11How much participant was talked to

.440.10.51-0.09.050.26.020.31Game-relatedness of participant's statements

.004-0.36.520.09.90-0.02.060.25Overall valence

Average of internal raters

.001-0.41.160.18.55-0.08.530.08How much participant talks to other one

.001-0.41.330.13.91-0.01.790.04How much participant was talked to

.010.34.03-0.29.940.01.230.17Game-relatedness of participant's statements

.005-0.36.900.02.76-0.04.0970.22Overall valence

Average of external raters

.02-0.32.080.25.62-0.07.440.11How much participant talks to other one

.008-0.37.750.05.81-0.03.710.05How much participant was talked to

.030.33.01-0.38>.990.00.410.13Game-relatedness of participant's statements

.19-0.19.520.09.560.08.190.19Overall valence

aCC: correlation coefficient.
bCorrelations with a P value below .10 are in italic.
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Table 3. Spearman correlation coefficients for correlations between the interpersonal interaction questionnaire items and the Ten-Item Personality
Inventory scales. If a questionnaire item does not appear in the table, no correlations had a P value below 0.1 for that item.

NeuroticismAgreeablenessExtraversionConscientious-
ness

OpennessRater and Questionnaire Item

P valueCCP valueCCP valueCCP valueCCP valueCCa

Self-rating

.01-0.32.52-0.08.020.29 b.830.03.250.15How much participant talks to other one

.02-0.31.19-0.17.100.21.880.02.100.21How much participant was talked to

.03-0.29.10-0.22.830.03.0970.22.420.11Valence of participant's statements

.450.10.29-0.14.08-0.24.500.09.10-0.22Game-relatedness of participant's statements

.01-0.32.38-0.12.180.18.700.05.130.20Overall valence

Average of internal raters

.007-0.34.27-0.14.020.30.690.05.030.29How much participant talks to other one

.04-0.26.47-0.10.030.27.530.08.100.21How much participant was talked to

.680.05.38-0.12.18-0.18.970.01.150.19Valence of participant's statements

.130.21.63-0.07.04-0.28.85-0.03.03-0.30Game-relatedness of participant's statements

.01-0.32.15-0.19.190.17.420.11.290.14Overall valence

Average of external raters

.001-0.47.16-0.20.0090.37.740.05.0060.38How much participant talks to other one

.27-0.16.92-0.02.030.31.720.05.250.17How much participant was talked to

.840.03.40-0.13.46-0.11.43-0.12.430.12Valence of participant's statements

.190.20.64-0.07.09-0.26.680.06.049-0.30Game-relatedness of participant's statements

.10-0.24.980.00.030.31.400.12.170.20Overall valence

aCC: correlation coefficient.
bCorrelations with a P value below .10 are in italic.

Discussion

In this section, we first discuss the systematic differences
between participants A and B observed on items 1-2 and 4-7,
then discuss the results for different items of the questionnaire.
We then discuss the correlations between the interpersonal
interaction questionnaire, IMI, and personality scales. Finally,
we discuss the need for further validation of our questionnaire
with different populations and different game designs and briefly
discuss possible alternative approaches to measuring
conversation in serious games.

Systematic Differences Between Participants
From an observer’s perspective, there should be little difference
between the A participants and B participants, and items 1 and
2 should thus yield essentially the same ICC as should items 4
and 5 as well as 6 and 7. Although many ICCs were the same
for these items, there were also notable differences—for
example, ICCs for items 4 and 5 differ by as much as 0.27. We
performed a follow-up analysis to determine whether the A
participants were significantly different from the B participants
but found no significant differences for age, gender, personality,
or IMI. Thus, we believe that the difference in ICCs may be
because of systematic differences in the study setup: different
input devices (Bimeo for A and joystick for B) and different

paddle positions on the screen (top for A and bottom for B).
This possibility is supported by participants’ conversation
(several commented on the differences between the Bimeo and
joystick) and suggests that the reliability of the questionnaire
may depend on the hardware used; however, the differences in
ICCs may also be simply because of statistical noise, and this
should be explored further.

Amount of Conversation and Game Relatedness
On the basis of the ICCs for questions 1, 2, 6, and 7, we can
conclude that (at least for this group of participants) observers
can use our questionnaire to measure both the amount of
conversation and its game relatedness very consistently, with
both the internal and external raters exhibiting ICCs over .9.
The most important clarifications for these items were what to
do in cases of unbalanced conversation (1 person talks more
than the other), what constitutes a 1 or 5, and whether metagame
discussion should count as game related.

