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Abstract

Background: Anorexia nervosa is one of the more severe eating disorders, which is characterized by reduced food intake,
leading to emaciation and psychological maladjustment. Treatment outcomes are often discouraging, with most interventions
displaying arecovery rate below 50%, adropout rate from 20% to 50%, and a high risk of relapse. Patients with anorexia nervosa
often display anxiety and aversive behaviorstoward food. Virtual reality has been successful in treating vertigo, anxiety disorder,
and posttraumatic stress syndrome, and could potentially be used as an aid in treating eating disorders.

Objective:  The aim of this study was to evaluate the feasibility and usability of an immersive virtual reality technology
administered through an app for use by patients with eating disorders.

Methods: Twenty-six participants, including 19 eating disorder clinic personnel and 5 information technology personnel, were
recruited through emailsand personal invitations. Participants handled virtual food and utensilson an app using immersivevirtual
reality technology comprising a headset and two hand controllers. In the app, the participants learned about the available actions
through a tutorial and they were introduced to a food challenge. The challenge consisted of a meal type (meatballs, potatoes,
sauce, and lingonberries) that istypically difficult for patientswith anorexianervosato eat inreal life. Participantswereinstructed,
viavisual feedback from the app, to eat at a healthy rate, which is also a challenge for patients. Participants rated the feasibility
and usability of the app by responding to the mHealth Evidence Reporting and Assessment checklist, the 10-item System Usability
Scale, and the 20-point heuristic evaluation questionnaire. A cognitive walkthrough was performed using video recordings of
participant interactions in the virtual environment.

Results: The mean age of participants was 37.9 (SD 9.7) years. Half of the participants had previous experience with virtual
reality. Answers to the mHealth Evidence Reporting and Assessment checklist suggested that implementation of the app would
face minor infrastructural, technological, interoperability, financial, and adoption problems. There was some disagreement on
intervention delivery, specifically regarding frequency of use; however, most of the participants agreed that the app should be
used at least once per week. The app received a mean score of 73.4 (range 55-90), earning an overall “good” rating. The mean
score of singleitems of the heuristic eval uation questionnaire was 3.6 out of 5. The lowest score (2.6) was given to the “ accuracy”
item. During the cognitive walkthrough, 32% of the participants displayed difficulty in understanding what to do at the initial
selection screen. However, after passing the selection screen, al participants understood how to progress through the tasks.
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Conclusions: Participants found the app to be usable and eating disorder personnel were positive regarding its fit with current
trestment methods. Along with thefood item challengesin the current app, participants considered that the app requiresimprovement
to offer environmental and social (eg, crowded room vs eating alone) challenges.

(JMIR Serious Games 2021;9(2):€24998) doi:10.2196/24998

KEYWORDS

feeding and eating disorders; anorexianervosa; bulimianervosa; binge eating disorder; immersive virtua reality; eating disorders;

virtual reality

Introduction

Anorexia nervosa is an eating disorder characterized by
restriction of energy intake, leading to asignificantly low body
weight, intense fear of gaining weight, disturbed body
perception, and lack of insight into the seriousness of the
disorder [1]. At least 90% of individuals with anorexia nervosa
arewomen, with 40% of theidentified patients ranging between
15 and 19 years of age [2,3]. According to the Diagnostic and
Statistical Manual of Mental Disorders 1V, the lifetime
prevalence of anorexia nervosa varies from 0.3% to 1.0%, and
the mean crude mortality rate is 5% per decade [4,5], varying
from 0% to 15.6% [6,7]. Anorexia nervosa is associated with
physical problems such as anemia, reduced brain volume,
infertility, altered hormonal balance, loss of muscle mass, and
osteoporosis. However, most of these physical and mental
problems normalize with weight regain [8].

Long-term outcomes in anorexia nervosa treatments are often
discouraging. A 2002 review concluded that only 46.9% of
anorexia nervosa patients reached full recovery, 33.5%
improved, and the disorder became chronic in 20.8% of cases
[9]. In 2020, similar outcomes were found in anorexia nervosa
patients receiving treatments consisting of eating
disorder—focused structured individua therapies [10]. In
addition, studies frequently report poor long-term treatment
outcomes with high relapse rates [11], dropout rates ranging
from 20.2% to 49.6% [12], and a propensity for the anorexia
nervosa disorder to transition into other eating disorders [13].
Better treatment outcomes could be achieved when one part of
the treatment consists of normalizing eating behavior through
eat training [14]. Treatment based on this method typically
begins after establishing a baseline eating behavior for each
patient by having them eat food on a medical device
(Mandometer) that records the cumulative food intake (in
grams). In this treatment, patients eat their meals on the
Mandometer following a reference curve for food intake over
timethat isdisplayed on their own smartphone. Thefood intake
guantity isinitially based on the baseline measure but isupdated
depending on the rate of recovery of the patient [15]. Another
part of eat training consists of reducing food avoidance and
apprehension around food, which arethe key factorsresponsible
for maintaining the starved state [16]. Virtua redity (VR)
technology could offer an alternative approach for handling
food and to practice eat training in a treatment setting [17].

VR treatment involves immersing an individual in a
computer-generated 3D world that is customized according to
treatment needs, where the individual can be safely exposed to
stressors. Additional benefits of using VR are that it enables
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repetition aswell as exposure control (internal validity) and has
high generalizability to other contexts (external validity). Recent
technological advances have greatly reduced the cost of VR
technology, thereby increasing its scalability [18]. To date,
intervention studies that employed VR have been successful in
treating posttraumatic stress syndrome, anxiety syndrome, and
smoking [19,20]. In the eating disorder context, most studies
that have employed VR used the technology as an assessment
tool for exploring body image perception, and the response of
virtual foods and environments [21]. One study demonstrated
the ecological validity of the approach, with VR food eliciting
similar responses as real food in patients with eating disorders
[22]. Most of the eating disorder interventions employing VR
have aimed to correct a distorted body image [23]. However,
VR exposure therapy has also been reported to reduce the
anxiety response to food in patients with bulimia nervosa[24].
VR therapy may also be more acceptable to eating disorder
patients than other treatment forms. In a study on phobias, VR
exposure was more likely to be selected (76% of participants
chose VR) and had lower refusal rates than in vivo exposure
(3% vs 27%, respectively) [25]. These findings suggest that
exposure therapy via VR has internal, external, and ecological
validity in the target group, indicating that it can be effective
in treating bulimia nervosa and perhaps a so anorexia nervosa,
and may be more acceptable for end users (patients with eating
disorders) [25].

Evaluation of interventions is common; however, the quality
of these studies is often poor, which leads to incorrect
implementations and findings that are not reproducible [26].
The first step of establishing digital health interventions is
usually to gather the functional requirements for development
and testing [27]. The mHealth Evidence Reporting and
Assessment (MERA) checklist is auseful method for reporting
on digital interventions, which has the benefit of providing
recommendations for reporting the feasibility of intervention
strategies [27]. Another key factor for the successful adoption
of anew technology isusability [28], which was defined as*“the
extent to which aproduct can be used to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified
context of use” [29]. To ensure the acceptance and attitude of
patients and clinicians, aswell asto enhance well-being, reduce
risk of harm, and increase accessibility for patients, health
technologies should be appropriately designed to the end users’
needs before they are deployed as health interventions [30,31].
One review suggests using multiple methods in performing
usability evaluations[29]. Another study found that the System
Usability Scale (SUS) wasthe most common questionnaire used
in such evaluations, and recommended the use of quantitative
evaluation methods but concluded that further research is needed
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to identify which methods are best suited for different patient
groups[28].

The aim of this study was to investigate the perceived usability
of anewly developed VR app that simulates eat training and is
intended for use in an eating disorder intervention study. Asa
first step in this development, usability was evaluated by staff
involved in eating disorder treatment.

Methods

Participants

To be eligible for participation in the study, the individual had
to be working in an eating disorder clinic and have daily
interactions with eating disorder patients as a clinician or
physician (eating disorder personnel) or as part of information
technology (IT) service (IT personnel). Individualswereinvited
to participate in the study through emails and persona
invitations. Eating disorder patientswere not approached at this
stage because of the potential risk that participation would result
in poorer treatment outcomes and the assessment that many of
the questions related to intervention delivery would be difficult
for patients to answer.

Technology

The HTC VIVE VR system (HTC) was used as the immersive
VR technology in this study, consisting of aheadset (connected
to a computer) through which the VR environment could be
viewed, two hand controllers that enabled interaction with the
VR environment, and two base stations that enabled motion
tracking. To ensure proper performance, the room size should
be at least 1.5x2.0 meters. The computer used a NVIDIA
GeForce GTX 1060 graphic card, an Intel Core i5-4590
processor, 8 GB of RAM, and the Windows 7 operating system.
The software was devel oped in the Unity engine and ran on the
digital game distribution platform Steam (Valve Corporation),
using the SteamV R app.

Instruments

Four methodswere used for the usability evaluation: the mERA
checklist, 10-ltem SUS, 20-item heuristic evaluation
guestionnaire, and a cognitive walkthrough. Rather than being
forced to respond to each question, participants could leave
questions blank if unable to respond.

The mERA checklist is a 16-item checklist that aims to
standardize reporting, and enables quick assessment of eHealth
and mobile health apps. Adoption of this checklist is meant to
highlight issues of generalizability and rigor in reporting and
improving transparency [27]. The procedure and app allowed
the researchers to objectively evaluate the infrastructure and
technological platform, and to make a cost assessment (items
1, 2, and 9). A one-on-one interview was held with each
participant regarding the items that could not be objectively
evaluated (items 3, 4, 5, 7, 8, 10, 11, and 12). The specific
guestion for each item was whether the participant could foresee
any obstacles related to the item (eg, how easy it would be to
integrate the app and VR system with aready existing health
care systems) if the app and VR system were to be used in an
identical fashion to how eat training is currently performed in
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aclinical setting. Questions on interoperability and adaptability
were answered by all participants (items 3 and 12), whereas
guestions onintervention delivery, content testing, accessibility,
adoption, scalahility, and user feedback were answered only by
the eating disorder personnel (items4, 5, 7, 8, 10, and 11). Since
the app was at aformative stage, five questions on the checklist
were not applicable (items 6, 13, 14, 15, and 16).

The SUS is a validated tool that is widely used to assess the
perceived usability of asystem. It consists of 10 statements such
as"“| found the system unnecessarily complex” and “I felt very
confident using the system,” which are answered on a 5-point
Likert scale with verbal anchors at the extremes from O
(“strongly disagree”) to 4 (“strongly agree”). The sum result of
the SUS is a score ranging from 0 to 100 [32].

The cognitive walkthrough is a usability evaluation method in
which evaluators work through a series of tasks required by the
system asking a set of questions from the perspective of the
user [33]. The purpose of the cognitive walkthrough is to
evaluate the ease of use of an interface design to new or
infrequent users. In this study, the following four steps of
human-computer interaction were evaluated: (1) goals to be
completedin the system, (2) determination of currently available
actions, (3) selection of actionsto betaken, and (4) performance
of the tasks and evaluation of the feedback given by the system.
We determined whether a participant managed to perform a
step for each task by reviewing video recordings of their
interaction with the app (eg, Task 3. Read instructions, grab
spoon, pick up meatballs, place meatballs on plate, and move
to next task; see Multimedia Appendix 1). Video recordings of
actions performed by the user in the app were made using the
inherent Steam streaming software. The video recordings were
complemented with audio recordings on a smartphone.

The heuristic evaluation isamethod for eval uating the usability
of computer software, focusing on identifying problems with
the user interface. As the name implies, this questionnaire
evaluates recognized usability principles (heuristics),
congtituting one of the more informa methods of
human-computer interaction. The heuristic evauation
guestionnaire used in this study was based on the Weinschenk
and Barker [34] classification, which consist of 20 items, for
example“User support: doesthe application provide additional
assistance as needed or requested?’ Each item was answered
on a 5-point Likert scale with verbal anchors at the extremes
from 1 (“strongly disagree”) to 5 (“strongly agree”).

Procedure

Each participant attended an information meeting, including a
VR tutorial, VR eat training, and a usability evaluation (Figure
1). They were informed of the study and encouraged to ask
guestions, after which they signed awritten consent form if they
agreed to participate.

The participants were then taken to the VR lab to familiarize
themselves with the VR equipment and environment (Figure
2). The VR lab tutorial started with calibration of the app so
that avirtual table and chair were in the same position asareal
table and chair in the VR lab. The participant was seated on the
real chair in front of the real table and was then fitted with the
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VR equipment. At this point, video and voice recording features
were initiated. In the VR environment, the controllers were
represented by hands. The tutorial was built in steps, with each
step being supported by instructions on what tasks to perform
to meet the goal to proceed to the next step, which were
displayed on a virtual smart tablet present in the VR
environment.

The success of each task was evaluated based on the
performance of the participants (Figure 3). In the first step,
participants used the controller to interact with the “next” button
on the virtual smart tablet. Each subsequent step ended by
pressing the “next” button. In the second step, a plate appeared
on the table and the participant placed the plate at a specific
position on the table. In the third step, a pan of meatballs and
aspoon appeared; participants had to then transfer the meatballs
from the pan to the plate using the spoon. In the fourth step, a
pot of potatoes and afork appeared; participants had to transfer
the potatoes from the pot to the plate using the fork. In thefifth
step, a sauce boat filled with gravy appeared; participants had
to pour gravy from the sauce boat over the plate. In the sixth
step, a bowl of lingonberry jam and a spoon appeared;
participants had to transfer the lingonberry jam from the bowl
to the plate using the spoon. In the seventh step, ajug of water
and a glass appeared; participants had to pour water from the
jug into the glass. In the final step of the tutorial, participants
interacted freely with the served food, cutting and eating it.

Langlet et al

Once familiarized with the app, the participant experienced VR
eat training in the same manner as eat training with real food is
practiced in the clinic. First, the participant was asked to place
a healthy portion of food on the plate. Feedback on how close
that portion was to a healthy portion was presented on the
computer screen (expressed as percentages). Once the screen
showed 100%, the participant started to eat. At this point, the
training curve for food intake was displayed on the screen, and
as the virtual meal progressed, the virtual food intake also
emerged on the screen. Similar to treatment of real eating
behavior, the participant tried to eat virtually following the
training curve [15]. Once all of the virtual food had been
consumed, the duration of the meal, amount of food eaten, and
rate of eating were presented on the screen, and the participant
was given the option to close the app.

After having experienced both the tutorial and VR eat training
session, participants sat down with one researcher to answer
the SUS, heuristic evaluation, and mMERA checklist
guestionnaires. Initially, the participants were expected to
answer the questions alone. However, it became immediately
obvious that some questions required clarification and
affirmation by the researcher to confirm proper interpretation.
Therefore, a researcher was present in the room when the
participant filled in the questionnaires to provide help when
needed. After completing the questionnaires, participants
received a cinematicket as areward and they were thanked for
their participation.

Figurel. Study protocol presented in chronological order from left to right. VR: virtual reality; mERA: mHealth Evidence Reporting and A ssessment.

e T Ta 2. VR Tutorial
meeting

* Study information » Cognitive
* Written consent Walkthrough

4. Usability
5 ;

* Cognitive ¢ System Usability
Walkthrough Scale
* mERA checklist
* Heuristic
Evaluation

Figure 2. Participant interacting with virtual food on the plate (Ieft) and participant eating virtual food (right).
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Data I nterpretation

Results are expressed as percentage among responding
participants. To provide context for the SUS score, the adjective
rating scale proposed by Bangor et al [35] was used, where a
score of 39.17 to 52.00 is considered “poor,” 52.01to 72.74 is
considered “OK,” 72.75 to 85.57 is considered “good,” and
85.58 to 100.00 is considered “excellent.”

Ethical Approval

All procedures were approved by the Swedish Ethical Review
Authority (dnr 2019-04249) and followed the Helsinki
Declaration. Each participant attended an information meeting
and provided written consent for participation.

Results

Participants

A total of 24 participants (67% women) were recruited,
including 19 eating disorder personnel and 51T personnel. Their
mean age was 37.9 (SD 9.7) years. Eating disorder personnel
had worked at an eating disorder clinic for 4.1 (SD 5.7) years.
Twelve of the 24 participants (50%) had previously experienced
VR, including 42% (8/19) of the clinicians and 80% (4/5) of
the IT participants.

IT personnel were only able to answer 20% of the mERA
guestionsintended for them, and these responses were therefore
excluded from the analysis of mERA results. The reason given

https://games.jmir.org/2021/2/e24998

XSL-FO

RenderX

by IT personnel for not being able to answer the questions was
that they are not directly involved in the clinica treatment
aspects. Eating disorder personnel were able to answer 80% of
the mERA questions intended for them and these responses
were therefore included in the mERA questionnaire analysis.

MERA Checklist

Item 1: Infrastructure

In Swedish urban environments, the availability of power
supplies and network connections is adequate to support the
app; however, it is uncertain whether the infrastructurein rural
environmentswould be sufficient. The size of the room required
for the equipment makesit possibleto implement in any facility.
However, when the space is smaller than 1.5x2.0 meters, there
isarisk of signals from the controller and headset not being
transferred to the base stations, causing the app to pause.

Item 2: Technology Platform

The app performed well on a computer with low hardware
specifications (see the Technology subsection of the Methods),
but hardware requirements may be higher if other apps are
expected to run simultaneously.

Item 3: I nteroperability

All of the responding eating disorder personnel (100%, 10/10)
thought that it would be easy to integrate the app with the
clinic's medical record system, but would be more difficult to
integrate with the national care information system. The main
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problem mentioned in relation to the nationa system is that
visual presentations are difficult to implement, but simplified
presentation of data would be possible.

Item 4: I ntervention Delivery

All participants thought that during periods of app use, the
frequency should be at |east once aweek. Participants thought
that the current app should be used during treatment, with a
higher frequency at the start of treatment. They considered that
the addition of difficult environmental and socia situations
(challenges) would make it usable at a similar frequency
throughout treatment.

Item 5: Content Testing

All eating disorder personnel thought that the app should
complement real eat training using VR to expose patients to
food, environment, and socia challenges. The addition of
challenges would require aterations to the app.

Item 7: User Feedback

All responding eating disorder personnel were pleased with the
state of the app (100%, 14/14) and thought that future
interventions would be easy due to the similarities of the app
with current clinical treatment protocols.

Item 8: Access of Individual Participants

Nineout of 19 (47%) eating disorder personnel thought that the
app was usable for the treatment of all eating disorders; the
remainder were unsure but stated no specific barriers to use.
Other potential barriersidentified were age, culture (availability
of only one mesl), language (only an English versioniscurrently
available), and epilepsy. Overall, 16% (3/19) of the eating
disorder personnel expressed a concern that the patients may
replace real meals with virtual meals, thereby complicating
treatment.

Item 9: Cost Assessment

The currently used setup (computer and VR set) costs
approximately US $1600, which isaffordablefor both research
and clinical purposes. Based on an intervention protocol of 1
hour per week for each patient, a clinic should be able to run
an intervention using two VR devices, which would cost
approximately US $3200. Thereisalso the added cost of renting
space and a part time clinician.

Item 10: Adoption Inputs

Eating disorder personnel thought that the app should be
introduced early in treatment and be described as an aid to
patients, similar to the medical device (Mandometer) currently
used by the clinic, which measures food weight and provides
feedback on eating behavior.

Item 11: Limitations for Delivery at Scale

Regarding limitations at scale, 32% (6/19) of the participants
thought that providing technical support for installing, updating,
and using the system could cause problems. Moreover, 21%
(4/19) of the participantsthought that implementation for clinics
using other treatment forms could be problematic. Few
mentioned costs (11%, 2/19) and time requirements (5%, 1/19)
as potential problems for scaling up.

https://games.jmir.org/2021/2/e24998
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Item 12: Contextual Adaptation

Eating disorder personnel agreed that the most important aspect
of the app should be eat training and exposure to food, but
commented that including aspects of the environment (eg, school
dining hall and birthday party) and social challenges (eg, eating
with other people, eating when people aretalking) could further
improve the app. Other suggestions included reducing anxiety
by providing relaxing environments. Therewas also asuggestion
to add a reward system, where patients could score points if
they managed to succeed in various challenges.

SUS Questionnaire

The SUS scores were similar between clinicians and 1T
participants, with a mean score of 73.4 (SD 9.2) and 73.5 (SD
11.3), respectively (for atotal mean score of 73.4, range 55-90),
earning anoveral “good” rating. Although the samplesizesdid
not allow for a statistical comparison, the largest discrepancy
between single items was found for the question “1 think that |
would need assistance to be able to use this system,” for which
clinicianswereless confident that patients would be ableto use
the app without support (1.3, mean difference—0.9). The highest
score was given to the item “1 would imagine that most people
would learn to use this system very quickly,” with amean score
of 3.5 (maximum score 4).

Heuristic Evaluation

The mean score of single items of the heuristic evaluation
guestionnaire was 3.6 out of 5, and was very similar between
eating disorder and IT personnel (3.6 and 3.7, respectively).
Mean values of specific items ranged from 2.6 to 4.4. Both
eating disorder and IT personnel provided low scores on
“accuracy,” with amean score of 2.6 (SD 1.1). Eating disorder
personnel aso provided a low score on “user support”, with a
mean of 2.9 (SD 1.3), whereas the IT personnel provided low
scores on “flexibility,” with amean of 2.0 (SD 0.7).

Cognitive Walkthrough

The only task in which participants faced problems in
understanding the goals to be completed in the app was at the
initial selection screen (step 1), where 29% (7/24) of the
participants needed instructions on how to select between the
tutorial and eat training part of the app. All participants were
ableto determinethe avail able actions (step 2) and select which
actions to take (step 3). All participants required further
instructions at least once when trying to perform the tasks (step
4). Based on the instructions required for the participant to
complete the task, six problems were identified: (1) handling
utensils that used “magnetic” properties (ie, where the food
latched onto the utensil based on proximity) rather than gravity
to interact with food (serving potatoes and lingonberries) was
the most challenging issug; (2) the utensils had specific attributes
tied to them (ie, the fork was used for picking up food and the
knife was used for cutting), which created problems for
participants who tried to pick things up with their handsin some
cases (controllers not holding utensils) or used both utensilsfor
picking up food; (3) it was not possible to divide the meatballs
and the potatoes more than twice, which confused some
participants; (4) only one food item (eg, potatoes or meatballs)
could be placed onthefork at atime, and most participantstried
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to put both on the fork together initially; (5) when drinking,
there was a risk of hitting the VR headset with the controller
because the water glass was held closer to the controller
compared with the fork holding food; and (6) when the VR
environment (SteamV R) was improperly calibrated, it became
difficult to interact with the items.

Discussion

Using the app tested in this study in a clinical setting would
likely only face minor infrastructural, technological,
interoperability, financial, or adoption problems. Eating disorder
personnel seemed to be positive at the prospect of using the app
in the clinic. However, there was some disagreement on the
protocol of intervention delivery. SUS scores suggested that
the system is passable with room for improvement. The
heuristics of the user interface was acceptable, identifying user
support, accuracy, and flexibility as potential weaknesses. Video
and audio recordings of users interaction with the app suggest
that users knew the goal of each step of the app and understood
when they had successfully completed each step. A suggestion
for improvement of the app wasto add environmental and social
stressors, and to use them in a similar manner as the food
stressors in the current app.

Degpite its early stage of development, compared with other
systems, the app performed above average on the SUS [35].
Thesefindingsarein linewith answers on the mERA checklist,
heuristic evaluation, and observations from the cognitive
walkthrough. Theresultsalso indicate awillingnessby clinicians
to usethe app in treatment, which isimportant to ensure proper
intervention fidelity [36]. Regarding the heuristic evaluation,
the lowest scores were given to “accuracy,” “flexibility,” and
“user support.” The low “accuracy” scores seem to have
stemmed from difficulty in using the fork. This may have been
caused by different types of cutlery having different functions
associated with them. In practice, this meant that interactions
with thefork worked on proximity, similar to amagnet, whereas
interaction with the spoon was based on the regular gravitation
properties of objects. Both methods of interaction are often used
in VR apps, but mixing the two likely resulted in reduced
accuracy. The low flexibility score indicates a need for user
customization. The next version of the app should therefore
include visua and audio information in both Swedish and
English, aswell asamore varied selection of cutlery (eg, spoon
and fork) and dishes. The low score on user support suggests
the requirement of technical support during the intervention.
One problem addressed by eating disorder personnel is that
there does not seem to be a safe way for individuals with
photosensitive epilepsy to use VR equipment. However, this
group only accounts for approximately 10% of epilepsy cases
in the age range of 7-19 years [37]. Another worry of eating
disorder personnel was that patients would replace real meals
with virtual meals. Addressing this concern isbeyond the scope
of this study but should be considered when conducting VR
interventions for eating disorder patients.

Responsesto the mERA checklist suggested that infrastructural
reguirements were low using the current VR technology (HTC
VIVE). However, some clinics could face issues, especialy if
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rooms serve multiple purposes, which would require the system
to be mobile. One solution would be to use more mobile
alternatives such as Oculus Quest, which do not require base
stations or a computer connection. The low hardware
requirements also suggest that most clinics should be able to
usethe app with their current computers. Even if new computers
are purchased for the intervention, the estimated cost of aVR
study using current VR technology islow. Given the similarity
of the data provided by the app to data already handled by the
medical records system of the intended clinics, only minor
modifications are required to incorporate the app in treatment.
Thereasonthat IT personnel rated the requirement for assistance
lower than the eating disorder personnel may be because they
were more likely to have used VR before. In the intended
intervention, assistance requirementswill not be aproblem since
patientswill be assisted by eating disorder personnel. However,
if future interventions intend for the app to be used unassisted
or outside of the clinic, additional assistance provided by the
appislikely required. Despite the concernsthat users may need
assistance when using the app, the highest usability score was
given to the ease of learning how to use the system.

According to participant feedback, the app should beintroduced
at the beginning of treatment (intervention) and be used in
parallel with real-life eat training. The app should be used
throughout the treatment course, with afocuson food challenges
at the beginning, and environment and social challenges
introduced at the end. VR sessions should be administered at
least once a week, for at least the duration of a single meal
(around 12 minutes), but preferably for a few mea scenarios.
In addition, each clinic should have one person on call for
technical support when the VR sessions are performed. The
proposed intervention protocol has a slightly lower frequency
(once per week vs twice) but a longer duration (3 weeks vs
treatment duration) than a study on binge eating performed by
one of the more prominent groups focusing on VR-based
treatment [38]. However, this protocol is similar to the current
treatment [15], which eating disorder personnel thought should
make implementation easy.

A strength of this study was the high number of eating disorder
personnel included, which increases confidence in
generalizability of the findings. However, it should be noted
that the personnel al had experiencein using asimilar treatment
protocol; thus, clinicians administering other treatment protocols
may respond differently. A potential weakness was the use of
eating disorder personnel rather than patients with eating
disorders. However, many of the questions related to
intervention delivery at this early stage of development would
be difficult for patients to answer. This, along with the worry
that patients may be affected negatively by the app, was why
werecruited only eating disorder and I T personnel for this study.
After ensuring that the VR technology and the app are safe for
eating disorder patientsto use, more mature versions of the app
should be evaluated by the intended user group. Another
potential weakness was that the heuristic evaluation was
translated from English to Swedish but has not been validated
in the trandated language. Owing to the early stage of
development, most mERA items could not be objectively
evaluated, but instead an opinion was sought from participants.
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Thisisnot the intended use of the mERA checklist, which could
lead to reduced reproducibility.

Future studies should aim to evaluate usability in eating disorder
patients, investigate if VR is effective in changing behavior,
and implement the app in an intervention. To ensure scal ability
to other clinics, especially thoseless experienced with handling
electronic devicesasatool to help treat eating disorders, aclear
protocol should be established, similar to that currently existing
for handling amedical device (Mandometer) in eating disorder
clinics [15]. Due to the immature state of VR as a treatment
method, more general studies should also be performed to
evaluate how various elements such as modes of information
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Abstract

Background: Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system. Patients with MS
experience a wide range of physical and cognitive dysfunctions that affect their quality of life. A promising training approach
that concurrently trains physical and cognitive functions is video game-based physical exercising (ie, exergaming). Previous
studies have indicated that exergames have positive effects on balance and cognitive functions in patients with MS. However,
thereisstill aneed for specific, user-centered exergames that function as a motivating and effective therapy tool for patientswith
MS and studies investigating their usability and feasibility.

Objective: The aim of thisinterdisciplinary research project is to develop usable and feasible user-centered exergames for the
pressure-sensitive plate Dividat Senso by incorporating theoretical backgrounds from movement sciences, neuropsychology, and
game research as well as participatory design processes.

Methods: Focus groups (patients and therapists) were set up to define the user-centered design process. This was followed by
the field testing of newly developed exergame concepts. Two sequential usability and feasibility studies were conducted on
patients with MS. Thefirst study included a single exergaming session followed by measurements. Between the first and second
studies, prototypeswereiterated based on the findings. The second study ran for 4 weeks (1-2 trainings per week), and measurements
were taken before and after the intervention. For each study, participants answered the System Usability Scale (SUS; 10 items;
5-point Likert Scale; score range 0-100) and interview questions. In the second study, participants answered game experience—related
questionnaires (Flow Short Scale [FSS]: 13 items; 7-point Likert Scale; score range 1-7; Game Flow questionnaire: 17 items;
6-point Likert Scale; score range 1-6). Mixed methods were used to analyze the quantitative and qualitative data.

Results: In thefirst study (N=16), usability was acceptable, with a median SUS score of 71.3 (IQR 58.8-80.0). In the second
study (N=25), the median SUS scores were 89.7 (IQR 78.8-95.0; before) and 82.5 (IQR 77.5-90.0; after), and thus, a significant
decrease was observed after training (z=—2.077; P=.04; r=0.42). Moreover, high values were observed for the overall FSS (pre:
median 5.9, IQR 4.6-6.4; post: median 5.8, IQR 5.4-6.2) and overall Game Flow Questionnaire (pre: median 5.0, IQR 4.7-5.3;
post: median 5.1, IQR 4.9-5.3). A significant decrease was observed in the item perceived importance (FSS. z=-2.118; P=.03;
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r=0.42). Interviews revealed that user-centered exergames were usable, well accepted, and enjoyable. Points of reference were

identified for future research and development.

Conclusions: The project revealed that the newly developed, user-centered exergames were usable and feasible for patients
with MS. Furthermore, exergame elements should be considered in the development phase of user-centered exergames (for
patients with MS). Future studies are needed to provide indications about the efficacy of user-centered exergames for patients

with MS.

(IMIR Serious Games 2021;9(2):€22826) doi:10.2196/22826

KEYWORDS

multiple sclerosis; exergame; motor; physical; cognition; usability; feasibility

Introduction

Background

Globally, approximately 2.3 million people have multiple
sclerosis (MS) [1]. MS is an immune-mediated chronic
inflammatory disease in which focal inflammation causes the
degradation of myelin in the nerve fibers of the central nervous
system (CNS), resulting in a wide range of symptoms and
impairments[2-4]. Depending on the affected CNSregionsand
the degree of severity, patients with MS can have physical
disabilities (eg, motor weakness, spasticity, sensory
disturbances, ataxia, and visual 10ss), cognitive dysfunction (eg,
information processing, attention, executive functions, and
memory), and fatigue [5-7]. Symptoms and disabilities affect
quality of life by increasing the risk of fals, mobility
restrictions, and social isolation [5,6,8-14]. Moreover, patients
with MS are often physically inactive or have a sedentary
lifestyle as a consequence of the abovementioned symptoms
and disabilities, initiating aviciouscircle of deconditioning and
worsening of symptoms [15,16]. MS is commonly diagnosed
in young adults between 20 and 40 years of age and thus affects
the early stages of their working lives[5]. All thesefactorslead
toanincreasein social and health care costs[17,18]. Therefore,
there is a huge socioeconomic need to stabilize and counteract
physical disabilities and cognitive dysfunctions by introducing
effective therapies for patients with M S.

In general, physical exercise is a safe method that can yield
beneficial effects such as depending on the training content,
muscular strength, and aerobic capacity and, consequently, it
improves mobility, fatigue, and quality of life in patients with
MS [19-21]. A further training method that counteracts the
aspect of cognitive decline is computer-based training. Specific
computer-based training seemsto positively influence different
cognitive functions (eg, information processing, executive
functions, and memory domains) in patients with MS [22-24].
However, both methods train the physical and cognitive
components separately. A concurrent offering of both training
components seems to be promising because thiswould promote
the interplay of physical and cognitive functions and thus add
everyday life ecological validity to the training approach [25].

An upcoming training method that concurrently combines the
training of physical and cognitive functionsis exergaming [26],
“technology-driven physical activities, such asvideo game play,
that require participants to be physically active or exercise in
order to play the game” [27]. Typicaly, a player physicaly

https://games.jmir.org/2021/2/e22826

interactswith avideo game represented on the screen via specia
controller technologies. Controllers track the player's
movements and mediate them into a virtual game scenario that
provides audio-visua feedback. In this way, commercially
available exergames (eg, Nintendo Wii, Sony Move, or
Microsoft Kinect) have successfully turned living rooms into
playful training settings for approximately 10 years [28,29].
Apart from the entertainment market, video game—based training
and therapy applications have also established themselves in
the fithess and rehabilitation industry (eg, game-based,
robot-assi sted movement therapy [30,31]; virtually augmented
climbing [32]; or exergamefitnesstraining [29,33,34]). Besides
the various beneficial effects of exergaming [35-37], the
physical-cognitive interaction of exergames seemsto trigger an
alternating brain-body communication. Depending on the video
game stimuli and the body-controller interaction, different
cognitive and physical functions can be trained, which makes
exergames a promising tool in M S therapy.

In recent years, researchers have started to evaluate exergames
asarehabilitation tool for patientswith MS. Exergames proved
to be an acceptable, feasible, safe, enjoyable, challenging, and
self-motivating tool [38-40]. Kramer et al [41] concluded that
the integration of exergames seemed to have a positive effect
on training adherence and therefore could support the efficacy
of long-term rehabilitation. Video game-based exercises,
especially Nintendo Wii Fit, seem toimprove static and dynamic
balance aswell asgait performancein patientswith MS [41-44].
Intriguingly, these exercises led to improvementsin the myelin
sheaths of nerves in the brain areas involved in balance and
movement [45]. Robinson et al [46] showed that the physical
benefits of Nintendo Wii Fit training were comparable with
traditional balance training in patients with MS. Furthermore,
2 recent systematic reviews concluded that exergaming enhanced
cognitive functioning, in particular decision-making processes
(executive functions) and visuospatial perception, in
neurological patientswho experience stroke, Parkinson disease,
MS, or dementia [40,47]. However, many of the results so far
stem from commercially available exergame systems (mainly
Nintendo Wii and fewer Xbox Kinect and Sony PlayStation)
that have not been developed for specific rehabilitation
audiences. A review of exergame training in patients with MS
suggested the devel opment of exergamesthat target thetraining
of aclinically identifiable need for this patient group [48]. For
example, Nintendo Wii games did not appear to be entirely
suitable for rehabilitation in MS because of alack of flexibility
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and adaptability to the needs of patientswith MS, which require
special software development [49].

Human-computer interaction research, sports science, and
human movement sciences offer numerous guidelines and
frameworks aiming for more attractive and effective full-body
motion games for different target populations [28,32,50-57].
Accordingly, these games should consider the needs and
constraints of the target population [55,58,59]. One of these
frameworks is the dual-flow concept that requires individual
adaptable training features, thus ensuring that exergames are
user-centered [55]. The dual-flow approach implies that
exergame-based training provides an individual and optimal
level of physical and cognitive challenge for every trainee
throughout each training session by adapting the difficulty and
complexity of the game to an individual’s current physical,
cognitive, and emotional states and needs in real time.
Furthermore, the technol ogy-based system of exergamesallows
the systematic and individual integration of training principles
such asintensity, volume, progression, tailoring, and feedback
[60-62]. Specific software algorithms continuoudly analyze and
rate performance, thus allowing real-time adaptations. Recent
findings of the international game research debate indicate that
a player can be optimally motivated and stimulated with an
adaptive game mechanic [29,34,55,63-65]. In combination with
an audio-visually appealing exergame scenario (visuals, sound,
story, etc), players’ motivation can be increased [64]. Having
fun while training with interactive games might have a huge
impact on engagement and compliance [66]. Thus, a holistic
exergame design approach can achieve an attractive and
effective training experience by considering the levels of body,
controller, and game scenario [33,67].

Figure 1. Iterative and research-based development process.

Schéttin et al

Objectives

In summary, there is a huge potential for developing effective
and attractive user-centered exergames that combine training
principles with elements of game design and focus on
disease-specific deficitsto increase motivation and performance
and thus to ensure the possibility of successful training. The
overall aim of the interdisciplinary research and devel opment
work presented here is to develop and evaluate user-centered
exergames for the game controller Dividat Senso by
incorporating atheoretical background from movement sciences,
neuropsychology, and game research, as well as participatory
design processes with patients with MS and their therapists.
This work aims to contribute specifically to the following: (1)
research-based, iterative, co-designed user-centered exergames
for patientswith MS and (2) the usability and feasibility testing
of newly developed exergames by field testing and studly trials.

Methods
M S Exergame Concept

Design Process

As a first step, the iterative and research-based development
process of the exergame concepts considered the knowledge
gained from different user perspectives (patients with MS and
therapists) and disciplines (human movement science and
neuropsychology as well as game design and research) to
holistically generate a potentialy attractive and effective
user-centered exergame training for cognitive-motor therapy in
patients with MS (Figure 1). The multilevel design approach
covered important aspects of the exergame concept: the
hardware (the Dividat Senso plate), training concept (input
movements, training principles, and cognitive tasks), and
software (virtual game scenario).

Exergame
Concepts

This interdisciplinary research and development project
developed new exergame concepts for the game controller
Dividat Senso (Dividat; Figure 2). The Dividat Senso is a
pressure-sensitive plate that serves as a game-input device. It
uses specific lower body movements (eg, footsteps or weight

https://games.jmir.org/2021/2/e22826

shifts) to control various game scenarios presented on a screen.
Severa high-resolution sensors in the plate measure the force
dynamically through body movements. The Dividat Senso plate
further alows the generation of multidimensional sensory
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stimuli (eg, auditory, visual, and tactile). To support thetrainee  and for safety reasons, the plate is surrounded by a handrail.

Figure 2. Original setup of the Dividat Senso.

Rethinking the Dividat Senso Plate (Hardware) and
Game Designs (Software)

Thedesign process started by analyzing the existing system and
determining itstechnical opportunities, focusing on the Dividat
Senso plate and the game collection, as they were not designed
with or for the specific requirements of patients with MS. In
this context, the project team visited certain therapy settings
(rehabilitation center and physiotherapy) with neurologically
impaired patients (M S and Parkinson disease) using the existing
system in a therapy session. Furthermore, project members
tested the plate and existing games themselves.

The most important finding was that patients often showed
similar interaction patternswhile playing on the Dividat Senso;

https://games.jmir.org/2021/2/e22826

RenderX
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patients first focused on the screen to receive the visual game
stimuli and then tended to look down at the plate to step on the
plate area to trigger the respective game input. This process
seems to be important for patients with MS, as the motor
learning process can be triggered via cognitive and motor
information processing and realization [68]. However, the game
control did not leave much room for maneuver, required very
precise stepping, and did not make use of the whole plate. Such
usage might interrupt movement dynamics and game flow
[29,34,64,65] and leave certain gameplay options unused.
Therefore, the plate layout was reconsidered, aiming for more
intuitive, natural, and everyday-like patterns [34,69,70]. The
focus was on using the entire pressure-sensitive plate, allowing
the player to keep focusing on the game scenario and thus to
stay uninterrupted in the game flow (Figure 3).
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Figure 3. Rethinking the Dividat Senso plate. Concepts for more intuitive and natural input movements and flow are shown.

Moreover, some of the existing games did not necessarily follow
a meaningful design [34] in terms of player perspectives [71]
and the audio-visual representations of the cognitive stimuli
and the respective motor challenges. For example, avirtual skier
skies downhill while avoiding crashing into obstacles. The skier
is represented on the screen in athird-person perspective with
a top-down view and descends from above the screen but is
controlled by sideways movements on the Dividat Senso plate
where the left hand and right hand are flipped.

Rethinking the Training Concepts (Cognitive and Motor
Tasks)

On the basis of the above reflections (usage and interaction
patterns), the existing training concepts were also reconsidered,
focusing on M S-specific motor and cognitive disabilities (eg,
balance and coordination) and disease-specific deficits (eg,
degeneration of myelin). Overal, the training concepts were
developed and integrated by considering the following specific

https://games.jmir.org/2021/2/e22826

RenderX

P
9

S

training principles: (1) type and specificity, (2) intensity, (3)
progression, (4) variability, and (5) feedback [60-62]. Literature
on exergaming in a therapeutic context was also considered
[72].

In this process, some motor functionswere considered that seem
to be beneficia for patients with MS. Patients with MS often
experience, to a variable extent, muscle weakness, diminished
dexterity, spastic paresis, sensory dysfunction, gait disturbances,
and fall risk, as well as fatigue and depression [5,6,73,74].
Therefore, the training concepts aimed to integrate motor control
components, focusing on static and dynamic balance and
coordination skills. Figure 4 shows the preexisting and
reconsidered input movement. Interms of cognitive stimulation,
the training concept aimed to integrate cognitive functions that
may be affected in patients with MS, such as information
processing, attention, decision making, error correction,
executive functions, and memory [7,73-75].
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Figure 4. Input movements, including existing patterns (A, B, and C) and rethought patterns (D, E, and F). Input movements are presented as body

models and as patterns that are registered by the pressure-sensitive plate.
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A further training concept for exergamesthat must be mentioned
is the dual-task approach. Study findings indicate that patients
with MS have impaired dual- or multi-task performances that
could result from their deficits in divided attention, resource
capacity overload, or differential neural activation [76-80]. In
this case, exergames alow the concurrent processing and
synchronization of cognitive and motor stimuli and therefore
seem to support constant body-brain communication. These
processes might be advantageous asthey are closeto day-to-day
activities, such as walking in an enriched rea-world
environment.

Furthermore, the reconsidered training concepts considered both
games that endorse motor learning [68] and games that require
moderate continuous exercise performance [81] in order to
replicate preliminary findings of physical training on myelin
sheath regeneration as well as to specifically target important
disability-related structural deficits seen in patientswith MS.
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Focus Groups: Cocreating New Exergame Concepts

Following the rethinking process, new exergame scenarioswere
designed. To ensure that the concepts were user-centered, the
target group (patientswith M S and their therapists) wasinvolved
from the outset. A semistructured interview guideline was
devel oped based on questions about al elements of the exergame
environment (eg, body, controller, and virtual game scenarios).
Theaim of the focus group interviews was to explore the target
group’s experiences with exergames and technology in the
context of therapy, as well as to define needs, preferences, and
expectations for an optimal exergame setup and its integration
into an MS therapy setting. The focus group surveys took
approximately 90 minutes and were carried out with 4
physiotherapists experienced in MS therapy, 9 patients with
MS, and 2 specialists in neuropsychology. In addition to a list
of specific questions, participants’ thoughts and specific wishes
for the look and feel of future exergames were assessed using
3 different sketches of potential game scenarios (Figure 5).

Figure5. Three sketches of potential game scenarios. Different gameplay options, game mechanics, and perspectives served asinspiration during focus

groups. The Puddle Jump sketch (A), the Gentle Giant sketch (B), and the Owl Flight sketch (C).

= S e T

/ W_b

On the basis of the results of the focus groups, personas for the
2 target audiences were developed. The primary aim was to
provide patients with MS (predominantly adult females of all
ages, ranging from high to low fitness) an attractive and effective
training. The secondary aim was to provide physiotherapists
(who are open to the use of technology in movement therapy)
with a flexible supplementary tool to their traditional therapy
methods. Among other outcomes, the focus groups revealed

https://games.jmir.org/2021/2/e22826

RenderX

that the design should not be restricted to a specific age or
gender group nor to a single game style and input movement
concept, because the M S disease pattern is very heterogeneous.
Therefore, different exergame scenarios were designed,
including different game mechanics, narratives, perspectives,
and input movements with the Dividat Senso. Each scenario
provided slightly different cognitive and motor challenges and
aimed at patientswith M S aged around 30-85 yearswho fulfilled
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further requirements (see the study criteriain Recruitment and
Participants).

Field Research: Initial Concept Testing

In total, 6 box prototypes (Figure 6) were modeled using the
game engine Unity 3D and showcased a numerous
neurorehabilitation trade shows. After visitors of the trade
shows, especiadly therapists and patients, tested the box

Schéttin et al

prototypes, mock-ups of different themes (street, kitchen, apine,
underwater, forest, garden, oriental, and sci-fi) were shown to
them. People could rate their favorite game and choose the
theme that would suit them best. Out of the 6 box prototypes,
the 3 concepts that were most promising and best rated were
retained. The survey showed that both patients and therapists
of different gender and age groups rated natural, garden-like
game settings the highest.

Figure 6. Unity 3D box prototypes. Based on the input from the focus groups, different game scenarios and mechanics were designed. A and D: Two
playful, toy-like 2D prototypes allowing the feet to move freely on the Dividat Senso plate to draw and play with aface. E: 2D scenario allowing free
steps or weight shifting. B and C: Two 3D images of the Dividat Senso plate acting as a virtual playground, allowing free steps and jumps. F: 3D Racer

scenario with aweight shifting input.

- 123

-
-«
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Game Concepts. Design, Redesign, and Finalization

Following the preliminary field research, 3 exergame concepts
were designed, including different virtual game scenarios and
game mechanics, each demanding other input movements on
the Dividat Senso plate. The specific descriptions of the video
games, visualization of the input movements, and visual
progression overview can be found in Table 1, Figure 4, and
Figure 7, respectively. In al 3 exergames, the following training
principles of motor learning [68] were integrated specifically

https://games.jmir.org/2021/2/e22826
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RenderX

to train M S-specific disabilities (eg, balance and coordination)
and disease-specific deficits (eg, degeneration of myelin): (1)
type and specificity (MS-specific motor and cognitive
components; see also Rethiking the Training Conceptsand Table
1); (2) intensity and progression (level adjustment and
in-exergame adaptation [movement speed avatar, Ladybug]
allowing for moderate continuous exercise experiences) [81];
(3) variability (3 exergames to capture different training foci;
Table 1); and (4) feedback (scoring and sound effects).
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Table 1. Game concepts for the game controller Dividat Senso.

Schéttin et &l

Exergames Ladybug Scooper

Cloudy

Description Navigation of aladybug to collect randomly alo- Harvesting garden vegetables
cated flowers and avoid collisions with obstacles

Motor components  Static balance and coordination Dynamic balance, coordination, accura-
cy, and strength
Cognitive compo-  Information processing, anticipation, selective  Information processing, planning, selec-
nents attention, and visual-spatial orientation tive attention, and visual-spatial orien-
tation
Motor-level set- « Level 1. Side stepping, tapping or weight « Level 1: Walking and standing on
tings (Study 2) shifting objects for collection
« Level 2: Side stepping, tapping or weight « Level 2: Walking and squatting
shifting and stepping to the front to avoid on objectsfor collection
obstacles (stones) « Level 3: Walking and jumping on
« Level 3: Side stepping, tapping or weight objects for collection

shifting and stepping to the front to avoid
obstacles (caterpillars)

Cognitive-level « Leve 1: Pick al flowers « Level 1: Pick al vegetables
settings (Study 2)  «  Level 2: Pick bonus flower (2 colors) « Level 2: Pick bonus vegetables (2
«  Level 3: Pick bonus flower (3 colors) colors)
« Level 3: Pick bonus vegetables (3
colors)

Setting the position of the sun
(Study 1) or arain cloud (Study 2)
to grow flowers

Static balance, coordination, accura-
cy, and strength

Information processing and selective
attention

« Level 1: Side stepping or tap-
ping

o Level 2: Side stepping or tap-
ping and squatting to make the
cloud rain

« Level 3: Side stepping or tap-
ping and jJumping to make the
cloud rain

. Level 1. Water all flowers

o Level 2: Water bonus flower
(2 colors)

o  Level 3: Water bonus flower
(3 colors)

Figure 7. Study setup and in-game screenshots of the tutorial and game tested in thefirst study (A, B, and C) and in the second study (D, E, and F).