In addition, the raters sometimes asked how to compare coherent
conversation (eg, focusing on a single topic for an extended
amount of time) with incoherent conversation (eg, frequent
grunts, “oops”es, “ohhh”s, and similar exclamations but few
full sentences). In the end, we did not include explicit
instructions regarding conversation coherence, although this
could be addressed in a future update of the
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questionnaire—potentially even with additional items to measure
this aspect. Another addition to the questionnaire could be a
measurement of who takes the lead on the conversation: we
observed several cases where both players talked about the
same, but all periods of conversation were initiated by the same
player even if the other player then contributed equally.

Finally, the participants were able to provide reasonably
consistent ratings of their gameplay session, with ICCs between
participants ranging from 0.51 to 0.82 for questions 1, 2, 6, and
7. The lower ICCs compared with observers can likely be
attributed to the fact that participants are focused on playing
the game throughout the session and thus do not keep track of
their conversation to the degree that observers do.

Conversation Balance
The item about conversation balance (item 3) exhibited
relatively low ICCs compared with items 1 and 2. We believe
that one major reason for this was the lack of actual imbalance
in the dataset: most of the answers to this item were 1 or 2,
whereas 4 occurred in only 1 pair, and 5 never occurred. Thus,
the low ICCs for this item are likely because of a limited range
of values. However, it is worth noting that the ICC between the
participants was especially poor (0.27). As with items 1 and 2,
this worse ICC is likely because of the difficulty of keeping
track of conversation while playing the game.

Our opinion on this item is mixed. On the one hand, it is similar
to items 1 and 2, and the same information should ideally be
obtainable as the difference between those 2 items. However,
in our dataset, there were several cases where raters gave the
same answers to items 1 and 2, then indicated some
conversational imbalance in item 3. In most of these cases, the
raters’ reasoning was that there was not enough of an imbalance
to warrant different answers for items 1 and 2 but enough of an
imbalance to be noted in item 3. Thus, item 3 may be more
sensitive to small imbalances than items 1 and 2. In the future,
this item could be validated further by artificially introducing
imbalanced conversations (thus determining if the lower ICCs
in this study were because of a limited range of self-reported
values). Alternatively, it may be possible to simply omit this
item and modify items 1 and 2 so that they are more sensitive
to small imbalances.

Valence
The 2 items related to individual participants’ valence (4 and
5) exhibited relatively low ICCs: although most ICCs were
between 0.4 and 0.6 (in the fair range), one was as low as 0.15.
As with the balance item, we believe that these low ICCs were
primarily because of a limited spread of values in our sample.
Most pairs were rated as 3 or 4 on these 2 items, only 1 pair
was rated as 2 on either item by any rater, and no pairs were
rated 1. As a result of this limited spread, the ICCs are low
despite good matches between raters: for example, the ICC
between the 2 external raters is .49 for item 4, but those 2 raters
gave the same answer to that item for 21 of the 25 independently
rated pairs and never disagreed by more than 1 point on the
5-point scale.

The narrow spread of valence values is to be expected from a
laboratory study, as participants do not wish to exhibit negative

behavior when they know they are being observed and recorded
on video. We believe that such negative behavior can be easily
observed in real-world serious game environments, as several
studies have documented very negative responses to competitive
serious games [4,25]. Similarly, although few pairs were rated
a 5 with regard to valence, we believe that this is also realistic
for a laboratory study—a real-world answer of 5 would
correspond to, for example, a therapist actively praising and
verbally supporting a patient during exercise. The questionnaire
could be validated for such extreme negative and positive
valence ratings using, for example, actors, but we ultimately
elected to simply acknowledge this limited evaluation, as we
believe that the questionnaire is nonetheless valid and useful
for cases of extremely positive or negative conversational
valence.

On both items 4 and 5, the ICC between participants is higher
than all other ICCs. We believe that this is because the
participants have a better insight into their own valence than
the raters do; although the raters have to determine valence
based only on facial expressions and conversation, participants
are largely aware of their own internal emotional processes.
Furthermore, although raters sometimes had difficulty
differentiating between honest statements, good-natured ribbing,
and sarcasm or insults, the meaning of each sentence was likely
clearer to the participants. In addition, ICCs involving video
rater 2 were lower than the other ICCs. After a follow-up
analysis, we believe that this is because video rater 2 was more
likely than the other raters to rate pairs a 5 on items 4 and 5.
We believe that this can be avoided in the future by more clearly
emphasizing that extreme values should be used sparingly (as
stated in the Rating instructions).