( Study 1: tutorial (left) and prototype (right). w ( Study 2: tutorial (left) and prototype (right). )

13

Study Design

(0028

measurements for the first study were taken, and from April to
May 2019, the training sessions and measurements for the

Two usability studies were conducted to evaluate the usability  second study were conducted. Figure 8 shows the project
and feasibility of the newly developed user-centered exergames  process, including the 2 user studies.

in patients with MS. From January to February 2019, the
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Figure 8. Project schedule.

Study 1

User-centered development

Conceptual and design process

k3]
=
2
a

| Focus groups |

Re-design process

Schéttin et al

Study 2

Re-design process

Usability and feasibility study process

Exergame

| Field testing | *  One training session
*  Session duration: 15 minutes
* Content: each exergame for 5 minutes

*  Location: physiotherapy

*  One totwo training sessions per week

* Intervention duration: 4 weeks

*  Session duration: individual (max. 30 minutes)
*  Content: individual game preferences

* Location: physiotherapy and neurorehabilitation clinics

Assessments

Time point: during or directly after session

‘ | Time point: first and last session, during or directly after session

*  System Usability Scale
* Interview

*  Video recording

* Protocols

+  System Usability Scale
*  Flow Short Scale
*  Game Flow questionnaire

s Interview

Inthefirst study, patientswith M Stested each exergame concept
(Figure 7) for 5 minutes in a random order. Video recordings
and observation protocols for exergame performance and
interaction were assessed by trained study investigators at a
physiotherapy center (Physiotherapy Langmatten, Binningen,
Switzerland). After the exergame sessions, patients rated the
System Usability Scale (SUS) and answered predefined
interview questions.

In the second study, patients with MS played the redesigned
exergame concepts (Figure 7) over a period of 4 weeks. Each
patient was trained 1 to 2 times per week at a physiotherapy
center (Physiotherapy Langmatten) or at one of the
neurorehabilitation centers (ZURZACH Care, Rehaklinik Bad
Zurzach, Bad Zurzach, Switzerland, and Reha Rheinfelden,
Rheinfelden, Switzerland). In the first training session, the
participants tested all 3 exergame concepts at level 1 for motor
and cognitive adaptations. In the following sessions, patients
could decide which exergames they wanted to play and for how
long. This procedure was chosen to obtain an impression of the
patient’s preferences. Regarding training progression, levelsfor
motor and cognitive functions were individually adapted from
session to session, aiming for moderate training intensities
(values between 3 and 4 on the modified Borg scale, which
ranges from 1 to 10) over 4 weeks. Furthermore, training time
wasindividually increased from week to week for each patient
while ensuring a minimum training time of 20-25 minutes per
session. However, as the daily state of patients with MS was
unpredictable, the level and training time fluctuated in some
cases. Inthelast training session, each patient replayed each of
the exergame concepts by starting from where they had left off
at the last training session to familiarize themselves with the
concepts before the postmeasurements. Measurements were
taken during the first training session and at the last training
session. During the exergame performance, video recordings
and observation protocols for exergame performance and
interaction were assessed. After the exergame performance,
patients rated the SUS and answered the Flow Short Scale (FSS),
Game Flow questionnaire, and predefined interview questions.
The training sessions were supervised by trained researchers

https://games.jmir.org/2021/2/e22826

RenderX

+  Video recording
*  Protocols

and physiotherapists, and the measurements were taken by
trained researchers.

The ethics committee of ETH Zurich, Switzerland, approved
both study protocols (EK 2018-N-85 and EK 2018-N-124).
Before any measurements were taken, all eligible patients
provided written informed consent according to the Declaration
of Helsinki. Withdrawal for no stated reason was permitted at
any time during the study.

Recruitment and Participants

In the first study, potential participants were recruited by
physiotherapists from a physiotherapy center (Physiotherapy
Langmatten). In the second study, participants were recruited
by physiotherapists and study investigators from specialized
centers for neurological physiotherapy (Physiotherapy
Langmatten) and rehabilitation (ZURZACH Care, Rehaklinik
Bad Zurzach and Reha Rheinfelden). In both studies, all
interested patientswerefully informed about the study procedure
and the inclusion criteria by physiotherapists and study
investigators before screening. Patients who met the initial
eligibility criteria and signed the informed consent form
participated in a personal interview to screen for mental and
physical health. Screened data included demographic data and
medical information regarding MS (eg, MStype, leg spasticity,
and fatigue). Furthermore, the following 2 questionnaires were
assessed to define prevalent MS-related restrictions: the MS
Impact Scale [82] and Activities-specific Balance Confidence
scale [83].

For the first and second study, the same dligibility criteriawere
set. Patients fulfilling all the following inclusion criteria were
eigible: (1) female or male; (2) aged 25-80 years; (3) clinical
diagnosis of MS, including all forms (relapsing or remitting,
primary-progredient, secondary-progredient, and
progressive-relapsing); (4) stationary and ambulant; (5) ableto
provide written informed consent and understand instructions,
(6) able to stand at least for 10 minutes with the aid of a
handrail; and (7) visual acuity including correction sufficient
to work on atelevision screen. Any of thefollowing criterialed
to exclusion: (1) conditions that precluded stepping exercise
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(severe spasticity that prevents a person from taking afull step  Assessments
or severe musculoskeletal injury), (2) excessive fatigue thal 1416 2 jj|ustrates the assessments used for the first and second

prevented training participation, and (3) exercise intolerance

> T studies.
that prevented training participation.
Table 2. Study assessments.
Category Explanation
Feasibility

Training adherence and attrition rate

Usability
System Usability Scale

Flow Short Scale

Game Flow questionnaire

Feasibility and usability
Guideline-based interview

Video recording and monitoring protocol

Training parameters

Physical and cognitive exertion

Number of trainings

«  Compliance with training sessions
o  Participantslost at follow-up (dropouts)

« Reliableandvaidtool providing aglobal view of subjective usabil-
ity [84-86]

o A scoreof atleast 70 for an “acceptable” solution, below 50 is
“unacceptable,” and 50-70 is “marginally acceptable” [86]

« 10items (5-point Likert Scale), score range 0-100

«  Used to retrospectively get atypical flow-score for specific kinds
of actions or situations [87]

. 13items(7-point Likert Scale), score range 1-7

« Dimensions:. flow (items 1-10), fluency (item 2, 4, 5, 7, 8, and 9),
absorption (items 1, 3, 6, and 10), and perceived importance (items
11-13)

«  Derived from the Sweetser and Wyeth [53] “ Game Flow” model,
which determines the key elements of player enjoyment

. 17 items(6-point Likert Scale), score range 1-6

e 7mainitems (items 1-7) building the dimension Game Flow and
10 additional explorative exergame-specific items (items 8-17)

«  Qualitative evaluation of the user's game play experiences

«  Categories: (1) overall experience, (2) game scenario, (3) Dividat
Senso plate (game controller), (4) body and mind, (5) motivation,
(6) training, (7) comparison to conventional movement therapy,
and (8) others

«  Exergame performance
«  Same categories as for the interview

« Modified Borg Scale from 1 to 10 [88]

« Rangefrom 4to 8trainings

Training time «  How long participants trained per session
Play preferences «  How often each exergame was played
. An effect size of 0.10-0.29 indicates a small effect, an effect
Data Analysis

For quantitative data, statistical analysis was conducted using
SPSS (IBM SPSS 26). The level of significance was set at
P<.05. The datawere compared using the Wilcoxon signed-rank
test, as the assumptions for parametric statistics were not met
(nonnormally distributed data). The effect size (r) was calculated
using the following equation [89]:

r =z (N)

https://games.jmir.org/2021/2/e22826

sizeof 0.30-0.49 indicatesamedium effect, and r>0.50 indicates
a large effect [89]. The interviews were assessed by 5 of the
authors (1 game researcher and 4 movement scientists) following
an iterative thematic coding approach based on qualitative
content analysis[90]. For all interviews, the codersindividually
transcribed and coded the data according to the categories of
the interview guidelines. In 2 iterations, the coders discussed
the emerging results until an agreement was reached. Finaly,
two of the authors (1 game researcher and 1 movement scientist)
further summarized the findings. A preliminary explorative
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analysiswas conducted on the observation protocol s and videos,
but for the purpose of this paper, they were only used to check
certain findings from the interview analysis.

Results

Participants

The participant characteristics are shown in Table 3. At the
beginning of the second study, 29 patients with MS were
included, while 4 patients with MS dropped out (attrition rate:
4/29, 14%) during the study period. The reasons for dropout
were disease-rel ated weakness, physical condition, early clinical

Table 3. Baseline and training data characteristics.

Schéttin et al

release, and scheduling conflicts. Intotal, participants completed
70 training sessions (mean 4.8 training per participant, SD 1.1)
with the exergames. Of the 25 patientswith M S, 4 patientswith
M S missed atraining session onceand 1 patient with M S missed
atraining session twice, leading to an attendance rate of 95%
(120/126). The reasons for missed training were overload and
fatigue after training, illness, absence, date conflict, and holiday.
Considering the game preferences in the second study, the
participants mostly played Ladybug (1.51 sessions per training),
followed by Scooper (1.19 sessions per training), and the least
Cloudy (0.91 sessions per training). Overall, no adverse events
were recorded in the first and second studies.

Characteristics Study 1 (N=16) Study 2 (N=25)
Gender, n (%)

Female 10 (62) 15 (60)
Male 6 (38) 10 (40)
Age (years), mean (SD) 62.1 (13.0) 57.3(11.2)

Typesof MS?, n (%)
RRP 7 (44) 11 (44)
Pt 2(12) 10 (40)
PP 7(44) 3(12)
Not applicable 0(0) 1(4)
Therapy stay, n (%)

Ambulant 16 (100) 19 (76)
Stationary 0(0) 6 (24)
Diagnosis since (years), mean (SD) 22.73(13.1) 16.6 (11.7)
MSIS2, mean (SD) 33.2(16.7) 34.3(15.0)
MSIS physical, mean (SD) 34.2(20.1) 36.2 (15.5)
MSIS psychological, mean (SD) 29.7 (23.0) 32.1(19.2)
ABC', mean (SD) 74.7 (11.7) 69.4 (18.2)

Exergame experience, n (%) 2(13) 10 (40)
Number of trainings per participant, mean (SD) 1(0) 48 (1.1)
Training time per session (min), mean (SD) 15(0) 19.1(3.9)
Borg motor, mean (SD) 33(12) 3.8(1.8)
Borg cognitive, mean (SD) 4.0(1.8) 35(1.9)

3\S: multiple sclerosis.

PRR: relapsing-remitting.

CSP: secondary-progressive.

dpp; primary-progressive.

eMSIS: multiple sclerosis impact scale.

fABC: Activiti es-specific Balance Confidence scale.

Quantitative Data

In the first study, the median SUS score was 71.3 (IQR
58.8-80.0). The SUS and questionnaire pre-post comparisons
of the second study are presented in Table 4.

https://games.jmir.org/2021/2/e22826
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Table 4. Questionnaire data (N=25).

Schéttin et al

Questionnaires® Pre, median (IQR) Post, median (IQR) z Pvalue r
System Usability Scale 89.7 (78.8-95.0) 82.5 (77.5-90.0) -2.077 ab 0.42
Flow Short Scale® 5.9 (4.6-6.4) 5.8 (5.4-6.2) -0.400 69 0.08
Fluency 5.7 (4.4-6.6) 5.6 (4.8-6.6) -0.325 75 0.07
Absorption 5.8 (5.1-6.5) 6.0 (5.1-6.6) -0.485 63 0.10
Perceived importance’ 2.0(1538) 13(1.0-35) -2.118 03° 0.42
Game Flow® 5.0 (4.7-5.3) 5.1 (4.9-5.3) -0.473 .64 0.09
Concentration 5.0 (5.0-6.0) 6.0 (5.0-6.0) -0.775 44 0.16
Challenge 40 (2.5-4.5) 4.0 (3.0-4.8) -0.210 83 0.04
Skills or abilities 5.0 (4.0-5.0) 5.0 (4.0-5.0) -0.277 78 0.06
Control 5.0 (4.5-5.0) 5.0 (4.5-6.0) -0.732 46 0.15
Aim 6.0 (6.0-6.0) 6.0 (6.0-6.0) -0.816 41 0.16
Feedback 6.0 (5.0-6.0) 6.0 (6.0-6.0) -1.030 30 0.21
Immersion 5.0 (5.0-6.0) 5.0 (5.0-6.0) -0.811 42 0.16
Pleasure and liking 6.0 (5.0-6.0) 6.0 (5.0-6.0) -0.264 .79 0.05
Dual flow over—challenge 1.0(1.0-25) 1.0(1.0-2.0) -0.577 56 0.12
Dual flow under—challenge? 1.0(1.0-3.0) 2.0(1.0-2.8) -0.418 68 0.08
System control 5.0(4.3-5.0) 5.0 (5.0-6.0) -1.604 A1 0.32
Movement 5.0 (5.0-6.0) 5.0 (5.0-6.0) -0.351 73 0.07
Moativation 6.0 (5.0-6.0) 6.0 (5.0-6.0) -0.816 41 0.16
Physical exertion® 4.0 (2.0-5.0) 4.0 (2.0-5.0) -0.158 .88 0.03
Cogniitive exertion® 3.0(2.0-4.5) 3.0(2.0-4.0) -0.042 97 0.01
Optimal challenge 5.0 (4.0-5.0) 4.0 (4.0-5.0) -0.842 40 0.17
Spatial presence 5.0 (3.5-6.0) 5.0 (4.0-6.0) -0.361 72 0.07

3Data were analyzed using Wilcoxon signed-rank test.
bp< 05.

®The higher the scores, the better the results. This counts for all items that are not specifically marked.

%The lower the scores, the better the results.
®The more in the middle field, the better the results.

Qualitative Data

Findings from the guideline-based interviews of both studies
are reported for overall experience (Figure 9), body and mind
(Figure 10), games, gameplay experience, and hardware (Figure
11), motivation (Figure 12), and the comparison of exergames
with conventional therapy (Figure 13).

In summary, all participants reported an enjoyable, motivating,
varied, and fun experience with the exergames, which was a
completely new thing for most of them (Figure 9, Figure 11,
and 12). They also reported that, in addition to having alot of
fun while being challenged, they felt a clear improvement in
the handling (coordination and physical interaction) of the new
technology over time (Figures 10 and 11), which made them
feel more confident in using it (Figures 9 and 11). On the level

https://games.jmir.org/2021/2/e22826

of body and mind, participants clearly focused on the virtual
gaming world, which distracted them from physical exertion
and made it seem very pleasant, abeit challenging, but by no
means overstraining (Figure 10). By immersing in the game
world, patients were ableto forget their everyday worries (often
associated with the disease) for the moment (Figure 10).
Regarding the potential use of exergames as a therapeutic
device, most participants saw the added value of the novel
training solution in terms of distraction from everyday life, fun,
and the combined body and brain training approach, even though
traditional therapy measureswere also described very positively
and were difficult to compare (Figure 13). A complementary
integration of the exergames into therapy could be imagined
very well by all patients. Further development of the exergames
over the 2 studies was also perceived positively.
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Figure9. Interview datafocusing on overall experience. (Some and minority = at least 30% of the participants; many = at |east 50% of the participants;

most and majority = at least 80% of the participants).

Schéttin et al

1% study

All participants were eager and motivated to explore the exergames.

Feelings:
Some participants
. were surprised by their own performance
. forgot everything
. were totally immersed
. had fun

Overall, most participants showed interest in participating in the follow-up study, including a training intervention over 4 weeks.

2™ study before

2 study after

Participants commented that the game session was

. playful

. interesting

. fun

. entertaining

* not dull

. physically activating
. agile

. challenging

Feelings:
Participants enjoyed experiencing something new and had
mainly positive feelings. They felt

. concentrated

. amused

. pleased by colors
» curious

. full of anticipation
. comfortable
. reminded of childhood

Some participants reported feelings such as clumsiness and
uncertainty at the beginning. After a short familiarization phase,
these feelings turned into immersion, excitement and ambition
to play and to correctly play the exergame.

Remembrance:
. Participants often mentioned things related to their
feelings during the game sessions.
. Some addressed the physical activity and agility.
. Participants often thought of one specific exergame as
the most rememberable.

Changes before/after:

Participants had fun, and most perceived the exergame to be

. interesting
. exciting

. brilliant

. enjoyable
L] new

Many participants were glad
. to have had the chance to be part of the study.
. to contribute to this project.

Feelings:
Participants’ feelings throughout the study were very positive,
(in line with pre-interview). Almost all participants

. enjoyed the games.

. were transported back to their childhood.

. felt more and more at ease, the more familiar they
became.

L enjoyed the deflection from daily-life problems.

Remembrance:

. Some addressed the physical-cognitive interaction
performed on the plate.

. Others reported that due to this activity, they could
forget time and daily-life issues.

. One participant mentioned the varying response
capacity and efficiency depending on the time of
day.

Overall, the study did not create noteworthy changes in physical-cognitive conditions because of

. short training time
. limited number of training sessions

Participants commented the most on mental adjustments, such as easier handling of the games or higher levels of confidence.

One participant experienced a dramatic physical improvement and could use new training methods.
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Figure 10. Interview data focusing on body and mind. (Some and minority = at least 30% of the participants, many = at least 50% of the participants;
most and majority = at least 80% of the participants).

1% study

Perceived physical demand and load: All participants perceived the exertion as easy to moderate.

Perceived cognitive demand and load: Many participants had high concentration levels.

Focus: Many participants focused on the game, but were still aware of their own bodies and movements, switching their focus between game and

body.

Steering movements: Movements felt intuitive but more or less unnatural (eg, due to a participant’s impairments).

Challenge: Challenge was neither too high nor too low.

Progression:
. Difficulty was higher in the beginning.

. After familiarization, it was easier to play until the game became more complex and faster.

Multiple sclerosis (MS)-specific limitations:
. No limitations due to M5 were reported.

Some participants cognitively processed what was happening in the game, but could not physically react as fast as required or as intended (eg, to

score).

2" study before

2" study after

Perceived physical demand and load:
. Participants primarily perceived the exertion as challenging.
. Participants enjoyed controlling the games by body movements.

Perceived cognitive demand and load:
. Participants secondarily perceived the cognitive load as challenging.

Focus:
. Most participants mainly focused on the game and barely noticed
their surroundings.
. Soeme participants set their focus differently on the 3 games
(depending on their impairments and fitness).

Steering movements:

. Movements felt intuitive, comfortable and fairly natural.
Challenge:
. Physical aspects seemed to be the main challenge (although physical

challenge was not too high). Participants were confronted with
handling balance, stability and coordination.

. Few participants (additionally) mentioned cognitive aspects that
challenged them most, such as mental fatigue, concentration on the
screen and comprehension of how to play the game.

Progression:
. Difficulty was higher in the beginning.
. After familiarization, it was easier to play.
. Most participants perceived in-game feedback but not all understood
it properly (eg, the meaning of scores).

Multiple sclerosis (MS)-specific limitations:

. Some participants could process what was happening in the game, but
could not transfer it into physical movements as fast as required or
as intended.

. Others forgot the restrictions caused by their impairment and were
surprised how well they performed specific movements during the
game session (eg, walking backwards).

https://games.jmir.org/2021/2/e22826
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Perceived physical demand and load:
. Some participants mentioned a focus on physical
aspects (eg, balance and precise performance).

Perceived cognitive demand and load:

. At the end of the study, participants initially set
their focus on the mind (eg, they concentrated on
the game process).

Focus:

. Most participants mainly focused on the games
and barely noticed their surroundings.

. Some participants lost their sense of time.

Challenge:
. A third of all participants agreed that it was the
combination of physical and cognitive aspects that
challenged them the most.

Progression:

. Subjectively perceived improvements were mainly
seenin the game “Ladybug” (better motor control,
physical precision, improved tactics, and more
self-confidence).

Multiple sclerosis (MS)-specific limitations:
. Participants were less concerned and enjoyed a
distraction from daily life and impairments.
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Figure 11. Interview data focusing on games, gameplay experience, and hardware. (Some and minority = at least 30% of the participants; many = at
least 50% of the participants; most and majority = at least 80% of the participants).

1% study

Favorite game:
All 3 game scenarios were considered a favorite by different participants.

. The favorite game was the game participants were the most successful in playing.
. In some cases, they chose the game with which they had the most difficulties that had provided the biggest
challenge.
Gameplay experience:
. Games were described as comprehensible and generally easy to understand.
. Appearance of the game scenarios was described as enjoyable and appealing.

Need for instructions and an introductory tutorial was claimed.

Hardware:
Participants mastered the Dividat Senso game control very well.
. They quickly understood how to use the Dividat Senso plate.

. One participant was slightly afraid of falling off the Dividat Senso plate.

.

2" study before

2" study after

Favorite game:

All 3 game

.

scenarios appealed to the participants.

The game that was liked the most and was likeliest
to be played again was “Ladybug” (great dynamics,
rapidity and reaction).

The second favorite game and second likeliest to be

played again was “Scooper” (slowness and
comfortable to play).
The least favorite game was “Cloudy”

(meaningfulness, sense of purpose in the game,
and easy to play).

Most participants most enjoyed the game that provided them

with the m

ost difficulties and the biggest challenges. They still

liked the option of going for an easier game on days when
they did not feel fit enough.

Gameplay

.

Hardware:

experience:

Many participants lost their sense of time as they
were immersed in the moment.

If participants experienced time as passing rather
slowly or fast, they related it to the newness or
their fitness over time.

Games were described as comprehensible and
generally easy to understand.

In-game instructions were helpful and easy to
understand.

Appearance of the game scenarios was described as
appealing (participants liked the colors as well as
the clear, bright and delightful pictures).

The comprehension of the game control was
evaluated as good - participants generally
understood quickly how to handle the in-game
navigation.

The menu navigation was rated controversially
(likes and dislikes for the confirmation step to the
front plate).

There was a satisfying sense of the system’s
sensitivity (participants reported that the system
reacted well and immediately).

Some participants were a bit afraid to step or walk
backwards.

Favorite game:

Most parti

The game that was liked the most and was likeliest
to be played again was “Ladybug” (dynamics and
fast movements).

The second favorite game and second likeliest to
be played again was “Scooper” (movement
variations, cognitive challenge and realism of
scenario).

cipants enjoyed and wanted to replay the game

that was the most challenging and fun.

Gameplay

Hardware:

experience:

Seme participants surpassed themselves (eg, they
jumped not knowing they were able to).
Participants managed and appreciated the game
difficulty adjustment.

Appearance of the game scenarios was described
as attractive, lively, colorful and comprehensible.

After the study period, the game control was
without  exception rated as good and
comprehensive.

Maost participants gained more confidence and
psychological security with increasing experience.
The menu navigation was rated controversial
{likes and dislikes for the confirmation step to the
front plate).

Participants who required the handrail for more
stability generally considered the handrail helpful
and appropriate.
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Figure 12. Interview datafocusing on motivation. (Some and minority = at least 30% of the participants, many = at |least 50% of the participants;, most
and majority = at least 80% of the participants).

1% study

Motivation:

Most participants were motivated and had fun playing.
Participants could imagine training with the exergames once or twice a week for 10 to 15 minutes.

Long-term motivation:
Majority of the participants wanted increasing game difficulty to obtain a constant challenge (eg, complex gameplay,

and increased speed and broader game collection.

Some participants stated that games would never get boring because their daily condition varied (flare-ups) and the

challenge would therefore be maintained.

2" study before

2 study after

Motivation:

Most participants were motivated and interested,
curious to play the games and wanted to perform
well.

Long-term motivation:

Participants could imagine the exergames being
motivating and fun to play even after long-term
use.

For some participants, the main motivation was to
get better and increase their physical performance
over time.

Motivation:
Participants were driven
. by the ambition to perform well physically and by
the opportunity to be physically active again.

. by the curiosity about what the other game’s levels
were like.
. by the research project contribution.

Only for some participants, collecting points was the
motivator (some felt encouraged to break their records, and
others did not notice their scores).

Long-term motivation: Some participants wanted new and
slightly more challenging game levels to keep a certain level
of challenge over time.
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Figure 13. Interview data focusing on the comparison of exergames with conventional therapy. (Some and minority = at least 30% of the participants;
many = at least 50% of the participants, most and majority = at least 80% of the participants).

1%t study

Exergames:

For most participants, the exergames were more motivating than the conventional therapy, because they were

. fun to play.
. great brain training.

. a distraction from daily problems and concerns.
. a new training environment.
Therapy:
. For some participants, conventional therapy and exergames were completely different and hard to compare.

: Some participants preferred a combination of both trainings for maximum benefit.

A few participants preferred the conventional therapy because

. they could train more specifically.

. they could feel and know the materials they are training with.
. they liked the interaction with the therapist or animals.

Integration of exergames into therapy: Keep it simple and effortless because patients already have quite a busy daily program

or need help to get to therapy or to leave the house.

2" study before

2" study after

Exergames:
The exergame sessions were seen as
. fun and challenging.

. an active combination of physical and cognitive
challenge.

. a multiple-task training.

. an unconstrained opportunity to move and be
active.

Compared to medical fitness training, participants felt less
physically challenged during the gameplay.

Therapy:

. Physiotherapy is generally perceived to be less
active, beneficial and soothing.

. The focus is mainly on physical functions and the
aim is to relearn processes and efficiently use the
remaining body functions.

. Participants emphasized the cooperation between
therapist and patient and the definition of a long-
term goal.

. Some mentioned that mistakes and failures in
physical progress were better addressed in therapy.

Discussion

Overview

This project aimed to contribute specificaly to (1) develop
research-based, iterative, and co-designed user-centered
exergamesfor patientswith MS and (2) determine the usability
and feasibility of the newly developed exergames. This was
only possible by incorporating the theoretical background from

https://games.jmir.org/2021/2/e22826

RenderX

Exergames:
The exergame sessions
. were seen as a potential supplementary part of
therapy by the majority of participants.
. were a well-received and well-balanced
combination of body and brain training.
. distracted from daily problems and concerns.
. were enjoyable.
. caused loss of sense of time as participants were
immersed in the moment
. increased self-confidence and physical fitness in
daily-life activities.

Compared with conventional therapy, the exergames were
more fun, entertaining and motivating for movement.

Therapy:

. After the study period, participants compared the
exergame sessions with conventional therapy in a
similar way to before the intervention.

. Participants mentioned that conventional therapy
was more individual.

Integration of exergames into therapy:
. Participants would welcome a combination of
both training approaches.

human movement sciences, neuropsychology, and game
research, as well as practica skills from game design.
Furthermore, thisiterative and participatory design processwas
carried out in close collaboration with patients with MS and
their therapists.

In the following sections, the quantitative and qualitative results
of the user studies are discussed and set in the context of related
work and knowledge in game research and movement science,
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as well as research in the field of MS. Quantitative and
qualitative data revealed certain exergame elements that are
specific to patients with MS and can become key features for
the further development of user-centered exergames for this
heterogeneous target group. An outlook on future approaches
in user-centered MS-specific exergame development and
research will be provided.

Shift of Focus

After the second study, patients often reported a shift in their
focus from the physical to the cognitive level when playing
exergames. Some patients even reported a shift of focus from
their impairmentsto their actual skillsand abilities, which they
found to increase over the period studied. A study in older adults
showed that exergame training increased the participants
confidence and research connected this confidence with
increased self-efficacy [91,92]. One participant could even use
advanced training methods in his regular therapy at the end of
the second study. The exergames allowed the patients a sense
of control over their tasks, as described by Sweetser and Wyeth
[53]. Themorefamiliar participants became with the exergames
and the more they trained their own gameplay strategies and
body movements, the more secure, confident, immersed,
absorbed, and “in the flow” they became with the exergame.
The flow feeling was described not only in the interviews but
also in the FSS and Game Flow questionnaire, illustrated by a
high rating in several questionnaire items as well as by a
significant decrease in the questionnaire item perceived
importance. The decreased perceived importance item seems
toindicate that the gaming challenge of the exergameswas more
enjoyable, as patients have attached less importance to the
gaming outcomes [93]. This might have been caused by the
shift of focus, theincreased sense of control, the familiarization
process, and higher flow feeling. Furthermore, some patients
reported that gaming time distracted them from their daily-life
problemsand their M S-related impairments. Thisisinlinewith
the findings of related studies [53,91,94].

Heterogeneity of PatientsWith M S

The heterogeneity of patientswith M S, including theindividual
course of the disease (eg, wide range of symptoms and
unpredictable flare-ups), as well as demographic details (eg,
widerange of age), was al so reflected in the interviews. Patients
reported that game content, challenge, and progression should
always be adaptable to their individual physical, cognitive, and
mental requirementsand their daily form[51,72,95]. Therefore,
an exergame for patients with MS should allow an individually
adaptivetraining focus, taking into account physical, cognitive,
and mental aspects, to correspond with the heterogeneity and
fluctuations of the disease pattern. The exergames covered 3
different types of game control and content; each exergame
included 3 levels for motor and cognitive functions. Another
relevant aspect is security, especialy in therapeutic
environments [72]. In this project, the patients could use the
handrail to support exergame performance due to the insecurity
of their physical stability and capacity. This security support
was greatly appreciated, as presented in the results of our study.
Overall, no adverse events were recorded during the entire
duration of the project. Thewide age rangein patientswithMS
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brings very different previous experiences in using technology
[96]. Thus, even for older adult patients without previous
technology use, the exergames need to be self-explanatory and
easy to use (including help from therapists). In terms of the
system's usability in the heterogeneous study group, the
iterative, participative, and interdisciplinary design process of
this project was very successful asthe SUS increased from study
1 to study 2. In study 2, the SUS dropped from pre- to
postmeasurement. The novelty of the exergame might have
distracted patients focus away from the usability barriers,
explaining the high SUS score at the premeasurement.
Furthermore, with each additional session, participants had more
time to test the system and explore usability barriers.
Nevertheless, the SUS in study 2 remained at a level that can
be described as a usable exergame system for patientswithMS
[86,97].

Training Motivation and Challenges

Most patientswere motivated to train by exergames and enjoyed
the requirement of physical activity for playing them. Thisis
in line with aprevious study that interviewed patientswith MS
about Nintendo Wii Fit [39]. However, dueto the user-centered
development steps and therapy focus, it may bethat thetraining
motivation was even higher than in studies that used
conventional exergames [48]. One of the main motivational
drivers was to improve the player's body functions, to be
immersed in another world, and to be distracted from daily life
for the duration of the exergame session [53]. Interestingly,
interviews revealed that most patients preferred more
challenging games (but still not overchallenging). Thiswasalso
reflected in the number of sessions in which patients chose to
play the most challenging exergames. This challenging situation,
in combination with the skill balance of the exergames, may
have facilitated the abovementioned flow state during the
training sessions [98]. Exergames should provide individually
challenging but still feasible gaming experiences to increase
training motivation and therefore possible training-related
improvements [53]. To maintain their motivation, patients also
wished for more challenging and different games or levels over
timein futuretrias.

Training Intensity and Progress

An exergame should be able to adapt to the individual patient
at aphysical and cognitive level to meet the heterogeneous and
individual requirements of patients with MS and to allow for
an optimal training zone [51,95]. For this reason, the design
integrated individual levelsfor physical and cognitive functions
into the exergames, allowing for an individually challenging
game for patients with MS. To extend the playfulness and
effectiveness of the exergames in the future, the assessment of
certain motor and cognitive parameters (objective) or rating
scales (subjective) could help to define an individual training
area [99-102]. The integration of in-exergame, real-time
adaptation could help to maintain a predefined optimal training
zoneinatraining on and over alonger period (progression)
[51,102,103]. In this project, participants had to rate each
training session for physical and cognitive perceived exertion,
allowing the training load to be adapted for the upcoming
sessions. The results of the perceived exertion ratings showed
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that the newly developed exergames allowed for a moderate
training load on the cognitive and physical levelsin a single
training session and over the training period. For aerobic and
strength exercises, moderate training isrecommended in patients
with MS [104]. However, it is possible that high training
intensities, such asthose used in high-intensity interval training,
might be even more beneficial [105]. Nevertheless, amoderate
training intensity seems to be an appropriate approach for
exergamesto trigger possible motor learning processes without
negatively influencing movement execution in patients with
MS[68,81].

Exergameasan M S Therapy Tool

Interviews showed a strong acceptance of the exergames by
patients (even in the first study). The majority would welcome
the integration of exergames into their conventiona therapy
because of their appealing nature and beneficial motor-cognitive
training approach [40,106]. The combined training regimen
allows for the concurrent processing and synchronization of
cognitive and motor stimuli and therefore can trigger brain-body
communication. Patients with MS can have impaired dual- or
multi-task performance due to possible deficits in divided
attention, resource capacity overload, or differentia neural
activation [ 76-80]. Furthermore, exergamesallow theintegration
of the patient’s conventional therapy progress in physical and
cognitive functions and provide a daily-life environment in
terms of the combined cognitive-motor training. However, some
patients missed the social component and interaction with the
therapists. Therefore, it might be interesting to specificaly
integrate the therapist(s) into the exergame experience by
in-exergame interaction, alowing training adaptation and
support. Thisfinding isin line with recent exergame studiesin
patientswith MS and ol der adultsthat emphasize theimportance
of social interaction in exergamesto increase training motivation
[91,103]. Moreover, social interaction is a part of the Game
Flow model proposed by Sweetser and Wyeth [53]. Overall,
user-centered exergames seem to be a very promising therapy
tool for patients with MS, considering the abovementioned
aspects of training and design principles.

As a next step, further research and development work will
deepen the knowledge of design principles in MS exergames
and reveal additional insights. To meet the heterogeneous
spectrum of MS and to provide an individually attractive and
effective training and therapy tool, the newly developed
exergames will be further iterated and extended based on the
findings of the usability and feasibility studies. Furthermore,
new types of use will be implemented, such as playing a
multitask version of the exergames that involve upper-body
input movements or sitting in a wheelchair. Moreover, further
balancing game mechanics will be implemented, as well as
extending the types of input, movement ranges, and tracking
zone.

Limitations

There are some limitations that can be reported for this study.
In the first study, participants were trained only once with the
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exergames, whereas they trained multiple times in the second
study. Therefore, participants might have had the chance to
reflect more on and better familiarize themsel veswith the games
in the second study, while they had only one attempt in thefirst
study. Additionally, their feedback might have been influenced
by the novelty effect. Furthermore, study testing was conducted
at various clinics and ingtitutions and it did not focus on
measures of effectiveness. However, it should be emphasized
that these studies should be conducted in the context of
developing a complex intervention for health care settings.
Within this context, intervention devel opment contains different
mandatory stepsthat should betaken in asequential order [107].
Inthat sense, this study reflects a preintervention stagein which
important principles and necessary actions for this stage were
considered [107]. Thesefindingsjustify continuing with studies
that focus on the outputs and effectsin clinical trials[107].

Conclusions

The aim of the presented research and devel opment work was
totakethefirst step inthe new field of user-centered exergames
for patientswith M S, to evaluate the usability and feasibility of
the newly developed exergame concepts, to learn from the
findings, and to derive design guidelinesfor future research and
development projectsin thisfield.

The quantitative and qualitative results of this project showed
that the developed exergames were usable, feasible, well
accepted, and enjoyablefor patientswith MS. Furthermore, the
results indicated preliminary positive effects regarding the
attractiveness of the newly devel oped, user-centered exergames.
Participants enjoyed the motivating, varied, and fun experience
with the exergames, which were both fun and physically aswell
as cognitively challenging and alowing them to forget their
everyday worries (often associated with the disease) for the
moment. Moreover, specific exergame elementswere identified:
control mechanisms through audio-visual design, adaptation of
theindividual difficulty level, game concept diversity addressing
the patients' heterogeneity, involvement of training principles,
and considerations of the interaction of physical and cognitive
impairments, especially brain-body communication.

Considering the points of discussion and design guidelines,
user-centered exergames can be a promising training approach
to improve physical and cognitive functions, especialy
brain-body communication in patients with MS. Thus,
user-centered exergames might have positive effects on quality
of life by reducing the risk of falling, mobility restrictions, and
social isolation. Furthermore, the strengthening of body
functions such as balance, coordination, and cognition seems
to be a promising way to break the vicious circle of
deconditioning. The evaluation of the effects of a user-centered
exergame will show how far a user-centered exergame might
complement or even surpass the results of conventional
(exergame) approaches in patients with MS.,
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Abstract

Background: Early detection of developmental disabilitiesin children is essential because early intervention can improve the
prognosis of children. Meanwhile, agrowing body of evidence hasindicated arelationship between devel opmental disability and
motor skill, and thus, motor skill is considered in the early diagnosis of developmental disability. However, there are challenges
to assessing motor skill in the diagnosis of developmental disorder, such as alack of speciaists and time constraints, and thus it
is commonly conducted through informal questions or surveys to parents.

Objective: This study sought to evaluate the possibility of using drag-and-drop data as a digital biomarker and to develop a
classification model based on drag-and-drop data with which to classify children with developmental disabilities.

Methods: We collected drag-and-drop data from children with typical development and developmental disabilities from May
1, 2018, to May 1, 2020, via a mobile application (DoBrain). We used touch coordinates and extracted kinetic variables from
these coordinates. A deep learning agorithm was developed to predict potential development disabilities in children. For
interpretability of the mode results, we identified which coordinates contributed to the classification results by applying
gradient-weighted class activation mapping.

Results: Of the 370 children in the study, 223 had typical development, and 147 had developmental disabilities. In all games,
the number of changes in the acceleration sign based on the direction of progress both in the x- and y-axes showed significant
differences between the 2 groups (P<.001; effect size >0.5). The deep learning convolutional neural network model showed that
drag-and-drop data can help diagnose developmental disabilities, with an area under the receiving operating characteristics curve
of 0.817. A gradient class activation map, which can interpret the results of adeep learning model, was visualized with the game
results for specific children.

Conclusions: Through the results of the deep learning model, we confirmed that drag-and-drop data can be a new digital
biomarker for the diagnosis of developmental disabilities.

(IMIR Serious Games 2021;9(2):€23130) doi:10.2196/23130

KEYWORDS
developmental delay; diagnosis prediction; deep learning; serious games; digital health; digital phenotyping; digital biomarkers

and characterized by difficulties in one or more domains,
including learning, behavior, and self-care[1-3]. The prevalence
Developmental disabilities are a set of common heterogeneous trend of all developmental disabilities increased from 1997 to
disorders developing in 10%-15% of preschool-age children 2017 in the United States, and the trend in low- and

Introduction
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middle-income countries has also increased in the number of
children surviving high-risk neonatal conditionsfrom improved
obstetric and neonatal care [4,5]. Although the etiology and
cause of developmental disabilities are complicated and not
well understood, early intervention is conventionally considered
as an effective clinical treatment [6,7]. Early detection of
developmental disabilitiesiskey because early intervention can
improve a child’s prognosis due to rapid brain growth and
neuroplasticity [8-10]. However, early detection or screening
has multiple challenges, including time constraints, financial
burden, scarcity of human resources, lack of consensus on the
tools for the general childhood population, and diagnostic
stability [11,12]. Given the phenotypical nature of
developmental disahilities, the assessment processes show high
variability [13,14]. Neuropsychological tests are often difficult
and tedious for preschool-age children to complete, leading to
inaccurate assessment [14]. Moreover, although it isimportant
to perform continuous clinical examinations and comprehensive
tracking for more accurate assessment [15-17], poor follow-up
adherence rates have been reported. This low follow-up rate
can induce aloss of chance for early intervention [18].

Meanwhile, a growing body of evidence has indicated a
relationship between developmental disability and motor control,
because the cerebellum is closely related to higher cognitive
function [19]. Motor skill is considered to be a factor in the
early diagnosis of developmental disability [20,21]. Despite
this evidence, the measurement of motor skill requires expensive
laboratory resources or clinical expertise and is not easily
applicable in repeated measurements. As an aternative to
measuring motor skill and without the constraints of time and
place, a serious game that is able to capture upper extremity
movements while touching a display could help in detecting
children with developmental disabilities.

Therefore, this study aimed to identify the possibility of
drag-and-drop data as a digital biomarker and to develop a
classification model based on drag-and-drop data with which
to classify children with developmental disabilities.

Methods

Serious Games

Thisstudy included children who had experienceswith aserious
game known as DoBrain (DoBrain Inc). DoBrain is a
mobile-based game that provides programs for the cognitive
development of children. The games of this application consist
of chapters of 7 to 8 subgames targeting spatial awareness,
perceptual speed, repair, creativity, reasoning, composition,

https://games.jmir.org/2021/2/€23130

Kimet al

memory, and visual discrimination of the cognitive area. Each
subgame can be classified into atapping game where users have
to solve a problem by touching objects to answer a question or
adrag-and-drop gamewhere users have to drag and drop cartoon
objectswith their fingers. In addition, the difficulty of the game
isdividedinto 3levels (A, B, and C) depending on the cognitive
level of the user. Chapter 1 comprises 7 subgames, including 4
tapping games or non—drag-and-drop games (first, fourth, fifth,
and seventh) and 3 drag-and-drop games (second, third, and
sixth). The second game is an imitation game in which users
must infer the correct answer from similar images of an object
and isdesigned toimprovelogical reasoning. Thethird subgame
requires the user to infer the correct answer from remnant
images and is designed to improve memory function. The sixth
subgameis designed to improve spatial awvareness by requiring
the user to locate the object on the target region (Multimedia
Appendix 1).

Study Design

In this retrospective study, we obtained deidentified participant
datafrom 3 studies: (1) aretrospective study conducted between
June 1, 2018, and June 1, 2020, with children having profile
information in the application; (2) randomized clinical trials
conducted from March 1, 2019, to December 30, 2019, for
evaluation of cognitive improvement in children with
developmental disabilities; and (3) a prospective study
conducted from February 1, 2020, on a development
classification model. The profiles of children with typical
development included in the first study were entered by their
parents, and the children included in the second and third studies
were diagnosed by pediatric psychologists. In each study, 1594
children with typical development and 343 children with
developmental disabilities (173 and 170 children, respectively)
were included. Among the 1937 children with valid profiles,
we also excluded children without drag-and-drop data due to
server instability or unexpected shutdown of the game (n=646).
Moreover, in 1291 children with drag-and-drop data, we
included only those children who played games at difficulty
level A to make experienced games homogenous because games
at levels B and C have more objects to drag and drop than do
games at level A (n=623). Finally, we included children who
played at |east one subgame among the second, third, and sixth
subgames because the other subgames in chapter 1 are played
with tapping answer objects (n=370). In these drag-and-drop
subgames, we analyzed the drag-and-drop log data to classify
those children with typica development and those with
disabilities (Figure 1).
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Figure 1. Eligible user selection flow.
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1594 Typical developing group
(2018.06 ~ 2019.05)

173 Developmental disabilities
group in prospective cohort
(2020.02 ~ 2020.05)

170 Developmental disabilities
group in RCT
(2019.05 ~ 2019.12)

646 Children with no drag-and-drop data

635 Typical development
11 Developmental disabilities

1291 Children with drag-and-drop data
959 Children with typical development

332 Children with developmental disabilities

668 Children with level B and C
269 Typical development with level B

241 Typical development with level C
83 Developmental disabilities with level B

623 Children with level A games
449 Children with typical development

174 Children with developmental disabilities

75 Developmental disabilities with level C

253 Children played no subgame in chapter 1

226 Typical development
27 Developmental disabilities

223 Children with typical development

370 Children played at least one subgame in chapter 1

147 Children with developmental disabilities

l

l

361 Children who played the third subgame
216 Children with typical development

366 Children who played the second subgame
222 Children with typical development
144 Children with developmental disabilities

145 Children with developmental disabilities

337 Children who played the sixth subgame
198 Children with typical development
139 Children with developmental disabilities

Ethics Statement

The retrospective study was approved by theingtitutional review
board of Yonsel University College of Medicinein South Korea
(no. Y-2020-0076). The Division of Biomedica System
Informatics (Department of Medicine of Yonsei University)
and DoBrain work together as a nonprofit, joint research group
for the early detection of disabilitiesin children and improved
cognitive function. To conduct this research, we obtained
deidentified data from DoBrain, and we have no conflicts of
interest related to our dealings with DoBrain Inc.

Analytical Procedure

In our study, we compared the baseline characteristics of
children with and without developmental disabilities using the
t test or Mann-Whitney test for continuous variables (eg, age
and device size) and used chi-square test for categorical
variables (eg, sex). Furthermore, we derived features related to
drag-and-drop data to capture children’s kinetics (Multimedia
Appendix 2). We additionally analyzed these derived data to
identify differencesin features from finger strokes between the
2 groups. Before comparative tests, we explored the normality
of distribution by visual methods and statistical tests
(Kolmogorov-Smirnov test) [22]. We determined normality
with consideration to the shape of the histogram and the results
of statistical tests[23]. In addition, we conducted an F test for
homoscedasticity (equal variance in 2 populations). We then
conducted a t test for normally distributed data and a
Mann-Whitney test for nonnormally distributed data.

P values <.05 were considered statistically significant for
2-sided hypothetical tests. In addition, we calculated effect sizes
to determine the possibility of type | statistical error. Cohen d
for continuous variables for normally distributed data and for
categorical variables were considered small depending on the
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type of effect size (n°=0.01; —0.20 < Cohen d < 0.20) [24]. For
nonparametric comparative methods, such asthe Mann-Whitney
test, the common language effect size (CLES) was calculated
to identify the probability that a score sampled at random from
one distribution would be greater than a score sampled from
another distribution. CLES reflects the chance that a value for
arandomly selected child with typical development would be
higher than that from one with developmental disabilities[25].

For detecting children with developmental disabilities, we
developed a deep learning classification model based on a 1D
convolutional neural network for drag data. Using drag data,
we tried to leverage multiple inputs (time variant variables:
touch coordinates and their derived variables; time-fixed
variables: statistics acquired at the end of the game, such as
total touch area or demographic data) by joint fusion. We
subsequently modeled the classification algorithm using deep
learning and not conventional machine learning. In addition,
we applied a strategy to decompose coordinates (fine motor
movement) along the x- and y-axes. Through this decomposition
of coordinates, we were ableto leverage information along each
axis by creating derived variables, such as velocity and
acceleration, along the axes and volatility of sign change.
Because this approach did not use positional information
(contextual information) in 2D, we developed a model with a
1D convolutiona neural network.

Drag-and-drop data, including all touch traces, were leveraged
in our model. The traces of individual touch attempts were
captured and stored in the forms of 1ogs when the user touched
an object on the display. We tried to use drag-and-drop data
regardless of intention to touch. Becausethedirectionisguided
through sounds at the beginning of the game, we built the model
to capture unnecessary touches. Therefore, we used all touch
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records to classify children with or without developmental
disabilities.
At the end of the model, multiple inputs were concatenated by

theindividual user ID, and the output node cal cul ated the binary
prediction of devel opmental disabilitiesusing afully connected

Figure 2. Deep learning model architecture. conv: convolution.
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layer. For time-variant variables, derived variables calculated
from each drag-and-drop feature wereinput. In contrast, for the
time-fixed variable, demographic characteristics and game
results that were generated after the end of the subgame were
input (Figure 2).
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For hyperparameter optimization, we searched hyperparameters  Ethics Statements

with a grid search. A detailed description of this search is
included in Multimedia Appendix 3. Deep learning models
based on each subgame were also evaluated using 10-fold
cross-validation. The area under the receiver operating
characteristics curve (AUROC), area under the precision-recall
curve, F score, precision, recall (sensitivity), and specificity for
each subgame were cal cul ated as the aggregation of the 10-fold
cross-validation results.

Finally, we not only focused on building a classification model
for developmental delay but also developed an interface with
which to examine the network’s decision to assess the fine motor
movement feature detected by the network. We applied the
gradient-weighted class activation mapping (Grad-CAM)
method to determine which coordinates of fine motor movement
touch were useful for predicting developmental disabilitiesin
children [26]. For this, we overlaid coordinates with an attention
map from the Grad-CAM, which showed the coordinates of
positive correlateswith the output of the network. All statistical
analyses and model development were conducted using Python
3.6.8 and TensorFow 1.14.0.
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Our relationship with DoBrain Inc. involves no conflicts of
interest. We and DoBrain Inc. have experience in conducting
national research projectstogether (“ Cognitivelearning service
for children with developmental disabilities using on Al”
[unpublished data], 2019-2020) with funding from the National
Information Society Agency, South Korea. Within these national
projects, we obtained the deidentified data from DoBrain Inc.

Results

Baseline Characteristics

A total of 368 eligible children were included in the study. Of
these, 366, 361, and 337 played the second, third, and sixth
subgames, respectively (overall, 223 children had typical
development, and 147 had developmental disabilities). There
was a statistical difference in the chronological age of the 2
groups (P<.001; CLES=0.839) and in the mean playtime
(P<.001; CLES=0.687). In each played subgame, a difference
in the ratio of children who played games was only observed
for the sixth subgame (P=.04; CLES=0.002; Table 1).
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Table 1. Demographic characteristicsin eligible users.
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Variables Children with typical  Children with developmen- Total (n=370) Pvalue  Effectsize
development (n=223) tal disabilities (n=147)
Age (months), median (IQR) 40.0 (12.0) 72.0(32.5) 45.0 (26.5) <.001 0.839%
Diagnosis, n (%)
Intellectual disability 0(0.0) 44 (0.33) 44 (0.11) N/AD N/A
Autism spectrum disorder 0(0.0) 41 (0.27) 41(0.11) N/A N/A
Developmental disorder 0(0.0) 33(0.22) 33(0.09) N/A N/A
Brain lesions 0(0.0) 25(0.17) 25 (0.09) N/A N/A
Monogenic disorder 0(0.0) 4(0.02) 4(0.01) N/A N/A
Children playing subgame, n (%)
Second subgame 222 (99.55) 144 (97.96) 366(98.92) .03 <0.001
Third subgame 216 (97.31) 145 (98.64) 361(97.84) .24 <0.001
Sixth subgame 198 (88.79) 139 (95.56) 337(91.98) .04 0.002
Device size (inches), median (IQR) 6.1(4.2 6.1(4.2 6.1(4.2) <.001 0.469%
Game playtime, (s/per game), median (IQR) 11.8(8.5) 8.1(6.5) 10.3(8.2) <.001 0.687%
Games played, median (IQR) 9.0(9.0) 1.0(14.2) 7.0(12.5) <.001 0.6822

8Common language effect size of continuous variables; r]2 for effect size of categorical variables.

BN/A: not applicable.

Characteristics of Drag-and-Drop Game Play

Although playtime did not consistently show statistically
significant differencesin each subgame, the playtimein children
with typical development was significantly longer than that of
children with disabilities for the sixth subgame (P<.001;
CLES=0.616; Table 2). In the touch region, the variablesrel ated
to measurements of the touch area did not show a statistically
significant difference in median values. However, in the sixth
subgame, the median max of height and width that children
used for playing games showed a significant difference (P<.001,;
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CLES>0.65). In addition, although the median change of
velocity sign change along the x-axis did not show adifference
(P=.40, P=0.17, and P=0.08, respectively) in al subgames, the
IQR of children with typical development was smaller than the
that of children with developmental disabilities (Multimedia
Appendix 4). In 4 accelerator variables, including sign change
of acceleration along the x-axis and y-axis, with both count and
per line count, the number of sign changes for children with
typical development was larger than that for children with
developmental disabilities.
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Table 2. Comparison of movement features between children with typical development and children with developmental disabilitiesin each game.

Characteristic Childrenwith typical development  Children with developmental disabilities Pvalue  CLES?
Second game
Distribution, n 222 144 N/AP N/A
Play information, median (I1QR)
Playtime (second/game) 2.03 (6.39) 1.98(5.11) .33 0.513
Line number (n/game) 1.0(2.0 2.0(2.0) .24 0.376
Linelength (n/game) 3.04 (3.17) 3.1(4.29) .28 0.518
Release to touch time (sec) 0.0 (3.31) 0.52 (4.46) A5 0.409
Touch region, median (IQR)
Height mean, ratio (%) 0.38(0.1) 0.38 (0.08) 26 0.540
Height max, ratio (%) 0.58 (0.08) 0.57 (0.06) 10 0.520
Width max, ratio (%)) 0.74 (0.08) 0.72 (0.08) 13 0.534
Height mean, ratio (%) 0.38(0.1) 0.38(0.08) .006 0.540
Third game
Distribution, n 216 145 N/A N/A
Play information, median (I1QR)
Playtime (second/game) 2.75 (6.63) 2.44 (5.99) 22 0.524
Line number (n/game) 1.0(2.0) 1.0(2.0 46 0.344
Line length (n/game) 3.12 (4.23) 3.62(6.28) 04 0.553
Release to touch time (sec) 0.0 (2.84) 0.0 (3.11) 45 0.372
Touch region, median (IQR)
Height mean, ratio (%) 0.29 (0.09) 0.27 (0.06) .02 0.520
Height max, ratio (%) 0.35 (0.23) 0.35(0.17) 26 0.565
Width max, ratio (%)) 0.72(0.1) 0.71 (0.08) 18 0.528
Height mean, ratio (%) 0.29 (0.09) 0.27 (0.06) 04 0.520
Sixth game
Distribution, n 198 139 N/A N/A
Play information, median (I1QR)
Playtime (second/game) 7.85 (15.25) 4.33 (10.03) <.001 0.616
Line number (n/game) 3.0(3.0) 2.0(3.0 .001 0.514
Linelength (n/game) 4.64 (8.5) 4.5 (7.66) 41 0.507
Release to touch time (sec) 2.9(8.33) 1.4(6.27) .001 0.549
Touch region, median (IQR)
Height mean, ratio (%) 0.43 (0.06) 0.34 (0.16) <.001 0.695
Height max, ratio (%) 0.53 (0.09) 0.49 (0.2) <.001 0.766
Width max, ratio (%)) 0.78 (0.1) 0.73 (0.09) <.001 0.658
Height mean, ratio (%) 0.43 (0.06) 0.34(0.16) <.001 0.695

8CLES: common language effect size.
BNI/A: not applicable.

M odel Performance

Overadll, the average AUROCSs for the second, third, and sixth
games were calculated as 0.746 (0=0.116), 0.793 (0=0.117),
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and 0.817 (0=0.070), respectively, in a10-fold cross-vaidation;
meanwhile, average F scores of the deep learning models for
each targeted subgame were calculated as 0.627, 0.675, and
0.708, respectively (Table 3). The model for the sixth subgame
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showed relatively high performance compared to other models
using the second or third subgames in terms of average model
performance metrics (AUROC, accuracy, F score, precision,
recall). Recall (also called sensitivity), which refers to the
probability of apositivetest given that the patient has a disease,
was highest in the model for the sixth game (0.757; 6=0.123)

Kimet al

(Figure 3). Specificity, which refers to the probability of a
negative test given that the patient is normal, was relatively
better in the model for the third subgame (0.783; 0=0.069) than
in the other models using the second or sixth subgame (second
subgame: 0.755, 0=0.089; sixth subgame: 0.740, 0=0.099).

Table 3. Average model performance result by 10-fold cross-validation in each drag-and-drop subgame.

Deep learning model for in-
dividual subgame

Performance, mean (SD)

AUROC? Accuracy F score Precision Recall Specificity
Second subgame 0.746 (0.116)  0.719 (0.094) 0.627 (0.165) 0.616 (0.136) 0.683 (0.151) 0.755 (0.089)
Third subgame 0.793(0.117)  0.747 (0.082) 0.675 (0.126) 0.686 (0.142) 0.688 (0.167) 0.783 (0.069)
Sixth subgame 0.817 (0.070)  0.769 (0.078) 0.708 (0.153) 0.675 (0.183) 0.757 (0.123) 0.740 (0.099)

BAUROC: area under the receiver operating characteristics curve.

Figure 3. ROC curves and PR curves of the deep learning model. PR: precision-recall. ROC: receiver operating characteristic.
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Prediction of Developmental Disabilities From Finger
Strokes

The visualization of variable weights for developmental
disabilities on game result images relied on a gradient-based
projection of the classification scores to the input pixels.
Children with typical development correctly implemented the
optimal path proximity to answers, asrecorded by the game; in
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Figure4A, coordinates similar to the optimal path are visualized
in blue, as presented in Grad-CAM. In contrast, we could
confirm that children with developmental disabilities played
games and drew gestures in various locations before drawing
the optimal path (Figure4B). Unlike the coordinates of children
with typical development, coordinates|ocated in the nonoptimal
path are shown in red, as presented by Grad-CAM.
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Figure 4. Sixth subgame with Grad-CAM results of children with normal and abnormal development disability. Grad-CAM: gradient-weighted class

activation mapping.
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Discussion Denver Developmental Screening Tests I (DDST-I1),. These

Principal Findings

This study showed that fine motor movements captured from
touching a mobile display can be anovel digital biomarker for
the classification of developmental delay. Our classification
model leveraged moment-by-moment drag-and-drop data to
capture fine motor movements for serious game play. This
suggests that serious games can be used as diagnostic assistant
tools or screen tools for detecting developmental disabilities.
Moreover, our model can be adaptive to clinicians because it
can visualize how much each coordinate of fine motor
movement contributes to classification.

Drag-and-Drop Data as a Digital Biomarker for
Detecting Developmental Delay

Early motor delay is often a sign of neurological dysfunction
[27]. Finemotor skillsare related to the use of upper extremities
to engage and manipul ate the environment [ 15,27]. Thisfunction
isnecessary for children to play or accomplish work. At the age
of 3 years, children can copy circles and imitate a crossin the
course of reaching developmental milestones [28]. Similarly,
the games in our study require the user to select an object of
the same color or solve the game by imitating a given
environment (such as a picture on the left in Multimedia
Appendix 1). Although the screening delivery platform hasbeen
changed into adigital device, it still seems capable of reflecting
developmental milestones.

In the clinic or community, parent- or teacher-reported screening
tools are used for large populations, including the Behavior
Rating Inventory of Executive Function Il (BRIEF-I1) and the

https://games.jmir.org/2021/2/€23130

RenderX

screening tools collect information on the kinesthetic ability of
children from parents or teachers. However, as these tools
leverage information obtained from parents or teachers to
calculate scores reflecting kinesthetic abilities, the results of
the screening tools may have inter- or intraobserver variability.
[29] Despite this, the use of drag-and-drop data in our model
has a strength in that our model presents more objectiveresults.

Previous studies have reported that children with autism show
a rate of change in acceleration in movements that is
significantly greater than that in children with typical
development [30,31]. Although previous studies have reported
on acceleration of the device (inertia) captured from agyroscope
in the device or infrared motion tracking system, our study
showed higher rates of sign changes in acceleration (in all
subgames) and velocity (in the sixth subgame) in finger strokes
for dragging and dropping objects in children with typical
development compared to children with developmental
disahilities. Given that children with devel opmental disabilities
had shorter playtimes and less variability, children with
developmental disabilities might not have intuitively understood
the problem and indiscriminately ran their finger across the
screen. It isalso possible that the difficulty of the game may be
insufficient to screen problems even in children with
developmental disabilities because the purpose of the game is
to drag objectsin asingle straight line.

Early Detection and Diagnostic Stability

There are multiple challenges to screening children with
developmental disabilities in routine clinical practice [2]. In
step with the high clinical demand, there are long wait times
for children who require examination by specidists. If screening
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tools are negative for developmental delay and the parents
continue to be concerned about their child’'s behavior, a more
intensive follow-up plan is needed, such as shorter-interval,
repetitive screening tests. Other barriers include a lack of
consensus on the best screening tool s and insufficient physician
confidence[2,32,33]. A previous study on diagnostic stabilities
in children with and without autism spectrum disorder in the
United States showed that 21% of children were initially not
diagnosed with autism spectrum disorder [12]. From this point
of view, developmenta disability classification using maobile
devices can be used as an element to potentially overcomethese
challenges.

Further, for early identification of developmenta disability,
cross-culturally appropriate and affordable tools are important,
although tools satisfying these conditions are limited [34].
Applying tools developed in Western-based norms to other
cultural contexts can induce overdetection in children, asthere
is a disparity in global pediatric mental health, especialy in
low- and middle-income countries[35]. Considering that many
children do not regularly visit medical or mental health
professionals in low- and middle-income countries [36], a
screening tool that isquick and inexpensivewould bedesirable.
In addition, toolswith child-friendly characteristicsfor children
to complete by themselves and under repetitive use with lower
resourceswould be suitable. In thisrespect, a serious gamewith
drag-and-drop data can be a candidate for toolsthat satisfy these
reguirements.

Authors Contributions

Kimet al

Limitations

This study has several limitations. First, the diagnostic profile
of children with typical development used in our study was
based on patient reports. Because children with typical
development were not confirmed by physicians, thiscould have
led to biasin the performance or results of the model dueto the
reliability of the label. However, previous studies included
clinical trials using only limited samples, whereas our study
analyzed hundreds of children with developmental disabilities
diagnosed by a pediatrician. Therefore, compared to previous
studies, our study represents an improvement in the robustness
of the prediction results. Second, this study excluded children
with developmental disabilities who were unable to control the
mobile device by themsel ves. Because data acquisition assumed
children could handle the mobile device and understand the
instructions to the games, the characteristics of children with
severe or moderate developmental disabilities were not
considered in this study. Further research needsto be conducted
after analyzing children with consideration of the degree of
developmental disorders.

Conclusions

As continuous and comprehensive tracking for more accurate
assessment isimportant in screening developmental disabilities,
ascreening tool that can be easily, repetitively, and objectively
used is needed. To the best of our knowledge, thisretrospective
study is the first to show that a deep learning-based screening
model leveraging digital biomarkers could be feasible for
detecting developmental disabilities in children. Therefore,
finger strokes on a mobile touch display can be a novel digital
biomarker of usein screening for developmental disabilities.
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Abstract

Background: The aging population is one of the major challenges affecting societies worldwide. As the proportion of older
people grows dramatically, so does the number of age-related illnesses such as dementia-related illnesses. Preventive care should
be emphasized as an effective tool to combat and manage this situation.

Objective: Theaim of thispilot project wasto study the benefits of using neurofeedback-based brain training gamesfor enhancing
cognitive performancein the elderly population. In particular, aiming for practicality, the training gameswere designed to operate
with alow-cost consumer-grade single-channel electroencephalogram (EEG) headset that should make the service scalable and
more accessible for wider adoption such as for home use.

Methods: Our training system, which consisted of five brain exercise games using neurofeedback, was serviced at 5 hospitals
in Thailand. Participants were screened for cognitive levels using the Thai Mental State Examination and Montreal Cognitive
Assessment. Those who passed the criteriawere further assessed with the Cambridge Neuropsychological Test Automated Battery
(CANTAB) computerized cognitive assessment battery. The physiological state of the brain was also assessed using 16-channel
EEG. After 20 sessions of training, cognitive performance and EEG were assessed again to compare pretraining and posttraining
results.

Results:  Thirty-five participants completed the training. CANTAB results showed positive and significant effects in the visual
memory (delayed matching to sample [percent correct] P=.04), attention (median latency P=.009), and visual recognition (spatial
working memory [between errors] P=.03) domains. EEG aso showed improvement in upper alpha activity in a resting state
(open-eyed) measured from the occipital area (P=.04), which similarly indicated improvement in the cognitive domain (attention).

Conclusions: Outcomes of this study show the potential use of practical neurofeedback-based training games for brain exercise
to enhance cognitive performance in the elderly population.

(IMIR Serious Games 2021;9(2):€26872) doi:10.2196/26872
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neurofeedback; serious gaming; serious game; brain exercise; cognition training; EEG; aging; cognition; cognitive; brain game
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Introduction

Background

The globa population aged above 60 years is expected to
increase from 900 millionin 2015 to 1.4 billion by 2030 and to
2.1 billion by 2050 [1]. Approximately two-thirds of these
elderly peoplelivein low-income and middle-income countries
[2]. This growing number of elderly will lead to anincreasein
the incidence of aging-related disorders, including
cognitive-related diseases such asdementia, Alzheimer disease,
and mild cognitive impairment (MCI), which are increasingly
becoming more common [3]. Dementia, the most frequent brain
disorder, is differentiated according to the etiology of either
vascular dementia or neurodegenerative dementia (such as
Alzheimer disease) [4,5]. Dementia is characterized by a
devastating reduction in cognitive abilities, including control
of behavior, learning, memory, attention/sleep, language,
intelligence, perception, aswell asfunctional independence and
social relationships. Morethan 47 million people areliving with
dementia [6], approximately 60% of whom live in low- and
middle-income countries. Driven by population aging, this
number is expected to triple by 2050, as the incidence of
dementia rises sharply at ages above 75 years. The economic
impact has been estimated at US $600 hillion per year
worldwide [7], including a significant burden of unpaid family
caregiving.

In contrast to Alzheimer disease and dementia, which are
conditions that are diagnosed at a state that is difficult to treat,
MCl—representing an intermediate state between cognitive
decline associated with normal aging and dementia [8,9]—is
more suitablefor targeted preventive measures along with active
prevention in the healthy elderly population, as an elderly
individual with MCI still haswell-preserved functional abilities
[10,11]. The global prevalence of MCI in the population aged
above 60 years reaches up to 38.60% [12]. MCI isarisk factor
for dementia[13] and is associated with a 6-fold increased risk
of Alzheimer disease [14]. Indeed, as pharmaceutical-based
treatments have yet to be very successful in a late-stage
condition such as Alzheimer disease, and may comewith certain
side effects [15-18], researchers have been exploring the
usefulness of alternative strategies to prevent, prolong decline,
or even enhance cognitive performance with different methods
such as cognitive training [19-22] or neurofeedback training
(NFT) [23-25]. Because of the aging trend in developing
countries mentioned above, in addition to their demonstrated
effectiveness, these methods should be low cost so that they
can be beneficial to the majority of the target group.

NFT asa Solution for Cognitive Decline

NFT is anoninvasive technique to alter brain activity [23-25].
NFT does not actively interfere with the brain but is rather a
process during which subjects learn to influence their brain
wave pattern by receiving feedback of their brain activity
(visual, audio, or other modalities). The controllability of brain
rhythms from users often also elicits neura plasticity in the
brain that can affect their behaviors and cognitive functions.
The use of NFT in medical and therapeutic contexts has
continuously attracted interest in research and practice[23]. In
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particular, in the field that addresses mental problems such as
attention deficit hyperactivity disorder (ADHD) or depression
[26-31], NFT has been considered a potentially viable tool.

There are several typesof NFT based on different brainimaging
technologies such hemoencephalographic, low-resolution
electromagnetic tomography, functional magnetic resonance
imaging, or functional near-infrared spectroscopy. However,
the most common type of NFT usually provides brain state
information to the user viaelectroencephalogram (EEG) signals
(also called EEG hiofeedback). Recorded at the scalp, the EEG
is produced by synchronous postsynaptic potentials from
thousands to millions of neurons. When amplified, digitized,
and plotted, theraw EEG signal appearsasacomplex oscillatory
pattern. Raw EEG signals are observed via frequency bands of
interest (ie, delta, 1-4 Hz; theta, 4-8 Hz; alpha, 8-12 Hz; beta,
12-32 Hz; and gamma, 32-60 Hz), usually in the forms of their
amplitudes or power spectra.

Brain wave characteristics have been shown to change
dramatically depending on the task at hand. Among these, alpha
isaparticularly interesting oscillation, which isthe predominant
rhythm in the human brain in aresting state, especially when
theeyesare closed [32]. Originally, alpha NFT was considered
as simple relaxation training. However, renewed interest has
arisen to clarify the relation between the alpha frequency band
and cognitive performance [33-35] viaindicators such as alpha
peak frequency [36,37] and individual upper apha
amplitude/power [38-40]. In resting-state recordings, the alpha
peak is clearly visible between 7.5 and 12.5 Hz. Higher alpha
peak frequencies (eg, 12 Hz in comparison to 10 Hz) have been
shown to correlate positively with high memory performance
[36,37] and 1Q [41]. Moreover, in terms of apha amplitude or
power, a positive correlation between individual upper alpha
amplitude and |Q has been reported (eg, [42,43]). Additionally,
as suggested by Klimesch [38], high apha power during a
resting state and low al pha power during the execution of atask
were associated with good performance in semantic long-term
memory tasks. Despite these promising results, NFT has not
yet been translated into mainstream practice. This could be due
to limitations of study designs such aslack of amethodological
design, therapeutic effect, and validity, as reviewed previously
[44,45].

Consumer-Grade EEG

Until recently, most EEG equipment has been designed for
either research or medical purposes. These devices were rather
expensive and not easy to operate. An EEG headset usually has
multichannel EEG wet sensors held together with a head cap
in predefined positions according to the international 10-20
system [46]. Therefore, considerable time is needed for each
setup before use and for subsequent cleanup, as these wet
sensors needed to be lubricated before each use. The emergence
of low-cost consumer-grade EEG headsets offers an
easy-to-administer and practical solution via the use of dry or
semidry electrodes, along with wireless connectivity, thereby
opening the technology for mass use. More importantly, most
of the consumer-grade EEGs al so have an option for continuous
raw EEG reading, as opposed to the batch records usually
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offered in medical-grade EEGs. Thisonline EEG reading feature
isanecessity for systems such as NFT.

There are several consumer-grade EEGs currently available on
the market, which differ in terms of the numbers and types of
electrodes, positioning, and design. Prominent examplesinclude
the Neurosky, Emotiv, or Muse systems. Researchershave been
evaluating and comparing these devices with research- or
medical-grade solutions [47-52]. In general, the research- or
clinical-grade EEGs are more accurate as they employ
multichannel wet sensors. For consumer-grade EEG, studies
have confirmed that useful EEG readings are possible. These
devices are easy to use, but involve dry electrodes with no
impedance matching, making them more susceptibleto artifacts.
They aso generally come with alower number of channels.

Consumer-grade EEG-based systems for applications such as
NFT for children with ADHD have already been discussed (eg,
[29,30]). We have also published primary research results of
NFT using Emotiv [53]. Experience from thetrial indicated that
although the multichannel Emotiv system provided good results,
it was quite time-consuming to administer, as saline still needed
to be applied for each sensor. The headset design was also found
to berather bulky for long-term serious use, especialy if it was
to be shared as part of amultiuser training station.

Alternatively, a single-channel device would provide an even
cheaper solution that could expand deployment sites. In
particular, the Neurosky design appeared to offer asolid headset
design with a single dry electrode placed on the forehead.
Although Maskeliunas et al [51] compared the Neruosky device
with the multichannel Emotiv device and found the reading
quality to be somewhat inferior, it was hypothesized that for
NFT application, Neurosky could still be sufficient, especially
as the position of the sensor is outside the frontal lobe area,
where the cognitive state of interest such as attention occurs.

Figurel. System overview. API: application programming interface.

NeuroSky Headset
Bluetooth

Computer
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Indeed, in contrast to the results of Maskeliunaset al [51], some
authors have gone as far as stating that a single-channel device
was preferred [45]. This was supported by the finding of a
negative correlation between the number of bands used to
compose the feedback signal and the success of training; that
is, more complicated protocolsthat promoted or inhibited severa
bands worsened the final results.

The aim of this study was therefore to implement a system of
brain training games with NFT on a single channel using a
consumer-grade EEG headset, and to evaluate its efficacy for
cognitivetraining in elderly participants. Physiological evidence
intermsof EEG was also investigated to determine whether the
brain rhythms of interest change as expected after training.

Methods

System Overview

Overdl, the architecture of the NFT gaming system was
designed to support multiuser application in multiplelocations.
At each location, the PC-based games ran localy on the
computer, with the Neurosky EEG headset connected via
Bluetooth to provide brain signal feedback. Training datawere
collected and sent to the remote database server over theinternet
(Figure 1).

Intermsof software, the gameswere devel oped using the Unity
game development platform [54], and were managed by the
Neurofeedback Cognitive Training Manager program written
in C#. Training data were delivered to the server via the
RESTful application programming interface (API) web service.
The server was programmed using PHP with the MySQL
database. Parameters such as EEG readings, scoring, and usage
time/characteristics of each user could be collected for analysis
viathe system’s web service API (Figure 2).

Internet
Database Server

X
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Figure 2. System configuration. NFCT: Neurofeedback Cognitive Training; API: application programming interface.
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NFT Control and EEG Signal Processing

Selection of Feedback Signals

Different strategies for selecting which brain rhythmsto be fed
back for training had been considered, as discussed previously
[45,55]. In general, there are two classical directions in NFT,
focusing on either low frequencies (alphaor theta) to strengthen
relaxation and focus or on high frequencies (low beta, beta, and
theta) for reinforcing activation, organizing, and inhibiting
distractibility. More specificaly, the alpha protocoal (ie, using
the alpha wave as the feedback signal) has historically been
used for relaxation training. Beta was considered to be
associated with mental performance, and was used to improve
focus or attention; alpha/theta has been used for stressreduction;
gamma is a high-frequency band associated with cognitive
processing and memory; and theta (including theta/beta) has
been considered for anxiety, depression, ADHD, and emotional
disorder treatments.

For this study, we decided on the type of feedback signals for
our cognitive training scheme based on our observation that the
strongest evidence in the cognitive training domain has been
related to attention [26,29,30,53]. Attention was defined asthe
ability to focus cognitive resources on one relevant aspect of
the environment while ignoring other irrelevant aspects. A
significant portion of the published attention-based NFT
literature suggeststhe use of aphaand betarhythms[45,55-58].
For example, Li et a [58] provided evidence that the beta band
(during a task) contained considerable information about
attention, indicating the possibility of recognizing a subject’s
attention level by studying the EEG data. In addition, according
to Klimesch [36], the apha band showed task-related
desynchronization; that is, it increased during resting states
(especially when the eyes were closed) and decreased during
performance of a cognitive task (eg, mental calculations).
Therefore, it was reasonable to try to mimic the phenomena

https://games.jmir.org/2021/2/e26872
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observed by the good performers by means of NFT (ie, to
enhance beta power and reduce alpha power during active
mental tasks) to enhance cognitive performance. Accordingly,
our system targeted training of attention as the first cognitive
function for improvement. Correlations between attention and
other cognitive functions such as memory have previously been
discussed. For example, memory showed limited capacity, and
thus attention determined what would be encoded [59]. We
hypothesized that improvement in higher attention could also
lead to improvement in other cognitive domains.

In our previous work [53], the feedback was defined as the
attention level calculated as:

Original attention feedback = KxPg/K %Py

Where Kg and K are empirical scaling constants, Py is the

power spectral density (PSD) of the beta band (12-32 Hz), and
P, isthe PSD of the alpha band (8-12 Hz).

With recent studies showing that theta (4-8 Hz) training that
could affect memory performance [38], with beta low (12-16
Hz) specifically found to affect attention [60], we revised the
attention feedback level asfollows:

New attention feedback = (K gxPp )/(K o XPy +Kg*Pp)

Where Py, isthe PSD of the betalow band (12-16 Hz), Py, is
the PSD of the alphalow band (8-10 Hz), and Py is the PSD of
the theta band (4-8 Hz).

Astheindividual upper apha (IlUA) has been shown to affect
cognitive power [38], the value of cognitive level monitored
was then calculated from:

Cognitive level
(KquPaL+K9xP6)
Where P, isthe PSD of the alpha high band (10-12 Hz).

(KgxPaL +K oy XPyr)/
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Adaptive Threshold Control

In our system, the brain feedback signal (attention) was used
as a game-controlling signal in an adaptive manner, with two
additional parameters introduced: the upper and lower
thresholds. Before each session, the system would measure the
user'slevel of attention under two mental states: being attentive
and relaxed. The difference between the two values was used
to calculate the upper and lower threshold levels. Figure 3 shows
an example of the condition when the lower and upper
thresholdswere adjusted by onethird of the difference fromthe
relaxed and attentive states, respectively. During the game play,
if the user’s attention level was higher than the threshold level,

Figure 3. Setting upper and lower thresholds.

Attention
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they were rewarded such as by having the controlled character
moving faster. By contrast, if the attention level waslower than
the lower threshold, the character would slow down. Attention
levels between the two thresholds had no effects on the game
being played. Asthebrain signal ishighly volatile and isknown
to exhibit on-to-session variation, the value of the thresholds
would continuously adapt to suit the present situation (Figure
4). For example, if the user became fatigued and the attention
level dropped down for too long, the thresholds would adapt so
that the user could hit the upper threshold more easily. Thiswas
important so that the user could feel that the game was
responsive and therefore retain their engagement.

Attended State

1/3 of A
Upper Threshold
A
- Lower Threshold
1/3 of A
Relax State
Time

Figure 4. Adaptive threshold.
Attention

Game Description

In terms of game design, there were five games in our NFT
system (Figure 5). The main concept used for all 5 games was
based on the same idea that the main character’'s moving
characteristic is controlled by the attention level feedback. The

https://games.jmir.org/2021/2/e26872
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different scenarios between the games were mainly aimed at
maintaining the user's engagement. In “Run Run,” the first
game, the bear runs faster when the player focuses on the game
(ie, attention level above the upper threshold) and runs slower
when the user loses focus (ie, attention below the lower
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threshold). The bear could also jump to collect coins if he ran
fast enough, which was designed to provide the user more
incentive to focus. For the second game, termed “Sunshine
Day,” if the player focused on the girl character to cheer her
up, the girl in the garden would look happy and the character
would jump to indicate that she's in a good mood. In “Cast
Away,” the third game, the player’s attention level controls the
cooking fire. There are three types of food, each of which
requires a different level of cooking heat to be cooked. If the
fireisstrong, the food will be cooked quickly, resulting in high

|srasenaet al

game scores. The fourth game was called “Paper Plane” If the
attention value is high, the plane moves fast and is able to fly
away from obstacles. Competing against paper planes that are
computer-controlled was al so provided for motivation. Thelast
gamewas"“ 321 Shoot.” Inthisgame, the average attention level
was calculated every 3 seconds. If it was above the set threshold,
then the basketball player scored. After every 10 points, the
threshold was increased, and the basketball player would stand
further away from the hoop.

Figure5. Screenshots of games: (A) Run Run, (B) Sunshine Day, (C) Cast Away, (D) Paper Plane, (E) 321 Shoot.
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Trial Protocol

Design and Setting

The trial was designed as a multisite pilot study. Forty
participants were targeted for the intervention by undergoing
training at the following 5 participating hospitals and health
centers in Thalland: King Narai Hospital; Queen Savang
Vadhana Memorial Hospital; Thai Redcross Health Station 2,
Sukuman Health Center; Thai Redcross Health Station 5,
Sawangkanives, and Ban Bang Khae Socia Welfare
Development Center for Older Persons.

Intervention results were compared with those obtained from
the control group, who received care-as-usual treatment.

Participants and Eligibility

Subjects were recruited on a voluntary basis from the
participating sites. All subjects who had received a diagnosis
of normal aging elderly and MCI were invited to participate.
Diagnoses were made by psychiatrists according to standardized
clinical criteria (Thai Mental State Examination [TMSE] and

https://games.jmir.org/2021/2/e26872
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Montreal Cognitive Assessment [MoCA]-Thai) and thecriteria
for MCI established by Petersen et a [11].

Theinclusion criteriawere 55-80 years old, with adequate verbal
expression, visual and hearing abilities; at least 4 years of
education; =24 on the TMSE and <24 on the MoCA-Thai for
MCI patients, or =24 on the TM SE and >24 on the MoCA-Thai
for normal aging elderly; and not currently enrolled in another
research study.

The exclusion criteriawere presence or history of aconfounding
central neurologic disease (eg, brain tumor, stroke, epilepsy);
currently under acetyl cholinesterase inhibitor treatment (eg,
donepezil, galantamine, and rivastigmine); and presence of
substance abuse disorder or substance dependence.

Experimental Protocol

At the pretest period, all test subjectswere assessed for cognitive
functions via Cambridge Neuropsychological Test Automated
Battery (CANTAB) tests. The data, together with EEG records,
were collected as baseline data. The intervention period started
no later than 1 week after the assessment. Theintervention group
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trained viaNFT for attention for 30 minutes per session with 2
sessions per week for a period of 10 weeks (total 20 sessions).
The subjects were then evaluated for cognitive functions
outcome at week 10. Posttraining EEG datawere also collected
for analysis.

The study was approved by the Institutional Review Board of
the Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand (593/57). All participants provided written informed
consent, and the study was performed in accordance with the
Declaration of Helsinki.

Table 1. Parameters used for delayed matching to sample assessment.

|srasenaet al

Cognitive Performance (CANTAB)

Delayed Matching to Sample

Delayed matching to sample (DMS) was used to assess both
simultaneous visual matching ability and short-term visual
recognition memory for nonverbalizable patterns. Each user
was shown a complex visual pattern (abstract and nonverbal),
followed by four similar patterns after abrief delay (0O, 4, or 12
seconds). The pattern that exactly matched the sample had to
be selected (Table 1).

Parameters Meaning

%correct

%correct (simultaneous)

Percentage of occasions upon which the subject selected the correct stimulus

Percentage of occasions upon which the subject selected the correct stimulusin trials when the

target stimulus and the three distractors were presented after the stimulus had been hidden, with

delays of 0 ms
%correct (all delays)

The percentage of occasions upon which the subject selected the correct stimulusin trials when

the target stimulus and the three distractors were presented after the stimulus had been hidden,
with delays of 0 ms, 4000 ms, and 12,000 ms

Median correct latency

Median latency considering all occasions where the subject selected the correct stimulus on their

first responsein trials when the target stimulus and the three distractors were presented after the
stimulus had been hidden after a specified delay. Latency was measured in milliseconds; alower

score was better

Prob error given error

Probability of an error occurring when the previous trial was responded to incorrectly

Motor Screening Task

The motor screening task (MOT) was used to assess whether
sensorimotor deficits or lack of comprehension would limit the

Table 2. Parametersin the motor screening task assessment.

collection of valid datafrom the participant. For thistest, colored
crosses were presented in different locations on the screen, one
at atime. The participant had to select the cross on the screen
as quickly and accurately as possible (Table 2).

Parameters Meaning

Mean latency Arithmetic mean of latency, defined as the time taken for the subject to touch the cross after it
appeared. Latency was measured in milliseconds; alower mean was better

Median latency Arithmetic median of latency

Mean error Measure of the subject’s pointing accuracy, according to the mean distance between the center

of the cross and the location the subject touched on the screen, for the 10 crosses presented to
which the subject correctly responded; alower error was better

Pattern Recognition Memory

Pattern recognition memory was applied as a test of visua
pattern recognition memory. The participant was presented with
a series of visual patterns, one at a time, in the center of the
screen. These patterns were designed so that they could not
easily be given verba labels. In the recognition phase, the

Table 3. Parameters for the pattern recognition memory assessment.

participant was required to choose between a pattern they had
already seen and a novel pattern in a 2-choice forced
discrimination paradigm. In addition, the test patterns in this
phase were presented in reverse order to the original order of
presentation. This was then repeated, immediately or after a
delay, with new patterns (Table 3).

Parameters Meaning

Y%correct
Mean correct latency
Median correct latency

#eorrect

Number of correct responses, expressed as a percentage
Arithmetic mean of the correct responses; alower value was better
Arithmetic median of the correct responses; alower value was better

Number of correct answers given by the subject
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Rapid Visual I nformation Processing

Therapid visua information processing (RV P) assessment was
designed to measure sustained attention. At arate of 100 digits
per minute, digitsfrom 2 to 9 appeared in apseudorandom order
inside awhite box shown at the center of the screen. Participants

Table 4. Parametersfor rapid visual information processing assessment.

|srasenaet al

were requested to detect target sequences of digits (eg, 3-5-6).
The button in the center of the screen had to be selected as
quickly as possible when the target sequence was noted. The
level of difficulty varied with either one- or three-target
seguences that the participant had to watch for at the sametime
(Table 4).

Parameters Meaning

Al
Probability of hit

How effective the subject was at detecting target sequences
The probability of the subject responding correctly;

ahigher value was better

Total false dlarms
lower value was better

Mean latency
Median latency
Probability of false alarm

Number of times the subject responded outside the response window of atarget sequence; a

Mean time taken to respond (milliseconds)
Measure of the median time taken to respond

Probability of the subject responding inappropriately, equal to total false alarmg/(total falsealarms

+ total correct rejections); alower value was better

Spatial Span

A spatial span test was used to assess visuospatial working
memory capacity. White squares were shown on the screen,
some of which briefly changed color in a variable sequence.
The boxes that changed color in the same order in which they

Table 5. Parametersin the spatial span assessment.

were displayed by the computer (for the forward variant) or in
the reverse order (for the backward variant) had to be selected.
The number of boxes in the sequence increased from two at the
start of thetest to nine at the end of the sequence, and the colors
were varied throughout the test (Table 5).

Parameters Meaning

Span length
Mean time to first response (span length 3)

The longest sequence successfully recalled by the subject
The time the subject took to initiate problems of the span length specified by the span length

option (3). The time was measured from the end of the presentation phase (the moment the final
box closed) until the subject touched the screen. Attempts undertaken on spans that the subject
did not pass were included in this calculation. A lower value was better.

Totd errors

Mean time to last response (span length 3)

Number of times the subject selected an incorrect box; alower value was better

Time the subject took to complete problems of the span length (3). The time was measured from

the end of the presentation phase (the moment the final box closes) to the time of the subject’s
final response on a given attempt. Attempts undertaken on spans that the subject did not pass
wereincluded in this calculation. A lower value was better.

Spatial Working Memory

The spatial working memory (SWM) test required the retention
and manipulation of visuospatial information, and provided a
measure of strategy as well as working memory errors. First,
several colored squares (boxes) were shown on the screen. By
selecting the boxes and using a process of elimination, the

https://games.jmir.org/2021/2/e26872

participant had to find one yellow “token” in each of a given
number of boxes and use them to fill up an empty column on
the righthand side of the screen. The number of boxes could be
gradually increased until a maximum of 12 boxes were shown
for the participantsto search. The color and position of the boxes
used also changed from trial to trial to discourage the use of
stereotyped search strategies (Table 6).
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Table 6. Parameters for spatial working memory (SWM) assessment.
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Parameters Meaning

Between errors
was better

Strategy
value was better

Median time to first response

Results for trials containing the number of boxes specified by n (4, 6, or 8) only; alower value

Specifiesthe lower and upper numbers of boxesto calculate the SWM strategy measure; alower

Mean time between the problem being presented to the subject and the subject first touching the

screen to open a box, for problems with the specified number of boxes; alower value was better

Median time to last response

Mean time of the subject’s last response for a problem, calculated from the time between the

problem being presented to the subject and the subject’s last screen touch to open abox to locate
the final token for the problem; alower value was better

Physiological Brain Characteristics

Before the first training session, each participant recoded their
brain EEG signals using a research-grade multichannel
g.Nautilus headset from g.tec medical engineering. The
g.Nautilus device is awireless EEG sensing and amplification
system with a 24-bit resolution at a 250/500 Hz sampling rate.
The version used was configured to work with g.SAHARA
hybrid EEG electrodes for dry or wet recordings. After asking
the participant to relax, the EEG signals were recorded at 16
positions (Fpl, Fp2, F3, Fz, F4, T7, C3, Cz, C4, T8, P2, Pz, P4,
PO7, PO8, and Pz) when the eyes were both open and closed.
Theentire procedure was repeated after the last training session
(session 20).

Results

Participants

A total of 104 individuals applied for theintervention program.
Seventeen were excluded from the study based on their health
conditions. A further 22 candidates did not meet the TM SE and
MoCA criteria. Of the remaining candidates, 43 individuas
eventually participated in the program and 35 completed the
training (8 dropouts).

Table 7. Baselineinformation of the participants.

CANTAB Results

Table 7 shows the baseline CANTAB values of the control and
intervention groups. Analysis results of CANTAB readings
between pre- and posttraining using paired t tests are shown in
Table 8.

Statistically significant improvements were found in terms of
DMS (%correct, %correct al delays), median latency, and SWM
(between errors), meaning that there were benefits from the
training in terms of visua memory (DMYS), attention (MOT),
and visual recognition (SWM). Improvements were also found
in the control group in terms of RVP (probability of hit,
probability of false darm) and MOT (median latency, mean
error).

The results indicated that after brain exercising based on the
proposed NFT system, we did find improvements in both
memory and attention domains as we had hoped. DM S wasthe
test of visual matching to sample, assessing mainly visua
memory, and depended heavily on aforced-choi ce decision that
may be dependent on frontal aswell astemporal lobe functions.
By contrast, the SWM score depended on the ability to retain
spatial information to manipulate remembered itemsin working
memory. Therefore, the improved SWM score could indicate
improvements in the frontal lobe as well as in executive
function.

Neurofeedback training (n=35)

Characteristic Control (n=30)
Age (years), mean (SD) 69.86 (8.95)
Female, n (%) 28 (93)
TSME?, mean (SD) 27.50 (1.70)
MoCAP, mean (SD) 20.83 (2.53)

69.48 (6.15)
31 (89)
27.09 (2.05)

21.00 (2.03)

8TMSE: Thai Mental State Examination.
BMoCA: Montresl Cognitive Assessment.
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Table 8. Cambridge Neuropsychological Test Automated Battery results.

Parameter® Control Neurofeedback training
t (df=29) SD (x—y) P value t (df=34) SD (x—y) P value
DMS?
%correct -0.5177 8.8165 .61 —-3.0566 9.2627 .004
%correct (simultaneous) 1.2289 104 .23 -1.5082 14.5695 14
%correct (all delays) -0.9581 11.4336 35 26199  11.6131 01
Median correct latency -1.9927 1.02E+03 .06 0.3146 1.18E+03 .76
Prob error given error -0.4167 0.2088 .68 0.7981 0.1566 43
MOT®
Mean latency 1.8352 244.0492 .08 1.0251 275.8327 31
Median latency 3.6956 166.6858 <.001 27713 213.8717 .009
Mean error —2.5181 2.7958 .02 -0.9254 5.1444 .36
PRMY
%correct —0.1606 9.472 .87 -1.1758 14.9745 .25
Mean correct latency -0.5861 596.2864 .56 0.8479 1.18E+03 .40
Median correct latency -1.6612 248.2209 A1 1.4163 502.0288 17
#correct -0.1575 2.3183 .88 -1.1758 3.5939 .25
RVP®
A’ —2.041 0.0535 .05 -0.3157 0.0802 75
Probability of hit —2.3338 0.1766 .03 0.5545 0.1806 .58
Total false alarms 0.3692 1.978 71 0.8318 7.5184 41
Mean latency —0.1099 90.2135 91 1.6845 265.2661 .10
Median latency 0.2864 110.6188 .78 1.9901 289.9302 .05
Probability of false alarm 2.2401 0.0083 .03 0.8618 0.0325 .39
sspf
Span length 127 1.0063 21 -1.0964 1.0792 .28
Mean time to first response (span length 3) -0.9127 622.248 37 1.2085 1.50E+03 .24
Total errors 0.1436 6.3576 .89 0.2642 7.0368 .79
Mean time to last response (span length 3) 1.5412 1.32E+03 A3 1.0786 2.43E+03 .29
swm¥
Between errors —-0.2158 9.3051 .83 2.2582 12.2757 .03
Strategy 0.5781 2.8424 .57 0.0838 4.0362 .93
Median time to first response -1.5109 654.9549 14 0.7888 991.3451 44
Median time to last response —0.6447 5.89E+03 .52 1.1679 7.14E+03 .25

9See Tables 1-6 for a description of the parameters.
bDMS: del ayed matching to sample.

°MOT: motor screening.

4PRM: pattern recognition memory.

RV P: rapid visual information processing.

fssp: spatial span.

9SWM: spatial working memory.
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EEG Results

To analyze the EEG data, the channels were first grouped
according to their cortical areas, asshownin Figure 6. Thiswas
necessary because of the known associations between brain
patterns and where they would occur in the brain areas. the
prefrontal (Group 1), occipital (Group 2), frontal (Group 3),
central (Group 4), and parietal (Group 5) areas. Signals from
the prefrontal and frontal areas (Group 6) and from the parietal
and occipita areas (Group 7) were also analyzed together,
respectively. EEGs from the temporal left and right sides were
grouped as Group 8 and Group 9, respectively.

Figure 6. Groupings of electroencephal ogram channels.

Discussion

Principal Results

The goal of this study wasto investigate whether brain training
games with consumer-grade single-channel EEG sensor
neurofeedback could be effective in enhancing the cognitive
functions of elderly users. The results seemed to confirm its
usefulness, especialy in terms of memory improvements in
both DMS and SWM. Compared to our prior works, SWM
improvement wasindeed also observed in NFT in children [30]
andin our previoustrial with older subjects[53]. The difference
in terms of the setup between this trial and the previous trial
[53] was that this trial used single-channel EEG instead of
multichannel EEG (Emotiv Epoc). A single-channel EEG was
more practical and easier to administer, but signal reading
quality could suffer as aresult. Another main differenceisthat
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The PSD of each group was then calculated as the average of
each channel’s PSD within the group, with the paired t test
calculated from pretraining and posttraining group PSD values.
Significant changes in alpha high were found during the
open-eyed relaxed condition in Group 2 and Group 7 (P=.04
for both). This agreed well with the finding of Klimesch [38]
that an increase in alpha high corresponded to improvement in
cognitive performance. This observation in Group 2 and Group
7, which covered the occipital areas, further supported the
validity of the results as these are the areas where alpha was
expected to be more evident.
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this trial also employed the new feedback signal and adaptive
threshold concepts. All of these factors could have contributed
tothe dightly different results obtained between the two studies.

For the attention domain, a significant change was found on
MQOT compared to significant changes found for RVP in
previous studies [30,53]. This difference could also be due to
thedifferencein population and setup. Notably, theMOT change
was also found in the control group. As MOT was designed
primarily for screening purposes, we could speculate that it
might have a sensitivity that made it less suitable for attention
assessment.

In general, the results of this study are in line with the current
literature given a similar focus on two main areas of potential
benefits: attention [61-63] and working memory [64,65].
Evidently, the published results to date are variable. For
example, Gadea et a [66] reported no significant changes on
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theta downregulation but achieved significant changes in
attention. By contrast, other studies[67-69] reported successful
voluntary modulation of brain activity (change in the EEG
signal) but no effects on the behavior (eg, symptom reduction).
Both effectswere shown in other studies[70-74]. A recent study
concerning NFT using low-cost EEG found al phaenhancement
but no effect on cognitive performance [75]. There are many
factors that may have contributed to these mixed results.
Experimental variables (factors) such as protocol, duration of
the training, location of electrodes, or signal modality could
have been set up differently, leading to these mixed results.
Indeed, the large majority of neurofeedback studies appeared
to have at least one major methodological limitation such as
lack of randomization, nonblind designs, and use of waiting list
control conditions. Controls without sham groups in a
quasiexperimental design used in many trials means that
evidence for the efficacy of the independent variable (ie,
feedback training) could not be fully validated. Unfortunately,
use of a sham control for the positive effects is ethically
challenging, since the use of placebo (which also includes sham
groups) instead of clinical treatments may lead to adeterioration
of symptoms. Thus, the well-controlled EEG-based
neurofeedback studies performed to date could only be carried
out on treatment-resistant or healthy subjects. In nonblind
designs, factors such as the relationship with the therapist are
also relevant, especially when treating children.

Another issue regarding the effectiveness of NFT is
sustainability validated through long-term studies. There have
only been a few such studies, mostly targeted toward ADHD
treatment. For example Lee et a [62] and Rijken et al [76]
evaluated the long-term effect of NFT through follow-up.
Compared to nonactive control treatments, NFT appeared to
have more durable treatment effects for at least 6 months
following treatment [ 77]. The reasonsfor thelack of such studies
may be related to practical issues such as difficulty to reconcile
schedules with the participants or withdrawal of subjects.

Degspite these limitations, it is still evident from literature
reviewsthat thereisaclear scientific movement toward the use
of neurofeedback as a tool to improve cognition and behavior
besides rehabilitation. Moreover, it isinteresting to note a shift
inthedirection of research inthisfield, characterized by amove
from the classical clinical standard of evaluating the
effectiveness of the method (standardized double-blind,
randomized experiment) to the use of other assessment methods
that seem more appropriate for neuropsychological treatments.
The primary reason is related to contradictions between the
positive outcomes of single case studies and the ineffectiveness
of studies with large numbers of subjects [78]. This trend
eventually may lead to the development of individualized
treatment protocols, where effect of the treatment is assessed
within the single case.

With respect to the detail s of the design, for simplicity, we used
alpha high with a fixed frequency range, given recent studies
indicating that it was possible to enhance cognitive capacities
of healthy individuals by means of IUA NFT, where the IUA
was located between the individual apha peak (IAP; between
7.5and 12.5 Hz) and |AP+2 Hz [38]. Changes from upper alpha
to IUA could have potential to improvethe effectiveness further.

https://games.jmir.org/2021/2/e26872
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The training time of 30 minutes per session provided a user
with considerable training time, while being short enough to
not cause too much fatigue. During game development and
testing, we found that an individua game duration of 2-3
minutes was appropriate. Game players usually spent the first
30 seconds up to 1 minute to ramp up their attention levels.
These levels were then maintained or dlightly improved
throughout the game. After 2 minutes, the level of attention
tended to drop, and several playersfelt fatigue and lost attention
completely after 3 minutes. As a result, al 5 games were
programmed to run for 2-3 minutes. Players were al so asked to
take abreak after every game.