The item about overall valence (item 8) exhibited better ICCs
than items 4 and 5—between 0.6 and 0.7. The reason for this
difference is not entirely clear, although we believe that it is
because this item had a somewhat greater spread compared with
items 4 and 5. For example, there were several cases where
raters gave a score of 4 on items 4 and 5 but a score of 5 on this
item, with the justification “neither participant’s behavior was
very positive on their own, but the overall mood was very
positive.” We therefore believe that item 8 does provide useful
data on its own and is not simply an average of items 4 and 5.

Finally, 1 way to potentially improve ICCs for valence items
would be to provide more detailed instructions on how to
analyze nonverbal behavior. Although our rating instructions
included some examples on how to combine verbal and
nonverbal behavior for purposes of rating valence, the raters
commented that this was not always an easy task, and additional
instructions may help produce more consistent ratings. In a
longer version of the questionnaire, we could potentially even
include separate items for verbal and nonverbal valence.

Correlations With Intrinsic Motivation Inventory and
Ten-Item Personality Inventory
Multiple correlations were observed between our questionnaire
and the IMI (Table 2), confirming that conversation can provide
insight into participants’ motivation in competitive serious
games. Most notably, pressure/tension was negatively correlated
with the amount of conversation as rated by both participants
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and internal and external raters, confirming preliminary findings
obtained with unvalidated questionnaires [16]. Interestingly,
however, correlations with the other 3 IMI scales differed among
raters. First, a correlation between game relatedness and
perceived competence was observed for internal and external
raters but not the participants. Second, a correlation between
overall valence and interest/enjoyment was observed for
participants and internal raters but not external raters. Finally,
correlations between game relatedness, interest/enjoyment, and
effort/importance were observed only for participants.

For the Ten-Item Personality Inventory, all 3 groups’
(participants, internal raters, and external raters) ratings about
the amount of conversation were correlated with openness,
extraversion, and (negatively) neuroticism. Furthermore, all 3
groups’ ratings of overall valence were negatively correlated
with neuroticism. This is not an unexpected result but does show
that the amount and valence of conversation can differentiate
between different groups of people, as preliminarily observed
with unvalidated measures [23]. Interestingly, game relatedness
ratings were negatively correlated with openness and
extraversion, indicating that extraverted participants were more
likely to chat with the other participants about other topics,
whereas introverted participants were less likely to talk unless
it is related to the game. However, similarly to the IMI, some
correlations were only observed for some raters. For example,
correlations between our questionnaire and agreeableness or
conscientiousness were only observed for participants (but not
observers); on the other hand, some correlations were only
observed for observers but not the participants.

These differences in significant correlations between
participants, internal raters and external raters are likely because
of a mixture of statistical noise, perception biases, and additional
insights. For example, as participants likely have a better insight
into their own valence, their valence ratings are more likely to
be correlated with personality and interest/enjoyment than the
observers’ ratings. On the contrary, the fact that some
correlations were not found for participants’ ratings (but were
found for observers) may be because of differences in
self-perception and perception of others. Although we cannot
determine the reasons for these differences in detail, we believe
that they should be considered when deciding whether to
administer the questionnaire to participants. Furthermore,
administering the questionnaire to participants and observers
simultaneously may even allow explicit study of perception and
bias in the context of competitive serious games.

Further Validation: Target Populations for Serious
Games
As the immediate next step, the questionnaire should be used
in applied studies with actual target populations for serious
games. This is a critical step for 2 reasons. First, participants
who play serious games with an actual goal (eg, learning new
skills) will likely exhibit a wider range of conversational valence
than participants in a laboratory experiment, allowing better
validation of the valence items. Second, the positive results
observed in our study were obtained with a population of young
unimpaired university students and are not guaranteed to
generalize with other populations.

On the basis of our previous experience with serious games, we
believe that our questionnaire would be directly usable with
obese adolescents and adults (a common target population for
exercise games [4,5]) as well as with older adults who use
serious games to socialize [20] or maintain their cognitive
abilities but do not have major cognitive impairments. Although
such populations may, for example, talk less than the students
evaluated in our study, the conversation would likely still be
accurately measured by the questionnaire. Similarly, the
questionnaire could still be used to measure the amount of
conversation and game relatedness in people with, for example,
chronic depression or reduced emotional expressivity, although
valence ratings may be less reliable in such populations.
However, the questionnaire may be significantly less reliable
in populations with communication disorders (seen in, eg,
cooperative games for language therapy [8]) or other cognitive
impairments (seen in, eg, motor rehabilitation after stroke or
traumatic brain injury, depending on the injury location). In
such populations, all items of the questionnaire may be
unreliable, and this should be evaluated in follow-up studies.