Each NFT set comprised alow-cost one-channel EEG headset
and a PC with internet and Bluetooth connection. Once set up,
the user could simply put on the headset and start agame. This
could be a low-cost addition to community centers for the
elderly around the country. These NFT games could be played
leisurely to supplement existing activities such as group music
and craft works.

Finaly, as Staufenbiel et a [79] and Wang and Hsieh [80]
pointed out, the literature remains sparsein relation to assessing
the impact of neurofeedback in the elderly population. Our
work, showing positive benefits on both EEG and cognitive
functions, hopefully contributes as an additional step toward
the confirmation of benefits for NFT in the elderly.

Limitations

This study has some limitations that warrant future research.
Firgt, the sample size could be considered to be small. According
to Begemann et al [81], to detect a medium effect size of 0.5,
aminimal sample size of 64 per group would be needed. This
criterion was not met by our study or most of the related works
reported to date. Underpowered studies could carry the risk of
both false-positive and false-negative findings, and are
potentially more likely to be affected by publication bias,
selective dataanalysis, and selective reporting of outcomes[82].
Moreover, as in the majority of similar research, our study
design was quasiexperimental. This could also raise aquestion
of how much the success observed in the modulation of the
brain activity or behavior was due to actual training as opposed
to nonspecific factors that could significantly contribute to the
results. Although we have taken precautionary measuresto limit
these potential biases, afull randomized controlled trial with a
higher number of sampleswould be one way to further solidify
the findings. A long-term study would also be beneficial. To
increase the chance for successful completion, the study could
be designed with a shorter but more intensive intervention to
encompass the follow-up phase with fewer possible withdrawals.

Conclusions

In this work, we have demonstrated the potential benefit of
game-based brain exercise using neurofeedback. The system
implemented was based on apractical single-channel EEG using
new feedback and gaming techniques. Results from the 5-site
pilot study have demonstrated improvement in the visual
memory (DMYS), attention (MOT), and visual recognition
(SWM) domains. EEG analyses also showed improvement in
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upper apha at a resting state (open-eyed) in the frontal area, which similarly indicated improvement in the cognitive domain.

Acknowledgments

The authors would like to acknowledge with gratitude the funding from the National Science and Technology Devel opment
Agency (NSTDA). The support we received from the staff of the NECTEC-CU Center of Technology for Cognitive Care in
Elderly has also been very much appreciated. We are also thankful for local support by our partner sites, especialy Sukunya
Rojhprasert, PhD and Chanon Sirikul, MD from King Narai Hospital; Komwudh Koncha, MD from Queen Savang Vadhana
Memorial Hospital; Mrs. Saowaluck Thanasirorat and Miss Phasita Hunarak from Thai Redcross Health Station 2; Miss Sasithon
Thiengtham from Ban Bang Khae; and Mrs. Kulchalee Sukunwaranil from Thai Redcross Health Station 5.

Conflictsof I nterest
None declared.

References

1.  Multisectoral action for alife course approach to healthy ageing: draft global strategy and plan of action on ageing and
health. 69th World Health Assembly, Geneva (A69/17). World Health Organization. 2016 Apr 22. URL: http://apps.who.int/
gb/ebwha/pdf_filesWHAB9Y/A69_17-en.pdf [accessed 2021-06-05]

2. RaoD, Luo X, Tang M, Shen Y, Huang R, Yu J, et al. Prevalence of mild cognitive impairment and its subtypesin
community-dwelling residents aged 65 years or older in Guangzhou, China. Arch Gerontol Geriatr 2018;75:70-75. [doi:
10.1016/j.archger.2017.11.003] [Medline: 29197258]

3. KlimovaB, Maresova P. Computer-based training programs for older people with mild cognitive impairment and/or
dementia. Front Hum Neurosci 2017;11:262. [doi: 10.3389/fnhum.2017.00262] [Medline: 28559806]

4.  PrinceM, BryceR, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence of dementia: a systematic review
and metaanalysis. Alzheimers Dement 2013 Jan;9(1):63-75. [doi: 10.1016/j.jalz.2012.11.007] [Medline: 23305823]

5. BangJ, Spina S, Miller BL. Frontotemporal dementia. Lancet 2015 Oct 24;386(10004):1672-1682 [FREE Full text] [doi:
10.1016/S0140-6736(15)00461-4] [Medline: 26595641]

6.  DementiaFact Sheet. World Health Organization. 2015. URL: http://www.who.int/mediacentre/factsheets/fs362/en/
[accessed 2021-06-05]

7.  Wimo A, Winblad B, Jonsson L. The worldwide societal costs of dementia: Estimates for 2009. Alzheimers Dement 2010
Mar;6(2):98-103. [doi: 10.1016/j.jalz.2010.01.010] [Medline: 20298969]

8. ReishergB, FerrisS, deLeon MJ, Crook T. Global Deterioration Scale (GDS). Psychopharmacol Bull 1988;24(4):661-663.
[Medline: 3249768]

9.  Fischer P, Jungwirth S, Zehetmayer S, Weissgram S, Hoenigschnabl S, Gelpi E, et a. Conversion from subtypes of mild
cognitive impairment to Alzheimer dementia. Neurology 2007 Jan 23;68(4):288-291. [doi:
10.1212/01.wnl.0000252358.03285.9d] [Medline: 17242334]

10. Winblad B, PAmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund L, et a. Mild cognitive impairment--beyond controversies,
towards a consensus: report of the International Working Group on Mild Cognitive Impairment. J Intern Med 2004
Sep; 256(3):240-246 [FREE Full text] [doi: 10.1111/j.1365-2796.2004.01380.X] [Medline: 15324367]

11. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med 2004 Sep;256(3):183-194 [FREE Full text]
[doi: 10.1111/j.1365-2796.2004.01388.x] [Medline: 15324362]

12.  Alkhunizan M, Alkhenizan A, Basudan L. Prevalence of mild cognitive impairment and dementiain Saudi Arabia: a
community-based study. Dement Geriatr Cogn Dis Extra 2018;8(1):98-103 [FREE Full text] [doi: 10.1159/000487231]
[Medline: 29706986]

13. MirzaSS, Ikram MA, Bos D, Mihaescu R, Hofman A, Tiemeier H. Mild cognitive impairment and risk of depression and
anxiety: A population-based study. Alzheimers Dement 2017 Feb;13(2):130-139. [doi: 10.1016/j.jalz.2016.06.2361]
[Medline: 27520773]

14. BaeJB, KimYJ, Han JW, Kim TH, Park JH, Lee SB, et a. Incidence of and risk factors for Alzheimer's disease and mild
cognitive impairment in Korean elderly. Dement Geriatr Cogn Disord 2015;39(1-2):105-115. [doi: 10.1159/000366555]
[Medline: 25401488]

15. Schneider LS, Dagerman KS, Insel P. Risk of death with atypical antipsychotic drug treatment for dementia: meta-analysis
of randomized placebo-controlled trials. JAMA 2005 Oct 19;294(15):1934-1943. [doi: 10.1001/jama.294.15.1934] [Medline;
16234500]

16. Smith TGH. Antipsychotics in dementia--mortality risks and strategies to reduce prescribing. Evid Based Ment Health
2011 May;14(2):35-36. [doi: 10.1136/ebmh.14.2.35] [Medline: 21502142]

https://games.jmir.org/2021/2/e26872 JMIR Serious Games 2021 | vol. 9 | iss. 2 |€26872 | p.62
(page number not for citation purposes)


http://apps.who.int/gb/ebwha/pdf_files/WHA69/A69_17-en.pdf
http://apps.who.int/gb/ebwha/pdf_files/WHA69/A69_17-en.pdf
http://dx.doi.org/10.1016/j.archger.2017.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29197258&dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2017.00262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28559806&dopt=Abstract
http://dx.doi.org/10.1016/j.jalz.2012.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23305823&dopt=Abstract
http://europepmc.org/abstract/MED/26595641
http://dx.doi.org/10.1016/S0140-6736(15)00461-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26595641&dopt=Abstract
http://www.who.int/mediacentre/factsheets/fs362/en/
http://dx.doi.org/10.1016/j.jalz.2010.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20298969&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3249768&dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000252358.03285.9d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17242334&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0954-6820&date=2004&volume=256&issue=3&spage=240
http://dx.doi.org/10.1111/j.1365-2796.2004.01380.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15324367&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0954-6820&date=2004&volume=256&issue=3&spage=183
http://dx.doi.org/10.1111/j.1365-2796.2004.01388.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15324362&dopt=Abstract
https://www.karger.com?DOI=10.1159/000487231
http://dx.doi.org/10.1159/000487231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29706986&dopt=Abstract
http://dx.doi.org/10.1016/j.jalz.2016.06.2361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27520773&dopt=Abstract
http://dx.doi.org/10.1159/000366555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25401488&dopt=Abstract
http://dx.doi.org/10.1001/jama.294.15.1934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16234500&dopt=Abstract
http://dx.doi.org/10.1136/ebmh.14.2.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21502142&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Israsenaet al

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Vigen CL, Mack WJ, Keefe RS, Sano M, Sultzer DL, Stroup TS, et al. Cognitive effects of atypical antipsychotic medications
in patients with Alzheimer's disease: outcomes from CATIE-AD. Am J Psychiatry 2011 Aug;168(8):831-839 [EREE Full
text] [doi: 10.1176/appi.sjp.2011.08121844] [Medline: 21572163]

Jalbert JJ, Daiello LA, Eaton CB, Miller SC, Lapane KL. Antipsychotic use and the risk of diabetesin nursing home
residents with dementia. Am J Geriatr Pharmacother 2011 Jun;9(3):153-163. [doi: 10.1016/j.amjopharm.2011.04.006]
[Medline: 21596626]

CoyleH, Traynor V, Solowij N. Computerized and virtual reality cognitive training for individuals at high risk of cognitive
decline: systematic review of the literature. Am J Geriatr Psychiatry 2015 Apr;23(4):335-359. [doi:
10.1016/j.jagp.2014.04.009] [Medline: 24998488|

Hill NTM, Mowszowski L, Naismith SL, Chadwick VL, ValenzuelaM, Lampit A. Computerized cognitive training in
older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am J Psychiatry 2017
Apr 01;174(4):329-340. [doi: 10.1176/appi.ajp.2016.16030360] [Medline: 27838936]

Reijnders J, van Heugten C, van Boxtel M. Cognitive interventions in healthy older adults and people with mild cognitive
impairment: a systematic review. Ageing Res Rev 2013 Jan;12(1):263-275. [doi: 10.1016/j.arr.2012.07.003] [Medline:
22841936]

Simon SS, Yokomizo JE, Bottino CM. Cognitive intervention in amnestic mild cognitive impairment: a systematic review.
Neurosci Biobehav Rev 2012 Apr;36(4):1163-1178. [doi: 10.1016/j.neubiorev.2012.01.007] [Medline; 22322184]

Omejc N, Rojc B, Battaglini PP, Marusic U. Review of the therapeutic neurof eedback method using el ectroencephal ography:
EEG Neurofeedback. Bosn JBasic Med Sci 2019 Aug 20;19(3):213-220. [doi: 10.17305/bjbms.2018.3785] [Medline:
30465705]

Budzynski T. From EEG to neurofeedback. In: Invans JR, Arbarbanel A, editors. Introduction to Quantitative EEG
Neurofeedback. 1st ed. San Diego: Academic Press Inc; 1999.

Neurofeedback Overview. International Society for Neuroregulation & Research (ISNR). URL : https://www.isnr.org/
neurofeedback-introduction [accessed 2021-06-05]

ArnsM, de Ridder S, Strehl U, Breteler M, Coenen A. Efficacy of neurofeedback treatment in ADHD: the effects on
inattention, impulsivity and hyperactivity: a meta-analysis. Clin EEG Neurosci 2009 Jul;40(3):180-189. [doi:
10.1177/155005940904000311] [Medline: 19715181]

Schoenberg PLA, David AS. Biofeedback for psychiatric disorders: a systematic review. Appl Psychophysiol Biofeedback
2014 Jun;39(2):109-135. [doi: 10.1007/s10484-014-9246-9] [Medline: 24806535]

Sonuga-Barke EJS, Brandeis D, Cortese S, Daley D, Ferrin M, Holtmann M, European ADHD Guidelines Group.
Nonpharmacological interventions for ADHD: systematic review and meta-analyses of randomized controlled trials of
dietary and psychological treatments. Am J Psychiatry 2013 Mar;170(3):275-289. [doi: 10.1176/appi.ajp.2012.12070991]
[Medline: 23360949]

Sudnawa KK, Chirdkiatgumchai V, Ruangdaraganon N, Khongkhatithum C, Udomsubpayakul U, Jirayucharoensak S, et
al. Effectiveness of neurofeedback versus medication for attention-deficit/hyperactivity disorder. Pediatr Int 2018
Sep;60(9):828-834. [doi: 10.1111/ped.13641] [Medline: 29931709]

Israsena P, Hemrungrojn S, Sukwattanasinit N, Maes M. Development and evaluation of an interactive

electro-encephal ogram-based neurofeedback system for training attention and attention defectsin children. JMed Imaging
HIth Inform 2015 Sep 01;5(5):1045-1052. [doi: 10.1166/jmihi.2015.1492]

Hammond DC. Neurofeedback with anxiety and affective disorders. Child Adolesc Psychiatr Clin N Am 2005
Jan;14(1):105-123. [doi: 10.1016/j.chc.2004.07.008] [Medline: 15564054]

Wan L, Huang H, Schwab N, Tanner J, Rajan A, Lam NB, et a. From eyes-closed to eyes-open: Role of cholinergic
projectionsin EC-to-EO a phareactivity revealed by combining EEG and MRI. Hum Brain Mapp 2019 Feb 01;40(2):566-577
[FREE Full text] [doi: 10.1002/hbm.24395] [Medline: 30251753]

Reis J, Portugal A, PereiraM, Dias N. Alphaand theta intensive neurofeedback protocol for age related cognitive deficits.
2015 Presented at: 7th International IEEE/EMBS Conference on Neural Engineering (NER); April 22-24, 2015; Montpellier,
France p. 715. [doi: 10.1109/NER.2015.7146723]

Navarro Gil M, Escolano Marco C, Montero-Marin J, Minguez Zafra J, Shonin E, Garcia Campayo J. Efficacy of
neurofeedback on theincrease of mindfulness-related capacitiesin healthy individuals: acontrolled trial. Mindfulness 2017
Jul 14;9(1):303-311. [doi: 10.1007/s12671-017-0775-1]

Hsueh J, Chen T, Chen J, Shaw F. Neurofeedback training of EEG al pha rhythm enhances episodic and working memory.
Hum Brain Mapp 2016 Jul;37(7):2662-2675 [FREE Full text] [doi: 10.1002/hbm.23201] [Medline: 27038114]

Klimesch W. EEG-al pha rhythms and memory processes. Int J Psychophysiol 1997 Jun;26(1-3):319-340. [doi:
10.1016/s0167-8760(97)00773-3] [Medline: 9203012]

Angelakis E, Lubar JF, Stathopoulou S, Kounios J. Peak a phafrequency: an el ectroencephal ographic measure of cognitive
preparedness. Clin Neurophysiol 2004 Apr;115(4):887-897. [doi: 10.1016/j.clinph.2003.11.034] [Medline: 15003770]
Klimesch W. EEG alpha and theta oscillations reflect cognitive and memory performance: areview and analysis. Brain
Res Brain Res Rev 1999 Apr;29(2-3):169-195. [doi: 10.1016/s0165-0173(98)00056-3] [Medline: 10209231]

https://games.jmir.org/2021/2/e26872 JMIR Serious Games 2021 | vol. 9 | iss. 2 |€26872 | p.63

(page number not for citation purposes)


http://europepmc.org/abstract/MED/21572163
http://europepmc.org/abstract/MED/21572163
http://dx.doi.org/10.1176/appi.ajp.2011.08121844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21572163&dopt=Abstract
http://dx.doi.org/10.1016/j.amjopharm.2011.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21596626&dopt=Abstract
http://dx.doi.org/10.1016/j.jagp.2014.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24998488&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.2016.16030360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27838936&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2012.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22841936&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2012.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22322184&dopt=Abstract
http://dx.doi.org/10.17305/bjbms.2018.3785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30465705&dopt=Abstract
https://www.isnr.org/neurofeedback-introduction
https://www.isnr.org/neurofeedback-introduction
http://dx.doi.org/10.1177/155005940904000311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19715181&dopt=Abstract
http://dx.doi.org/10.1007/s10484-014-9246-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24806535&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.2012.12070991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23360949&dopt=Abstract
http://dx.doi.org/10.1111/ped.13641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29931709&dopt=Abstract
http://dx.doi.org/10.1166/jmihi.2015.1492
http://dx.doi.org/10.1016/j.chc.2004.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15564054&dopt=Abstract
http://europepmc.org/abstract/MED/30251753
http://dx.doi.org/10.1002/hbm.24395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30251753&dopt=Abstract
http://dx.doi.org/10.1109/NER.2015.7146723
http://dx.doi.org/10.1007/s12671-017-0775-1
http://europepmc.org/abstract/MED/27038114
http://dx.doi.org/10.1002/hbm.23201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27038114&dopt=Abstract
http://dx.doi.org/10.1016/s0167-8760(97)00773-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9203012&dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2003.11.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15003770&dopt=Abstract
http://dx.doi.org/10.1016/s0165-0173(98)00056-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10209231&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Israsenaet al

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

Nan W, Rodrigues JP, Ma J, Qu X, Wan F, Mak P, et al. Individual alpha neurofeedback training effect on short term
memory. Int J Psychophysiol 2012 Oct;86(1):83-87. [doi: 10.1016/j.ijpsycho.2012.07.182] [Medline: 22864258]
Escolano C, Aguilar M, Minguez J. EEG-based upper alpha neurofeedback training improvesworking memory performance.
Annu Int Conf | EEE Eng Med Biol Soc 2011;2011:2327-2330. [doi: 10.1109/IEMBS.2011.6090651] [Medline: 22254807]
PosthumaD, Neale MC, BoomsmaDl, de Geus EJ. Are smarter brains running faster? Heritability of alpha peak frequency,
IQ, and their interrelation. Behav Genet 2001 Nov;31(6):567-579. [doi: 10.1023/a:1013345411774] [Medline: 11838534]
Stankova EP, Myshkin Y. Association between individual EEG characteristics and the level of intelligence. Moscow Univ
Biol Sci Bull 2016 Dec 28;71(4):256-261. [doi: 10.3103/s0096392516040118]

Lias S, Murat Z, Sulaiman N, Taib M. 1Q Index using al pha-beta correlation of EEG power spectrum density (PSD). :
|EEE; 2010 Presented at: |EEE Symposium on Industrial Electronicsand Applications (ISIEA); October 3-5, 2010; Penang,
Malaysiap. 612-616. [doi: 10.1109/isiea.2010.5679391]

Begemann MJH, Florisse EJR, van Lutterveld R, Kooyman M, Sommer |E. Efficacy of EEG neurofeedback in psychiatry:
A comprehensive overview and meta-analysis. Trand Brain Rhythmicity 2016;1(1):19-29. [doi: 10.15761/tbr.1000105]
RogalaJ, Jurewicz K, Paluch K, Kublik E, Cetnarski R, Wrébel A. The do's and don'ts of neurofeedback training: areview
of the controlled studies using healthy adults. Front Hum Neurosci 2016;10:301. [doi: 10.3389/fnhum.2016.00301] [Medline:
27378892]

American Electroencephal ographic Society. American Electroencephal ographic Society guidelines for standard electrode
position nomenclature. J Clin Neurophysiol 1991 Apr;8(2):200-202. [Medline: 2050819]

Ratti E, Waninger S, Berka C, Ruffini G, Verma A. Comparison of medical and consumer wireless EEG systems for use
in clinical trials. Front Hum Neurosci 2017;11:398. [doi: 10.3389/fnhum.2017.00398] [Medline: 28824402]

Sawangjai P, Hompoonsup S, Leelaarporn B, Kongwudhikunakorn S, Wilaiprasitporn T. Consumer grade EEG measuring
sensors as research tools: areview. IEEE Sensors J 2020 Apr 15;20(8):3996-4024. [doi: 10.1109/jsen.2019.2962874]
Khng KH, Mane R. Beyond BCl—Validating awireless, consumer-grade EEG headset against a medical-grade system for
evaluating EEG effects of atest anxiety intervention in school. Adv Eng Informat 2020 Aug;45:101106. [doi:
10.1016/j.26i.2020.101106]

Taherian S, Sdlitskiy D, Pau J, Claire Davies T. Are we there yet? Evaluating commercia grade brain-computer interface
for control of computer applications by individuals with cerebral palsy. Disabil Rehabil Assist Technol 2017
Feb;12(2):165-174. [doi: 10.3109/17483107.2015.1111943] [Medline: 26699697]

Maskeliunas R, Damasevicius R, Martisius |, Vasiljevas M. Consumer-grade EEG devices: are they usable for control
tasks? PeerJ 2016;4:€1746. [doi: 10.7717/peerj.1746] [Medline: 27014511]

Grummett TS, Leibbrandt RE, Lewis TW, DeL osAngeles D, Powers DMW, Willoughby JO, et al. Measurement of neural
signals from inexpensive, wireless and dry EEG systems. Physiol Meas 2015 Jul;36(7):1469-1484. [doi:
10.1088/0967-3334/36/7/1469] [Medline: 26020164]

Jirayucharoensak S, Israsena P, Pan-Ngum S, Hemrungrojn S, Maes M. A game-based neurofeedback training system to
enhance cognitive performance in healthy elderly subjects and in patients with amnestic mild cognitive impairment. Clin
Interv Aging 2019;14:347-360. [doi: 10.2147/CIA.S189047] [Medline: 30863028]

Unity Technologies. URL: https://unity.com/ [accessed 2021-06-05]

Marzbani H, Marateb HR, Mansourian M. Neurofeedback: a comprehensive review on system design, methodology and
clinical applications. Basic Clin Neurosci 2016 Apr;7(2):143-158 [FREE Full text] [doi: 10.15412/J.BCN.03070208]
[Medline: 27303609]

Liang S, LinC, Wu R, Chen Y, Huang T, Jung T. Monitoring driver's a ertness based on the driving performance estimation
and the EEG power spectrum analysis. 2005 Presented at: | EEE Engineering in Medicine and Biology 27th Annual
Conference; January 17-18, 2006; Shanghai, China p. 5738-5741. [doi: 10.1109/iembs.2005.1615791]

Hamadicharef B, Zhang H, Guan C, Wang C, PhuaK, TeeK, et a. Learning eeg-based spectral-spatial patternsfor attention
level measurement. 2009 Presented at: |EEE International Symposium on Circuits and Systems; May 24-27, 2009; Taipel,
Talwan p. 1465-1468. [doi: 10.1109/iscas.2009.5118043]

Li Y, Li X, Ratcliffe M, LiuL, Qi Y, Liu Q. A real-time EEG-based BCI system for attention recognition in ubiquitous
environment. 2011 Presented at: 2011 I nternational Workshop on Ubiquitous Affective Awarenessand Intelligent Interaction;
September 2011; Beijing, China p. 33-40. [doi: 10.1145/2030092.2030099]

Chun MM, Turk-Browne NB. Interactions between attention and memory. Curr Opin Neurobiol 2007 Apr;17(2):177-184.
[doi: 10.1016/j.conb.2007.03.005] [Medline: 17379501]

Egner T, Gruzelier JH. EEG biofeedback of low beta band components: frequency-specific effects on variables of attention
and event-related brain potentials. Clin Neurophysiol 2004 Jan;115(1):131-139. [doi: 10.1016/s1388-2457(03)00353-5]
[Medline: 14706480]

Zandi Mehran Y, Firoozabadi M, Rostami R. Improvement of neurofeedback therapy for improved attention through
facilitation of brain activity using local sinusoidal extremely low frequency magnetic field exposure. Clin EEG Neurosci
2015 Apr;46(2):100-112. [doi: 10.1177/1550059414524403] [Medline: 24939868]

https://games.jmir.org/2021/2/e26872 JMIR Serious Games 2021 | vol. 9 | iss. 2 |€26872 | p.64

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ijpsycho.2012.07.182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22864258&dopt=Abstract
http://dx.doi.org/10.1109/IEMBS.2011.6090651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22254807&dopt=Abstract
http://dx.doi.org/10.1023/a:1013345411774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11838534&dopt=Abstract
http://dx.doi.org/10.3103/s0096392516040118
http://dx.doi.org/10.1109/isiea.2010.5679391
http://dx.doi.org/10.15761/tbr.1000105
http://dx.doi.org/10.3389/fnhum.2016.00301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27378892&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2050819&dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2017.00398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28824402&dopt=Abstract
http://dx.doi.org/10.1109/jsen.2019.2962874
http://dx.doi.org/10.1016/j.aei.2020.101106
http://dx.doi.org/10.3109/17483107.2015.1111943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26699697&dopt=Abstract
http://dx.doi.org/10.7717/peerj.1746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27014511&dopt=Abstract
http://dx.doi.org/10.1088/0967-3334/36/7/1469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26020164&dopt=Abstract
http://dx.doi.org/10.2147/CIA.S189047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30863028&dopt=Abstract
https://unity.com/
http://europepmc.org/abstract/MED/27303609
http://dx.doi.org/10.15412/J.BCN.03070208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27303609&dopt=Abstract
http://dx.doi.org/10.1109/iembs.2005.1615791
http://dx.doi.org/10.1109/iscas.2009.5118043
http://dx.doi.org/10.1145/2030092.2030099
http://dx.doi.org/10.1016/j.conb.2007.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17379501&dopt=Abstract
http://dx.doi.org/10.1016/s1388-2457(03)00353-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14706480&dopt=Abstract
http://dx.doi.org/10.1177/1550059414524403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24939868&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Israsenaet al

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Lee T, Quek SY, Goh SJA, Phillips R, Guan C, Cheung YB, et a. A pilot randomized controlled trial using EEG-based
brain-computer interface training for a Chinese-speaking group of healthy elderly. Clin Interv Aging 2015;10:217-227.
[doi: 10.2147/CIA.S73955] [Medline: 25624754]

Yeo SN, Lee TS, Sng WT, Heo MQ, BautistaD, Cheung Y B, et a. Effectiveness of apersonalized brain-computer interface
system for cognitive training in healthy elderly: arandomized controlled trial. J Alzheimers Dis 2018;66(1):127-138. [doi:
10.3233/JAD-180450] [Medline: 30248056]

ReisJ, Portugal AM, FernandesL, Afonso N, PereiraM, SousaN, et al. An aphaand thetaintensive and short neurofeedback
protocol for healthy aging working-memory training. Front Aging Neurosci 2016;8:157. [doi: 10.3389/fnagi.2016.00157]
[Medline: 27458369]

CamposdaPaz VK, GarciaA, Campos daPaz Neto A, Tomaz C. SMR neurofeedback training facilitates working memory
performance in healthy older adults: a behavioral and EEG study. Front Behav Neurosci 2018;12:321. [doi:
10.3389/fnbeh.2018.00321] [Medline: 30618671]

GadeaM, Alifio M, Garijo E, Espert R, Salvador A. Testing the benefits of neurofeedback on selective attention measured
through dichotic listening. Appl Psychophysiol Biofeedback 2016 Jun;41(2):157-164. [doi: 10.1007/s10484-015-9323-8]
[Medline: 26683198]

Naas A, Rodrigues J, Knirsch J, Sonderegger A. Neurofeedback training with alow-priced EEG deviceleadsto faster alpha
enhancement but shows no effect on cognitive performance: A single-blind, sham-feedback study. PLoS One
2019;14(9):e0211668 [FREE Full text] [doi: 10.1371/journal.pone.0211668] [Medline: 31483789]

Gongalves O, Carvalho S, Mendes AJ, Leite J, Boggio PS. Neuromodul ating attention and mind-wandering processes with
asinglesessionrea time EEG. Appl Psychophysiol Biofeedback 2018 Jun;43(2):143-151. [doi: 10.1007/s10484-018-9394-4]
[Medline: 29797155]

Sherwood MS, Parker JG, Diller EE, Ganapathy S, Bennett KB, Esquivel CR, et a. Self-directed down-regulation of
auditory cortex activity mediated by real-timefMRI neurofeedback augments attentional processes, resting cerebral perfusion,
and auditory activation. Neuroimage 2019 Jul 15;195:475-489 [FREE Full text] [doi: 10.1016/j.neuroimage.2019.03.078]
[Medline: 30954710]

Zoefel B, Huster RJ, Herrmann CS. Neurofeedback training of the upper a pha frequency band in EEG improves cognitive
performance. Neuroimage 2011 Jan 15;54(2):1427-1431. [doi: 10.1016/j.neuroimage.2010.08.078] [Medline: 20850552]
HoedImoser K, Pecherstorfer T, Gruber G, Anderer P, Doppelmayr M, Klimesch W, et al. Instrumental conditioning of
human sensorimotor rhythm (12-15 Hz) and itsimpact on sleep as well as declarative learning. Sleep 2008
Oct;31(10):1401-1408 [FREE Full text] [Medline: 18853937]

Gevendeben H, Holl B, Albrecht B, Vogel C, Schlamp D, Kratz O, et al. I's neurofeedback an efficacious treatment for
ADHD? A randomised controlled clinical trial. J Child Psychol Psychiatry 2009 Jul;50(7):780-789. [doi:
10.1111/j.1469-7610.2008.02033.x] [Medline: 19207632]

Steiner NJ, Frenette EC, Rene KM, Brennan RT, Perrin EC. In-school neurofeedback training for ADHD: sustained
improvements from a randomized control trial. Pediatrics 2014 Mar;133(3):483-492. [doi: 10.1542/peds.2013-2059]
[Medline: 24534402]

Strehl U, Leins U, Goth G, Klinger C, Hinterberger T, Birbaumer N. Self-regulation of slow cortical potentials: a new
treatment for children with attention-deficit/hyperactivity disorder. Pediatrics 2006 Nov;118(5):e1530-e1540. [doi:
10.1542/peds.2005-2478] [Medline: 17060480]

Naas A, Rodrigues J, Knirsch J, Sonderegger A. Neurofeedback training with alow-priced EEG deviceleadsto faster alpha
enhancement but shows no effect on cognitive performance: A single-blind, sham-feedback study. PLoS One
2019;14(9):e0211668 [FREE Full text] [doi: 10.1371/journal.pone.0211668] [Medline: 31483789]

Rijken NH, Soer R, deMaar E, PrinsH, Teeuw WB, Peuscher J, et a. Increasing performance of professional soccer players
and dlite track and field athletes with peak performance training and biofeedback: a pilot study. Appl Psychophysiol
Biofeedback 2016 Dec;41(4):421-430 [FREE Full text] [doi: 10.1007/s10484-016-9344-y] [Medline: 27761664]

Van Doren J, Arns M, Heinrich H, Vollebregt MA, Strehl U, K Loo S. Sustained effects of neurofeedback in ADHD: a
systematic review and meta-analysis. Eur Child Adolesc Psychiatry 2019 Mar;28(3):293-305 [FREE Full text] [doi:
10.1007/s00787-018-1121-4] [Medline: 29445867]

Rossiter T. The effectiveness of neurofeedback and stimulant drugs in treating AD/HD: Part |. Review of methodological
issues. Appl Psychophysiol Biofeedback 2004 Jun;29(2):95-112. [doi: 10.1023/b:apbi.0000026636.13180.b6]
Staufenbiel SM, Brouwer A, Keizer AW, van Wouwe NC. Effect of beta and gamma neurofeedback on memory and
intelligence in the elderly. Biol Psychol 2014 Jan;95:74-85. [doi: 10.1016/].biopsycho.2013.05.020] [Medline: 23751914]
Wang J, Hsieh S. Neurofeedback training improves attention and working memory performance. Clin Neurophysiol 2013
Dec;124(12):2406-2420. [doi: 10.1016/j.clinph.2013.05.020] [Medline: 23827814]

Begemann MJH, Florisse EJR, van Lutterveld R, Kooyman M, Sommer |E. Efficacy of EEG neurofeedback in psychiatry:
A comprehensive overview and meta-analysis. Trand Brain Rhythmicity 2016;1(1):19-29. [doi: 10.15761/tbr.1000105]
Button KS, loannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ESJ, et a. Power failure: why small sample size
undermines the reliability of neuroscience. Nat Rev Neurosci 2013 May;14(5):365-376. [doi: 10.1038/nrn3475] [Medline:
23571845]

https://games.jmir.org/2021/2/e26872 JMIR Serious Games 2021 | vol. 9 | iss. 2 |€26872 | p.65

(page number not for citation purposes)


http://dx.doi.org/10.2147/CIA.S73955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25624754&dopt=Abstract
http://dx.doi.org/10.3233/JAD-180450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30248056&dopt=Abstract
http://dx.doi.org/10.3389/fnagi.2016.00157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27458369&dopt=Abstract
http://dx.doi.org/10.3389/fnbeh.2018.00321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30618671&dopt=Abstract
http://dx.doi.org/10.1007/s10484-015-9323-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26683198&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0211668
http://dx.doi.org/10.1371/journal.pone.0211668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31483789&dopt=Abstract
http://dx.doi.org/10.1007/s10484-018-9394-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29797155&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1053-8119(19)30285-X
http://dx.doi.org/10.1016/j.neuroimage.2019.03.078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30954710&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2010.08.078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20850552&dopt=Abstract
http://europepmc.org/abstract/MED/18853937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18853937&dopt=Abstract
http://dx.doi.org/10.1111/j.1469-7610.2008.02033.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19207632&dopt=Abstract
http://dx.doi.org/10.1542/peds.2013-2059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24534402&dopt=Abstract
http://dx.doi.org/10.1542/peds.2005-2478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17060480&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0211668
http://dx.doi.org/10.1371/journal.pone.0211668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31483789&dopt=Abstract
http://europepmc.org/abstract/MED/27761664
http://dx.doi.org/10.1007/s10484-016-9344-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27761664&dopt=Abstract
http://europepmc.org/abstract/MED/29445867
http://dx.doi.org/10.1007/s00787-018-1121-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29445867&dopt=Abstract
http://dx.doi.org/10.1023/b:apbi.0000026636.13180.b6
http://dx.doi.org/10.1016/j.biopsycho.2013.05.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23751914&dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2013.05.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23827814&dopt=Abstract
http://dx.doi.org/10.15761/tbr.1000105
http://dx.doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23571845&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

|srasenaet al

Abbreviations

ADHD: attention deficit hyperactivity disorder
API: application programming interface
CANTAB: Cambridge Neuropsychological Test Automated Battery
DMS: delayed matching to sample

EEG: electroencephalogram

I AP: individual apha peak
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Abstract

Background: 1n 2019, with the COVID-19 pandemic sweeping across the globe, public health systems worldwide faced severe
challenges. Amid the pandemic, one simulation game, Plague Inc., has received substantial attention. This game has indirectly
drawn greater public attention to public health issues by simulating pathogen transmission and disease symptoms.

Objective: Against this backdrop, this research investigates whether the gameful experience of Plague Inc. has indirectly
affected public knowledge, attitudes, and practices (KAP) regarding COVID-19.

Methods: An online survey was conducted through social networking servicesin Taiwan from May 6-28, 2020.

Results. A total of 486 subjects participated in this study, of which 276 (56.8%) had played Plague Inc. This study had several
findings. First, participants who had played Plague Inc. demonstrated higher levels of knowledge (P=.03, median 7, IQR 7-8)
and attitudes (P=.007, median 8, IQR 7-8) than participants who had not played Plague Inc. (knowledge: median 7, IQR 6-8;
attitude: median 7, IQR 6-8). Second, there was asignificant correl ation between creative thinking (p=.127, P=.04) and dominance
(p=.122, P=.04) in attitude. Finally, there was asignificant correlation between creative thinking (p=.126, P<.001) and dominance
(p=.119, P=.049) in practice.

Conclusions:  Serious games highlighting the theme of pathogen transmission may enhance public knowledge and attitudes
regarding COVID-19. Furthermore, the creative thinking and dominance involved in gameful experiences may act as critica
factors in public attitudes and practices regarding COVID-19. These findings should be further verified through experimental
research in the future.

(JMIR Serious Games 2021;9(2):€26216) doi:10.2196/26216

KEYWORDS
COVID-19; knowledge; attitude; practice; serious game; gameful experience
270 million diagnosed cases and 1 million deaths had been

reported globally [3]. Although vaccines are considered one of
the means of prevention of infectious diseases such as

Introduction

At theend of 2019, an outbreak of pneumoniaof unknown cause

was detected in Wuhan, China, and it was quickly discovered
to be caused by a novel coronavirus, SARS-CoV-2 [1]. On
January 21, 2020, Taiwan reported the first confirmed
COVID-19 case overseas[2]. Asof March 21, 2021, more than

https://games.jmir.org/2021/2/e26216

COVID-19, it takes time to verify their safety before they can
be brought to market [4].

In the face of the severe threat of COVID-19, implementing
controls on health care services and communities has been
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deemed an effective strategy [5]. In addition, a general
population with higher levels of knowledge regarding pathogens
is considered more likely to adopt the correct preventive
measures and thereby reduce the prevalence rate of infections
[6,7]. Therefore, many governments in the world have
proactively provided the latest valid COVID-19 information
and guidelines on epidemic prevention to their citizens using
mainstream media or social media[8].

Promoting public attention toward health and medical careusing
game feedback has been proposed, as it helps the public
understand possible threats to health and medical challenges
when facing a difficult situation related to public health and
safety [9]. The Centers for Disease Control and Prevention in
the United States and the University of Derby in the United
Kingdom have also attempted to impart knowledge about virus
transmission and microbiology using educational games[10,11].

Teaching medical knowledge through the form of games has
been found to be as effective as traditional text-based teaching
methods[12]. In addition to teaching accurate informationin a
guided and context-based manner, incorporating knowledge
pertaining to food and drug safety into video games has been
proven to effectively raise the level of relevant knowledge
among youngsters[13,14]. Moreover, teaching cardiopulmonary
resuscitation through serious games has also been shown to
result in ahigher retention rate of knowledge and skills[15,16].
Teaching hand hygiene and diarrhea prevention methodsthrough
educational games has been confirmed to enhance users
awareness and practice of public health habits[17,18]. Although
serious games have potential for use in medical education and
promote proactiveness in learners, it is necessary to strike a

Figurel. Game guild levels of Plague Inc.

News

COVID-19 begins in China

Peng & Bai

balance between instructional theories, educational content, and
game interaction to effectively enhance learning performance
[19].

Plague Inc. is a pathogen simulation game that attracts
widespread public attention whenever a pandemic breaks out.
This game introduces the public to epidemiology in an
unconventional way, allowing usersto obtain knowledge of the
transmission and characteristics of pathogens through gaming
[20]. As a form of new media, Plague Inc. employs simple
graphics but has diverse charts and functions (Figure 1) [21].
The public may acquire scientific knowledge through intuitive
simulation games. In addition, students may also learn about
and analyze pathogen transmission and disease symptoms
through gameful experiences[22,23].

However, the behaviorsthat players exhibit while playing games
are not just intended for entertainment and recreation. Players
personality traits are believed to be projected onto their behavior
and choices during a game [24,25]. In particular, educational
i ssue-based games not only integrate common gaming elements
such as points, badges, and rankings into their design but also
offer experiencesthat enhance extrinsic and intrinsic motivations
for players [26-29]. Gamification technology has been found
to have a positive effect on health and well-being [30].
Moreover, it has also been deemed to have an important
mediating rolein health behaviors[31]. Gamification technol ogy
has proven to be an effective tool for clinica nursing skill
training. However, users feelings and attitudes toward the
gamification content should be considered [32]. In addition,
both gamification technologies and gameful experience can
result in psychological or behavioral changes[33].

21-12-2019

-

You also get DNA by popping orange bubbles
when they appear. Pop the bubble now!

Objective

This research aims to investigate and explore the effects of
gameful experience of Plague Inc. on public knowledge,
attitudes, and practices (KAP) regarding COVID-19 through
online surveys.
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Methods

Study Design
Thisresearch used across-sectional study design to explorethe

impact of Talwanese gameful experiences on KAP regarding
COVID-19.
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From May 6-28, 2020, we collected data through an online
survey, the link to which was published on social networking
services (such as Facebook, PTT Bulletin Board System, internet
game forums).

The target population was residents of Taiwan, the population
of which was 23,591,920 [34] in April 2020. We used the
sample size calculator provided by Rao Soft Inc and selected a
95% confidence level, 5% margin of error, and 23,591,920
population size; the calculated recommended sample size was
385.

This study was conducted in line with the Declaration of
Helsinki. All participants were anonymous and provided
informed consent. They clearly understood the research content
in the online questionnaire [35]. The survey information sheet
contained an introduction, background, goals, anonymity
statement, and questionnaire descriptions. The average survey
completion time was 5 minutes.

Survey Instrument
The online survey consisted of four parts. demographics, KAP

of COVID-19, game experience of Plague Inc., and a gameful
experience scale.

The first part includes demographic variables such as gender,
age range, education, living arrangement, and occupation.

The second part pertains to the revised COVID-19 scale. The
scale contains 27 questions on the three dimensions of
COVID-19—namely, knowledge, attitudes, and practices. Each
dimension has 9 questions, with 0 as the lowest score and 9 as

https://games.jmir.org/2021/2/e26216
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the highest. Respondents are required to select “Yes,” “No,” or
“Uncertain” for each question. For each correctly answered
guestion, one point is added to the total score of the dimension
that contains the question. Moreover, no point was awarded for
guestions with an incorrect or “Uncertain” answer.

The original scale was used to discuss the KAP regarding
Middle East respiratory syndrome coronavirus (MERS-CoV)
during the annual Hajj pilgrimage [36], and it was adjusted and
trandated to Chinese. In addition, five expertsin clinical medical
treatment and public health were invited to examine the
guestionnaire content to ensure the questionnaire’svalidity. The
guestionnaire is shown in Table 1.

The third part is about gameful experience of Plague Inc.,
including “ever played Plague Inc.,” “time since last played,’
and “total playtimeranges.” In this part, screenshots were used
to describe the game's content (Figure 2).

The fourth part is the gameful experience scale consisting of
27 questions, divided into 6 dimensions: enjoyment, absorption,
creative thinking, activation, absence of negative affect, and
dominance[37]. Thescaleisa5-point Likert scale, with options
from 1 (strongly disagree) to 5 (strongly agree).

This scale was also used in nursing-related research and was
considered to demonstrate excellent reliability and validity. It
can be used to evaluate nursing students gaming experiences
during training [38]. Three practitioners from the gaming
industry were invited to give suggestions on modifying the
guestionnaire after trandation.
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Table 1. Questionnaire of knowledge (K), attitudes (A), and practices (P) regarding COVID-19.

Questions Correct response (%)
K1. Theincubation period of COVID-19 isfrom 2 to 14 days. 81.3
K2. Stomach cramps, loss of appetite, nausea, and vomiting are the main symptoms of COVID-19. 38.9
K 3. People with comorbidities are more likely to be infected. 77.0
K4. COVID-19 spreads through close contact with an infected person, such as caring for and/or living with them. 94.7
K5. The primary source of COVID-19 isaplant. 89.1
K6. Antibiotics are the first line of treatment. 52.5
K7. Vaccinations for COVID-19 are available. 91.4
K8. COVID-19 can befatal. 96.9
K9. Isolation of patients with COVID-19 is essentia to ensure effective implementation of infection control measures. 99.0
AL. Do you agree that there is no risk of contracting COVID-19 when going out and traveling? 83.7
A2. Do you agree that taking antibiotics can treat COVID-19? 48.8
A3. Do you agree that pain medication and/or fever medications cannot relieve COVI1D-19 symptoms? 38.7

A4. Do you agree that washing your hands with soap and water for at least 30 seconds can prevent disease transmission?  95.7

Ab. Do you agree that avoiding undercooked meat or food prepared under unsanitary conditions can prevent thetransmission 87.4

of disease?

A6. Do you agree that avoiding contact with live animals such as bats can prevent the spread of disease? 86.6
A7. Do you agree that avoiding contact with ill people can prevent the spread of disease? 97.3
A8. Do you agree that before attending public gatherings or traveling, one must have the necessary information about 95.9
COVID-19?

A9. Do you agree that reporting COVID-19 symptomsto local health authoritiesis essential to prevent further disease 98.8
transmission?

P1. At a public gathering, did you cover your mouth when sneezing/coughing? 97.3
P2. At apublic gathering, did you wash your hands with soap and water after sneezing/coughing? 59.5
P3. At apublic gathering, did you wash your hands before preparing or eating foods? 80.7
P4. At apublic gathering, did you wash your hands after contact with possibly contaminated surfaces or materials? 85.0
P5. At a public gathering, did you avoid close contact with people when you were sick? 91.6
P6. At apublic gathering, did you wear aface mask in heavily crowded areas? 96.7
P7. At apublic gathering, did you share cups or eating utensils with other people? 78.8
P8. Did you consult a health care worker during a public gathering if you had a fever, cough, or difficulty breathing? 924
P9. At a public gathering, did you avoid direct hand contact with your eyes, nose, and mouth? 78.0
https.//gamesjmir.org/2021/2/626216 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e26216 | p.70
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Figure 2. Screenshot of Plague Inc.

COVID-19 infecting more countries

COVID-19 is infecting more countries. Control where it
goes by evolving transmission traits in the disease menu

Disease Infected

Game

Plague Inc. is a strategic simulation game that simulates how
various pathogens are spread throughout the world. It was
released on the App Store and Google Play in 2012. In 2014,
Plague Inc: Evolved was launched on Steam, aplatform for PC
games.

At the beginning of each game, players can repeatedly spread
new pathogensto different countries. Using DNA pointsin the
game, players try to achieve the goal of eliminating all of
mankind by employing different modes of transmission,
symptoms, and abilities, and influencing theinfectivity, severity,
and lethality of the viruses.

Players may indirectly control the speed at which infectious
pathogens spread by selecting different routes of transmission,

Figure 3. Screenshot of Plague Inc.: disease transmission.

World

as shown in Figure 3. In particular, the game simulates how
pathogens spread viaairplanes and boats, increasing the number
of infected countries and individuals.

Players may change the infectivity and lethality of pathogens
by selecting different symptoms, as shown in Figure 4. They
may keep the death toll from ascending too rapidly by balancing
infectivity and lethality, while allowing pathogens to continue
spreading through infected individuals.

Plague Inc. simulates countries with different climates and
latitudes. In addition, as the game progresses, vaccines will
appear to prevent playersfrom winning. Therefore, playershave
to use their abilities to influence the pathogen’s temperature
and drug resistance, as shown in Figure 5.
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Figure 4. Screenshot of Plague Inc.: disease symptoms.
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Figure5. Screenshot of Plague Inc.: disease abilities.

1 infectivity

Data Analysis

Based on the normality test, this study used nonparametric
statistics, the Mann—Whitney U test, and the Kruskal-Wallis
test to verify the KAP of COVID-19 to understand whether the
KAP of COVID-19 was affected by gaming experience. In
addition, we used the chi-sgquare test to analyze whether there
is a significant difference between whether participants have
played Plague Inc. and their demographic characteristics and
the Spearman rank correlation test to analyze the correlation
between gameful experience and COVID-19 KAP.

In this study, the Cronbach o test was used to detect theinternal
consistency of the KAP of COVID-19 questionnaire and the
gameful experience scale. For the KAP of COVID-19
guestionnaire, Cronbach a=.82, while Cronbach a=.994 for the
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gameful experience scale; the results had acceptable internal
consistency [39].

Results

A total of 486 participants were recruited for this study;
demographic characteristics are shown in Table 2. Participants
included 200 (41.2%) women and 286 (58.8%) men. The
majority of participants were aged 20-29 years (n=323, 66.5%),
had auniversity degree (n=305, 62.8%), were living with others
(n=365, 75.1%), and were part of the labor force (n=335,
68.9%).

In total, 276 (56.8%) participants indicated they have played
Plague Inc. and 210 (43.2%) have never played the game (Table
3).
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Table 2. Demographic characteristics (N=486).

Peng & Bai

Variables Participants, n (%)
Gender

Male 286 (58.8)

Female 200 (41.2)
Agegroup (years)

20-29 323 (66.5)

30-39 127 (26.1)

40-49 32(6.6)

>50 4(0.8)
Education

High school or below 20(4.1)

University 305 (62.8)

Graduate school 161 (33.1)
Living arrangement

Alone 121 (24.9)

With others 365 (75.1)
Occupation

Labor force 335 (68.9)

NonHabor force 103 (21.2)

Unemployed 48(9.9)

Table 3. Descriptive statistics regarding participants’ game experience (N=486).

Variables Participants, n (%)
Ever played
Yes 276 (56.8)
No 210 (43.2)
Timesince last played
<1 week 26 (5.3)
<1 month 63 (13)
<6 months 83(17.1)
<1lyear 25(5.1)
>1year 79 (16.3)
Total playtime
<1 hour 63 (13)
1-10 hours 127 (26.1)
=10 hours 86 (17.7)

The chi-square test was used to examine whether there is a
significant difference in the demographic characteristics of
participants who have played Plague Inc. and those who have
not. The analysis results are shown in Table 4.

The analysis results show significant differences in gender
(P<.001) and age (P=.006) between participants who have and
have not played Plague Inc. However, no significant difference
is observed in education, living arrangement, or occupation.

https://games.jmir.org/2021/2/e26216

In terms of gender, males who have played Plague Inc. account
for a higher percentage (196/286, 68.5%) than those who have
not (90/286, 31.5%), whereas more females have not played
Plague Inc. (never played: 120/200, 60%; ever played: 80/200,
40%).

Asfor the different age groups, among participants aged 20-29
years, more have played Plague Inc. (195/323, 60.4%) than not
(128/323, 39.6%); among those aged 30-39 years, more have

JMIR Serious Games 2021 | val. 9| iss. 2 |€26216 | p.73
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

played (69/127, 54.3%) than not (58/127, 45.7%); among those
aged 40-49 years, more have not played (20/32, 62.5%) than
have played (12/32, 37.5%); and finally, among participants

Peng & Bai

aged =50 years, none have played Plague Inc. before (4/4,
100%).

Table 4. Chi-square test for demographic characteristics between those who have or have not played Plague Inc. (N=486).

Variables Participants, n Ever played Plague Inc., n (%) Chi-square test
Yes (n=276) No (n=210) X2 (df) P value
Gender 39(1) <.001
Male 286 196 (68.5) 90 (31.5)
Female 200 80 (40) 120 (60)
Age group (years) 12.1(3) .006
20-29 323 195 (60.4) 128 (39.6)
30-39 127 69 (54.3) 58 (45.7)
40-49 32 12 (37.5) 20 (62.5)
>50 4 0(0) 4 (100)
Education 1.2(2) .54
High school or below 20 11 (55) 9 (45)
University 305 179 (58.7) 126 (41.3)
Graduate school 161 86 (53.4) 75 (46.6)
Living arrangement 1.8(1) .18
Alone 121 75 (62) 46 (38)
With others 365 201 (55.1) 164 (44.9)
Occupation 32 22
Labor force 335 197 (58.8) 138 (41.2)
Nonabor force 103 57 (55.3) 46 (44.7)
Unemployed 48 22 (45.8) 26 (54.2)

The Mann-Whitney U and Kruskal-Wallis tests were used to
assess any differences in KAP of COVID-19 between
participants who had ever or never played Plague Inc., while
the Kruskal-Wallis test was used to determine whether
differences in KAP of COVID-19 were related to differences
in time since last played and total playtime, as shown in Table
5.

There was a datisticaly significant difference between
knowledge and attitude regarding COVID-19 for the item of
whether a participant had ever played the game Plague Inc.

The scores on questions related to knowledge of COVID-19
were lower among never-played participants (median 7, IQR
6-8) than among ever-played participants (median 7, IQR 7-8).

The scores on the questions about attitude regarding COVID-19
were lower among never-played participants (median 7, IQR
6-8) than among ever-played participants (median 8, IQR 7-8).
The results indicated that the time since last played had a
significant effect for theitem of attitude regarding COVID-19.
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The scores on the questions about attitude regarding COVID-19
were lower among never-played participants (median 7, IQR
6-8) than among those who had not played in over one year
(median 8, IQR 7-9).

The results indicated that there was a significant difference in
scores on the questions about attitude regarding COVID-19
among participants with different total playtimes. The scores
on questions about attitude regarding COVID-19 were lower
among never-played participants (median 7, IQR 6-8) than
among those with atotal playtime of 1-10 hours (median 8, IQR
7-8).

Spearman rank correlation was used to examinethe relationship
between KAP of COVID-19 and gameful experience (Table 6).
The results showed that there was a significant correlation
between creative thinking (p=.127, P=.04) and dominance
(p=.122, P=.04) in attitude; in addition, there was a significant
correlation between creative thinking (p=.126, P<.001) and
dominance (p=.119, P=.049) in practice.
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Table5. Mann-Whitney U test and Kruskal-Wallis test for determining the effect of game experience on knowledge, attitudes, and practices regarding

COVID-19 (N=276).

Variables Knowledge score Attitude score Practice score
Median IQR) Mean (SD) Pvadue Median(IQR) Mean(SD) Pvalue Median(IQR) Mean(SD) Pvalue
Ever played
Yes 7(7-8) 731(1.23) .03 8(7-8) 746 (1.15) 007 8(7-9) 754 (151) .39
No 7(6-8) 7.07 (1.2) 7(6-8) 7.16 (1.27) 8(7-9) 7.67 (1.46)
Last played
<1 week 7.5(7-8) 7.58(0.99) .26 8(7-8) 7.62(0.94) .02 8.5 (7-9) 8.12(111) .18
<lmonth  7(7-8) 7.3(1.24) 7(7-8) 7.32(1.13) 8(7-9) 7.75 (1.43)
<6months 7 (6-8) 7.25(1.4) 8(7-8) 7.4(1.24) 8 (6-9) 7.48 (1.48)
<1year 8(7-8) 7.4(1) 7(6-8) 7.12 (1.24) 8 (6.5-9) 74(1.71)
>1year 7(6-8) 7.25(1.16) 8(7-9) 7.68 (1.08) 8(6-9) 7.3(1.62)
Total playtime
<1 hour 7(6-8) 7.27(1.31) .10 7(7-8) 732(11) 02 8(7-9) 757(155) A7
1-10hours 7 (6-8) 7.23(1.31) 8(7-8) 7.53 (1.23) 8(7-9) 7.63 (1.49)
210 hours  8(7-8) 7.45 (1.01) 7(7-8) 7.45 (1.06) 8 (6.75-9) 7.4 (151)

Table 6. Spearman rank correlation of gameful experience with knowledge, attitudes, and practices regarding COVID-19 (N=324).

Variables 1 2 3 4 5 6 7 8 9
1. Knowledge _a — — — — — — — -
2. Attitude 4580 — — — — — _ — —
3. Practice .087 166° — — — — _ — —
4. Enjoyment .020 .034 .049 — — — — — _
5. Absorption -.028 -.082 .031 115 — — — — —
6. Creative thinking .029 127° 126° 361P 351P — — — -
7. Activation 076 .031 .052 5P 508P 306P — — —
8. Absence of negative affect .067 -.087 -115 —279° 012 _147° .087 — —
9. Dominance 003 122 119° 242 422 arg a3 —aa41© —

@ot applicable.

bp< 01.

°P<.05.

Discussion education implemented through gameful experience has been

Principal Findings

This study determined the demographics of members of the
public who have played Plague Inc. The results show that the
research participants who have played Plague Inc. are mainly
males aged 20-39 years. Studiesin Spain and Turkey also found
that gender indirectly affects game type preferences [40,41].
Research in the United States discovered that although the
majority of middle-aged and older adults do not play video
games, age does not affect their preference for strategic
simulation games [42].

Participants who have played Plague Inc. displayed higher
levels of knowledge and attitudes toward COVID-19. Health
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proven to effectively enhance knowledge of leptospirosis [43].
In addition, integrating gamified mediainto medical education
courses has been shown to effectively improve knowledge and
skill performance among nursing students [44-46]. Moreover,
designing applications to integrate with gameful experienceto
explorelearning performancein professional nursing education
has aso been proven to generate a higher level of knowledge
when compared to traditional teaching methods [15].

In particular, research participants who had played Plague Inc.
one year before the outbreak of the COVID-19 pandemic had
higher attitude scores for COVID-19 than those who had not.
Designing medical clinical instructional content as a serious
game and incorporating gameful experience into training may
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effectively enhance medical knowledge and confidence among
nursing students. Moreover, students may repeatedly practice
inthe simulated environment, and thereby devel op aself-guided
learning  strategy  [47,48]. Chinas research on
COVID-19—~elated serious games aso confirmed that
educational games result in better performance in learning
retention than online lectures [49].

Participants who have played Plague Inc. indicated higher
creative thinking and dominance during their gameful
experience. Their attitudes and practices regarding COVID-19
have a significant positive correlation. In addition, the creative
thinking involved in gameful experience is considered to be
one of the significant factors that affect learning performance
[50]. Gamified learning materials have been proven to stimulate
creativethinking in learners and improve their attitudes and soft
skills for school subjects [51]. Moreover, simulated situations
can also cultivate creative thinking and indirectly improve
attitudes toward public health [52,53].

The game environment of Plague Inc. allows players to
repeatedly experiment with different pathogens and features.
During this process, players gain abetter understanding of how
to enhance the infectivity and lethality of a pathogen. The
challenge experiences and strategies accumulated through
playing the game may indirectly improve the players
corresponding attitudes and practices toward pathogens.
Previous research has demonstrated that the reason that effective
learning performance is achieved through serious gamesis due
to the concept of experience-based learning. In addition, with
game situations designed for players to repeatedly try and
challenge, such games may motivate players to reflect on the
content and strategize accordingly [54].

Limitations

This study has several limitations. First, the sample number
may be insufficient to represent the general public of Taiwan.
Second, as the survey was conducted on socia networking
websites, the surveys were mainly completed by males aged
20-39 years. This study lacks a broader scope of participants.
Third, the research survey was conducted in May 2020; the
COVID-19 pandemic was aready easing in Taiwan by then.

Peng & Bai

Moreover, the government and medical units had also
implemented advocacy and educational messaging through
multiple channels. As such, the public had developed a basic
understanding of COVID-19. Fourth, as the game investigated
inthis study isastrategic simulation game, research participants
may indirectly represent a specific group. Finaly, Plague Inc.
was not designed specifically for COVID-19. In addition, the
goal of the gameisto infect and kill all human beings. A new
version of the game, The Cure, was launched on November 11,
2020, which allows playersto promote antipandemic prevention
and isolation measures by roleplaying as the World Health
Organization; however, the public may still be unableto acquire
precise knowledge of specific viruses viathis game.

Future Research

This research focuses on the rel ationship between public KAP
regarding COVID-19 and the gameful experience of Plague
Inc. However, there may be more factorsthat affect public KAP
regarding COVID-19 other than the gameful experience of
Plague Inc. Therefore, further research is required to explore
possible interactions with other dimensions [31].

Conclusions

Thisstudy has demonstrated that Plague Inc. provides pathogen
simulation scenarios that allow players to continuously seek
challenges. Members of the public who have played Plague
Inc. exhibit higher levels of knowledge and attitudes regarding
COVID-19. Moreover, the creative thinking and dominance
developed in the gameful experience have been found to be
correlated with attitudes and practices regarding COVID-19.
Reinforcing creative thinking and dominance through serious
games may be a valid approach. However, further verification
isrequired.

Finaly, it is imperative to heighten public awareness of the
symptoms and transmission routes of COVID-19 amid the
unprecedented crisis of the current pandemic. This study
suggests that new media, such as games, should be employed
to help the public accumulate learning experiences regarding
pathogens and further establish public KAP toward pathogens.
In this manner, the public may become more heedful of public
health issues in the future.
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Abstract

Background: Serious games can be a powerful learning tool in higher education. However, the literature indicates that the
learning outcome in a serious game depends on the facilitators’ competencies. Although professional facilitators in commercial
game-based training have undergone specific instruction, facilitators in higher education cannot rely on such formal instruction,
as game facilitation is only an occasional part of their teaching activities.

Objective: Thisstudy aimed to address the actual competencies of occasional game facilitators and their perceived competency
deficits.

Methods: Having many years of experience as professional and occasional facilitators, we (n=7) defined requirements for the
occasiona game facilitator using individual reflection and focus discussion. Based on these results, guided interviews were
conducted with additional occasional game facilitators (n=4) to check and extend the requirements. Finally, agroup of occasional
gamefacilitators (n=30) answered an online questionnaire based on the results of the requirement analysis and existing competency
models.

Results: Our review produced thefollowing questions: Which competencies are needed by facilitators and what are their training
needs? What do current training courses for occasional game facilitatorsin higher education look like? How do the competencies
of occasiona game facilitators differ from other competencies required in higher education? The key findings of our analysisare
that a mix of managerial and technical competencies is required for facilitating serious games in higher educational contexts.
Further, thereis alimited or no general competence model for game facilitators, and casual game facilitators rarely undergo any
specific, formal training.

Conclusions: The results identified the competencies that game facilitators require and a demand for specific formal training.
Thus, the study contributes to the further devel opment of a competency model for game facilitators and enhances the efficiency
of serious games.

(IMIR Serious Games 2021;9(2):€25481) doi:10.2196/25481

KEYWORDS
facilitation; higher education; competency; simulation; gaming; educational games

https://games.jmir.org/2021/2/e25481 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e25481 | p.80
(page number not for citation purposes)


mailto:heinrich.soebke@uni-weimar.de
http://dx.doi.org/10.2196/25481
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Introduction

Games in education offer alternative means to balance the
learning of asubject, along with its absorption, and application.
Games used for nonentertainment purposes are often termed
serious games [1-3]. However, there are also severa other
definitions and terms, including simul ation games, educational
games, or digital educational games[2], with the games being
be single player or multiplayer games. Furthermore, the usage
in an educational setting differs, but within engineering
education, these are often facilitated and based on experiential
learning models. For instance, it might be assumed that a
gameplay cycle reflects the 4 phases of Kolb’s experiential
learning cycle[4]: arecursive cycle of experiencing, reflecting,
thinking, and acting to help learners increase their learning
power.

Experiential learning, aswell as gameplay, requires learnersto
take responsibility for their own learning. However, teachers
should not overestimate the students’ level of achievement in
conceptual understanding [5]. A particular experience of an
individual is often idiosyncratic to their perception of that
experience and outside the control of the teacher. This
dichotomy could encourage teachers to provide answers to
students. However, the key is to avoid answers and instead
develop the learners' capability to find answers on their own
[4,6-8].

Purposeful learning processes based on serious games are often
known as game-based learning (GBL). The learning outcomes
supported with GBL are diverse. For example, meta-skills can
be trained in simulation games [9,10], affective learning
outcomes are achieved [11], engagement of the learner is
increased [12], system interdependencies are demonstrated
[13,14], and purefactual knowledgeistaught [15,16], all based
on GBL. De Gloria et a [17] distinguish between factual
knowledge and skills as learning outcomes supported by GBL.
Meanwhile, Egenfeldt-Nielsen [18] discusses a wide range of
GBL scenarios and the learning outcomes achieved. In a
systematic review on the use of serious games, Boyle et al [19]
identify the categories of science, technology, engineering and
mathematics; health; business and economics; and languages
asdomainsfor GBL. From the fundamental perspective of game
studies, Klabbers [20] discusses the issues of knowledge
building in games, while Shaffer has coined the term epistemic
games [21]. Games can be seen as environments in which
experiences are gained, which are processed by the learners,
thus leading to learning processes. The theory of situated
learning [22] is one of the approaches to understanding the
nature of GBL: games may be seen as a context in which
experiences may be gained. Another approach is that of
sense-making [23]: the experiences generated by games must
be interpreted and opened up by the learners themselves.
Without an emphasis on any of these and other approaches, it
becomes obvious that GBL poses different demands on the
teacher compared to traditional teaching concepts, such as
traditional classroom settings. Accordingly, therole of ateacher
in GBL must differ from that of atraditional classroom setting.
Here, the teacher as afacilitator can improve the permeance of
learning by activating the affordances of GBL. Chapman et al
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[24] have outlined several characteristics to define experiential
learning through games. Of these, the mixture of content and
process (a balance between experiential activities and the
underlying content or theory), the role of reflection (students
gaining insight into themselves and their interactions), and
meaningful relationships (getting students to see their learning
in the context of the entire world) have direct contextual
alignment to GBL . If properly facilitated, game-based learning
has the potential to allow studentsto experience al 4 phases of
Kolb's experiential learning cycle.

Facilitation should not be mistaken as a resource bank to help
develop students’ confidencein the learning process. However,
facilitators must set the right ambience where students feel
engaged, valued, trusted, and respected [25]. They must create
aspace where students can express different viewpoints without
a fear of saying the wrong thing, they must be sensitive to
cultural experiences, and they must adapt the pace of learning
while ensuring the learners understand and absorb the subject
[24]. Students need to understand why they are doing something;
otherwise, they may not reach the intended learning outcomes.

This paper asks where and what facilitation competency is
necessary and to what extent competency models have been
applied or administered by those who engage or use gamesin
education. This kind of implementation (of facilitation
competency and of competency model) might be somewhere
in between facilitating collaborative knowledge building, and
being aware of patterns in students' learning behavior (as an
individual and in a group) towards problem-solving. To better
understand this relation, the mode of research could be reshaped
to question the role of reflection with respect to the content
through a facilitator's ability to recognize students’ knowledge
acquisition under guided and unguided independent learning;
to apply knowledge building mechanismsinto the GBL process;
and to differentiate between GBL and gamified learning, and
other blended learning (including conventional) approaches.
The overarching research examines a facilitator’s familiarity
with competency models in GBL and whether this knowledge
has any impact on pedagogy.

Consequently, an attempt has been made to assimilate the
external and internal factorsthat arerelevant to GBL, including
the experience of the facilitator, the types of games used, the
structure of the course, the level and size of cohorts, the
equipment and technology used, and the environment. The
autoethnography approach taken draws from our experiences
and combinesthiswith an advocacy and participatory approach
aimed at understanding and acquiring new knowledge regarding
the facilitation of GBL. The primary purpose of our study isto
impart practical actions for future course design. What follows
is a quantitative analysis to identify facilitator roles and to
describe characteristics of facilitation (including models) that
may be associated with successful GBL.

Our objective was to provide insights into the competency
modelsfor facilitators before conducting a self-observation and
reflexive investigation into facilitating GBL. We then present
and discuss the qualitative and quantitative analysis before
concluding with some remarks on the facilitation process and
associated competency models for GBL.
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Methods

Our study attempted to assimilate the external and internal
factorsthat apply to gamefacilitation, including the experience
of the facilitator, the types of games used, the structure of the
course, the level and size of cohorts, the equipment used, and
the environment. Using an autoethnographic and participatory
approach, we drew from our experiences to understand and
acquire new knowledge on facilitating GBL, with a primary
purpose to impart practical actions for future course design. A
guantitative analysis followed to identify facilitator roles and
to describe characteristics of facilitation (including models) that
may be associated with successful GBL. Theresearch questions
to be answered were the following:

Which competencies are particularly needed by facilitators, and
what are the training requirements for facilitators? What do
current training coursesfor occasiona gamefacilitatorsin higher
education look like? How do the competencies of occasional
game facilitators differ from other competencies required in
higher education?

The study offers perspectives into competency models for
facilitatorsfrom the literature (see Findings From the Literature
Review subsection). We then conducted a self-observation and
reflexive investigation on facilitating GBL (n=7; see Authors
Experience Review subsection). The resultswere complemented
by guided interviews with game facilitators from the field of
engineering education (n=4; see External Experience Review
subsection). The outcomes were compiled into a questionnaire
with closed and open questions. The closed questions included
an assessment of existing competency models for game
facilitation—related activities. The questions determined the
degree to which the competencies included in the models were
considered important for game facilitation. Open questions
aimed at contributing to a supplementation of the competency
models. The questionnaire was distributed via social media.
The qualitative and quantitative anal yses of the answers (N=30)
are presented (Questionnaire subsection) and discussed (see
Discussion section) in this paper. We conclude with remarks
on the facilitation process and associated competency models
for GBL (see Summary and Future Work subsection).

Results

Findings From Literature Review

Competencies and their models have superseded the
long-established job analysisand their resulting task descriptions
in human resource management. For today’s fast-changing
world and its complex situations, job analysis turned out to be
an inefficient methodology [26]. Competency models define a
structured collection of competencies that organizations can
align to their objectives and strategies [27]. They support
organizations to handle current and future situations [28] and
“areused to hire, train, evaluate and promote employees on the
same attributes’” [27]. The primary perception of competency
as the ability to deal with typical situations (as discussed by
Mudra[29]) has meanwhile grown into the ability to deal with
complex situations [28,30]. Boulter et a [31], cited in [32],
suggested a process of 6 stages to define competency models:
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defining performance criteria, choosing a sample of people,
collecting data, analyzing the data, validating the found results,
and applying the model in practice.

From the rising complexity of situations and problems, therole
of the facilitator has emerged to support organizations in the
process of transition and transformation [33]. Expert consultants
diagnose problems and prescribe a therapy, while facilitators
are process consultants. Facilitators organize and release
information in a methodical and interactive manner instead of
focusing on the group’s output [34]. In this way, they improve
agroup’seffectiveness[35]: “ thefacilitator supportsand guides,
reassures and encourages|...] and never ‘teaches’ the meaning
of what is happening” [25].

Nelson and M cFadzean [ 34] devel oped aconceptual competency
model for facilitators and defined 7 of competencies:
understanding context; technical, rational, interpersonal, task,
and human process competencies, and other personal
characteristics. These authors further differentiated these
competenciesinto 3 levels, ranging from an initial to an expert
facilitator. Stewart [33] generated a facilitator competency
model from aqualitative study of groupsin facilitation contexts
and validated it through a survey. It comprises 5 areas of
competencies: interpersonal competency (as communication
and further skills), management process competency, knowledge
competency, and personal characteristics.

In higher education, the role of a facilitator is just one role of
several alternatives for teaching. In a literature review, Hoidn
and Karkkéinen [36] summarized instructional effectiveness
and process—outcome research on competencies for effective
higher education teaching. They concluded that effective
teachers start their series of lessons with direct instruction and
decrease control with the growing mastery of the students “ to
allow for independent and fluent performance by the students
themselves’. However, they conclude that an ultimate consensus
on effective teaching is difficult because of the manifold
contexts of teaching and identify enthusiasm as a key element
of instructional effectiveness. BlaSkova et al [37] proposed a
competency model for university teachers based on theoretical
analysis and a survey among students. The competency model
they proposed comprises professional, educational, motivational ,
communicational, personal, science and research, and
publication competency. Each competency is connected to
indicators of positive and negative behavior. Both Blaskova et
al [37] and Hoidn and Ké&rkkéinen [36] emphasize the role of
motivational competency.

In a similar concept involving the range between controlled
lessons and independent performance of students, Leigh and
Spindler [25] adopted the idea of closed and open games to
develop competencies of simulation and game facilitators. The
facilitators competencies range according to their degree of
emotiona detachment and the number of possiblelearning goals
they allow. An observation from this study indicated that a
facilitator’s preference on open or closed games was a product
of learning preferences and personality type. Kortmann and
Peters[38] proposed acompetency model for gamefacilitation,
identifying the differences between facilitating a simulation
game and leading generic groups. They point out that the
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facilitation of games should require more competencies, as
games can serve more aims. By interviews with a group of
facilitation experts, they validated the model. However, the
authors expressed concernsthat competencies at a subconscious
level might have been missed.

Kortmann and Peters [38] identified similar competencies
between facilitating game and leading generic group sessions,
but they also indicated some dissimilarities, suggesting that
game facilitators may require additional competencies. Taken
together, the literature suggests that participants of games play
within amodel that requires gamefacilitatorsto have additional
abilities. Game facilitators have to be aware that games are a
means of learning about real-life situations and thus need to
switch and adapt quickly to different roles and styles during
gameplay. To facilitate a session and delegate control to the
game environment, they have to comprehend the game as an
immersive instrument and understand its elements and
mechanics. Finally, facilitators have to translate between the
game environment and reality so that the participants transfer
their experiences to the real world and back [38].

Authors Experience Review

This section synthesizes our experiences as game facilitators
(the author group). We reflected individual ly and independently
upon a set of questions organized in 3 blocks: (1) experience
with game facilitation, (2) knowledge on competency models,
and (3) required competencies and the biggest discrepancy
perceived between required and present competency.

The following information was collected to understand our
experience with game facilitation: types of games used, number
of games used, description of the educational settingsfor using
the games, reasons for using games in teaching, changesin our
perspective towards teaching, changes of our attitudes towards
teaching, changes over timein thefacilitation, and if we applied
GBL in different settings.

The analysis shows that the group had extensive experience
with facilitation. All but one participant had facilitated several
games, afew had done so for decades, and al had done so for
a least 4 years. Most of the group facilitated games within
engineering or management studies at undergraduate and
postgraduate level. Both fields have a strong tradition of using
experiential learning [39,40]. In addition, 5 of the participants
also facilitated games on an executive and vocational level.

We found that our group had played alarge variety of games,
had designed and developed games, and had used games
developed by others. The games comprised multiplayer games,
and both board or haptic games and digital games. The topics
addressed in the games could be divided into managerial
competency development and engineering topics, like bridge
construction, sustainable manufacturing, and product
devel opment. Specific games addressing well-known problems,
such as the bullwhip effect and capacity constraints (ie, where
the player learns about consequences of adecision and strategies
for solving aproblem) were applied, aswell asgamesaddressing
communication, cooperation, and team skills. A difference
between graduate courses and undergraduate courses became
apparent. At the undergraduate level, thefocusis on factual and

https://games.jmir.org/2021/2/e25481

Baalsrud Hauge et a

procedural knowledge reflection. At the master level, it is on
developing new knowledge and higher-order thinking. Thisis
in line with how universities structure their undergraduate and
postgraduate studies and with current taxonomies of learning
objectives[41].

Although we have many years of experience in facilitating
games, few of ushad any formal pedagogical background when
we began our careers as game facilitators. None of us could be
classified as a professional facilitator. Even if we facilitated
regularly, it was never the primary task of our work obligations.
Only MK and SM had game facilitation and GBL as a formal
part of previous education at the master’slevel, and afew of us
(SM, MK, and JBH) had aspects of GBL as a part of their PhD
studies.

We were expected to be familiar with competency
models—either explicitly or implicitly; information collected
was from a general, teaching, and facilitation perspective. We
asked ourselves whether we ever felt the need for a formal
competency model during our game facilitation activities.

Our overal knowledge about competency models was
inhomogeneous; 3 of us (AML, JBH, TB) neither knew of any
models nor missed their absence, while 4 (HS, SM, TL, MK)
had a general understanding or awareness of competency
models. Various competency models were listed, but all were
more relevant for higher education and vocational training
[42-45]. One author (AML) pointed out that most studies on
facilitation only cover small groups (fewer than 100
participants). We did not specifically feel that a formal
competency model was lacking. Except for 2 (MK and JBH)
people, we never felt a need for a formal competency model.
All agreed that a forma competency model might be useful
when changing and adapting guidelines for game facilitation.
Two authors commented that facilitation of highly customized
and user-specific gamesisnot supported by existing competency
models. The collected data indicate that the roles of the
facilitator change depending on whether the facilitator handles
the whole teaching unit or only manages the game facilitation.

Regarding which competencies the authors felt were required,
2 further questions were asked: (1) Which competencies are
important for the successful use of games from your point of
view? (2) For which competencies do you see the biggest
discrepancies between requirements and actual competencies?
Whereisthere a need for training?

Most of us explained that we had little pedagogical knowledge
when we started facilitating games (and teaching in general).
The general consensuswasto have the following competencies:
“active listening”, as with “reactive “and “ proactive abilities’
to act on group reactions using strategies like “team
management,”  “participation  techniques,”  “consensus
techniques,” “community management empathy,” “conflict
resolution,” and “flexibility”; “ability to assess pure facilitation
techniques’ and to “integrate experiential learning principles’
of “moderation,” “mentoring,” and “instructional capabilities
under GBL settings’; and an “understanding of the toolsets”
that can be implemented.
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These led usto identify the following challenges: digital skills,
leadership capabilities, cognitive science, and motivational
skills.

Another major issue which was discussed was the preference
for the facilitator to ask closed questions. In higher education
it is important to have learners synthesize and create new
knowledge. Many studentslack this ability; however, the games
are often designed for this purpose. Facilitators need to have
skills to encourage perspective taking and reasoning to foster
this process. Regarding the facilitation of large groups, there
are many digital tools that can support such facilitation. One
hypothesis, based on our reflection in discussions, is that
increased digital competencies among teachers and students
could ease the use of these tools. As this has to be considered
as arelevant topic, more information on tools and methods can
be found in Multimedia Appendix 1.

Our collective experience as authors is, as stated earlier, in
engineering and management in higher education, mostly at the
university level. Thisislimited when analyzing the overall field
of facilitation in higher education. Hence, additional datawere
collected from awider audience through structured interviews
and an online survey.

External Experience Review

This section analyses the experiences of 4 interviewees. The
results were compared to the results of the author group (using
the same questions) and the survey outcome. The 4 participants
teach at different faculties, but all within engineering. Their
experience in game facilitation ranged between 3 to over 10
years. All had been heavily involved in the devel opment process
of least one game. This differed from the author group, whose
members had been additionally involved in the devel opment of
commercia off-the-shelf games. The topics the interviewees
taught were urban mobility planning, traffic simulation, health
care logistics, and games for ideation and innovation.

Onefacilitator used the same gametwicein acourse. Thegame
was integrated into an existing curriculum and used at the
beginning and at the end of the course in a workshop setting
with undergraduate and graduate students, so that the students
could experience the learning progress throughout the course.
Another facilitator used the same game throughout the semester
with graduate engineering students, depl oyed through ablended
learning environment. The curriculum was based on (and
constructed around) the game scenarios. The third facilitator
had used the game in around 25 sessions. It was embedded in
a course, similar to the experience of the first facilitator and
was played in oneroom with aphysical and adigital component.
The fourth facilitator used a game in a workshop setting (half
aday) for undergraduate studentsin civil engineering. It was a
blended learning concept (as in the second case), comprising
briefing, playing, and lecture. In all 4 cases, the usage of games
wasinitiated because of research activitiesand all chairshaving
extensive experience in GBL. All 4 facilitators had at least 2
years of experience in facilitating games. They agreed that
games can be motivating and deliver adifferent way of teaching.
One emphasized the interactive and active learning activities
in GBL.
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Regarding the perspective on facilitation, the 2 participants with
more extensive experience in facilitating explained more and
paid more attention to the introductory setting than the
participants with |ess experience. Oneinterviewee reported that
the game can lead to frustration, but also to high engagement.
However, overall, interviewee knowledge about competency
models was limited: 2 participants professed to having no
knowledge of the models, 1 had a general understanding, and
1 knew about the different competency models but not related
to teaching. None had ever used a competency model for
facilitation. However, 3 stated to have overlooked or at least
missed it. Before gathering their own experience with game
facilitation, they would have liked to be more aware of the
following: connection between game design and facilitation
process; how to observe and what to observe; how to assess and
conclude the game process; how to know what aspects or
knowledge needsto be assessed; how to understand the players
game decisions, “soft data’” as behavior of players, the level of
communication with others etc; and how to observe learnersin
relation to providing feedback.

Thefinal interview questions focused on the competencies the
intervieweesfelt wererequired and on the gap. All interviewees
mentioned the importance of knowing the subject, the tools
used, and the technical environment as a required competency.
One pointed out that it is imperative to also understand the
methods behind GBL and that connecting gameplay and the
intended learning outcome is a key success factor. Two of the
interviewees mentioned the need for motivational competency.
Three saw the necessity for a facilitator to integrate the game
in a larger context from a didactical perspective. One
interviewee mentioned the ability to respect and regard the
competency of the students.

The answers concerning the gap focused on the lack of formal
pedagogical courses on game didactics and how to integrate
games into the curriculum. The interviewees also saw a
deficiency in competency for facilitating groups of extreme
sizes (ie, fewer than 4 or over 100 students) and how to deal
with a group’s inhomogeneity in relation to the game runtime
and different levels of knowledge. Further, 1 interviewee
mentioned a dearth of methods for nurturing the reflection
competency among the students during the game session and
in the debriefing phase.

The results of the qualitatively analysis indicated a large
uniformity related to facilitation and on the perception of
required competencies. In order to obtain quantifiable data and
abroader data source, an online survey was designed.

Questionnaire

This section describes the development of the questionnaire and
its results. The questionnaire supplemented and refined the
qualitative data with quantitative data on facilitation and
competencies. The questionnaire was drafted by JBH, HS, and
TB. It was followed by a pretest and a subsequent discussion
among al authors to validate it. The questionnaire comprised
5 parts: (1) demographic data, (2) general questions on game
facilitation, (3) questions on the most challenging game
facilitation, (4) a section on the importance of a competency
model, and (5) persona training received. The questionnaire
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concluded with an open question for comment on any other
important topic.

The questionnaire was distributed viasocial mediain the authors
personal networks and professional communities between June
1, 2020, and June 13, 2020, with 30 participants taking part in
the survey. In the remainder of this section, the results
specifically relevant for facilitating are described. Further results
are included in Multimedia Appendix 2.

Demographics

The participants' teaching experiencein higher education ranged
from 2-30 years, with an average of 12.5 years(SD 7.02). There
was an average of 9.3 years of game facilitation experience (SD
6.73; range 1-30). In addition, the participants stated that they
had facilitated an average of 12.2 (SD 20.32) games. Here, the
span waswide, ranging from 1 to 100, with 1 value (999) being
considered an outlier. Asmost participants had facilitated more
than one game, this percentage differs from the percentage of
educational scenarios. In terms of positions, 37% (11/30) of
participants, the largest group, were professors and senior
lecturers, 23% (7/30) were senior academics, 23% (7/30) were
other academics, 13% (4/30) were PhD students, and the
remaining 3% (1/30) included other positions.

Figure 1. Ranked rolesin game facilitating (7-point Likert scale; N=30).

Baalsrud Hauge et a

When asked about the rationale for the use of games (with
multiple selections being permitted), 83.% (25/30) of
participantsindicated their own personal initiative, 67% (20/30)
responded that a game was the best fit for the intended learning
outcomes, 57% (17/30) used gamesto contribute to multifaceted
teaching methods, 30% (9/30) of the participants stated that the
gamewas available at the respective ingtitution, and only 13.3%
(4/30) of the participants used games because games were part
of the curriculum. Overall, it can be stated that the games in
higher education are not systematically anchored and are rather
used because of the personal initiative of the lecturers.

Gamefacilitation comprises variousroles. Thus, the participants
were asked to rank 6 predefined roles taken during facilitation.
For determining the statistical parameters, nonranked roleswere
given thevalue 7. Figure 1 shows that the role of the facilitator
(average rank 2.3) and the role of the moderator (average rank
2.6) were considered the most important. The role of the
instructor, which was ranked third (average rank 3.6), was
followed by the mentor role (average rank 4.1). The presenter
role (average rank 4.8) and the referee role (average rank 4.9)
occupied the last 2 ranks. Overall, the results show a coherent
picture of the importance of the different roles of a game
facilitator. Table 1 shows the distribution of game types
facilitated by participants.

Facilitator = 2.3 C !
Moderator = 2.6 :
Instructor =~ 3.6
Mentor 4.1
Presenter 4.8
Referee = 4.9
0.0 1.0 2.0 3.0
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Table 1. Game types facilitated (multiple selections per respondent; N=30).

Game type

Frequency, n (%)

Specially devel oped serious games

Analogue games (eg, board games)

Analogue simulation games

Blended serious games (ie online and offline and /or digital and anal ogue)
Off-the-shelf games

Commercia entertainment games

“Modded” commercial entertainment games (ie, technically adapted)
Other

22 (73)
18 (60)
14 (47)
14 (47)
13 (43)
12 (40)
6 (20)

3(10)

Challengesin Game Facilitation

With an open-ended question, the participants were requested
to describe their most chalenging game facilitation and to
specify the challenges they faced. Using theme analysis, we
identified 32 challenges from 18 of the answers. With each
challenge being unique, they were clustered into groups based
on common themes and shared characteristics. For example,
some participants mentioned that players do not have sufficient
knowledge or that players cheat. Although these examples are

different, they still describe the characteristics or behavior of
players. Hence, to ease the understanding of al challengesin
gamefacilitation, they were grouped into 6 clusters: challenges
related to (1) individual players and their actions, (2) technical
aspects of using games, (3) class and collective aspects of
players, (4) learning aspects of games, (5) games themselves,
and (6) facilitators. Figure 2 showsthese groups and challenges.
The inner circle shows the clustered challenges and the outer
circle the challenges themsel ves.

Figure 2. Cluster diagram of challengesin game facilitation as elicited by open-ended questions (N=18).
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Challengesrelated to playersincludelack of knowledgeto make
all required decisions in a game. An example here might be a
game for urban planning where students lack knowledge
associated to economic aspects related to planning decisions.
Furthermore, some students may not consider a game as a
serious pedagogical tool. Convincing studentsto engagein game
activities is challenging even without the added difficulty of
students not fulfilling their role in the game.

Some challenges are technical in the context of digital games.
I ssues with software, device compatibility, or bugs or glitches
in the game itself can be highly disruptive. Another challenge
isstudent accessibility to computersor theinternet to participate
in agame.

Cohort sizes cause additional challenges onimplementing games
for learning, as discussed in the External Experience Review
subsection and in Multimedia Appendix 1. A further issue is
maintaining motivation for al players by ensuring the right
environment during the entire game process. Mixed groups, in
termsof skills, interests, and motivation can also beachallenge
to the game facilitator.

Asthe purpose of gamesfor learning isto ensure certain learning
outcomes, converting the experiences of playing a game into
these outcomes remains another major challenge. A concern
mentioned by participantsisthat many studentsdo not recognize
the link between games and the subject of the overall program.
Therefore, finding a proper balance between engagement and
learning is a necessity. Immersion isimportant, but too high a
level may hinder the learning effects.
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Difficulties related to gameplay have implicationsfor learning.
The learning curve with respect to the game's usage and
interaction can add additional complexity into agame learning
experience. However, overly simple games may be boring and
insufficient to achieving learning outcomes, while
overcomplicated games may be too hard, not engaging, and
may distract from intended learning outcomes.

Finaly, some challenges are related to the facilitators
themselves. Situations where a facilitator does not detect
cognitive biasesinindividual and collaborative activitieswould
consequently lead to an incorrect assessment of the game
experience. Facilitating a game where experts are present can
be achallengetoo, because of the demand to define the problem
and solutions. The latter challenges relate directly to game
facilitation and reflect the competencies required of game
facilitators. The challenges in the other categoriesin Figure 1
were reported by game facilitators to be of lower priority for
gamefacilitation (Table 2). Many of the challenges may be not
relevant during the facilitation itself, but become more pertinent
when preparing the GBL activity and the infrastructure required.
Thus, further expertise might be necessary, including, for
example, when managing technical problems, such as licenses
or access to computers, or when grappling with game-related
challenges, such as high complexity or long instructions.
Overall, the challenges outlined above suggest that successful
use of GBL depends on good game facilitation, but also on
many other aspects. The following section examines what
training game facilitators receive to master these challenges.
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Table 2. Prioritization of competencies (5-point Likert scale; N=30).

Competency Stewart? (mean) Study (mean) Difference

I nter per sonal competencies (communication skills)

Verbal 4.9 45 0.4
Nonverbal 4.6 34 -1.2
Written 4.2 32 -1.0
Questioning 4.8 4.2 -0.6
Activelistening 4.8 4.2 -0.6
Perceptive listening 4.6 4.1 -05
Empathy 4.3 4.1 -0.2
Summarizing/paraphrasing 4.6 39 0.7
Sensitivity to group 4.6 4.3 -0.3

I nter per sonal competencies (further skills)

Sensitivity to underlying emotions 45 39 -0.6
Cultural awareness 4.5 3.8 -0.7
Encouragement of participation 4.4 4.3 -0.1
Negotiation skills 4.5 35 -1.0
Flexibility 4.8 4.3 -05
Conflict recognition 45 4.0 -05
Conflict resolution 4.3 37 -0.6
Conflict transformation 4.2 3.6 -0.6
Leadership 4.1 37 0.4
Motivating others to achieve goals b 4.0 41 0.1

Motivating others to participate creatively 4.2 44 0.2

Recognizing/rewarding achievement 35 4.1 0.6

Model neutrality 4.6 3.8 -0.8
Building relationships 4.3 39 04

M anagement process competencies

Planning/organizing 4.4 45 0.1

Managing time 45 43 -0.2
Managing audiovisual aids 4.4 35 -0.9
Managing physical environment 44 34 -1.0
Assimilating information 4.1 3.8 -0.3
Coaching others 38 39 0.1

Managing feedback 4.4 4.3 -0.1
Managing contract 41 32 -0.9

Under standing context competencies
Understanding organizational context 44 4.0 -04
Knowledge of theory and application of group facilitation 4.1 39 -0.2

Per sonal characteristics

Adaptability 4.7 4.6 -0.1

Intellectual agility 45 4.3 -0.2

Trustworthiness 4.6 41 -0.5
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Competency Stewart? (mean) Study (mean) Difference
Results motivation 43 37 —0.6
Objectivity 45 39 -0.6
Emotional resilience 4.7 39 -0.8
Self-awareness 4.6 39 -0.7
Self-development 4.3 3.8 -05

3aluesin this column are from the paper by Stewart [33].

Btalics indicate competencies which scored higher for game facilitation over group facilitation.

Facilitation Training

The participants surveyed were al so asked about thefacilitation
training they received (Table 3): 87% (26/30) selected “Learning
by doing”, 57% (17/30) selected “Co-facilitating with
colleagues’, and 47% (14/30) selected “Work shadowing with
colleagues’. It is worth noting that 2 of the 3 responses
(“Learning by doing” and “Co-facilitation with colleagues”)
cannot be considered structured training and only athird of the
participants received forma training (“Forma course in
university pedagogy”). “ Supervision by experienced colleagues”
was mentioned by only a quarter of the participants, with
supplier-specific training accounting for the remaining portion
of replies. Overall, the proportion of those with formal training
was rather low. Thislow rate of formal training may reflect the
overall low rate of structured pedagogical training in university
teaching.

The taxonomy of Heron [46] was used to determine the extent
to which training was helpful. Six dimensions of facilitation
were defined in this taxonomy. On a 7-point Likert scale,
participants were asked to rate for each dimension the degree
to which the training received supported the respective
dimension of facilitation (Figure 3). At the top of the scale with
avalue of 6.0 points was the dimension “Meaning”, on which,
as evidenced by the low SD, the participants largely agreed.
The other dimensionswith similarly high scores but larger SDs
were“Planning” (mean score 5.8), “Valuing” (mean score 5.7),
and “Structuring” (mean score 5.6). The dimensions
“Confronting” and “Valuing” were rated on average 1 point
(mean score 4.6) lower.

In summary, the high scores for al dimensions indicate that
training was generally perceived as helpful. It remains to be
clarified whether this assessment is because of the comparatively
low amount of formal training, or whether the quality of
facilitation might be strengthened by further targeted training.

Table 3. Types of training received (multiple selections per respondent; N=30).

Type of training

Frequency, n (%)

Learning by doing

Cofacilitating with colleagues

Work shadowing with colleagues

Formal course in university pedagogy

Supervision by experienced colleagues

Training course at the supplier or third party institution
None

Other

26 (87)
17 (57)
14 (47)
10 (33)
8(27)
7(23)
2(7)
103
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Figure 3. Helpfulness of trainings for categories according to Heron [46] (7-point Likert scale; N=27).

Meaning (sense making of the learners’ experiences and actions)

Planning (enabling the learners to achieve their learning objectives)

Valuing (forming a supportive climate empowering learners to achieve objectives)

Structuring (selecting and devising methods of learning)

Confronting (creating awareness of issues that learners avoid or resist to)

Feeling (managing the learner's emotions and feelings)

Competency Model

Stewart’s [33] competency model for group facilitators
comprises 41 competencies categorized in 5 groups. The
competence model was selected because group facilitation is
usualy included in game facilitation. Thus, Stewart’s model
representsavalid initial foundation for further tailoring to game
facilitation processes, as similarly concluded by Kortmann and
Peters[38]. In this study, the participants were asked to rate the
importance of each of the competencies for game facilitators
on 5-point Likert scales (Table 2). Almost without exception,
game facilitator competencies received lower scores for the
importance of each competency.

Table 4 lists al competency group scores of the participants
surveyed. The difference of 0.7 points for the group of
communication skills as the most important competency group
for group facilitation, is striking. For game facilitation covered
by this study, all scores are in the narrow range of 3.9 to 4.0
and below the scores for group facilitation investigated by
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Stewart [33]. Potentially, games being in the focus of GBL
activities act as compensating media, which require less
competence from game facilitators than is necessary for group
facilitators.

On average, the competencies of Stewart's model [33] received
for gamefacilitation scored 0.5 pointslower compared to group
facilitation. To determine which competencies were important
for game facilitation compared to group facilitation, only
competencies which scored higher for game facilitation over
group facilitation were selected (Table 2, italics). The most
significant competence was recogni zing/rewarding achievement*
with a difference of 0.6, indicating a typical characteristic of
games: recognition and rewards. In second with a difference of
0.2 was motivating others to participate creatively, which is
associated with games where motivation playsaprominent role.
Competencies with a difference of 0.1 included motivating
others to achieve goals. Finally, coaching others and
planning/organizing were considered by the respondents more
important for game facilitation over group facilitation.

Table 4. Difference of prioritization compared to Stewart [33] per competency group.

Competency group Stewart? (mean) Study (mean) Difference
Interpersonal competencies (communication skills) 4.6 39 -0.7
Interpersonal competencies (further skills) 4.2 39 -0.2
Management process competencies 4.3 39 0.4
Understanding context competencies 4.3 4.0 -0.3
Personal characteristics 45 4.0 -0.5

3/alues in this column are from the paper by Stewart [33].

Discussion

Study Outline

Over the past decades, there has been a shift from teacher-centric
toward learner-centric learning models [47], which has also
nurtured the uptake of experiential learning, including GBL.
This shift has also affected the teacher’s role, but it remains
unclear how this change has influenced the teacher's
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Teachers within higher education often lack the formal
pedagogical education that teacherswithin the K12 system have.
In thisstudy, therefore, the following 3 research questionswere
investigated: (1) Which competencies are particularly needed
by the facilitator, and what are the training needs of the
facilitator? (2) What do the relevant training courses for
occasional game facilitators in higher education look like? (3)
How do the competencies of occasiona game facilitatorsdiffer
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from the competencies needed for other learning approaches,
such aslectures, problem-based L earning, or online education?

Which Competencies Are Particularly Needed by the
Facilitator, and What Arethe Training Needs of the
Facilitator?

Core competencies according to the interviews and authors
reflection were divided into 2 magjor groups. managerial and
technical competencies. The more technica competencies
comprise topics such as the knowledge of the gameplay, game
content, its connection to the intended learning outcome, and
the operation of any technical infrastructure. The more
managerial competencies include active listening and reactive
and proactive ahilities to act on groups reactions, through the
use of strategiesliketeam management, leadership, motivational
and participation techniques, consensus techniques, community
management empathy, conflict resolution, and flexibility. This
is underpinned by the survey (Table 2), which prioritized the
competencies for game facilitation designated by Stewart [33]:
verbal communication received ascore 4.5 (out of 5), motivating
others to participate creatively scored 4.4, and flexibility and
encouraging participation (all interpersonal competencies) both
scored 4.3. The personal characteristics adaptability and
intellectual agility scored 4.6 and 4.3, respectively.
Competencies like planning and organizing (score 4.5), and
managing time and feedback (both scores 4.3) were also seen
as core competencies, which is in line with the qualitative
results.

The second part of this research asked about the need for
training. The answer to this was complicated by the low
proportion of people who received training (formal and
informal). Among the interviewees, none had formal
pedagogical training. This holds for two-thirds (67%, 20/30;
Table 2) of the survey group, while we seem to have a higher
percentage of formal course completion (10/30, 33.3%; Table
2). This might be because more than half of us hold faculty
positions with requirements on pedagogical training for higher
education. The qualitative results clearly state the need for
training in the connection of the pedagogy and gameplay from
adifferent perspective.