Further Validation: Cooperative Games and Games
With More Than 2 Players
Although results of our validation are promising, the
questionnaire has only been tested with a 2-player competitive
game. Cooperative serious games may involve different verbal
interaction patterns that may reduce the reliability of the
questionnaire. We believe that the questionnaire is general
enough to apply to cooperative games, although mean values
of different items may change—for example, because players
may need to plan their actions for optimal cooperation, the game
relatedness of the conversation may increase. However, we
acknowledge that this needs to be verified with different
cooperative game designs. A future version of the questionnaire
could even include items that are specific to cooperative game
designs, such as identifying leaders and followers based on the
conversation.

The questionnaire also has not been tested with games for more
than 2 players and includes items that refer to specific players.
We believe that it could be easily expanded for 3- or 4-player
serious games (suggested for, eg, language therapy [8]), but that
significant modifications would need to be made for group
games (seen in, eg, weight loss [4]). On the contrary, although
the questionnaire was developed and validated for 2-player
serious games played on a single computer, we believe that
minimal modifications would be needed for Web-based
gameplay (eg, telerehabilitation), entertainment games, or even
for nongame tasks.

Alternative Conversation Measures
Finally, although our questionnaire is designed to be brief and
usable by both players and observers, we acknowledge that
alternative measures may be able to obtain a more detailed or
objective picture of the interpersonal interaction. One possible
alternative would be to have video raters count the number of
conversation instances as well as estimate each instance’s
speaker, length, valence, and game relatedness. Although this
would be time consuming and likely only feasible in offline
analysis, it may provide additional details. Alternatively,
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automated audio analysis could be used to estimate the amount
of conversation as, for example, the mean sound level recorded
by each player’s microphone or the percentage of time that each
player’s microphone sound level exceeds a certain threshold.
Although this would likely not allow analysis of valence or
game relatedness, it would provide a very objective
measurement.

Conclusions
Our brief measure of interpersonal interaction allows players
and observers of a 2-player competitive serious game to rate
the players’amount of conversation as well as the conversation’s
valence (positive or negative emotional content) and
game-relatedness using a total of eight 5-point items. The
amount of conversation and its game relatedness can be rated
reliably, with ICCs over .9 for pairs of trained raters. Valence
is more difficult to rate reliably, with ICCs between .5 and .7,
but we believe that this is because of the limited range of valence

values in our data (neutral to moderately positive) and that the
brief measure could nonetheless be used to rate very negative
or very positive conversations.

The questionnaire can be used to study user experience in
competitive and cooperative serious games, which are becoming
increasingly popular in fields such as rehabilitation and
education. User experience with such games is known to depend
on factors such as the player’s relationship with their coplayer,
and a validated measure of interpersonal interaction will enable
a better understanding of these factors, potentially leading to
more efficient deployment of competitive and cooperative
serious games. Furthermore, the questionnaire could be adapted
for other applications such as entertainment games. However,
we acknowledge that it has only been validated with healthy
university students in a 2-player competitive serious game, and
it should be further validated with different target populations
for serious games (eg, stroke survivors) and with other game
designs (eg, 2-player cooperation and group games).
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(JMIR Serious Games 2019;7(3):e15657)   doi:10.2196/15657

The title of this paper (JMIR Serious Games 2019;7(2):e11960)
has been changed from “Younger Adolescents’ Perceptions of
Physical Activity, Exergaming, and Virtual Reality: Qualitative
Intervention Study” to “Younger Adolescents’ Perceptions of
Physical Activity, Exergaming, and Virtual Reality: Qualitative
Intervention Development Study”.

The corrections will appear in the online version of the paper
on the JMIR website on September 13, 2019, together with the
publication of this correction notice. Because this was made
after submission to PubMed, PubMed Central, and other full-text
repositories, the corrected article also has been resubmitted to
those repositories.
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The manuscript “Exploring Efficacy of a Serious Game
(Tobbstop) for Smoking Cessation During Pregnancy:
Randomized Controlled Trial” (JMIR Serious Games
2019;7(1):e12835) was erroneously published with a duplicate
of Figure 2 in place of Figure 3 due to a display error on the
publisher’s website. The correct version of Figure 3 can be seen
below, and now also appears in the appropriate place in the
corrected manuscript.

The correction will appear in the online version of the paper on
the JMIR website on July 11, 2019, together with the publication
of this correction notice. Because this was made after submission
to PubMed, PubMed Central, and other full-text repositories,
the corrected article also has been resubmitted to those
repositories.
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Figure 3. Screenshots of Tobbstop.
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