The actua training in the area of game facilitation for al was
low, which can be seen aso in the following wish list of the
interviewees on the addressed training topics before first
facilitation: connection between game design and facilitation
process (Heron: meaning); how to observe and what to observe
(Heron: meaning); how to assess and conclude the game process;
how to know what aspects of knowledge need to be assessed
(Heron: planning and structuring); how to holistically understand
players game decisions and “soft data’ as representations of
player behavior, and the level of communication with others
(Heron: confronting and feeling); and how to observe players
for feedback purposes.

According to Figure 3, training in general was perceived as
helpful. Looking at the wish list, it becomes apparent that a
training program focusing on facilitation would support the
formal competency development and also fill aneed identified
by many of the respondents.
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What DotheRelevant Training Cour sesfor Occasional
Game Facilitatorsin Higher Education L ook Like?

The answer to this question was somewhat negative (Table 2).
Inthe survey, 87% (26/30) indicated that their training consisted
of learning by doing. In the author group, fewer than 20% (1/7)
had received formal training before starting their game
facilitation. Overall, the share of formal training remains low.
Compared with K12 teachers or professional vocational trainers,
thislow rate of formal training may reflect the overall low rate
of structured pedagogical training in university teaching. There
is, however, a change in higher education. Although, scientific
excellence used to play an overarching role in applying for
academic faculty positions, there has been a shift toward also
focusing on teaching experience and competency over the past
decade. Thismay relate also to anincreased focus on the process
quality within higher education [48]. More and more countries
have imposed forma requirements on pedagogical
competencies, as a part of the appraisal procedure. Maturity
models are widely used for assessing the maturity level within
a specific area [49,50]. Despite not being frequently used,
different maturity models also exist for higher education. For
example, Zhou [51] has devel oped a capability maturity model
of the e-learning process. Gamefacilitation is not primary about
e-learning, as many games are haptic or board games, but Zhou
includesthe dimension of process capability in hismodel, which
is transferable for game facilitation and higher education. It
comprises the following levels (those transferrable from
e-learning to GBL): delivery, delivers facilitated GBL units;
planned, outlines clear and measurable objectives for GBL
projects; defined, provides a defined process for development
and support of GBL; managed, ensures the quality of the
resources and the deliveries; and optimizing, continually
improvesin all aspects of the process. In matching the outcomes
of the received training focusing on facilitation, it can be
concluded that maturity is maximum at level 1of the model
proposed by Zhou [51]. This might also be a reason why the
uptake is so low. Staff interested in using games for education
must undergo a time-consuming process of learning by doing.
This leads to difficulties in delivering an acceptable quality of
teaching during the first years occupying this role. When we
consider the fact that most facilitators only use these methods
once or twice a year, it is easy to see why there might be a
problem.

Asthereisarguably hardly any training for facilitation of games
provided and an increasing number of universities are offering
programs on didacticsin higher education, it would be valuable
to know how the participants in this study rate the differences
in competency needs.

How Do the Competencies Of Occasional Game
Facilitators Differ From The Competencies Needed
for Other Learning Approaches, Such as L ectures,
Problem-Based L earning, or Online Education?
Table 2 and Table 4 illustrate this issue. With reference to
Stewart’s competency model, it can clearly be stated that the
participants see large differences in quite a few areas. For
communication skills, the overall tendency is that thisis less
important in the facilitation of games, where nonverbal and
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written communication showed the highest difference (1.2 and
1.0, respectively), but is nonetheless still relevant. This might
be seen in the light of the answer given to the question of what
type of games the participants use: a large majority indicated
that they use games with in-built communication. For
interpersonal skills, there are also large deviations, specifically
on negotiation (difference of 1.0); however, these skills might
also considered part of the gameplay, and thus not so relevant
for the facilitation. According to Table 2, the differences for
competencies on motivation related to goal achievements,
creative participation, and reward and recognition are quite low;
however, there is a higher need for these competencies. These
are also competencies that were identified on the wish list in
the qualitative part of the study. On the other hand, personal
characteristic competencies seem to be less needed.

Summary and Future Work

It can be concluded that the maturity of game facilitation in
higher education is low. There is a need for formal training
courses, with competency modelsrarely being implemented in
thisfield. Besides implementing training for game facilitators,
further approaches are available for increasing the diffusion of
serious games and the effectiveness of GBL. Figure 2 provides
an overview of the challenges involved—such as motivating
players—to be covered by approaches for increasing the
diffusion of serious games. For example, giving learnersachoice
totakepart in GBL activitiesor to engagein some other learning
activitiesis likely to increase learner motivation in the chosen
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learning activity [15,52]. Likewise, the choice of the game used
itself has a great impact on learning success: learners have
preferences for games depending on learner traits, such as age,
ethnicity, and gender [53,54], but certain game mechanics might
be especially suited for GBL activities [55,56].

This multimethod study investigated the competencies essential
for gamefacilitation in higher education and analyzed, with use
of empirical data, the perceived gap between essential and
existing competencies. This paper also discusses if there is a
structured approach for competency development for the target
group. Thefindingsindicatethat thereisalimited or no general
competence model for game facilitators and that casual game
facilitators rarely undergo any specific, formal training. The
lack of specific training is to be regarded as one reason for the
lack of dissemination of gamesin higher education. The study
providesthe basisfor acompetence model for gamefacilitators
that may serve as a prerequisite for the development of specific
trainings. Future work includesthe confirmation, consolidation,
and refinement of the competence model presented, for example,
by means of an extended survey for a larger group of
participants. Based on the competence model defined, we plan
to develop organizationa policiesfor training. With anincreased
dissemination of GBL provided by the growing of game
facilitation competencies, the effects on teaching in higher
education should be explored. However, one approach that could
replace the training of game facilitatorsisthe digital support or
even the replacement of game facilitators by virtual assistants
as supported by improvementsin artificial intelligence [57].

Multimedia Appendix 1
Facilitation with large groups.

[PDFE File (Adobe PDF File), 48 KB - games v9i2e25481 appl.pdf |

Multimedia Appendix 2
Further results from the questionnaire: educational scenarios.
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Abstract

Background: The number of older adult gamers who play mobile games is growing worldwide. Earlier studies have reported
that digital games provide cognitive, physical, and socioemotional benefits for older adults. However, current mobile games that
understand older adults’ gameplay experience and reflect their needs are very scarce. Furthermore, studies that have analyzed
older adults’ game experience in aholistic manner are rare.

Objective: The purpose of this study was to suggest mobile game design guidelines for adults older than 50 years from aholistic
gaming experience perspective. Adopting a human-centric approach, this study analyzes middle-aged and ol der adults’ gameplay
experience and suggests practical design guides to increase accessibility and satisfaction.

Methods: We organized a living laboratory project caled the “Intergenerational Play Workshop.” In this workshop, 40
middle-aged and older adults (mean age 66.75 years, age range 50-85 years) played commercial mobile games of various genres
with young adult partnersfor 1 month (8 sessions). Using a convergent parallel mixed-method design, we conducted a qualitative
analysis of dialogue, game diaries, and behavioral observations during the workshop and a quantitative analysis of the satisfaction
level of the game elements for the mobile games that they played.

Results: This project was active from April 2019 to December 2021, and the data were collected at the workshops from July 1
to August 28, 2019. Based on the identified themes of positive and negative experiences from the qualitative data, we proposed
45 design guides under 3 categories: (1) cognitive and physical elements, (2) psychological and socioemotional elements, and
(3) consumption contextual elements. Our empirical research could reaffirm the proposals from previous studies and provide new
guidelines for improving the game design. In addition, we demonstrate how existing commercial games can be evaluated
guantitatively by using the satisfaction level of each game's elements and overall satisfaction level.

Conclusions: Thefinal guidelines were presented to game designers to easily find related information and enhance the overall
understanding of the game experience of middle-aged and older adults.

(IMIR Serious Games 2021;9(2):€24449) doi:10.2196/24449
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Introduction

Background

The number of mobile game players has increased annually to
1.1 billion in 2017 and 1.5 billion in 2020. It is expected to
increase by 50 million to 100 million people every year and to
reach 1.8 billion by 2024 [1]. Therise of smartphone penetration
[2] could give older adults an opportunity to easily accessdigital
games. According to the American Association of Retired
Persons research in 2019, 73% of game players aged 50 years
and older use mobile devices in the United States—this
proportion has increased from 57% in 2016, which was only a
few years earlier. In contrast, the proportion of game players
using computers and laptops decreased from 56% in 2016 to
47%in 2019 [3]. The Korean mobile game market for the older
adult population is developing actively with high smartphone
penetration rates and high Wi-Fi accessibility in public places.
In a survey conducted in 2020, 52.1% of Koreans in their 50s
and 31.9% of Koreans aged 60 to 65 years mentioned that they
played mobile games[4]. Previous studies have reported various
benefits of digital gameplay for older adults, including lower
cognitive decline [5-7], increased physical activity [8-11], and
improved socioemational status[12-14]. However, most digital
games cater to the younger generations, making it difficult for
many older adults to play them [15,16]. In addition, game
designers may not be sensitive to the gaming experience of
older adults because most of them belong to the younger
generation. Therefore, it isnecessary toimprovethe gamedesign
based on the understanding of older adults' needs, preference,
and play experience. As the demand for mobile games is
expected to increase among middle-aged and older adultsinthe
future, this study aimsto provide experience analysisand design
guidelines focused on mobile games.

Design Guide for Age-Related Changes

Earlier studies have reported various factors that cause
difficulties for older adults to play mobile games. In a survey
of Canadian gamers aged over 55 years, the highest ranked
difficulty was that the games were too complicated [17]. In
addition, age-related limitations such as declining vision,
hearing, cognition, and motor functions can cause difficulties
in playing games [18]. Older adults who were skilled gamers
did not experience many difficulties, but they complained of
difficulty in changing game settings, small object size, time
limit, understanding rules, and fast pace [16]. To improve the
accessibility of digital technologies such as computers and the
internet, many studies have suggested interface design guides
for older adults, considering age-related changes such asvision,
motor control, hearing, cognition, and so on [19-21]. Several
attempts have been made to apply a similar approach to digital
game design. Gamberini et al [22] studied age-related changes
in terms of perception (vision, hearing, and touch/movement),
attention, learning/memory, and cognitive tasks and proposed
specificimplicationsfor game design. Fuaet a [23] also studied
the relationship between cognitive abilities and gameplay
mechanicsfor older adults, especially within populations at risk
of dementia. In addition, |jsselsteijn et a [24] provided insights
into digital game design based on usability guides for older
adults. Gerling et al [25] created structural models of gameplay
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and proposed guides that consider age-related changes under
the categories of game elements, such as players and resources,
user interface, core mechanics, and outcomes. However, these
studies did not analyze the game experience of older adults
through an empirical study. De Barros et al [26] improved their
mobile game app by reflecting on older adults’ behavior and
feedback, and they proposed recommendations under 3
categories, that is, navigation, interaction, and visual design.

Design Guide Related to Psychological and
Socioemotional Aspects

Various surveys conducted in the United States, Canada, South
Korea, and Flanders showed similar results regarding game
preferences of older adults. They indicated that older adults
strongly prefer puzzles, card/board games, and strategy games
to other genres. These types of games are mostly casual and
easy to learn and play, but are also challenging [4,12,27,28].
Other studies also showed that older adults prefer anintellectual
challenge to fighting and racing games, which require skills
related to speed and reflexes [29,30]. Another experimental
study identified how the enjoyment of older adults differs
depending on the genre of the games. It was found that puzzle
games were easier to play and more enjoyable than simulation
gamesor action games[31]. In addition, older adults' preference
for the game genredid not differ between gamersand nongamers
[32]. Among the 6 motives of game play presented from the
uses and gratifications perspective [33], challenge was the
highest among older adults, followed by arousal, diversion,
fantasy, competition, and socia interaction [27]. In addition,
older adults played digital gamesfor relaxation, fun, and to pass
time [16]. For older adults, the emphasis was not only on fun
associated with games but also on personal growth and benefits
asmotivationsto play [34]. Infact, many older adults described
playing games as a means of exercising their brain [35].

De Carvalho and Ishitani [36] conducted an empirical study to
test existing mobile puzzle gamesin older adults and proposed
guidelines related to motivational aspects for serious games.
Cota et a [37] also found the main features that motivate the
older adults by analyzing their evaluations of mobile games
developed by the researchers. Both studies proposed design
guides to encourage motivation, such as usability heuristics,
clear and motivational feedback, clarifying the benefits of
gaming, cognitive training, and providing proper difficulty
levels.

Older adults play games mostly alone rather than with others
[27,28]. However, baby boomers are community-oriented, and
socia interaction is an important motivation for them [30].
Moreover, experimenta studies have shown that playing with
a partner leads to a higher enjoyment than playing with a
computer [38,39]. In particular, middle-aged adults (40-59 years)
are more likely to play games with their children [28]. In the
United States, 57% of parents play games with their children
at least once aweek [40]. De Schutter and Vanden Abeele[41]
recommended a game design that considered the psychosocial
context of older adult players, which include finding the right
playing partner, vicarious play, time management, sharing high
scores, and balancing teams. Additionally, McLaughlin et al
[42] conducted a qualitative study on the experience of older
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adultsintermsof costs (eg, initial frustration, stereotypethreat,
emotional arousal, usability challenges) and benefits (eg,
self-esteem, physical activity, socia interaction, well-being,
fun, learning). Marston [43] also analyzed older adults’ game
experience empirically under aframework of 3 categories (older
adults, technology, and content/interaction) and applied them
to suggest design guidelines.

Resear ch Questionsin This Study

While many user experience studies have been conducted on
digita apps for older adults, not many have considered
“playability” for older adults on “mobile game’ media
Furthermore, studies that have analyzed older adults' gaming
experience in a holistic manner are rare. Some studies have
investigated the elements of age-related changes and suggested
guides[23-25]. However, they were not empirical studies. Some
empirical studies have analyzed the experience of older adults;
however, they lacked suggestions for various game elements
under the structural framework [36,37,42]. In addition, previous
guides did not include consumer behavior contexts related to
mobile gameplay, such as devices, installation, in-game
payment, and advertising. Moreover, some empirical studies
suggested guides under the structural framework, but they tested
only limited devices or genres [43]. Therefore, the purpose of
this study was to suggest practical design guides based on
empirical studiesfor game designers, including various mobile
game elements, from the holistic perspective of middie-aged
and older adults' gaming experience. Game elements can be
considered as a set of building blocks or features shared by
games[44]. We used “ game elements’ in abroad interpretation
to connect user-perceived game elements to game design
elements. This study was guided by the following 3 research
questions (RQs):

RQ1. What are the positive and negative experiences of
middle-aged and older adults when playing mobile games?

https://games.jmir.org/2021/2/e24449
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RQ2. What mobile game design guides should be considered
to embrace middle-aged and older adults?

RQ3. How satisfied are middle-aged and older adults with the
game elements of commercial mobile games?

We planned to identify several themes of the gaming experience,
design guidelines from qualitative analyses (RQ1 and RQ2),
and provide useful indicators by presenting the satisfaction
levels of the game elements in existing commercial games by
using quantitative analysis (RQ3). This convergent parallel
mixed-methods design [45] was used to identify important
criteriathat could affect the gaming experience of middle-aged
and older adults and to determine how existing games can be
evaluated based on these criteria

Methods

Participants

We adopted a human-centered approach by using a living
laboratory that promotes active involvement of usersand applies
their experience and feedback to the research [46]. We
collaborated with 2 ingtitutions that organize programs for
middle-aged and older adults. One ingtitution is the 50 plus
campus that provides educational programs targeting adultsin
their 50s and 60s (middle-aged adult group) and the other
institution is a senior welfare center targeting adults aged 65 or
older (older adult group). We designed living laboratory
activities where middle-aged and older adults played various
genres of mobile gameswith young adult partners. During these
activities, participants not only played games but also discussed
their playing experiences and provided recommendations to
improve gamedesign. A total of 40 middle-aged and older adults
participated, and Table 1 shows the demographic information
of the participants.
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Table 1. Demographic information of the participants (N=40).
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Characteristics Values
Age (years), mean (SD) 66.75 (9.31)
Agerange (years), n (%)

50-59 11 (28)

60-69 14 (35)

70-79 12 (30)

80-85 3(8)
Location, n (%)

50 plus campus (middle-aged adult group) 20 (50)

Senior welfare center (older adult group) 20 (50)
Gender, n (%)

Female 30 (75)

Male 10 (25)
Job status, n (%)

Employed 12 (30)

Retired/homemaker 28 (70)
Education, n (%)

Elementary/middle school 13 (33)

High school 7(18)

Undergraduate school 12 (30)

Graduate school 8(20)
Monthly income®, n (%)

Low: Lessthan W2 million 18 (45)

Middle: W2-8 million 16 (40)

High: More than W8 million 5(13)

No response 1(3)

4US $1=W1200.

The recruitment process was conducted differently in both the
places. Web-based recruitment was conducted at the 50 plus
campus for a month, and 20 participants were recruited. Our
orientation session explained the workshop activities and
received informed consent forms for participation. Two
participants did not attend the orientation, and one decided not
to participate after the orientation. Therefore, we recruited 3
more participants. In the senior welfare center, offline
recruitment was conducted for 1 month. Two socia workers
familiar with the members of the center participated in the
recruitment and selected 20 mentally and physically heathy
participants. We also held an orientation session and received
informed consent forms. The recruitment results showed ahigh
percentage of female participants. It can be assumed that this
was because femal e members attending these 2 institutes tended
to prefer new and coactivity programs over male members.

https://games.jmir.org/2021/2/e24449

Ten participants were grouped in 1 class, and there were 4
classes in the workshops (2 middle-aged groups and 2 older
adult groups). Over 8 sessions, the number of absent days per
participant was 0-4 times (average attendance rate, 91.6%
[293/320]). However, no participant dropped out during the
workshops in both places. Ethical approval was obtained from
the institutional review board of the authors' institute. Table 2
shows the prior gaming experience of the participants. There
were 13 older adult participants who reported as currently
playing games because they had participated in an earlier
program that included serious games for cognitive training at
the senior welfare center. The age of thefirst gaming experience
was widespread among the middle-aged adult group, and most
of the older adult participants started playing games at an older
age.
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Table 2. Prior gaming experience of the participants.

Leeetd

Characteristic

Values, n (%)

Game experience (n=40)

No gaming experience

Currently gaming

Have experience but no longer play
Age of first playing games (year s)?, (n=28)

10-19

20-29

30-39

40-49

50-59

More than 60

12 (30)
15(38)
13(33)

3(12)
3(11)
5(18)
2(7)

6(21)
9(32)

@0nly for participants with gaming experience.

In addition, 11 undergraduate students (9 females and 2 males,
mean age 21.45 years) majoring in the Department of the Senior
Industry at Kangnam University participated in the living
laboratory activities as supporting partners. In each class, 1
young partner was paired with 1 older participant. Young
partners participated in al 4 classes and supported a total of 4
ol der participants per person. The other young partners assisted
in the workshop activities. We aso held an orientation session
for young adult partners to receive their informed consent for
participation and provide instructions for the role of the
supporting partners. They helped older participants play games,
played games together, and received feedback from them
through questions.

Table 3. Games played in the workshops.

Games Played in the Wor kshops

Four graduate students studying game design and
human-computer interaction developed the first list of games,
which are popular and enjoyed across al age groups. They
referred to the annua report of the popular game list and
personal experience of playing with older adults. Each student
added 20-60 game titles in various genres and platforms and
scored the difficulty level of gameplay from 1 to 4 according
to the time required to learn them (1: 10 minutes, 2: 1-2 hours,
3. aweek, 4: more than a week). A total of 146 games were
included in the list, and 3 authors finally selected 9 games to
play during the workshops. Table 3 shows the games played in
the workshops.

Title Genre

Game description

Game played by both groups (age range, 50-85 years)

Homescapes Puzzle and story

Fruit Ninja Action

Long Journey of Life Adventure and story

A match-3 puzzle where the player solves puzzles presented with stories and decorates
ahouse [47].

A fruit-slicing action game where the player swipes and dlices fruits with a blade [48].

A story-based game where the player controls asmall boat and sails through life stages

from birth to death [49].

Games played by the middle-aged group only (age range, 50-64 years)

Brawl Stars Action

A multiplayer web-based battle arena game where players attack other playerswith the

same team members [50].

Sally's Law Action and story

Good Pizza, Great Pizza Management

[52].
Games played by the older adult group only (age range, 65-85 years)

Word Tower-World Trip Puzzle

words [53].

Go-stop Plus Web board

[54].

Lonely One: Hole-in-one Shooting and sports

[55].

A platformer action game with a story and puzzle [51].

The player becomesthe owner of apizzarestaurant and makes pizzas according to orders

A word puzzle game where the player swipes and connects syllables and finds hidden

A web-based version of a Korean traditional card game that uses a deck of 48 cards

A golf-based game where the player adjusts the parabola and releases to hit the ball

https://games.jmir.org/2021/2/e24449
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Thefollowing guidelines were used to choose the games. First,
the game should be accessible in both mobile phones and tabl et
personal computers;, 72 games were selected in this stage.
Second, the game should bein Korean language; 64 gameswere
further selected in this stage. Third, to ensure that the games
were not too complicated for older adults, the difficulty level
should be 1 or 2. In this stage, 54 games were selected from the
remaining ones. There were 21 puzzle games, 6 action games,
6 web board games, 4 adventure games, 10
management/simulation games, 6 shooting games, and 1 rhythm
game. Before we finalized the list, we had discussions with a
social worker and a program manager in each collaborating
institution regarding participant groups digital skills [56] in
using mobile apps. In addition, we had a pilot session to test
the gameswith 13 participantsfrom the 50 plus campus. Finally,
we selected 1-3 games from each genrein order to have an even
distribution from avariety of genres such as puzzle, action, web
board, adventure, and management games. Considering the
digital skills of each participant group, we selected 3 common
games for both groups and 3 different games for each group.
“Go-stop Plus’ and “Lonely One: Hole-in-one” were selected
for the older adults' group because they are based on card games
and sports, which are familiar to older adults in real life.
Participants also played other games not in this list according
to their preferences during the living laboratory activities and
provided their feedbacks.

Figure 1. Photographs from the intergenerational play workshop.

Step 1. Lecture

Leeetd

Wor kshop Procedure

We organized intergenerational play workshops twice a week
for 4 weeks (8 sessions), and each session lasted 1-2 hours. Each
session consisted of a short lecture (10-30 min), coplaying
(20-40 min), survey and pair discussion (10-20 min), and group
discussion (10-20 min). Figure 1 shows the workshop process.

The lectures dealt with how to play specific games and useful
information to enhance the game literacy of those who are not
familiar with digital games. After a short lecture, participants
and young adult partners were paired, and they played games
together. Each pair was provided a 10-inch tablet personal
computer, but they could use their personal smartphone if they
wanted. Young adult partners not only played games together
but al so taught participants how to play and get acquainted with
the games. After playing agame, the young partner asked, “what
were you satisfied with or unsatisfied with during the game
play?’, to which the participants provided their responses. In
addition, participantsfilled out the survey form by checking the
satisfaction level for each element of the game. They discussed
their gameplay experience and shared ideas of design
recommendation during group discussions. Participants were
compensated with W 10,000 (approximately US $8) per session
for participating in the workshops.

Step 2. Coplaying

https://games.jmir.org/2021/2/e24449
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For over one month of the living laboratory activities, older
adult participants could visit the play room at the senior welfare
center and use the tablet personal computers, which had the
recommended games installed. There was no playroom at the
50 plus campus, but middle-aged adult participants could borrow
the tablet personal computers and play games at home. Both
groups could also install and play games on their personal
mobile phones. Researchers opened a web-based community
and asked participants to upload diaries with their experience
after playing games at home. This task of writing a diary was
only assigned to the middle-aged adult group because the older
adult group was not familiar with a web-based community.

Data Collection and Analysis

Qualitative Analysis (RQ1 and RQ2)

For qualitative data entries, conversations during coplaying and
discussion sessions were recorded and transcribed, including
gaming diaries from middle-aged participants. The purpose of
the qualitative analysiswasto devel op apractical mobiledesign
guide for middle-aged and older adults in a holistic manner.
The* customer journey map” suggested by servicedesign studies
[57] was utilized to include as many game elements as possibl e,
offering contact points between users and gameplay in a
coordinated series of processes from the start of the gameplay
to the end.

First, we performed inductive thematic analysis on conversation
transcripts and gameplay diaries to identify the positive and
negative experiences of gameplay. We followed the 6 steps of
thematic analysis proposed by Braun and Clarke [58] in this
process. Thematic analysisisauseful method for summarizing
the key features of a large data set and for gaining a rich
understanding of peopl€e’s experiences[59]. To familiarize with
the data, the first author read all the transcripts and diaries
multiple times (step 1). Then, the first author generated initial
codes (step 2) and devel oped these codesinto themes of positive
and negative experiences (step 3). Three authors reviewed and
defined themes through discussion to reach a consensus (steps
4 and 5). All steps were repeated until a final version of the
game design guides was acquired (step 6).

Second, we grouped themes of positive and negative experiences
under the categories of elements related to gameplay. In order

https://games.jmir.org/2021/2/e24449
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to define these categories, wefirst identified the basic elements
(eg, audiovisuals, interface) by referring to the fundamental
components presented by Ermi and Méyra [60]. Then, we added
additional elements such as device, platforms, and sales,
referring to the contents of a design document presented by
Fullerton[61]. Finally, 10 elementswereincluded: (1) cognitive
and physical elementsthat are mainly addressed in existing user
experience studies, such as audiovisua, interface, motor skill,
and touch interaction; (2) psychological and socioemotional
elementsrelated to game content such as game rules, story and
character, and social aspects; and (3) consumption contextual
elementsthat are related to the game, such as devices, software
installation, advertising, and in-game payments. We included
consumption contextual elementsin the guide because they also
form an integrated user experience with core game el ements.

Third, we generated design guides from each theme of
experience and recommendation from the participants’ feedback.
Three authors and one game design expert reviewed the themes
and created proper guides. Thefinal guideswere compared with
previousworksto identify the guides that matched the previous
works and the newly discovered guides.

Quantitative Analysis (RQ3)

For quantitative data, we requested survey responses regarding
the satisfaction level with each element of the games played at
the end of each session. The data were collected because the
scores of the commercial games on each el ement can be auseful
indicator for game designers. First, participants rated the
satisfaction level of each game's elementson a5-point scalefor
the game they played that day (1=very unsatisfied;
2=unsatisfied; 3=average; 4=satisfied; and 5=very satisfied).
Table 4 shows the questionnaire regarding the satisfaction level
with each game element. Five face emoticonswere used for the
5-point scaleto facilitate the answering processfor participants

().

Second, on the last day of the workshop, participants rated the
overall satisfaction level of the game experience for each game
on a5-point scale. This allowed us to examine the satisfaction
level when participants first encountered each game and the
overall satisfaction after playing the game for awhile.
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Table 4. Survey questionnaires for measuring the satisfaction level.
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Game element Question

Cognitive and physical elements

Font size Was the text legible with a reasonable font size?
Button size Was the size and location of the button appropriate?
Sound Were you satisfied with the sound of the game?

Information amount

Button interaction

Speed

Agility
Psychological and socioemotional elements

Objective

Resource/item

Word comprehension

Mood/character/story

Consumption contextual elements

Was there an appropriate amount of on-screen information?

Did you have any difficulty finding which button to press on each page?

Was the game played at a proper speed to understand the content?

Was it difficult when you needed a quick reaction? (eg, selecting moving targets, avoiding obstacles quickly)

Was the goal to achieve in the game clear and appropriate?
Was the method of using in-game resources and items clear and appropriate?
Did you understand the meaning of the words and sentences in the game?

Did you like the atmosphere, character, and story of the game?

How was the setting process to start the game? (eg, loading the account, setting a nickname)

audiovisual effects such as all objects bursting at once. Based

Setting to start

Advertising Were the in-game ads easy to deal with?

Payment Did you understand the in-game purchase system?
Results

Positive and Negative Experience With Gameplay
(RQI)

We identified 38 themes of positive experiences and 58 themes
of negative experiences from dialogs, game diaries, and
observations. The most frequently mentioned negative
experience was difficulty in understanding the game rules. The
second was frustration caused by repeated failures in action
games because of lack of agility. The third was difficulty in
distinguishing between important objects of similar color or
design. Interestingly, the pleasure of playing together wasfound
to be the most positive experience, followed by cognitive
training. Thethird was sensational pleasure derived from special

https://games.jmir.org/2021/2/e24449
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on the identified themes of positive and negative experiences,
we proposed 45 mobile game design guidesfor the middle-aged
and older adult population. For detailed lists of themes and
guides, see the supplementary material (Multimedia Appendix
1).

M obile Game Design Guidesfor the Middle-Aged and
Older Adult Population (RQ2)

Design Guides Related to Cognitive and Physical
Elements
Table 5 shows the design guidelines related to cognitive and

physical elements. We presented not only the proposed guides
but also previous works that are consistent with our findings.
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Table 5. Mobile game design guides on cognitive and physical elements.
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Design guide (DG) Previous works
Audiovisual
DG1 Design important object/character as distinguishable from others. [20,22,36,62]
DG2 Provide voice dubbing when presenting stories or speech bubble. [24]
DG3 Provide options to choose the size of the font and objects. [20,22,24,25,36]
DG4 Avoid sounds that are too sharp or repetitive. _a
Interface
DG5 Present functions step-by-step rather than presenting excessiveinformationin onescreen.  [20,23]
DG6 Visually express functions of buttons for illiterate players. [20,23]
DG7 Avoid multiple button controls at the same time unless they are essentia to gameplay. [20,62]
DG8 Provide user manual that explains the control and function of buttons. [20]
DG9 Place important buttonsin easy to find and touch locations. [26]
DG10 Provide a mini-map. —
DG11 Highlight touch area rather than suggesting to touch anywhere. —
DG12 Provide atutorial in case of repeated incorrect touch interactions. —
DG13 Automatically confirm the termination of dliding actions after a specific time period. —
DG14 Limit the area of operating touchpad on the screen. —
Motor skills
DG15 Provide practice session for beginners. —
DG16 Provide hints for control timing when the player fails repeatedly. —
DG17 Increase the process speed and difficulty incrementally. [25]
DG18 Provide speed adjustment function. [25]
ot available.

Several previous studies have reported design recommendations
that consider age-related changes such as font size, interface,
and motor skillsin user interface design, including digital games
[20,22-26,36,62]. We found similar experiences, especialy in
audiovisuals and interfaces. Negative experiences related to
declining vision were most frequently identified. In addition,
participants had negative experiences in complex interface
designs that were cognitively burdensome.

Touchinteraction in gamesisuniquefor older adult participants
who lack gameplay experience and who are not familiar with
dliding or swapping interactions. We developed design guides
11-14 based on the failure cases of touch interaction. Most
failure caseswere observed in older adult participants. We found
that participants slid objects in the wrong direction or forgot to
pull afinger away from the screen after the action. In addition,
some participants mistakenly performed a tap action when a
slide was required. Severa participants failed to double-click
because they tapped once or too slowly. Confusion among
participants was aggravated when complex touch-interaction
methods were required. The older adult group played “Lonely
One: Hole-in-one,” in which a parabola appears when the player
touches anywhere on the screen. The player should adjust the
position of the parabola and release it, causing the object to
move along the parabola. Thisinteraction method is similar to
the popular game “Angry Birds.” Participants often failed to

https://games.jmir.org/2021/2/e24449

draw acorrect parabola because they touched the wrong starting
point (too closeto the edge of the screen). Moreover, they tried
to draw aline with their finger along the parabolic dotted line.
In addition, we found that participantsfelt uncomfortable when
the speed of the moving character was too fast or too slow. We
developed 4 guides regarding motor skills (design guides 15-18).

Design Guides Related to Psychological and
Socioemotional Elements

Table 6 shows the design guidelines related to psychological
and socioemotional elements. Similar to that reported in previous
research [17,25,36,43], our participants easily adapted to agame
that had clear goalsand simplerules, but they became frustrated
with agamethat was difficult and insufficiently explained. They
said they forgot the rules quickly over time, although they had
learned how to play it. Therefore, we developed design guide
19 that offers sufficient explanation of the game rules[25] and
design guide 20 that provides optionsfor selecting the difficulty
levels [25,36,43]. Furthermore, new design guides were
developed from participants’ feedback, such as providing hints
(design guide 21), tips during loading time (design guide 22),
and notification messages to prevent resource abuse (design
guide 23). In addition, many participants disliked the time
limitation in a game; they felt nervous and stressed with the
timelimits. Therefore, we proposed design guide 25, “ eliminate
time limits or provide aternatives for level-passing,” which
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was aso proposed in previous studies [20,36]. Some
middle-aged participants were satisfied with restrictions on the
play opportunities, such aslimiting the number of hearts because
it prevented them from becoming too addicted to games. We
developed a design guide for the time management option,
which was also proposed by De Schutter and Vanden Abeele
[41].

In terms of story and character, participants expressed
dissatisfaction with stories that were too simpleor cliché. They
were also dissatisfied with stories that lack sympathy or
promoted negative emotions such as depression and gloom.
Participants also criticized stereotypical expressions regarding
thelivesof older adults. Instead, participantsliked game stories
that appeal ed to and were empathetic to players, stimulated their
curiosity, and provided useful knowledge. One participant felt
sati sfied when another character in the game praised the player.
Similar guides and recommendations were reported from
previousworks[10,36,43]; however, anew guide was proposed
regarding a variety of interactive storytelling options such that
the player can reflect their own preference (design guide 30).
We found many positive effects of gameplay from participants
feedback and identified those experiencesto themes of positive
experience under the category of affective aspects: feeling of
fun and flow, cognitive skill training, sense of achievement,
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strategic thinking, concentration, learning something new, killing
time, connecting stories to real life experiences and finding
meaning, and reminiscing.

Similar to previous studies, we found that many older adult
participants perceived gameplay as cognitive training activities
[35]. For example, they mentioned “It was good because | feel
like[l am] training my brain,” “Itislikely to prevent dementia,”
and “1 feel like I'm getting smarter because | keep using my
brain” Moreover, participants said that the perception of
beneficial effects is an important motivation to play. De
Carvalho et a [36] also highlighted that clarifying the benefits
of thegamefor older adultsisimportant. We added design guide
31, which informs the affective aspect and beneficial effects of
the game such as cognitive training, strategic thinking, learning,
connecting real life, and reminiscing. We found that the results
were consistent with previous studies on social dimensions
[24,41,43]; participants said they had more fun playing with
others than when playing alone. They were especially satisfied
that they were able to accomplish a difficult mission with
supporters on their side. They also felt good when they worked
together with an unknown player whom they met in the game
to complete the mission. However, some middle-aged
participants found it harder to play games with their children
because they had different preferences and gameplay skills.

Table 6. Mobile game design guides on psychological and socioemotional elements.

Design guide (DG) Previous works
Gamerules
DG19 Provide guidance, tutorials, and practice sessions. [25]
DG20 Provide options for selecting difficulty levels. [25,36,43]
DG21 Provide hints when the player fails repeatedly or istaking too much time. _a
DG22 Provide game rules and tips during loading time (repetitive tutorials). —
DG23 Provide a notification message if players abuse resources early in the game. —
DG24 Provide an appropriate challenge rather than asimple or easy rule. [36,42]
DG25 Eliminate time limits or provide aternatives for level-passing. [20,36]
DG26 Provide time management options. [41]
Story and character
DG27 Provide familiar languages and concepts to the player (eg, based on culture and age). [20,26]
DG28 Provide players with complimentary messages or motivational feedback. [10,36,43]
DG29 Do not indicate life of older adults in static, passive, negative, and depressed tones. [63]
DG30 Provide options for playersto choose stories and reflect diversity. —
Affective aspect and perceived benefit
DG31 Inform players of the affective aspect and beneficial effects of the game (eg, cognitive training, [36]
strategic thinking, learning, connecting real life, reminiscing)
Social aspect
DG32 Consider using multiplayer mode or coplaying context in single play mode. [24,41,43]
DG33 Remove chat features in competitive games or only alow consensual chat between players. —
DG34 Restrict the use of abusive language. —
ot available.
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One middle-aged participant was rather satisfied with the lack
of chat function when playing “Braw! Stars’ because she never
heard swear words or slang from other players. Alternatively,
it was less burdensome if the chat function was set to be
avalable after establishing some acquaintances. However,
participants were uncomfortable when the method for connecting
to social media or inviting friends was complicated. Some
participants were concerned about other people; they were
worried about bothering others while turning the sound on or
exhibiting excessive action during gameplay. One participant
said that she did not want to connect to social media and show
others that she played games because there were many formal
relationships on social media.

Design Guides Related to Consumption Contextual
Elements

Table 7 shows the design guidelines related to consumption
contextual elements, such as devices, softwareinstallation, and
advertising/payment. Most guides under this category are newly
written. We found that older adults preferred using tablet
personal computers rather than mobile phones because of their
deteriorating eyesight resulting from aging. However, using
tablet personal computerswas not comfortablewhen participants
unintentionally touched the screen. Furthermore, because of the
apparent lack of moisture on their fingers, touch recognition
did not work well for some of the participants. We provided
additional equipment such as touch pens and controllers; touch
pens worked well with games where small objects were to be
touched. Similarly, middle-aged adults preferred using a
specially developed controller while playing “Brawl Stars.”
Therefore, encouraging the use of appropriate devices and
additional equipment for middle-aged and older adults may be
useful. Installing game software on devices is a challenge for
some older adult participants who lack experience in using
smartphones. They had difficulty typing and searching for apps.
However, they became accustomed to it through repeated

Table 7. Mobile game design guides on consumption contextual elements.
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practice. Participants said they felt confused with different
games having similar titles. Many older adult participants could
not remember their IDs and password. Without help, it was
difficult for them to register for or log into a game. Thisissue
has been reflected in design guide 38, but special careis needed
to prevent misuse of personal information. In contrast,
middle-aged adults did not have much trouble with their
installation. However, waiting for large files to download was
boring for some participants and they did not want to pay for
data usage to download games.

Participants felt uncomfortable and bored when there were too
many ads or when the ads were too long. In addition, they felt
uncomfortable when they are suddenly required to watch an ad
while playing because it interrupts their game flow. They were
upset that advertisements with inappropriate content such as
adult content suddenly appear sometimes without any
notification. Participants sometimes became confused whether
the pop-up interaction was an advertisement or the game they
were playing. They were also confused because they did not
know how to turn the ads off, especialy when the clickable
“close” button feature was too small or when there was a
countdown before the appearance of the close button.
Participants hoped to be provided with items, hints, and other
benefits of gameplay when watching advertisements. Some
older adult participants were very generous regarding
advertisements. They said that it was okay because they could
take a short break and were provided new information during
the advertisement.

Regarding payment, older adult participants had no intention
of purchasing games or items. They did not connect their credit
card to the app store because they were afraid of being
mischarged. However, some middle-aged adults paid to buy
items to gain an advantage in the game. Both groups were
offended when phrases inducing such charges appeared at a
difficult level.

Design guide (DG) Description

Devices
DG35
DG36
Installation and setting to start

Ableto play both in atablet personal computer and mobile phone.

Provide supportive equipment (eg, touch pen, controller).

DG37 Inform expected install time and file sizes.
DG38 Load account information automatically with privacy precautions.
DG39

Advertisement and payment

Use easy and unique game titles, which do not overlap with other games.

L et the player choose the timing for advertisements (avoid sudden ads that interrupt the game flow).

DG40 Provide items and hints after viewing ads.

DG41 Avoid excessive or long ads, which interrupt gaming.

DG42 Make it easy to turn off the ads.

DG43 Present suitable ads for ages and preference (avoid inappropriate content).
DG44

DG45 Noninteractive ads are preferred over interactive ads.
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Satisfaction Level in Each Element of the Games (RQ?3)

Figures 2-4 show participants’ satisfaction level for each game's
elements and overall satisfaction on the 5-point scale. The goal
of this descriptive statistics is to provide game designers with
avisua profile of how players are satisfied with game elements
inthe game case. The satisfaction level for each game'selements
was measured in each session; therefore, they were treated as
first impressions after the first 30 minutes of gameplay. The
overall satisfaction level in each game was measured on the last
day of theworkshops. This scoreis a satisfaction evaluation by
comparing it to other games after several days of gameplay.
Overall, we can observe from the figures that the satisfaction
level with the individual elements performed on each session
tended to be higher than the overall satisfaction evaluated on

Figure 2. Satisfaction levelsin games played by both groups.

Font size 3.74
Button size 417
Sound 4.09
Information amount 3.89
Button interaction 3.83
Agility 412
Resource/item 3.74
Objective 4.14
Word comprehension 3.86
Mood/character/story 4.06
Setting to start 411
Advertising/payment 3.65
Overall satisfaction 3.40
Homescapes

Regarding games played by the middle-aged group only (Figure
3), action games such as “Brawl Stars’ and “ Sally’slaw” were
found to be less satisfactory with agility than other elements,
and the overall satisfaction was low. The 2 games seem to
provide participantswith too much difficulty in termsof agility.

https://games.jmir.org/2021/2/e24449
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the last day of the workshop. For additional information on
Figures 2-4 such as the mean and standard deviation (SD) of
the satisfaction levels in each game, see the supplementary
material (Multimedia Appendix 2).

Regarding games played by both groups (Figure 2), the mean
scores of “Fruit Ninja’ in al game elements were over 4.0,
except for advertising/payment, but the overall satisfaction was
only 3.46 (SD 1.35). It is assumed that even though this game
was intuitive and easy to use, there were wide differences in
the overall preference between the participants. The scores of
“font size” were a bit lower on “Homescapes’ and “Long
Journey of Life’ than those of other elements; we found that
many participants mentioned that the text is too small in those
games.

Cognitive and physical elements
Psychological and socioemotional elements
Consumption contextual elements

4.50 3.76
4.33 4.20
4.36 4.06
4.20 4.07
4.26 421
4.20 4.33
4.37 3.96

461 3:97
4.42 4.10
4.23 4.10
4.30 4.22

3.81 4.00
3.46 3.29
Fruit Ninja Long Journey of Life

In addition, the button interaction of “Brawl Stars’ was also
low (mean 3.64 [SD 1.08]), which seems to have been difficult
for participants to control buttons simultaneously using both
hands.
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Figure 3. Satisfaction levelsin games played by the middle-aged group.

Font size 4.21
Button size 3.79
Sound 3.79
Information amount 3.79
Button interaction 3.64
Agility 3.31
Resource/item 4.00
Objective 443
Word comprehension 3.71
Mood/character/story 3.93
Setting to start 4.71
Advertising/payment 4:14
Overall satisfaction 2.82
Brawl| Stars
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4.53 4.20
4.21 4.20
421 4.40
3.95 4.20
4.00 4.00
3.42 3.80
394 4.20
411 4.20
426 4.60
4.05 4.00
4.63 4.75
4.10 4.20
2.85 3.10
Sally’s Law Good Pizza, Great Pizza

Regarding games played by the older adult group only (Figure
4), the mean scores of “Word Tower-World Trip” were
estimated to be over 4.0 in amost al elements, with a high
overall satisfaction level (mean 4.15 [SD 1.04]). Scores of
“objective’ and “word comprehension” in*“ Go-stop Plus’ were
high because it was a digital version of the traditional Korean

Figure 4. Satisfaction levelsin games played by the older adult group.

card game popular with older adults. However, font size was
less satisfactory than other elements in this game. Regarding
“button interaction,” “Lonely One: Hole-in-one” scored only
3.65(SD 1.00), apparently because adjusting the position of the
parabola to determine the direction of the ball’s flight was
unfamiliar to older adults.

Font size 4.60

Button size 4.55

Sound 4.55

Information amount 4.30
Button interaction 4.35
Agility 444
Resource/item 4.20

Objective 4.50

Word comprehension 4.50
Mood/character/story 4.30
Setting to start 425
Advertising/payment 3.90
Overall satisfaction 4.15

Word Tower - World Trip

Timeline of the Study

This project was funded from April 2019 to December 2021
and approved by theinstitutional review board on June 7, 2019.
The data were collected at the workshops involving 40
middle-aged and older adults and 11 young partners from July
1, 2019 to August 28, 2019.

https://games.jmir.org/2021/2/e24449
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3,57 4.24
457 4.06
4.43 4.47
4.43 4.29
4.29 3.65
4.14 4.06
4.00 4.00
4.86 4.29
4.71 4.29
414 4.24
429 4.00
3.71 441
3.75 3174
Go-stop Plus Lonely One: Hole-in-one
Discussion

Overview of This Study

The purpose of this study was to derive mobile game design
guidelines for the middle-aged and older adult population by
analyzing user experience through a qualitative thematic
analysis. We proposed 45 guides under the framework of 10
game elements. In addition, we reported descriptive statistics
showing the satisfaction profiles for 9 game cases. Based on
these results, we had the following discussion.
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Embrace the Middle-Aged and Older Population:
Reaffirmed Guides and Newly Discovered Guides

Previous studies reported that aging issues such as decreased
eyesight, memory, and motor skills could lead to difficultiesin
playing digita games targeted at the younger generation
[15,16,18]. Game design guides for older adults should focus
on age-related changes and game elements [22-25]. This study
reaffirmed these previousissues and noted that these guidelines
have not been applied to many commercial mobile games. We
rediscovered repeatedly reported issues such as the size of the
text and objects, cognitive burden at the interface, and agility
problems. These confirmed guidelines should be essential
considerations for game designers who want to create games
that cater to the middle-aged and older adult population. In
previous studies, it was rare to observe al contact points from
the beginning to the end of the mobile gaming experience. By
including the context of game consumption, this study was able
to introduce new guidelines. These are the parts related to the
unique touch interaction used in the game and the parts related
to the use of the app store and advertising/payment features
embedded in the gaming experience.

Prior Experience of Computer and Digital Games

The use of new technologiesis more likely to be a response to
historical changes in the older generation than age-related
declines [64]. We also found that the prior experience in using
digital devices and games affects the participants overall
gameplay. This is because many digital games require basic
digital skills such as installation, typing, double-clicking, and
cancellation. While middle-aged participants who are already
experienced in the use of computers and smartphones had no
problems with installation, typing, and various touch-based
interactions, older adult participants needed more help to
familiarize themsel ves with basic operations. | n addition, many
games use the design elements of earlier successful games. For
example, gamers are familiar with a heart-shaped icon that
implies remaining opportunities. Moreover, digital games of
the same genre often use similar interaction methods. Therefore,
compared to the younger generation who are unconsciously
trained on these norms through various games since childhood,
older adults, who lack gameplay experience, need timeto adapt
to anew game. Because of these factors, participants recognized
gameplay as a learning activity rather than a leisure activity.
Charlier et al [65] stressed that older adults’ experiences may
include moretraditional |earning and less game-based learning.
Our participants wanted to read specific manuals or learn from
others before they started playing. In addition, participants
mentioned that they had to recognize the benefits of agame and
how it helped them start the gameplay. Therefore, when
encouraging older adultsto play games, it will be necessary to
persuade them to show them how these games are beneficial to
them [34,36,37]. In addition, it isrecommended to provide game
literacy education programs, which introduce the benefits of
games, recommend proper games for them, and explain how to

play games.

https://games.jmir.org/2021/2/e24449
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Game Aesthetics and Socioemotional Aspectsfor the
Middle-Aged and Older Adult Population

According to the mechanics, dynamics, and aesthetics
framework proposed by Hunicke et al [66], aesthetics refersto
the emotionsthat the player experienceswhile playing the game.
The game designer wantsto arouse certain emotional responses
in the player, such as sensation, fantasy, narrative, challenge,
fellowship, discovery, expression, and submission. De Schutter
[67] extended thelist to include older adults’ gaming experience
and presented 6 items as “Geronto-Aesthetics,” such as
cultivation, compensation, connectedness, contribution,
nostalgia, and contemporaneity. Through our empirical research,
wediscovered themes consistent with thosein previous studies:
challenge (sense of achievement, strategic thinking, and
concentration), sensation (feeling of fun and flow), discovery
(learning something new), submission (killing time), cultivation
(connecting storiesto real life experiences and finding meaning),
and nostalgia (reminiscing). Moreover, we identified one more
item, that is, cognitive skill training. Gameplay isameaningful
activity for older adults because they are interested in cognitive
training and in mitigating dementia [35].

Regarding the social aspect of the gaming experience,
participants enjoyed playing games together [38,39] and they
positively evaluated the interactions with the younger
generation. In this study, playing together does not necessarily
mean solely playing multiplayer games. Various social
interactions could also occur during games that offer only
single-player options, for example, turn-taking, score
competition, helping with difficult parts, and vicarious play.
Young adult partners acted as supporters and coplayers during
the workshop; without this help, it would have been even more
difficult for the older population to use the game alone. In
addition, participants preferred cultural content that they were
familiar with, and many women were reluctant to engage with
violent content [16].

Limitations and Future Works

There are several limitations associated with this study and a
number of issuesthat remain unexplored. First, alimited number
of games were played because of the short workshop duration.
Users personal preference and styles are important factors, but
we did not reflect them when we chose the games. Depending
on the diverse interests of middle-aged and older adults, we
need to discover and expose them to more games suiting their
preferences.

Second, extra caution is required to generalize the results
because we could not recruit a more diverse participant pool.
All the participants were Koreans, and the results could vary
depending on participants from different cultural backgrounds
and technology dissemination. In addition, we could not recruit
participants who are prescribed or recommended gaming but
who have no affinity to games. Moreover, as more female
participants were recruited, the study does not include plentiful
experiences of male participants. However, since mobile games
are especially popular with middle-aged and older women [3],
their experiences might be meaningful for mobile game
designers.
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Third, special attention isrequired when interpreting theresults
because the presence of young adults in the workshop setting
could impact the gaming experience of participants. Our
participants were able to obtain immediate help during the
workshop from young partners; however, in many cases, playing
alone would likely cause more difficulties.

Fourth, the scope of the quantitative analysis reports descriptive
statistics at the exploration stage. The purpose of the quantitative
analysiswasto provide auseful indicator to game designers by
showing the visua profiles of each case. Therefore, these
tentative results require further refinement in strictly controlled
experiments.

Lastly, with regard to the prior experience with computers and
digital games, we found that there were differences between
middle-aged adults and older adults in terms of gaming
experience, but further research is needed to clarify these
differences. In addition, when the digital native generation in
their 20s and 30s is older, this guide is likely to have different
criteria. Technologies are gradually evolving to be available
intuitively without special learning. Therefore, this guide will
reguire continuous updates through user studies from different
cohorts.

Conclusion

This study includes considerations when creating gamesfor the
middle-aged and older population. Game design guides were
produced based on the feedback of middle-aged and ol der adults

Leeetd

during the game workshops, where they played maobile games
of various genres. Theimplications of this study are suggesting
adesign guideline focusing on 10 categories of game elements.
Consequently, game designers can holistically understand the
game experience of older adults and easily find the relevant
information. In addition, our empirical research was able to
reaffirm the proposals from previous works that sought to
improve the usability of a user interface. Furthermore, we aso
provided new guidesfor game design, such astouch interaction,
game rules, stories, and advertising/payments. We found that
most elementsthat participants were uncomfortable with during
gameplay could be applied to all generations, regardless of age.
The young generation also experiences difficulties with using
touchscreen technologies, but they are better at adopting
technological changes [68]. Thus, improving older adults
gaming experience may improve the experience for other
generation groups as well. Rather than having special game
design rulesfor the older population, we found that a universal
design that can be easily accessed by gaming novices
irrespective of their generation, is more important. In addition,
design guides targeting specific capabilitiesand limitations are
not effective becausethe older populationisdiverseinitsranges
and combinations of limitations [69]. We hope this guide will
be useful for various activities related to gameplay for the
middle-aged and older adult population, such asfor developing
gamestargeting this population, modifying existing gameswhile
considering accessibility, and developing game-related
educational programs for this popul ation.

Acknowledgments

The authors would like to thank the Anyang senior welfare center and Seoul 50 plus central campus. The authors also appreciate
all participants of the Intergenerational Play Workshop held by Korea Advanced Institute of Science and Technology in 2019.
This research was supported by the Ministry of Culture, Sports and Tourism and the Korea Creative Content Agency through the
Culture Technology Research and Development Program (Project R2019020010).

Conflictsof Interest
None declared.

Multimedia Appendix 1
Mobile game design guides for the middle-aged and older adult population.
[PDFE File (Adobe PDF File), 93 KB - games v9i2e24449 appl.pdf ]

Multimedia Appendix 2
Descriptive statistics of participants' satisfaction levelsin each game case.
[PDE File (Adobe PDF File), 215 KB - games v9i2e24449 app2.pdf ]

References

1.  Digital market outlook: mobile gamesworldwide. Statista. URL : https.//www.statista.com/outl ook/211/100/mobile-games/
worldwide#market-revenue [accessed 2020-09-04]

2. Mobhilefact sheet. Pew Research Center. URL: https.//www.pewresearch.org/internet/fact-sheet/mobile/ [accessed 2020-09-04]

3. Nelson-KakullaB. Gaming attitudes and habits of adults aged 50-Plus. AARP. URL : https.//www.aarp.org/research/topics/
technology/info-2019/2020-gaming-trends-ol der-americans.html [accessed 2020-09-04]

4. 2020 Game user survey. Korea Creative Content Agency. URL : http://www.koccakr/cop/bbs/view/B0000147/1842858.
do?menuNo0=201825 [accessed 2020-09-04]

5.  Basak C, Boot WR, Voss MW, Kramer AF. Can training in areal-time strategy video game attenuate cognitive declinein
older adults? Psychol Aging 2008 Dec;23(4):765-777 [FREE Full text] [doi: 10.1037/a0013494] [Medline: 19140648]

https://games.jmir.org/2021/2/e24449 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e24449 | p.110

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v9i2e24449_app1.pdf&filename=efdb1a97646cbaa89de67a8ffbe5993b.pdf
https://jmir.org/api/download?alt_name=games_v9i2e24449_app1.pdf&filename=efdb1a97646cbaa89de67a8ffbe5993b.pdf
https://jmir.org/api/download?alt_name=games_v9i2e24449_app2.pdf&filename=5012cdadbf2fc39edc74238804849ee4.pdf
https://jmir.org/api/download?alt_name=games_v9i2e24449_app2.pdf&filename=5012cdadbf2fc39edc74238804849ee4.pdf
https://www.statista.com/outlook/211/100/mobile-games/worldwide#market-revenue
https://www.statista.com/outlook/211/100/mobile-games/worldwide#market-revenue
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.aarp.org/research/topics/technology/info-2019/2020-gaming-trends-older-americans.html
https://www.aarp.org/research/topics/technology/info-2019/2020-gaming-trends-older-americans.html
http://www.kocca.kr/cop/bbs/view/B0000147/1842858.do?menuNo=201825
http://www.kocca.kr/cop/bbs/view/B0000147/1842858.do?menuNo=201825
http://europepmc.org/abstract/MED/19140648
http://dx.doi.org/10.1037/a0013494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19140648&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lecetd

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Green CS, Bavelier D. Exercising your brain: areview of human brain plasticity and training-induced learning. Psychol
Aging 2008 Dec;23(4):692-701 [FREE Full text] [doi: 10.1037/a0014345] [Medline: 19140641]

Zelinski EM, Reyes R. Cognitive benefits of computer gamesfor older adults. Gerontechnology 2009;8(4):220-235 [FREE
Full text] [doi: 10.4017/gt.2009.08.04.004.00] [Medline: 25126043]

Bleakley CM, Charles D, Porter-Armstrong A, McNeill MDJ, McDonough SM, McCormack B. Gaming for health: a
systematic review of the physical and cognitive effects of interactive computer gamesin older adults. J Appl Gerontol 2015
Apr;34(3):NP166-NP189. [doi: 10.1177/0733464812470747] [Medline: 24652863]

Hall AK, ChavarriaE, ManeeratanaV, Chaney BH, Bernhardt JM. Health Benefits of Digital Videogamesfor Older Adults:
A Systematic Review of the Literature. Games Health J 2012 Dec;1(6):402-410. [doi: 10.1089/g4h.2012.0046] [Medline:
26192056]

Marston HR, Smith ST. Interactive Videogame Technol ogies to Support Independence in the Elderly: A Narrative Review.
Games Health J 2012 Apr;1(2):139-152. [doi: 10.1089/g4h.2011.0008] [Medline: 26193189]

Miller KJ, Adair BS, Pearce AJ, Said CM, Ozanne E, MorrisMM. Effectiveness and feasibility of virtual reality and gaming
system use at home by older adults for enabling physical activity to improve health-related domains: a systematic review.
Age Ageing 2014 Mar;43(2):188-195. [doi: 10.1093/ageing/aft194] [Medline: 24351549]

Allaire JC, McLaughlin AC, Trujillo A, Whitlock LA, LaPorte L, Gandy M. Successful aging through digital games:
Socioemotional differences between older adult gamers and Non-gamers. Computers in Human Behavior 2013
Jul;29(4):1302-1306. [doi: 10.1016/j.chb.2013.01.014]

Kahlbaugh PE, Sperandio AJ, Carlson AL, Hauselt J. Effects of Playing Wii on Well-Being in the Elderly: Physical Activity,
Loneliness, and Mood. Activities, Adaptation & Aging 2011 Oct;35(4):331-344. [doi: 10.1080/01924788.2011.625218]
Osmanovic S, Pecchioni L. Beyond Entertainment: Motivations and Outcomes of Video Game Playing by Older Adults
and Their Younger Family Members. Gamesand Culture 2015 Sep 02;11(1-2):130-149. [doi: 10.1177/1555412015602819]
Brown JA. Let's play: understanding the role and meaning of digital gamesin the lives of older adults. 2012 Presented at:
FDG '12: Proceedings of the International Conference on the Foundations of Digital Games, May 29-June 1; Raleigh, NC,
USA p. 273-275. [doi: 10.1145/2282338.2282396]

Nap HH, de Kort YW, IJsselsteijn WA. Senior gamers: preferences, motivations and needs. Gerontechnology
2009;8(4):247-262. [doi: 10.4017/gt.2009.08.04.003.00]

Kaufman D, Sauvé L, Renaud L, Sixsmith A, Mortenson B. Older Adults' Digital Gameplay: Patterns, Benefits, and
Challenges. Simulation & Gaming 2016 Apr 21;47(4):465-489. [doi: 10.1177/1046878116645736]

Loos E. Designing meaningful intergenerational digital games. In: Utrecht University Repository. 2014 Presented at:
International Conference on Communication, Media, Technology and Design; April 24-26, 2014, Istanbul, Turkey URL :
https.//dspace.library.uu.nl/handle/1874/302902

Czaja SJ, Lee CC. Theimpact of aging on access to technology. Univ Access Inf Soc 2006 Dec 8;5(4):341-349. [doi:
10.1007/s10209-006-0060-X]

Johnson J, Finn K. Designing User Interfaces for an Aging Population: Towards Universal Design. Cambridge, MA, USA:
Morgan Kaufmann; 2017.

Zaphiris B, Kurniawan S, Ghiawadwala M. A systematic approach to the development of research-based web design
guidelines for older people. Univ Access Inf Soc 2006 Nov 16;6(1):59-75. [doi: 10.1007/s10209-006-0054-8]

Gamberini L, Alcaniz M, Barresi G, Fabregat M, Ibanez F, Prontu L. Cognition, technology and games for the elderly: An
introduction to ELDERGAMES Project. PsychNology Journal. 2006. URL : https://www.researchgate.net/publication/
200552925 Cognition_technology _and games for the elderly An_introduction to ELDERGAMES Project [accessed
2021-04-29]

FuaKC, Gupta S, Pautler D, Farber 1. Designing serious games for elders. FDG 2013:291-297. [doi:
10.13140/RG.2.1.5166.9848]

ljsselsteijn W, Nap H, de Kort Y, Poels K. Digital game design for elderly users. 2007 Presented at: Future Play '07:
Proceedings of the 2007 conference on Future Play; November 15-17, 2007; Toronto, Canada p. 17-22. [doi:
10.1145/1328202.1328206]

Gerling K, Schulte F, Smeddinck J, Masuch M. Game design for older adultsffects of age-related changes on structural
elements of digital games. 2012 Sep Presented at: ICEC 2012: International Conference on Entertainment Computing;
September 26-29, 2012; Bremen, Germany p. 235-242. [doi: 10.1007/978-3-642-33542-6_20]

DeBarros AC, Leitdo R, Ribeiro J. Design and Evaluation of a Mobile User Interface for Older Adults: Navigation,
Interaction and Visual Design Recommendations. Procedia Computer Science 2014;27:369-378. [doi:
10.1016/j.procs.2014.02.041]

De Schutter B. Never Too Old to Play: The Appeal of Digital Gamesto an Older Audience. Games and Culture 2010 May
07;6(2):155-170. [doi: 10.1177/1555412010364978]

Salmon JP, Dolan SM, Drake RS, Wilson GC, Klein RM, Eskes GA.. A survey of video game preferencesin adults: Building
better games for older adults. Entertainment Computing 2017 Jun;21:45-64. [doi: 10.1016/j.entcom.2017.04.006]

https://games.jmir.org/2021/2/e24449 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e24449 | p.111

(page number not for citation purposes)


http://europepmc.org/abstract/MED/19140641
http://dx.doi.org/10.1037/a0014345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19140641&dopt=Abstract
http://europepmc.org/abstract/MED/25126043
http://europepmc.org/abstract/MED/25126043
http://dx.doi.org/10.4017/gt.2009.08.04.004.00
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25126043&dopt=Abstract
http://dx.doi.org/10.1177/0733464812470747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24652863&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2012.0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26192056&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2011.0008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26193189&dopt=Abstract
http://dx.doi.org/10.1093/ageing/aft194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24351549&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2013.01.014
http://dx.doi.org/10.1080/01924788.2011.625218
http://dx.doi.org/10.1177/1555412015602819
http://dx.doi.org/10.1145/2282338.2282396
http://dx.doi.org/10.4017/gt.2009.08.04.003.00
http://dx.doi.org/10.1177/1046878116645736
https://dspace.library.uu.nl/handle/1874/302902
http://dx.doi.org/10.1007/s10209-006-0060-x
http://dx.doi.org/10.1007/s10209-006-0054-8
https://www.researchgate.net/publication/200552925_Cognition_technology_and_games_for_the_elderly_An_introduction_to_ELDERGAMES_Project
https://www.researchgate.net/publication/200552925_Cognition_technology_and_games_for_the_elderly_An_introduction_to_ELDERGAMES_Project
http://dx.doi.org/10.13140/RG.2.1.5166.9848
http://dx.doi.org/10.1145/1328202.1328206
http://dx.doi.org/10.1007/978-3-642-33542-6_20
http://dx.doi.org/10.1016/j.procs.2014.02.041
http://dx.doi.org/10.1177/1555412010364978
http://dx.doi.org/10.1016/j.entcom.2017.04.006
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lecetd

29. Boot WR, Champion M, Blakely DP, Wright T, Souders DJ, Charness N. Video games as a means to reduce age-rel ated
cognitive decline: attitudes, compliance, and effectiveness. Front Psychol 2013;4:31. [doi: 10.3389/fpsyg.2013.00031]
[Medline: 23378841]

30. PearceC. The Truth About Baby Boomer Gamers: A Study of Over-Forty Computer Game Players. Games and Culture
2008 Feb 13;3(2):142-174. [doi: 10.1177/1555412008314132]

31. Chesham A, WyssP, Miri RM, Mosimann UP, Nef T. What Older People Liketo Play: Genre Preferences and Acceptance
of Casual Games. IMIR Serious Games 2017 Apr 18;5(2):e8 [FREE Full text] [doi: 10.2196/games.7025] [Medline:
28420601]

32. Blocker KA, Wright TJ, Boot WR. Gaming Preferences of Aging Generations. Gerontechnology 2014;12(3):174-184
[FREE Full text] [doi: 10.4017/gt.2014.12.3.008.00] [Medline: 29033699]

33.  Sherry J, Lucas K, Greenberg B, Lachlan K. Video game uses and gratifications as predictors of use and game preference.
In: Playing Video Games. Matives, Responses, and Consequences. New York: Routledge; 2006:213-224 URL: https:/
/www.researchgate.net/profile/John-Sherry-2/publication/

259583577 _Video _game uses and gratifications as predictors of_use and game preference/links/
54dc196b0cf28d3de65e9fed/Video-game-uses-and-gratifications-as-predictors-of -use-and-game-preference. pdf

34. DeSchutter B, Brown J. Digital Games asa Source of Enjoyment in Later Life. Gamesand Culture 2015 Jul 12;11(1-2):28-52.
[doi: 10.1177/1555412015594273]

35. De Schutter B, Malliet S. The older player of digital games: A classification based on perceived need satisfaction.
Communications 2014 Mar 4;39(1):67-88. [doi: 10.1515/commun-2014-0005]

36. DeCarvalho R, Ishitani L. Motivational factors for mobile serious games for elderly users. 2012 Presented at: Proceedings
of X1 SB Games;, November 2-4, 2012; Brazil URL: http://sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.
pdf

37. CotaTT, Ishitani L, VieiraN. Mobile game design for the elderly: A study with focus on the motivation to play. Computers
in Human Behavior 2015 Oct;51:96-105. [doi: 10.1016/j.chb.2015.04.026]

38. Gagjadhar BJ, Nap HH, deKort YW, | Jsselsteijn WA. Out of sight, out of mind: co-player effectson seniors player experience.
2010 Presented at: Fun and Games '10: Proceedings of the 3rd International Conference on Fun and Games; September
15-17, 2010; Leuven, Belgium p. 74-83. [doi: 10.1145/1823818.1823826|

39. SoudersDJ, Boot WR, Charness N, Moxley JH. Older Adult Video Game Preferencesin Practice: Investigating the Effects
of Competing or Cooperating. Gamesand Culture 2016;11(1-2):170-120 [FREE Full text] [doi: 10.1177/1555412015603538]
[Medline: 29033698]

40. 2019 essential facts about the computer and video game industry. Entertainment Software Association. URL: https://www.
theesa.com/wp-content/upl oads/2019/05/ESA_Essential_facts 2019 final.pdf [accessed 2020-09-04]

41. De Schutter B, Vanden Abeele V. Designing meaningful play within the psycho-social context of older adults. 2010
Presented at: Fun and Games '10: Proceedings of the 3rd International Conference on Fun and Games; September 2010;
Leuven, Belgium p. 84-93. [doi: 10.1145/1823818.1823827]

42. McLaughlin A, Gandy M, Allaire J, Whitlock L. Putting fun into video gamesfor older adults. Ergonomicsin Design 2012
Apr 20;20(2):13-22 [FREE Full text] [doi: 10.1177/1064804611435654]

43. Marston HR. Design Recommendationsfor Digital Game Design within an Ageing Society. Educational Gerontology 2013
Feb;39(2):103-118. [doi: 10.1080/03601277.2012.689936]

44. Deterding S, Dixon D, Khaled R, Nacke L. From game design elements to gamefulness: Defining "gamification”. 2011
Presented at: MindTrek '11: Proceedings of the 15th International Academic MindTrek Conference: Envisioning Future
Media Environments; September 28-30, 2011; Tampere, Finland p. 9-15. [doi: 10.1145/2181037.2181040]

45. Creswell JW. Research design: Qualitative, Quantitative, and Mixed Methods Approaches. Thousand Oaks, CA, USA:
SAGE Publications, Inc; 2014.

46. Bergvall-Kareborn B, Stahlbrost A. Living Lab: an open and citizen-centric approach for innovation. International Journal
of Innovation and Regional Development 2009;1(4):356-370. [doi: 10.1504/ijird.2009.022727]

47. Homescapes. Playrix. URL: https://www.playrix.com/mabile-games/ [accessed 2019-08-28]

48. Fruit ninja. Halfbrick. URL: https://www.halfbrick.com/ [accessed 2019-08-28]

49. Long journey of life. Pinx Studio. URL: https://www.pinx.studio/ [accessed 2019-08-28]

50. Brawl stars. Supercell. URL: https://supercell.com/en/ [accessed 2019-08-28]

51. Saly'slaw. Nanali studio. 2018. URL: http://www.nanali.net/official.php/home/eng [accessed 2019-08-28]

52. Good pizza, great pizza. TapBlaze. URL: https.//www.tapblaze.com/ [accessed 2019-08-28]

53.  Word tower - world trip. Monster Planet. URL: https://play.google.com/store/apps/detail S7id=com.M onsterPlanet.
WordTower?2 [accessed 2019-08-28]

54. Go-stop plus. Buzzpowder. URL : https.//play.google.com/store/apps/detail s?id=com.encom.gostop play& hi=en CA&gl=US
[accessed 2019-08-28]

55. Lonely one: hole-in-one. LoadComplete. URL : https://loadcomplete.com/ [accessed 2019-08-28]

56. Digital skillscritical for jobs and social inclusion. UNESCO. URL : https://en.unesco.org/news/
digital-skills-critical -jobs-and-social-inclusion [accessed 2020-12-31]

https://games.jmir.org/2021/2/e24449 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e24449 | p.112

(page number not for citation purposes)


http://dx.doi.org/10.3389/fpsyg.2013.00031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23378841&dopt=Abstract
http://dx.doi.org/10.1177/1555412008314132
https://games.jmir.org/2017/2/e8/
http://dx.doi.org/10.2196/games.7025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28420601&dopt=Abstract
http://europepmc.org/abstract/MED/29033699
http://dx.doi.org/10.4017/gt.2014.12.3.008.00
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29033699&dopt=Abstract
https://www.researchgate.net/profile/John-Sherry-2/publication/259583577_Video_game_uses_and_gratifications_as_predictors_of_use_and_game_preference/links/54dc196b0cf28d3de65e9fed/Video-game-uses-and-gratifications-as-predictors-of-use-and-game-preference.pdf
https://www.researchgate.net/profile/John-Sherry-2/publication/259583577_Video_game_uses_and_gratifications_as_predictors_of_use_and_game_preference/links/54dc196b0cf28d3de65e9fed/Video-game-uses-and-gratifications-as-predictors-of-use-and-game-preference.pdf
https://www.researchgate.net/profile/John-Sherry-2/publication/259583577_Video_game_uses_and_gratifications_as_predictors_of_use_and_game_preference/links/54dc196b0cf28d3de65e9fed/Video-game-uses-and-gratifications-as-predictors-of-use-and-game-preference.pdf
https://www.researchgate.net/profile/John-Sherry-2/publication/259583577_Video_game_uses_and_gratifications_as_predictors_of_use_and_game_preference/links/54dc196b0cf28d3de65e9fed/Video-game-uses-and-gratifications-as-predictors-of-use-and-game-preference.pdf
http://dx.doi.org/10.1177/1555412015594273
http://dx.doi.org/10.1515/commun-2014-0005
http://sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.pdf
http://sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.pdf
http://dx.doi.org/10.1016/j.chb.2015.04.026
http://dx.doi.org/10.1145/1823818.1823826
http://europepmc.org/abstract/MED/29033698
http://dx.doi.org/10.1177/1555412015603538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29033698&dopt=Abstract
https://www.theesa.com/wp-content/uploads/2019/05/ESA_Essential_facts_2019_final.pdf
https://www.theesa.com/wp-content/uploads/2019/05/ESA_Essential_facts_2019_final.pdf
http://dx.doi.org/10.1145/1823818.1823827
https://www.researchgate.net/profile/Jason-Allaire/publication/254090957_Putting_Fun_into_Video_Games_for_Older_Adults/links/56717d4e08aefcd8a6eb1c8b/Putting-Fun-into-Video-Games-for-Older-Adults.pdf
http://dx.doi.org/10.1177/1064804611435654
http://dx.doi.org/10.1080/03601277.2012.689936
http://dx.doi.org/10.1145/2181037.2181040
http://dx.doi.org/10.1504/ijird.2009.022727
https://www.playrix.com/mobile-games/
https://www.halfbrick.com/
https://www.pinx.studio/
https://supercell.com/en/
http://www.nanali.net/official.php/home/eng
https://www.tapblaze.com/
https://play.google.com/store/apps/details?id=com.MonsterPlanet.WordTower2
https://play.google.com/store/apps/details?id=com.MonsterPlanet.WordTower2
https://play.google.com/store/apps/details?id=com.encom.gostop_play&hl=en_CA&gl=US
https://loadcomplete.com/
https://en.unesco.org/news/digital-skills-critical-jobs-and-social-inclusion
https://en.unesco.org/news/digital-skills-critical-jobs-and-social-inclusion
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lecetd

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

Richardson A. Using customer journey mapsto improve customer experience. Harvard Business Review. URL : http://www.
iimagineservicedesi gn.com/wp-content/upl oads/2015/07/

Experience-M aps-Using-Customer-Journey-M aps-to-lmprove-Customer-Experience.pdf [accessed 2020-09-04]

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology 2006 Jan;3(2):77-101.
[doi: 10.1191/1478088706qp0630al

Nowell LS, NorrisJM, White DE, MoulesNJ. Thematic Analysis: Striving to Meet the Trustworthiness Criteria. International
Journal of Qualitative Methods 2017 Oct 02;16(1):160940691773384 [FREE Full text] [doi: 10.1177/1609406917733847]
Ermi L, Méyra F. Fundamental components of the gameplay experience: Analysingimmersion. In: Changing Views: Worlds
in Play. 2005 Presented at: DiGRA 2005; June 16-20, 2005; VVancouver, Canada URL : https://ir.lib.sfu.calitem/260
Fullerton T. Game Design Workshop: A Playcentric Approach to Creating Innovative Games 4th edition. Boca Raton, FL,
USA: CRC Press; 2018.

De Almeida RXE, Ferreira SBL, Soares HP. Recommendations for the Development of Web Interfaces on Tabl ets/iPads
with Emphasis on Elderly Users. Procedia Computer Science 2015;67:140-149. [doi: 10.1016/j.procs.2015.09.258]

De Schutter B, Vanden Abeele V. Towards a Gerontoludic Manifesto. Anthropology & Aging 2015 Nov 19;36(2):112-120.
[doi: 10.5195/AA.2015.104]

CzagjaSJ, Charness N, Fisk AD, Hertzog C, Nair SN, Rogers WA, et a. Factors predicting the use of technology: findings
from the Center for Research and Education on Aging and Technology Enhancement (CREATE). Psychol Aging 2006
Jun;21(2):333-352 [FREE Full text] [doi: 10.1037/0882-7974.21.2.333] [Medline: 16768579]

Charlier N, Ott M, Remmele B, Whitton N. Not just for children: game-based learning for older adults. 2012 Presented at:
The 6th European Conference on Games Based L earning; October 4-5, 2012; Cork, Ireland p. 102-108 URL : https.//www.
researchgate.net/profile/Bernd-Remmel e/publication/

256591353 Not_just_for_children_Game-based learning for_older_adults/links/59106071aca272f38d59827a/
Not-just-for-children-Game-based-learning-for-older-adul ts.pdf

Hunicke R, LeBlanc M, Zubek R. MDA: A formal approach to game design and game research. AAAI. URL: https://www.
aaai .org/Papers/\Workshops/2004/\W S-04-04/\W S04-04-001.pdf [accessed 2020-09-04]

De Schutter B. Gerontoludic design: extending the MDA framework to facilitate meaningful play for older adults. International
Journal of Gaming and Computer-Mediated Simulations (IJGCMS) 2017;9(1):45-60. [doi: 10.4018/ijgcms.2017010103]
Page T. Touchscreen mobile devices and older adults: a usability study. International Journal of Human Factors and
Ergonomics 2014;3(1):65-85. [doi: 10.1504/1JHFE.2014.062550]

Kascak LR, RébolaCB, Sanford JA. Integrating universal design (UD) principles and mobile design guidelines to improve
design of mobile health applicationsfor older adults. 2014 Presented at: 2014 |EEE International Conference on Healthcare
Informatics; September 15-17; Verona, Italy p. 343-348. [doi: 10.1109/ICHI.2014.54]

Abbreviations

RQ: research question

Edited by N Zary; submitted 21.09.20; peer-reviewed by C Victor, H Sibke; comments to author 08.12.20; revised version received
01.01.21; accepted 12.02.21; published 20.05.21.

Please cite as:

Lee S Oh H, $hi CK, Doh YY

Mobile Game Design Guide to Improve Gaming Experience for the Middle-Aged and Older Adult Population: User-Centered Design
Approach

JMIR Serious Games 2021;9(2): 24449

URL: https://games.jmir.org/2021/2/e24449

doi: 10.2196/24449

PMID:34014175

©Seyeon Lee, Hyunyoung Oh, Chung-Kon Shi, Young Yim Doh. Originaly published in JMIR Serious Games
(https://games.jmir.org), 20.05.2021. Thisisan open-access article distributed under theterms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic
information, a link to the original publication on https://games.jmir.org, as well as this copyright and license information must
be included.

https://games.jmir.org/2021/2/e24449 JMIR Serious Games 2021 | vol. 9 | iss. 2 [e24449 | p.113

RenderX

(page number not for citation purposes)


http://www.iimagineservicedesign.com/wp-content/uploads/2015/07/Experience-Maps-Using-Customer-Journey-Maps-to-Improve-Customer-Experience.pdf
http://www.iimagineservicedesign.com/wp-content/uploads/2015/07/Experience-Maps-Using-Customer-Journey-Maps-to-Improve-Customer-Experience.pdf
http://www.iimagineservicedesign.com/wp-content/uploads/2015/07/Experience-Maps-Using-Customer-Journey-Maps-to-Improve-Customer-Experience.pdf
http://dx.doi.org/10.1191/1478088706qp063oa
https://journals.sagepub.com/doi/pdf/10.1177/1609406917733847
http://dx.doi.org/10.1177/1609406917733847
https://ir.lib.sfu.ca/item/260
http://dx.doi.org/10.1016/j.procs.2015.09.258
http://dx.doi.org/10.5195/AA.2015.104
http://europepmc.org/abstract/MED/16768579
http://dx.doi.org/10.1037/0882-7974.21.2.333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16768579&dopt=Abstract
https://www.researchgate.net/profile/Bernd-Remmele/publication/256591353_Not_just_for_children_Game-based_learning_for_older_adults/links/59106071aca272f38d59827a/Not-just-for-children-Game-based-learning-for-older-adults.pdf
https://www.researchgate.net/profile/Bernd-Remmele/publication/256591353_Not_just_for_children_Game-based_learning_for_older_adults/links/59106071aca272f38d59827a/Not-just-for-children-Game-based-learning-for-older-adults.pdf
https://www.researchgate.net/profile/Bernd-Remmele/publication/256591353_Not_just_for_children_Game-based_learning_for_older_adults/links/59106071aca272f38d59827a/Not-just-for-children-Game-based-learning-for-older-adults.pdf
https://www.researchgate.net/profile/Bernd-Remmele/publication/256591353_Not_just_for_children_Game-based_learning_for_older_adults/links/59106071aca272f38d59827a/Not-just-for-children-Game-based-learning-for-older-adults.pdf
https://www.aaai.org/Papers/Workshops/2004/WS-04-04/WS04-04-001.pdf
https://www.aaai.org/Papers/Workshops/2004/WS-04-04/WS04-04-001.pdf
http://dx.doi.org/10.4018/ijgcms.2017010103
http://dx.doi.org/10.1504/IJHFE.2014.062550
http://dx.doi.org/10.1109/ICHI.2014.54
https://games.jmir.org/2021/2/e24449
http://dx.doi.org/10.2196/24449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34014175&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Klemmet al

Original Paper

AVirtual Reality—Based App to Educate Health Care Professionals
and Medical Students About Inflammatory Arthritis: Feasibility
Study

Philipp Klemm®', MD; Arnd Kleyer?®', MD; Koray Tascilar®®, MD; Louis Schuster®®, MSc; Timo Meinderink®?,
MSc; Florian Steiger®®; Uwe Lange', MD; Ulf Mller-Ladner*, MD; Johannes Knitza®*, MD; Philipp Sewerin®, MD:
Johanna Mucke®, MD; Alexander Pfeil®, MD; Georg Schett?®, MD; Fabian Hartmann®®, BSc; Axel J Hueber®, MD;
David Simon?3, MD

lDepartment of Rheumatology, mmunology, Osteology and Physical Medicine, Justus-Liebig University Gief3en, Campus Kerckhoff, Bad Nauheim,
Germany

2Department of Interna Medicine 3, Rheumatology and Immunology, Friedrich-Alexander University Erlangen-Nuremberg and Universitatsklinikum
Erlangen, Erlangen, Germany

3Deutsches Zentrum Immuntherapie, Friedrich-Alexander University Erlangen-Nuremberg and Universititsklinikum Erlangen, Erlangen, Germany
4Department and Hiller Research Unit for Rheumatology, Heinrich Heine University Diisseldorf, Diisseldorf, Germany

5Department of Internal Medicine 3, Jena University Hospital, Friedrich Schiller University, Jena, Germany

6Sektion Rheumatologie, Sozia stiftung Bamberg, Bamberg, Germany

*these authors contributed equally

Corresponding Author:

David Simon, MD

Department of Internal Medicine 3, Rheumatology and |mmunology
Friedrich-Alexander University Erlangen-Nuremberg and Universitatsklinikum Erlangen
Ulmenweg 18

Erlangen, 91054

Germany

Phone: 49 091318543253

Fax: 49 091318539091

Email: david.simon@uk-erlangen.de

Abstract

Background: Inflammatory arthritides (1A) such as rheumatoid arthritis or psoriatic arthritis are disorders that can be difficult
to comprehend for health professionals and students in terms of the heterogeneity of clinical symptoms and pathologies. New
didactic approaches using innovative technologies such as virtual reality (VR) apps could be helpful to demonstrate disease
manifestations as well as joint pathologies in a more comprehensive manner. However, the potential of using a VR education
concept in 1A has not yet been evaluated.

Objective: We evaluated the feasibility of a VR app to educate health care professionals and medical students about |A.

Methods: We developed a VR app using datafrom IA patients as well as 2D and 3D-visualized pathological joints from X-ray
and computed tomography—generated images. This VR app (Rheumality) allows the user to interact with representative arthritic
joint and bone pathologies of patients with |A. In a consensus meeting, an online questionnaire was designed to collect basic
demographic data (age, sex); profession of the participants; and their feedback on the general impression, knowledge gain, and
potential areas of application of the VR app. The VR app was subsequently tested and evaluated by health care professionals
(physicians, researchers, and other professionals) and medical students at predefined events (two annual rheumatology conferences
and academic teaching seminars at two sitesin Germany). To explore associations between categorical variables, the X or Fisher
test was used as appropriate. Two-sided P values <.05 were regarded as significant.

Results: A total of 125 individuals participated in this study. Among them, 56% of the participants identified as female, 43%
identified as male, and 1% identified as nonbinary; 59% of the participants were 18-30 years of age, 18% were 31-40 years old,
10% were 41-50 years old, 8% were 51-60 years old, and 5% were 61-70 years old. The participants (N=125) rated the VR app
as excellent, with amean rating of 9.0 (SD 1.2) out of 10, and many participants would recommend use of the app, with amean
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recommendation score of 3.2 (SD 1.1) out of 4. A large majority (120/125, 96.0%) stated that the presentation of pathological
bone formation improves understanding of the disease. We did not find any association between participant characteristics and

evaluation of the VR experience or recommendation scores.

Conclusions: The data show that | A-targeting innovative teaching approaches based on VR technology are feasible.

(IMIR Serious Games 2021;9(2):€23835) doi:10.2196/23835

KEYWORDS

feasibility; virtual reality; inflammatory arthritis; psoriatic arthritis; rheumatoid arthritis

Introduction

Inflammatory arthritides (1A) such asrheumatoid arthritis (RA)
or psoriatic arthritis (PsA) are complex diseases affecting
millions of people worldwide, causing functional impairment
and a reduced quality of life [1,2]. Owing to the chronic
inflammation, in addition to joint symptoms, some patientswith
RA or PsA can also experience localized or generalized bone
disease. L ocal bone changes (erosions, bone proliferation) result
in functional impairment, while systemic bone loss and
worsening biomechanical properties increase the risk of
developing osteoporosis and pathologic fractures [3-5].

Imaging is one of the key toolsfor an early diagnosis of |A, as
well as for monitoring and understanding the bone pathology.
Various imaging techniques can help to detect pathologic
structural changes, and to assess bone density and quality. X-ray,
as a 2D imaging instrument, is well-established in routine
clinical practice, and is frequently used for assessing catabolic
(erosion) and anabolic (bone proliferation) changes or joint
space narrowing. Using high-resolution peripheral quantitative
computed tomography (HR-pQCT) can further help to
characterize joint diseasein | A with anin-depth 3D analysis of
erosive and osteoproliferative changes, precise quantification
of trabecular and cortical bone densities, and assessment of
biomechanical properties[6-9].

Recent data show that there is still room for improvement in
the understanding and recognition of pathologies, interpretation
of image findings, aswell asin the appropriate usage of proper
imaging techniques [10-12]. Accordingly, there seems to be
some concern about musculoskeletal imaging, particularly
among health professionals in training [10-12]. Moreover,
physicians, medical students, and health professionals explicitly
state a need for more in-depth training in imaging and its
interpretation regarding musculoskeletal disorders[10,13-15].

To improve the teaching of musculoskeletal imaging,
conventional teaching methods such as textbooks, online
services, and simulators already exist, which impart knowledge
through a systematic and standardized approach. One of these
teaching tools is the imaging course of the European League
Against Rheumatism (EULAR). Virtud redlity (VR) technology
can be used to complement these established traditional methods.
VR refers to a redistic and immersive simulation of a 3D
environment created with interactive software and hardware
that is experienced and controlled by movements of the body.
In contrast to traditional teaching tools, VR technology hasthe
advantage of visualizing images of various imaging tools such
as computed tomography in three spatial axes. The VR technique
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allows usersto see and interact with 3D objects. This so-called
“immersive” experience enables the consumer to touch,
rearrange, scale, and walk through the objects (to seetheinside
of the image objects). Previously, VR apps were investigated
in several patients with different diseases [16]. In the field of
rheumatology, two studies have focused on different patient
groups and eval uated how VR apps can lead to improved health
care. Venuturupalli et al [17] showed that VR apps could be a
viable solution for thetreatment of pain and anxiety in rheumatic
patients. In addition, Botellaet al [18] demonstrated that usage
of VR can have along-term benefit with significantly reduced
pain and depression in patients with fibromyalgia. However,
all of these studies were patient-focused applications of VR.

Recently, University Hospital Erlangen and the Bamberg
Hospital (a teaching hospital) started developing a VR app
(Rheumality) that contains 2D and 3D data of the pathologic
jointsfrom real patientswith RA and PsA at different stages of
the disease [19]. These imaging data were combined with the
corresponding medical history and clinical data. This app uses
immersive sensation that could improve the understanding of
chronicinflammatory changesin thejoints and bones of patients
with [A. Users can touch, scale, or even immerse themselves
in the typical bone and joint pathologies of RA or PsA, such as
erosions, new bone formations, or bone loss. The advanced
visualization and interactivity of 3D bone images paired with
the corresponding medical history offer potential to improve
training and education in rheumatology. Ideally, the virtua
world will contribute to enhancing end-user knowledge and
help to acquire confidence in the management of 1A.

However, the feasibility of a VR app in teaching about |A has
not yet been evaluated, and therefore its potential benefits have
not yet been assessed. In this study, we evaluated the feasibility
of the Rheumality VR app that was developed specifically to
educate health care professionals and medical students about
IA. We investigated the general impression, knowledge gain,
and possible applications using data from physicians,
researchers, and other health care professionals working in the
field of rheumatology as well as medical students.

Methods

Development of a VR App for Educational Purposes
inlA

In 2016, University Hospital Erlangen (Erlangen, Germany)
and Bamberg Hospital (Bamberg, Germany) started to develop
an educational VR app (called Rheumality) based on real
anonymized patient cases with corresponding clinical and
imaging data to provide health care professionals and medical
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students with a better understanding of 1A [19]. The imaging
data focused particularly on peripheral X-rays and HR-pQCT
images of the arthritic joints and bone structures. The version
(2.1) of Rheumality used for this study included three case
examples (two RA cases and one PsA case), and was devel oped
for the above-mentioned targeted population (Figure 1). All
patients agreed to the use of their anonymized data and signed
an informed consent form, which was approved by the Ethics
Committee of Friedrich-Alexander-University (324_16B).

For each case, brief clinical information about disease history
(eg, initia diagnosis, symptoms, treatment, response to

Klemm et al

treatment, disease perception, patient reported outcomes) is
given to the user (Multimedia Appendix 1). The user has to
participate actively, and hasto indicate the typical arthriticjoint
and bone pathologies on the basis of 2D X-ray images of the
hands (Figure 1A) and 3D HR-pQCT images of thefinger joints
(Figure 1C). Subsequently, the participant is asked to estimate
how much the patient is restricted in different areas of life,
taking into account the pathologies depicted in the images
(questions based on the Modified Stanford Health Assessment
Questionnaire[20]) (Figure 1B). Each case (tutorial) isdesigned
to last 10 minutes.

Figure 1. Learning tasks in the VR application for teaching of 1A. Depiction of 2D hand X-ray of a patient with arthritis on which the user has
interactively identified joint pathologies (green circles) (A). In another task, the user is asked to assess the disease burden of the same patient after
evaluating the X-ray images (B), 3D CT image of the same pathologies of the X-ray image, the user can rotate and immerse with these images and is
asked to define specific pathologies such as erosions (red circle) (C). (A, C) show images of a patient with long-standing (inadequately treated) RA,

(D) CT images of a patient with early RA.

Technical Equipment for the VR Experience

A notebook Acer Predator Helios 500 (Intel 17-8750H, NVIDIA
GeForce GTX 1070; acquisition cost: US $2417) and HTC
VIVE VR headset (2x OLED 1080x1200, 90 Hz, FOV 110°,

2x Lighthouse Tracking, Motion Controller; acquisition cost:
US $628) were used in this study. The setup timewas 5 minutes
to clear the required spacein aroom (safety measure), connect
all devices, switch them on, and set up and run the VR app.
Pictures of the equipment are provided in Figure 2.

Figure 2. Applied technical virtual reality (VR) equipment. For the VR experience, a Notebook (Acer Predator Helios 500) (A), VR set (VR Headset
HTC VIVE) (B), motion controller (C), and Lighthouse Tracking (D) are necessary.

B

Questionnaire Development

To evaluate possible applications and benefits for improved
disease understanding from using the VR app, a questionnaire
was designed in a consensus meeting (web-based, involving
authors PK, AK, DS, AH, PS, AF) after initial individual
research of the current literature and a definition of the issues
to be addressed [21,22]. Results of the respective consultations
were then assessed by the group: each single item and wording
was presented to all experts, followed by a vote about the
inclusion. For a question to be accepted for the fina
guestionnaire, amajority vote of 75% was required. Thismethod
was chosen in analogy to the EULAR recommendation task
force[23].
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Thirteen questions were included in the final questionnaire
covering how the VR app and the VR itself were perceived. All
guestions of the questionnaire are depicted in Multimedia
Appendix 2. In addition, basic demographic data (gender, age
category, and profession) were collected.

Evaluation of the VR App asa Teaching Tool

The VR app (Rheumality version 2.1) was provided to a
professional audience at predefined events according to a
standardized scheme and subsequently evaluated using the
devel oped questionnaire. The professional community consisted
of health professionals working in the field of rheumatology
(physicians, researchers, and other health professionals) and
medical students. Three different methods for exploitation and
evaluation were selected to reach the broadest possible target
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population: (i) the annual German Society of Rheumatology
conference 2019 in Dresden, Germany; (ii) the German Imaging
Coursein Rheumatol ogy (Deutscher Bildgebungskurs) 2019in
Duesseldorf, Germany; and (iii) academic teaching seminars
(from October 2019 to March 2020) for medical studentsat two
different German universities (Campus Kerckhoff of
Justus-Liebig-University GielRen and
Friedrich-Alexander-University Erlangen). During events (i)
and (ii), the possibility of participation was advertised to the
public through flyers, posters, and atradefair booth. Regarding
(iii), the students were directly approached in corresponding
teaching seminars about their interest in participating. Inclusion
criteria were aged above 18 years and belonging to one of the
following professional backgrounds: medical student, resident,
specialist (hospitalist), specialist (outpatient practitioner),
researcher, other health care professiona (eg, nurse, study
nurse). Pregnant participants as well as participants suffering
from nausea, vomiting, dementia, motion sickness, stroke,
seizure, and epilepsy were not allowed to participate. To qualify
for the evaluation, all individuals had to complete the full VR
tutorial (10 minutes). Directly after the VR experience, the
participants were asked to answer the questionnaire once
providing informed consent. Prior to each VR session, the
participantswereinformed by atrained member of theresearch
team (LS, TM, FS, PK, DS, AK) about the background of the
app (presentation of real patient casesin combination with the
respective images of the associated pathologic joints), basic
control mechanism, and safety measures (eg, what to do when
feeling uncomfortable). Each VR session was accompanied by
aqualified staff member (LS, TM, FS, PK, DS, AK), who aso
evaluated subsequent side effects. The app was evaluated by

Table 1. Professional background of participants (N=125).
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participants directly after the VR session using the devel oped
guestionnaire based on a web-based survey (SurveyMonkey
Inc).

Statistical Analysis

Nominal and ordinal variables are described by counts and
percentages, and interval scaled variables are described by mean
and SD. To explore associations between categorical variables,

the x? or Fisher test was used as appropriate. Two-sided P values
<.05 were regarded as statistically significant. Data were
analyzed using SSPSfor Windows (SPSS 26, IBM Corporation).

Results

Study Participants

A total of 133 individualsweretested for eligibility, 8 of whom
had to be excluded (history of nausea, epilepsy, and motion
sickness; presence of pregnancy), resulting in a final dataset
from 125 individuals included for analysis. Among these 125
participants, 50 were physicians, including 27 specialists in
rheumatology (16 hospitalists, 11 outpatient practitioners), 23
residents, 5 researchers, and 4 other health care professionals
(Table 1). The remaining participants were medical students
(n=66). Seventy of the 125 participants (56.0%) identified as
female, 54 (43.2%) identified as male, and 1 (0.8%) identified
as nonbinary. Among the 125 participants, 74 (59.2%) were
18-30yearsof age, 22 (17.6%) were 31-40 yearsold, 13 (10.4%)
were 41-50 years old, 10 (8.0%) were 51-60 years old, and 6
(4.8%) were 61-70 years old. Overall, 16% (20/125) of the
participants already had experience with VR technol ogy.

Profession Participants, n (%)
Medical student 66 (52.8)

Resident 23 (18.4)
Specialist (hospitalists) 16 (12.8)
Specialist (outpatient practitioner) 11 (8.8)
Researcher 5(4.0

Health care professional 4(3.2)

General Feedback on the Imaging VR App

The participants generally rated the app as excellent. The overall
rating (best rating: 10, worst rating: 0) of the VR app was
excellent (mean 9.0, SD 1.2), and participants could imagine
recommending the app to others (mean 3.2, SD 1.1), based on
ascalefrom O (not at all) to 4 (definitely) (Figure 3). Using the
x? test, neither age nor profession was significantly associated
with a given evaluation of the VR app (x*=21.7, P=.15 and
X?=12.7, P=.89, respectively) or a special recommendations to
friends and family (x°=14.6, P=.89 and x>=13.8, P=.54,
respectively).
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The majority (102/125, 81.6%) of participants indicated that
they would use the app themselves if it was available for
download in an app store. When asked to evaluate the
intuitiveness of the VR app, 109 of the 125 participants (87.2%)
considered the control to beintuitive, whereasonly 7 out of 125
(5.6%) found the VR app to be confusing. All 7 participants
rating the VR to be confusing were under 41 years of age (6
were 18-30 years old and 1 was 31-40 years old). However,
there was no statistically significant association with age
(x?=2.647, P=.62). The vast majority (109/125, 87.2%) also
rated the amount of time they spent on the virtual patient case
to be optimal.
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Figure 3. Feedback on the virtua reality (VR) app Rheumality. Overal rating (range 0-10) on the VR app divided into four different professional
subgroups (A) and age subgroups (C). Recommendations of the VR app in the four different professional subgroups (B) and age subgroups (D) on a
scaleof 0 (not at all) to 4 (definitely). In the boxplots, crosshars represent medians, whiskers represent the 5th-95th percentil es (points bel ow the whiskers
are drawn as individual points); the box always extends from the 25th to 75th percentiles (hinges of the plot). HC: health care professionals.
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age subgroups

Knowledge Dissemination by the VR App

When asked whether the presentation of the pathologic bone
formation improved disease understanding, 120 of the 125
participants (96.0%) answered “yes” In addition, 124 of the
125 participants (99.2%) stated that the way the disease was
represented by the VR app was helpful for gaining a better
understanding of the disease. Similarly, 123 of the 125
participants (98.4%) stated an interest in obtaining additional
tutorials including new case studies or for other rheumatic
diseases.

Feedback on Potential Areas of Application

When asked about further prospects of application, 123 of the
125 participants (98.4%) thought that the devel oped VR concept
based on real medical histories and imaging data could have a
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positive influence on teaching IA and rheumatology. In
accordance with this, 118 of 125 participants (94.4%) were of
the opinion that a VR app could be successfully used for
teaching about A and rheumatology. In addition, 51 of the 125
participants (40.8%) saw potential for the app in research, 95
of 125 (76.0%) saw potential for patient education, and 98 of
125 (78.4%) saw potential for training of health professionals.

Harms

One study participant reported nausea and had to stop the VR
experience after 6 minutes.

JMIR Serious Games 2021 | vol. 9| iss. 2 |e23835 | p.118
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Discussion

Principal Findings

This study demonstrated that a broad professional audience
considers an educational VR app (called Rheumality) based on
real patient datato have potential for knowledge transfer about
IA. The combination of medical history and image datafor the
sameindividual convinced thelarge majority of the participants
of the educationa benefit of the app. Interestingly, the
acceptance of thisteaching approach was evident across all age
groups and was independent of medical education. Thus,
physicians, researchers, and health care professionals working
inthefield of rheumatology, aswell as medical students, would
accept and recommend thisteaching format asagood knowledge
transfer tool. Besides the high acceptance, we also found that
the VR app seems to be a safe educational tool, since only one
participant had to stop the VR experience due to nausea. With
regard to further fields of application, a considerable majority
of the participants stated that VR technology has potential for
broader areas of implementation. A substantial percentage of
the participants could imagine that, in addition to classical
teaching and training aspects, patient education could also be
apromising field of application.

Traditional teaching approaches based on textbooks or online
texts are successful in transmitting knowledge, but theintuitive
depiction of 3D imaging reality is limited due to the 2D
characteristic of these teaching tools. Therefore, new teaching
methods focusing on imaging education can be used as an
additional knowledge transfer tool.

Our study shows that many individuals currently consider that
the developed VR concept, which utilizes the latest hardware
and software possibilities, could have a positive influence on
teaching.

There are also varioustechnol ogical developmentsin rheumatic
and muscul oskel etal teaching and patient care (such as mobile
apps or activity trackers) that take this aspect into account
[24,25]. However, to our knowledge, there is no app currently
available that transports 3D imaging of real patients in
combination with actual patient data on a technological VR
basis. Given the recognized importance of IA imaging for
diagnosis, monitoring, and prognosis, such a VR app can be
valuable in the future to reliably train key players of the health
care systemfor clinical routine practice and training to improve
the care of |1A patients [14,26,27].

VR technology (gogglesand V R-ready computers) isbecoming
more and more affordable, immersive, and flexible, leading to
the expectation that its use in teaching purposes may increase
in the coming years [28]. Our study shows that VR apps are
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already technically at such an advanced level that teaching about
IA with VR technology seemsfeasible.

Limitations

The major limitation of our study is that the effect of learning
with this VR app compared with the standard (eg, textbooks)
was not evaluated, which is needed to ultimately demonstrate
its practical usefulness. For this purpose, further studies will
have to be performed in the future. In addition, a specific,
advanced VR app was used in this study, which relied on the
combination of patient data and real imaging data. Therefore,
the results of our survey cannot be transferred to all VR apps.
Further, confirmatory studieswith larger numbers of participants
and more differentiated target audiences, especialy patients,
are necessary to verify and validate our study results. In addition,
the current VR equipment is, compared to traditional teaching
methods, relatively expensive for an implementation in clinical
practice, with costs of several hundred dollars for a powerful
computer and the necessary goggles. Only when acquisition
costs continue to decrease, a comprehensive introduction into
the clinical health care environment will be possible. It would
be useful to perform future studies with additional health care
professionals from several countries to transfer our results to
the international community.

Comparison With Prior Work

VR apps have beeninvestigated in several patientswith different
diseases [16]. However, VR apps have rarely been applied in
the field of rheumatology to date, and this prior work has thus
far been largely patient-focused [17,18]. To our knowledge,
there has been no study specifically evaluating the teaching
potential of VR in rheumatology or 1A until now. The “digital
divide’ is frequently mentioned when assessing new
technologies for a broad audience, meaning that older
individual s seem to experience more difficulty in adopting new
technologies than younger individuals [29-31]. Interestingly,
thetested VR app in this study wasrated positively independent
of age and profession. Furthermore, only a small minority of
participants found the VR experience to be confusing, all of
whom were younger than 41 years. A conclusive judgment on
this matter would be difficult at this point; however, it could be
speculated that this minority of younger users had different
expectations in advance due to their previous experience and
therefore considered the VR concept to be confusing.

Conclusions

Our study showed that novel teaching approaches based on VR
technology are feasible for teaching about IA. The use of VR
apps such as Rheumality enables disease-specific knowledge
visualization and may add a new educationa pillar.
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Multimedia Appendix 1
Video of the developed virtua reality app for knowledge transfer on rheumatic and muscul oskeletal diseases.
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Abstract

Background: In affective exergames, game difficulty is dynamically adjusted to match the user’s physical and psychological
state. Such an adjustment is commonly made based on a combination of performance measures (eg, in-game scores) and
physiological measurements, which provide insight into the player’s psychological state. However, although many prototypes of
affective games have been presented and many studies have shown that physiological measurements allow more accurate
classification of the player’s psychological state than performance measures, few studies have examined whether dynamic difficulty
adjustment (DDA) based on physiological measurements (which requires additional sensors) results in a better user experience
than performance-based DDA or manual difficulty adjustment.

Objective: This study aims to compare five DDA methods in an affective exergame: manual (player-controlled), random,
performance-based, personality-performance—based, and physiol ogy-personality-performance—based (all-data).

Methods: A total of 50 participants (N=50) were divided into five groups, corresponding to the five DDA methods. They played
an exergame version of Pong for 18 minutes, starting at a medium difficulty; every 2 minutes, two game difficulty parameters
(ball speed and paddle size) were adjusted using the participant’s assigned DDA method. The DDA rulesfor the performance-based,
personality-performance-based, and all-data groups were developed based on data from a previous open-loop study. Seven
physiological responseswere recorded throughout the sessions, and parti cipants self-reported their preferred changesto difficulty
every 2 minutes. After playing the game, participants reported their in-game experience using two questionnaires: the Intrinsic
Motivation Inventory and the Flow Experience Measure.

Results: Although the all-data method resulted in the most accurate changes to ball speed and paddie size (defined as the
percentage match between DDA choice and participants’ preference), no significant differences between DDA methods were
found on the Intrinsic Motivation Inventory and Flow Experience Measure. When the datafrom all four automated DDA methods
were pooled together, the accuracy of changes in ball speed was significantly correlated with players’ enjoyment (r=0.38) and
pressure (r=0.43).

Conclusions: Although our study is limited by the use of a between-subjects design and may not generalize to other exergame
designs, the results do not currently support the inclusion of physiological measurementsin affective exergames, as they did not
result in animproved user experience. Asthe accuracy of difficulty changesis correlated with user experience, the results support
the development of more effective DDA methods. However, they show that the inclusion of physiologica measurements does
not guarantee a better user experience even if it yields promising results in offline cross-validation.

(IMIR Serious Games 2021;9(2):€25771) doi:10.2196/25771
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Introduction

Affective Exergames

Exercise games (commonly shortened to exergames) are used
to promote enjoyable, intensive exercise in applications such
as weight loss and maintenance [1,2], healthy aging [3], and
motor rehabilitation [4,5]. In such exergames, tailoring the game
difficulty to the player's abilities and preferences can often
improve the user experience, enabling more enjoyable, frequent,
and intensive exercise. Such difficulty adjustment can always
be performed manually by a player via an interface. However,
although manual adjustment is generally accurate, it can cause
interruptionsin game flow, as users must stop playing the game
to adjust difficulty [6]. This has led to the development of
dynamic difficulty adjustment (DDA) methods, wherethe game
assesses the player’s current state and automatically adjuststhe
difficulty to bring the player into a more desirable state.

The simplest and most popular DDA methods are based only
on performance measures (eg, in-game score), which provide
an easily measurable and interpretable indicator of perceived
game difficulty. However, although many studies have shown
the positive effects of performance-based DDA on user
experience[7], performance alone does not necessarily provide
insight into the player's psychological state, for example, a
frustrated player can get ahigh scorein agame without enjoying
it. This has led to the development of affective games, an
emerging type of videogame that adapts difficulty based on a
combination of the player's performance and their psychological
(cognitive and affective) state. This psychological state can be
defined as, for example, the level of anxiety [8,9] or via the
two-dimensional valence-arousal model [9,10] and iscommonly
inferred from measurements such as an electrocardiogram
(ECG), galvanic skin response, and electroencephal ography
(EEG) using automated classification algorithms. Once the
psychological state has been classified, DDA can be performed
using rules such as “if performanceis high and anxiety is low,
increase difficulty.” Thus, incorporating psychological
information allows affective games to potentially achieve more
effective and personalized DDA than performance-based
methods [11].

Affective exergames are most prominent in motor rehabilitation,
where physiological measurements have been used to estimate
psychologica states and adjust the difficulty of exercises for
both the upper [5,12-16] and lower limbs [17,18]; they have
also been used for general exercise enhancement in several
studies [19,20]. However, as affective exergames are more
complex than simple performance-based DDA, the question
arises: doesthe additional cost and complexity result in abetter
user experience?

Do Affective Exergames Improve User Experience?

Asmentioned, in affective exergames, psychological states are
extracted from measurements such as ECG, EEG, and galvanic

https://games.jmir.org/2021/2/e25771

skin response using signal processing and machine learning
techniques. The ground truth for such machine learning is
generally the user’s self-reported state or opinion, for example,
how anxious they are or how they would like difficulty to be
adjusted [8,11,21]. The accuracy of DDA isthen estimated as
the percentage of times that the affective exergame makes the
same DDA decision (based on the extracted psychological state)
as the user would. This accuracy is never perfect; however, to
justify the use of affective games, affective DDA should reach
a higher accuracy than performance-based DDA and result in
a better user experience than performance-based DDA.

Many studies in both affective exergaming and other fields of
affective computing have shown that the addition of
physiological measurements allows for a more accurate
classification of the player’s psychological state compared with
using only performance measurements [12,17,22-24].
Furthermore, some studies have shown that affective exergames
that perform DDA based on physiological measurementsachieve
a positive user experience [5,13-15]. However, there is little
evidence that the user experience achieved with affective
exergamesis better than that achieved with a performance-based
exergame in the same context. To the best of our knowledge,
only one study has examined this difference and has found that
an affective exergame was more engaging than an equivalent
performance-based exergame [14]. Even outside affective
exergaming, the evidence in favor of affective DDA islimited,
with afew studies in entertainment games showing better user
experience with affective DDA than performance-based DDA
[8] and a few studies showing a better user experience with
affective DDA than manual (user-guided) DDA [25,26],
although the user’s decisions are frequently used as the ground
truth for training affective DDA.

Thislack of evidence showing that affective technologiesresult
in a better user experience than simpler technol ogies has been
acknowledged as a significant issue in affective computing
[27,28], as calculating the accuracy of psychologica state
classification or demonstrating a positive user experience with
affective DDA may not be enough to show the superiority of
affective technologies. For example, our own Wizard of Oz
studies in affective games have shown that, athough user
psychologica state classification accuracy is correlated with
user experience, the relationship between the two is complex
and nonlinear [29,30]. Furthermore, studies from other fields
of human-machineinteraction indicatethat offline classification
accuracy does not dwaysstrongly correl ate with user experience
or even with real-time (dynamic) classification accuracy [31,32].
Thus, lessonslearned from offline classification studies cannot
be directly transferred to physiology-based DDA. The state of
the art in affective exergaming can be summarized as follows:
there is evidence that affective exergames result in a positive
user experience and that physiology-based psychological state
classification is more accurate than performance-based
psychological state classification. However, thereisvery limited
evidence that physiology-based DDA (used in affective
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exergames) results in a better user experience than
performance-based DDA (used in simpler exergames).
Additional evidence in this regard is needed to justify the
broader adoption of affective exergames.

Goal of the Study

This study aimsto evaluate the user experiencein an exergame
where DDA is performed using one of five methods. manual,
random, performance-based (PE),
personality-performance—based (PEPE), and
physiology-personality-performance—based (all-data). The last
three DDA methods were based on classifiers developed for
offline psychological state classification in our previous study
[33]. In this study, these classifiers were connected to if-then
difficulty adjustment rules and used as a basis for DDA. The
research questions were as follows:

« Research question 1: do the PEPE and all-data methods
result in a better user experience than the PE method? The
all-data method can be considered an affective exergame,
and the all-datawith PE comparison thus represents adirect
comparison of affective and performance-based exergames.
In our previous study, including personaity and
physiological measurements increased psychological state
classification accuracy compared with using only
performance measures [33], but this is not guaranteed to
result in a better user experience. The inclusion of
personality characteristics was considered separately
because tailoring DDA to personality may improve user
experience without additional sensors[34];

« Research question 2: do manual and random DDA result
in the best and worst user experience, respectively? The
user's preference is commonly used as theground truth for
training DDA algorithms in affective games [8,11,21], so
manual DDA should result in a very positive user
experience. At the same time, some studies have shown
better user experience with physiology-based DDA than
with manual DDA [25,26]. Random DDA should result in
apoor experience but isincluded as a baselineg;

« Research question 3: isuser experience positively correlated
with the accuracy of psychological state classification
during gameplay? Our previous Wizard of Oz [29,30]
studies and others' studies [28] indicated a correlation
between the two, but the nature of thisrelationship in actual
games remains unclear.

https://games.jmir.org/2021/2/e25771
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Methods

Overview

This paper describes a comparative evaluation of five DDA
methodsin an affective exergame. Three of these methodswere
devel oped based on datarecorded in aprevious study [33]; thus,
we briefly refer to a previous study for better understanding.
Both studies were approved by the University of Wyoming
Intitutional Review Board (protocol no 20190822DN02495).

Thissection isdivided into five subsections. Thefirst subsection
presents the exergame used for DDA evauation, which is
identical for both studies. The second subsection describes the
different measurement types used as a basis for DDA, which
were nearly identical for both studies. The third subsection
summarizes the previous study used to train the DDA methods
for this study (described in detail in our previous paper [33]).
The fourth subsection presents the study protocol. Finaly, the
fifth subsection presentsthe outcome variablesand dataanalysis
performed to compare the five DDA methods in this study.

Exergame

An exergame version of Pong was reused from our previous
research, originally intended for two-player rehabilitation
exergaming [35,36], and a single-player version was created
for our previous open-loop study [33]. It consists of 2 paddles
and a ball on a board. The participant controlled the bottom
paddle, while the top paddle was controlled by a computer
opponent. If the ball passed either player's paddle, the other
player would score a point, and the ball would start moving
again from the middle of the screen. The player moved their
paddle left and right by tilting the Bimeo (Kinestica) arm
tracking device left and right with their dominant hand. The
game was played on a21-inch screen, with the partici pant seated
approximately 60 cm from the screen. A photograph of this
study setup is shown in Figure 1.

The game difficulty can be adjusted using two parameters: ball
speed and paddle size. Although the game allows the
participant’'s and opponent’s paddle sizes to be changed
independently, the evaluated DDA methods always changed
the 2 paddles simultaneously and identically so that the
participant’s paddle was never larger or smaller than that of the
computer opponent. The DDA methods used in this study were
based on multiple measurements, with the decision-making
rules trained based on data recorded in a previous study, as
described in the following sections.
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Figure 1. A participant playing the exergame (on the screen) using the Bimeo device (right hand) while wearing the different physiological sensorson

the head and nondominant hand. The eye tracker is visible below the screen.

M easurements Used asthe Basisfor DDA

A total of 3 data types were recorded and used as a basis for
DDA: physiological responses, performance, and personality
characteristics. Physiological responses and performance were
recorded continuously during gameplay and thus varied as the
difficulty of the game changed. Personality characteristicswere
collected using questionnaires at the start of the session (after
the researcher demonstrated the game but before participants
played it) and did not change during gameplay but were
expected to influence the participant’s DDA preferences.

The physiological recording process wasidentical in this study
and our previous open-loop study [33] so that the previous data
could be directly used to create the DDA methods; parts of the
text in this section and Multimedia Appendix 1 are thus
rephrased from the previous paper.

Physiological Signals

This study used 2 g.USBamp signal amplifiers and associated
sensors (g.tec Medical Engineering GmbH) to measure six
physiologicad  signals.  8-channel EEG, 2-channel
electrooculogram, ECG, respiration, galvanic skin response,
and skin temperature. A seventh physiological signal, point of
gaze, was recorded using a GP3 eye tracker (Gazepoint). The
sensorsused are shown in Figure 1. Detailed information about
the measurements is available in Multimedia Appendix 1 but,
in brief, they were performed as follows:

https://games.jmir.org/2021/2/e25771
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» EEG was recorded from 8 locations based on the 10-20
placement system [37]: AF3, AF4, F1, F2, F5, F6, C1, and
C2. Feature extraction methods included the lateral power
spectrum density [38] and dispersion entropy [39].

»  Electrooculogram was recorded from 2 channelsreflecting
up-down and left-right eye movements. The extracted
features were based on its first derivative. In addition, it
was used to denoise the EEG signals.

« ECG was recorded using 4 electrodes on the trunk.
Extracted features included heart rate and time- and
frequency-domain estimates of heart rate variability [40].

»  Respiration was recorded using a thermistor-based sensor
infront of the nose and mouth. Extracted featuresincluded
respiration rate and time-domain estimates of respiratory
rate variability.

»  Theskintemperature was recorded using a sensor attached
to the little finger of the nondominant hand. Extracted
featuresincluded the mean temperature and changesin skin
temperature across time.

»  Galvanic skin response was recorded by attaching a sensor
to the index and middle fingers of the nondominant hand.
Featureswere extracted from both the tonic (low frequency)
component and the phasic skin conductance responses[41].

»  From the eye tracker data, the extracted features included
the size of each pupil and the mean gaze velocity.

Physiological features were normalized by dividing each
calculated feature value by the feature value obtained during
the baseline period.
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Performance

The in-game score was used as the only feature to assess
participants' performance. It was defined as the difference
between the participant’s score and the computer opponent’s
score.

Personality Characteristics

Participants completed four personality questionnaires: the
Learning and Performance Goal Orientation measure [42], the
Behavioral Inhibition and Activation Scales [43], the
Self-Efficacy Scale[44], and the 10-1tem Personality Inventory
[45]. Questionnaire detail sare provided in Multimedia A ppendix
1

Summary of the Previous Study

In our previous study [33], 30 healthy university students (mean
24.2, SD 4.4 years; 11 women) participated in a1-hour session.
Physiological signalswerefirst recorded for a2-minute basgline
period, during which participants were instructed to relax,
remain motionless, and ook at the computer screen. Then, nine
game difficulty configurations consisting of combinations of
three possible ball speeds (slow, medium, and fast) and three
possible paddle sizes (small, medium, and large) were played
in random order for 2 minutes each. After each 2-minute
interval, a short questionnaire was filled out to assess the
perceived difficulty, enjoyment, and two subjective preferences
about game difficulty (desired change to ball speed and paddie
size). Participants had seven options for perceived difficulty
and enjoyment (1 for very low and 7 for very high) and five
options for how they would like to change each difficulty
parameter, ranging from a decrease by two levels (-2) to an
increase by two levels (+2). The order of game difficulty settings
was preset randomly for each participant, and the participant’s
desired changesto the ball speed and paddle size did not actually
affect the game.

The study protocol resulted in a data set with two outputs
(desired changes to ball speed and paddle size) and 64 input
features calculated during 2-minute gameplay periods: the
physiological, personality, and performance features described
in Multimedia Appendix 1. Multiple classifierswere devel oped
to categorize the two subjective difficulty adjustment preferences
into three classes: increase (+1 and +2), no change (0), and
decrease (-1 and —2). Separate classifiers were devel oped and
evaluated for ball speed and paddle size, and separate classifiers
were trained for different combinations of the three recorded
data types (Multimedia Appendix 1). These classifiers were
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separated so that a classifier did not have access to the results
of another classifier (eg, the ball speed classifier did not have
accessto the results of paddle size classification and vice versa);
however, they were dill trained on data from the same
participants and gameplay periods, and all had accessto current
ball speed and current paddle size (as the current game state
would be redlistically available to any classifier). In all cases,
stepwise forward feature selection [46] with an inclusion
threshold of P=.05 wasfirst used to select a subset of features.
Thisreduced subset was then used to train four classifier types,
of which multiple linear regression resulted in the highest
classification accuracy and was thus chosen for this study.

Study Protocol for Comparison of DDA Methods

This study compared five DDA methods using the same study
setup and a protocol similar to the open-loop study. A total of
50 hedlthy university students (mean 25.1, SD 5.9 years; 13
women; 5 left-handed) participated in the study, with 10
assigned to each DDA method. The 5 participant groups went
through the same study protocol, which differed only according
to the DDA method they were assigned to. Participants were
not told which method they were assigned to and had no way
of identifying it.

After signing the consent form, filling out the four personality
guestionnaires, putting on the physiological sensors, and
recording the responses for a 2-minute baseline period (same
as in the Summary of the Previous Study section), participants
started to play the game with a medium difficulty level (speed
level 3 in arange of 1-6 and paddie size 2 in arange of 1-4).
Every 2 minutes, the game was paused, and participants filled
out a short questionnaire to report their perceived difficulty,
enjoyment, and the way they would like to change the game
parameters (same as in the Summary of the Previous Sudy
section). Participants were allowed to ask for longer breaksin
case of dizziness or arm fatigue; however, this only happened
after a2-minuteinterval among all 50 participants, and dizziness
and fatigue were not otherwise tracked. Once the participant
was ready to continue, the difficulty level was adjusted by
changing the ball speed and paddle size using the DDA method
to which the participant was assigned. In all DDA methods, the
ball speed and paddle size were adjusted independently of each
other. All participants played the gamefor atotal of 18 minutes
(nine 2-minute intervals, with difficulty adjustment after each
interval) and then completed two outcome questionnaires (see
the Outcome Variables and Data Analysis section) to complete
the study protocol. The protocol is summarized in Figure 2.

Figure 2. Summary of the study protocol. All participants first completed the personality questionnaires, rested for a 2-minute baseline period, then
went through nine 2-minute gameplay intervals (game 1-9), with ashort questionnaire after each. Physiol ogical measurementswere recorded throughout
the baseline and gameplay and separated into 2-minute intervals for analysis. At the end, participants filled out the final outcome questionnaires. FQ:

final questionnaire; PQ: personality questionnaire; SQ: short questionnaire.

| PQ | Baseline| Game 1| SQ | Game2| SQ | | SQ | Games| SQ | Gameo| FQ |

2 minutes 2 minutes
-
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Asmentioned earlier, the participant groups differed according
to the DDA method; in total, five methods were used:

1 Manua adjustment: the ball speed and paddle size were
adjusted based on the participant’s preferences expressed
in the short questionnaire. For each parameter, they had
three options: increase by 1 level, no change, and decrease
by 1 level.

2. Random adjustment: for both ball speed and paddle size,
one of the three options available to the manual method
(increase, no change, or decrease by onelevel) was chosen
entirely randomly.

3. PE method: the ball speed and paddle size were adjusted
based on three features: the current ball speed, current
paddle size, and the in-game score achieved by participants.
To perform the adjustment, two multiple linear regression
models were trained based on data from a previous study
using the three features as the inputs and the adjustment to
the ball speed and paddle size as outputs (the exact
regression coefficients are presented in Table Al in
Multimedia Appendix 1). The output of each regression
model was converted to discrete classes and used to perform
difficulty adjustment: increase by 1 level (output of model
above 0.5), no change (output between —-0.5 and 0.5), and
decrease by 1 level (output below —0.5).

4. PEPE method: theball speed and paddle size were adjusted
based on multiple features selected among current game
difficulty, in-game scores, and personality characteristics.
The adjustment was performed using two regression-based
classifiers, as with the PE method, but trained using both
performance and personality data. A mix of personality
characteristics from all four questionnaires was included
inthe classifiers, with only self-efficacy and agreeableness
included in both classifiers (exact regression coefficients
arepresented in Tables A2 and A3 in Multimedia Appendix
1).

5. All-data method: the ball speed and paddle size were
adjusted based on multiple features sel ected among current
game difficulty, in-game score, personality characteristics
(eg, extroversion), and physiological responses (eg,
respiration rate). Adjustments were made using two
regression-based classifiers developed based on data from
a previous study. For both ball speed and paddle size
classifiers, the first two selected features were from skin
temperature and respiration, and multiple EEG featuresand
multiple personality characteristics were selected (exact
regression coefficients are presented in Tables A4 and A5
in Multimedia Appendix 1).

Among the five DDA methods, only the manual method took
the participants preferences regarding game difficulty into
account. Furthermore, limits were put in to ensure that the ball
speed and paddle size did not exceed the preset limits.
Specifically, if a DDA method's decision would have caused a
parameter to exceed a minimum or maximum value (1-6 for
ball speed; 1-4 for paddle size), it instead stayed at that extreme
value.

https://games.jmir.org/2021/2/e25771
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Outcome Variables and Data Analysis

The primary outcome of the study was the effect of different
DDA methods on user experience. In addition, two secondary
analyses were performed. First, the closed-loop classification
accuracy was calculated for the 50 participants and correlated
with the user experience. Second, the classifiers were retrained
on the data from the 50 participants using the same methods as
in the previous study.

Effect of DDA Methods on User Experience

The effect of the different DDA methods on user experience
was assessed using two self-report questionnaires at the end of
the 18-minute gameplay period: the Intrinsic Motivation
Inventory (IMI) [47] and the Flow Experience Measure (FEM)
[48]. The IMI is an 8-item questionnaire that assesses
effort/importance, perceived competence, interest/enjoyment,
and pressure/tension with two items per assessed variable. The
same version was used in our previous exergaming research
[35,36]. The FEM assessesasingle, variableflow, using 8items.
This resulted in 5 outcome variables in total, which were
compared between the methods using two-tailed two-sample t
tests. Intrinsic motivation and flow are perhaps the two most
commonly eval uated short-term outcomes of serious gamesand
exercise[6,19,23,25,44,47] and were thus considered appropriate
for this study.

Accuracy of Speed and Paddle Size Changes

Inthisstudy, three DDA methods (PE, PEPE, and all-data) used
regression-based classifiers developed based on data from a
previous study [33]. Their accuracy was defined as the
percentage of agreement between the classifier's opinion and
the participant’s preference for changesin ball speed or paddie
size (measured via the short questionnaire after each 2-minute
gameplay interval). This accuracy was expected to correlate
with user experience when the classifier was used as abasisfor
difficulty adjustment. In a previous study, the all-data method
resulted in the most accurate classification, whereas PE resulted
in the least accurate classification; however, the accuracies in
this study may be different for multiple reasons. For example,
the range of ball speeds in this study was wider than in the
previous study, and new situations, even within the same
scenario, may induce ungeneralizable physiological responses,
significantly reducing classification accuracy [27]. Simply
having new participants may a so reduce classification accuracy,
although this was expected to have a smaller influence as
participants in this and previous studies were drawn from the
same broad pool. Thus, the classification accuracy was
recalculated for each DDA method using data from this study.

To determine whether the accuracy of changes in ball speed
and paddl e size was correlated with user experience, Spearman
correlation coefficients were calculated between each
participant’s accuracy of ball speed and paddle size adjustments
and the IMI and FEM outcomes. This was done across 40
participants; the manual group was dropped because they all
had an accuracy of 100%.

Classifier Retraining and Validation
As mentioned in the previous subsection, we expected that the
accuracy of thethree classifiersused for the three DDA methods

IMIR Serious Games 2021 | vol. 9 | iss. 2 [e25771 | p.128
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

(PE, PEPE, and all-data) would not be the same in this study
asit wasin the previous study [33]. Although the data collection
in this study was performed with prebuilt classifiers, these
classifiers could be retrained offline after the data collection
conclusion to determine whether the all-data method is still the
most accurate if validated on the new data.

To perform this training and revalidation, three combinations
(PE, PEPE, and all-data) of the three data types (physiology,
performance, and personality characteristics) from 80
participants (30 from a previous study and 50 from this study)
were used asinputsto train classifiersthat categorize perceived
difficulty, enjoyment, desired changeto ball speed, and desired

Table 1. Defined ranges for retraining the three-class classifiers.

Darzi et a

change to paddle size (obtained from the short questionnaire)
into three classes. low/decrease, mediunvno change, and
high/increase. Reference output values for all classifiers were
obtained from the short questionnaire, and Table 1 presentsthe
selected reference ranges of the short questionnaire answersfor
each class and variable. These ranges were chosen to provide
the most even possible spread of samples among the three
classes for each variable (although an even spread was not
always feasible because of biases in the data). The current ball
speed and paddl e size were added to all input data combinations
because they indicate the current game state and are available
to any practical model.

Class Difficulty Enjoyment Speed change Paddle size change
Low
Range 1to2 lto4 -2to-1 -2to-1
Sample, n 180 246 62 151
Medium
Range 3to5 5 0 0
Sample, n 364 184 303 368
High
Range 6to7 6to7 1to2 lto2
Sample, n 176 290 355 355
To reduce the number of features before classification, stepwise Results

forward feature selection [46] with an inclusion threshold of
0.05 was used to find the most informative set of features. Then,
to classify the input data, four different classifierswere used: a
support vector machinewith alinear kernel, linear discriminant
analysis, ensemble decision tree, and multiplelinear regression.
The classifiers were validated using 10-fold cross-validation
(72 participants data used to train and 8 participants data to
validate the classifier; the procedure was repeated 10 times with
each participant in the validation data set once).

https://games.jmir.org/2021/2/e25771

Effects of DDA Methods on User Experience

All extracted features and questionnaire results are available in
Multimedia Appendix 2. Figure 3 shows the five outcomes of
the IMI and FEM for al five DDA methods, presented as a
violin plot of the 10 participants assigned to each method. The
outcomes of the IMI and FEM were compared between different
DDA methods using two-tailed two-sample t tests; however,
only one difference was significant: pressure/tension was higher
in the all-data method than in the random method (P=.04).
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Figure3. Vialin plot of postexperiment self-report questionnaire outcomes. all data: based on physiology, personality, and performance. Each participant
isindicated as a dot. The first four questionnaire outcomes have a possible range of 2-14, whereas flow has a possible range of 8-40. PE: adjustment
based on performance; PEPE: adjustment based on personality and performance.
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Dynamic difficulty adjustment method

Classifier Accuracy and Retraining

Table 2 showsthe accuracy of each DDA method in the dynamic
prediction of the participants desired changes to the game
difficulty parameters. Accuracy was calculated by comparing
the classifier's prediction and the participants’ preference
expressed on the short questionnaire after all 2-minuteintervals.
The manua method trivially achieves 100% accuracy because
it uses the participants answers as a basis for difficulty
adjustment. Among the other four methods, the all-datamethod

Table 2. Prediction accuracy of changes to the game difficulty parameters.

was the most accurate for predicting the desired adjustmentsto
ball speed and paddie size.

Figure 4 depictsthe ball speed and paddle sizefor nine 2-minute
intervals of each DDA method.

Table 3 presents the accuracies of three-class classification of
thefour answersto the short questionnaire when retraining and
validating the classifiers using three combinations of input data
types obtained from 80 participants. Combining all data types
(all-data) resulted in the most accurate classifiers.

Difficulty parameter

Difficulty adjustment method (%)

Manual Random PE2 PEPE® All-date®
Ball speed 100 325 B53.7 43.7 62.5
Paddle size 100 41.2 46.2 335 55.0
@Based on performance.

bBased on personality and performance.
®Based on physiology, personality, and performance.
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Figure4. Ball speed (left) and paddie size (right) of five dynamic difficulty adjustment methodsfor nine 2-minute gameintervals across 10 participants.
Error bars indicate 95% CI. PE: based on performance; PEPE: based on personality and performance; all data: based on physiology, personality, and

performance.
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Table 3. Mean three-class classification accuracies for different combinations of input data modalities.

Input data Outcome variable (%)
Difficulty Enjoyment Speed change Paddle size change
PE2 62.4 (S9) 50.2 (L) 64.6 (E% 55.8 ()
PEPE® 62.5(S) 50.7 (S) 62.9 (S) 50.9 (R')
All-data 64.2 (S) 50.7 (S) 62.6 (E) 617 (R)
@3 ased on performance.

bs: support vector machine.

CL: linear discriminant analysis.

9E: ensemble decision tree.

®Based on personality and performance.
R: multiple linear regression.

Correlation Between Classifier Accuracy and User
Experience

Finally, Table 4 presents the Spearman correlation coefficients
of the outcomes of the IMI and FEM questionnaires and the

https://games.jmir.org/2021/2/e25771

RenderX

accuracy of ball speed and paddle size adjustments across all
DDA methods except manual (where it was always 100%).
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Table 4. Spearman correlation coefficients between user experience indicators and accuracy of difficulty adjustments.

User experience aspect Difficulty parameter

Ball speed Paddle size
Coefficient P vaue Coefficient P value
Effort/importance 0.27 .09 -0.14 37
Enjoyment/interest 0.38 .01 -0.10 51
Competence 0.16 31 -0.03 .84
Pressure/tension 0.43 .005 -0.04 81
Flow 0.30 .06 -0.05 a7
Discussion et al [9]) also may not find an improvement in user experience

Practical Implications

No differences were observed between the DDA methods. The
exception was higher pressure/tension with the all-data method
than with the random method, which was expected asthe al-data
method resulted in greater difficulty (Figure 4); similar higher
pressure/tension as a result of adaptation versus no adaptation
has been observed in our previouswork [35]. Although we shall
discuss the limitations of this study later, we first discuss the
practical implications of the results.

Astherewas no clear benefit to the all-data method, our results
do not support the use of physiologica measurements for
affective exergaming in practical environments. Physiological
sensorsare expensive, time-consuming, and inconvenient; thus,
they should not be used unless they show a clear benefit. This
result disagrees with the study of Xu et a [14], which found
positive effects of physiology-based DDA, but it is difficult to
compare the 2 studies because of significant methodological
differences; for example, the Xu study had only three difficulty
levelsin total. At first, the result also appears to disagree with
aprevious study by Liu et a [8], which found positive effects
of physiology-based DDA in an entertainment game. However,
Liu et a [8] also did not find significant differences between
physiology-based DDA and performance-based DDA based on
outcome measures obtained at the end of the session; they were
only ableto show adifference because outcome measureswere
also obtained at multiple time points during gameplay itself,
and those midgame outcomes were significant.

The prediction accuracy of changes to game difficulty
parameters was higher with the all-data method than &l other
automated methods (Table 2), so theinclusion of physiological
measurements did increase accuracy. For example, the
accuraciesfor ball speed and paddie sizewere 62.5% and 55.0%
with the all-data method compared with 53.7% and 46.2% with
the PE method, respectively. The difference in accuracy may
have been too low to improve the user experience meaningfully.
Our previous Wizard of Oz study, for example, found that users
did not reliably perceive a difference between psychological
state classification accuracies that differed by less than 10%
[30]. Thus, other games where adding physiological
measurements increased DDA accuracy by less than 10%
(including our own previouswork [12] and the work of Chanel

https://games.jmir.org/2021/2/e25771

as aresult.

As seen in Table 4, the accuracy of DDA correlated with user
enjoyment/interest (r=0.38; P=.01) when the four nonmanual
DDA groups were pooled together. This result agrees with our
previous research [29,30] and with studies from other authors
[28]. Thus, our study supports the value of more effective,
personalized DDA methods; it simply does not support the
premisethat physiology-based DDA will be more effectivethan
performance-based DDA.

Finally, a follow-up analysis was conducted to identify any
clear patterns in when and how the DDA methods made
mistakes. A clear pattern was observed: all DDA methodswere
more accurate at extreme difficulties (eg, very high/low paddie
sizes) than at moderate difficulties. This is, in our opinion,
unsurprising: when the difficulty is set to an extreme level, the
correct choice is very likely to be moving away from the
extreme. However, when difficulty is moderate, the correct
choice is more dependent on the individual player.

Differencesin Classifier Performance

Three DDA methods used classifiers that were trained on data
from a previous open-loop study [33]. Studiesfrom other fields
of human-machine interaction have shown that classifiers that
perform well in an offline, open-loop setting may not perform
equally well in an online, real-time setting where they are used
to influence machine behavior [31,32]. Thus, although our
primary research focus was on user experience, we were also
interested in whether the previoudly trained classifiers would
exhibit lower accuracy in this study. Indeed, the accuraciesin
this study (Table 3) were lower than those in the previous one.
For example, in the previous study, the all-data method resulted
in a classification accuracy of 84.1% for both ball speed and
paddie size preferences [33]; in this study, the accuracies were
62.5% for ball speed and 55% for paddie size. As avalidation
step, wereran the classification offline (post hoc) to ensurethere
was no bug with real-time processing; thisresulted in the same
results as during the data collection sessions.

We believe that the primary reason for the decrease in
classification accuracy is the difference in the experienced
situations. In a previous study [33], participants were exposed
to three different ball speeds and three paddle sizes. In this
study, participantswere exposed to six different ball speedsand
four paddle sizes. This is partially a weakness of our study
design; however, in redistic applications, psychologica state
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classification algorithms would inevitably be exposed to
situations not seen in the training data. Asafollow-up analysis,
we retrained and evaluated the same types of classifiers using
datafrom all 50 participantsin this study and the 30 participants
from the previous one (80 participants in total). As shown in
Table 3, thisaso resulted in lower accuracies than those in the
previous study [33], and we again believe that the primary
reason for the difference was the broader range of experienced
situations.

Nonethel ess, as another practical implication, thisresult suggests
that psychological state classification accuracies obtained during
offline classifier training on previously recorded data may not
transfer to a real-time DDA context. Thus, although a higher
DDA accuracy correlates with user experience (Table 4), any
exergame studies that only show differences in offline
classification accuracy (including our own previous work [33])
should betaken with agrain of salt because these offlineresults
are not guaranteed to have practical benefits when applied to
DDA.

Could Other Study Designs Be More Sensitive?

Asour study did not show differencesin user experience among
the DDA methods, we must ask whether other study designs
would be more sensitive to these differences. Indeed, an intuitive
follow-up study would be to test the same DDA methodsin a
within-subjects design, with each participant experiencing
multiple DDA methods. Xu et a [14] and Liu et a [8] found
differences in user experience between physiology-based and
performance-based DDA, both of which used awithin-subjects
design, similar to our previous Wizard of Oz study [30]. Inthis
study, we opted for a between-subjects design so that
participants could experience their assigned DDA method for
alonger amount of time; using multiple DDA methods would
have resulted in much longer sessions. However, we
acknowledge that this is not necessarily optimal.

Instead of a within-subjects design, it would also be possible
toincreasethe samplesize. The 10 participants assigned to each
DDA method in this study constitute a relatively small sample
size that may have been insufficient to find differences even if
they did exist. We originally envisioned a larger sample size;
however, data collection was carried out in early 2020 and then
interrupted by the COVID-19 pandemic, forcing us to limit
ourselves to the collected 50 participants.

Finally, in addition to a within-subjects design and/or a larger
sample size, additional qualitative data could have been
collected. For example, players could have been asked
open-ended questions about their experiences. This data
collection was done in the study by Liu et a [8], where
participants reported lower anxiety with physiol ogy-based DDA
in open-ended questions but did not report lower anxiety on
postgame forced-choi ce questionnaires. Although no systematic
qualitative data collection was performed in this study, we
mention an experimenter observation: although participants did
not know which DDA method they had been assigned to, some
appeared to haveinitial biases (eg, whether useful information
can be extracted from physiology), and some attempted to
determine whether their physiology influenced the system by,
for example, breathing rapidly. This is in line with previous
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publications about participant bias and bidirectional relationships
in affective computing [27,28] and may warrant further
investigation.

Limitations of the Used Exergame

Finally, the results of our study do not necessarily generalize
to al affective exergames. We believe that the choice of
three-class classification followed by increasing or decreasing
or not changing difficulty is not controversial, as it represents
aclassic approach to affective gaming [21]. However, our study
adjusted two difficulty parameters (ball speed and paddle size)
simultaneously, and the results may not be generalizable to
gameswhere only asingle difficulty parameter ischanged, such
asinthework of Liu et a [8]. Furthermore, our study changed
difficulty in relatively small steps, and our results may not
generdlize to games where a single DDA decision may
immediately change the difficulty to a very high or very low
level, such asin the work of Xu et a [14].

In addition, our study is based on the classic affective gaming
approach of classifying difficulty based on prerecorded data
and then adapting it at a constant frequency without user input
[21]. Thus, it may not generaize to designs where DDA is
adapted with a variable frequency, although such designs are
not yet common in affective computing; it also may not
generalize to designs where users can provide feedback about
DDA decisions, potentially increasing future accuracy. For
example, reinforcement learning, which remains largely
unexplored in affective exergames, could be used for this
purpose—users could give rewards for correct DDA decisions,
gradually leading to a more positive user experience.
Furthermore, the results may not generalize to designsthat omit
classification entirely and use other schemes, such as fuzzy
control [5] or random forest—based regression [16].

Finally, different results might be obtained in the same scenario
using different data analysis methods. For example, improved
physiological feature extraction and classification may increase
theaccuracy of physiology-based DDA, resulting in animproved
user experience in the same setting; conversely, improved
performance feature extraction may also increase the accuracy
of performance-based DDA. If we were to reuse the data for
further research, we would likely first investigate aternatives
to stepwise feature selection, which has potential issues and
may not select the optimal subset of features [49]. As a
follow-up anaysis, we retrained and evaluated the same
classifiers with two different feature reduction methods
(principal  component analysis and the lasso method,
recommended by an article critiquing stepwise methods [49])
but did not find an improvement in classification accuracy asa
result of these methods.

Conclusions

Five aspects of user experience were compared among five
DDA methods of aPong exergame: manual, random, PE, PEPE,
and all-data. Thelast three methods adjusted the ball speed and
paddle size in the game using regression-based classifiers
developed in aprevious (open-loop) study with 30 participants.

Though the all-data method exhibited the highest user state
classification accuracy (approximately 10% higher than the PE
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method), no significant differences in user experience were
observed among DDA methods. Thus, our resultsdo not support
the addition of physiological measurements to affective
exergames;, as such measurements are expensive and
time-consuming, they should only be added if they meaningfully
improve user experience. The study found that user experience
was correlated with user state classification accuracy, thus
supporting the development of more effective DDA methods,
which simply does not support the notion that additional

Darzi et a

The study results are limited by a somewhat suboptimal study
design: each participant experienced only one DDA method,
and a within-subjects design in which participants experience
multiple methods may find positive effects of more complex
DDA methods on user experience. Nonetheless, few studies
have examined the relative effects of physiology-based DDA
on user experience, and our study thus adds to the limited body
of evidence on the effects of physiological measurements in
affective games on user experience.

measurements will automatically improve the user experience.
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Abstract

Background: Specific learning difficulties (SpLD) include several disorders such as dyslexia, dyscalculia, and dysgraphia, and
the children with these SpLD receive specia education. However, the studies and the educational material so far focus mainly
on one specific disorder.

Objective: This study’s primary goal is to develop comprehensive training materia for different types of SpLD, with five
serious games addressing different aspects of the SpLD. The second focus is measuring the impact of adaptive difficulty level
adjustment in the children’s and their educators' usability and technology acceptance perception. Receiving feedback from the
children and their educators, and refining the games according to their suggestions have also been essential in this two-phase
study.

Methods: A total of 10 SpLD educators and 23 children with different types of SpLD tested the prototypes of the five serious
games (ie, Word game, Memory game, Category game, Space game, and Math game), gave detailed feedback, answered the
System Usability Scale and Technology Acceptance Model (TAM) questionnaires, and applied think-aloud protocols during
game play.

Results: Thegames standard and adaptive versionswere analyzed in terms of average playtime and the number of false answers.
Detailed analyses of the interviews, with word clouds and player performances, were also provided. The TAM questionnaires
average and mean values and box plots of each data acquisition session for the children and the educators were also reported via
System Usability Scale and TAM questionnaires. The TAM results of the educators had an average of 8.41 (SD 0.87) out of 10
in the first interview and an average of 8.71 (SD 0.64) out of 10 in the second interview. The children had an average of 9.07
(SD 0.56) out of 10 in the first interview.

Conclusions: Both the educators and the children with SpLD enjoyed playing the games, gave positive feedback, and suggested
new ways for improvement. The results showed that these games provide thorough training material for different types of SpLD
with personalized and tailored difficulty systems. The final version of the proposed games will become a part of the specia
education centers' supplementary curriculum and training materials, making new enhancements and improvements possible in
the future.

(IMIR Serious Games 2021;9(2):€25997) doi:10.2196/25997
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Introduction

Specia education is aform of education that is customized to
the needs of children who have adisability, illness, or difficulty.
In the United States, special education is offered in public
schools, and this right is secured by the Individuals with
Disabilities Education Act (IDEA) [1]. IDEA categorizes
disabilitiesand conditions demanding special educationinto 13
types, including autism, attention-deficit/hyperactivity disorder,
and specific learning difficulty (SpLD). A specific learning
impairment (also known as a specific learning disability or
SpLD) isacondition in which children learn specific concepts
at a slower rate than would be expected for their age or
educational level. Learning disability (or learning disorder; LD)
is not associated with SpLD, although it isamedical term used
for diagnosis and is often referred to as LD. To avoid any
misunderstanding, the word SpLD will be used in this study to
refer to specific learning difficulties. SpLD is not linked to
intelligence, which means that children with SpLD may have
average or superior intelligence but learn slower than their peers.
SpLD is divided into five groups by the Learning Disabilities
Association of America as dydlexia (reading disability),
dyscalculia (math disability), dysgraphia (writing disability),
oral and written language disorder and specific reading
comprehension deficit, and nonverbal learning disability.

Dyslexia is the most well-known form of SpLD, and it causes
spelling mistakes, poor reading, and false reading in children.
Children with dyscalculia have difficulties with numbers and
abstract principles such as counting and basic numerical
operations. Misspelling, writing letters in wrong forms, and
writing letters of various sizes in aword are al symptoms of
dysgraphiain children. Oral and written language disorder and
specific reading comprehension deficit affect children’s ability
to articulate and comprehend sentences. Dyspraxia can show
itself in various behaviors, from alack of coordination between
the lips and tongue to problems with handwriting. There is no
agreement on the types of SpLD, and the coverage of SpLD
changes in every country. Since the proposed games in this
study are intended for the Turkish training system and given
that these SpL D types are accepted as SpLD in Turkey [2] and
are suggested by educators in special education centers with
whom the authors collaborated, they are accepted as SpLD types
in this paper. In Turkey, 41,600 people have been diagnosed
with SpLD, and 82% of dyslexic students drop out of school
before attending university. To date, the only verified therapy
for SpLD is specia education. In addition to the regular school
education, children with SpLD attend extra classes taught by
special education teachersin groupsor individually. This special
education can include reading, writing, algebra, developing
motor coordination skills, and language education activities.

Theimpact of gameson children’straining with SpLD hasbeen
discovered recently, and the number of studies on thistopic has
increased. Investigating the influence of daily video game
playing on children with SpLD was the initial research focus
in SpLD research [3]. In a study [4], researchers collaborated
with 20 children with dyslexiato see if video games, Rayman
Raving Rabbids, a promotional Wii video game, influenced
their reading abilities. In another study [5], an app, which
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included six mini-games, was created to diagnose dyslexiain
children aged 6 to 7 years. Each of the gamesin the app tested
adifferent ability such asword forming, syllabic memory, verbal
work memory, auditory memory, and word reading. Teachers
found the app helpful in identifying children with potential
dysdexia and correcting exercises. Nonetheless, the app was
language-dependent, and children should have been ableto read
and write. Another app [6] for screening dyslexia in children
aged 7 to 12 years was also developed to solve the language
dependency. There are also findings in the SpLD literature for
dyscalculia. A serious virtual reality game was created to help
children with dyscalculia learn math [7]. Three separate
scenarios and game playswereincluded in the game, each with
three different difficulty levels. The participants in the study
were 40 students aged 7 to 9 years. The suggested game was
played by half of the children at random, while the other half,
the control group, was handled with the conventional Domino
system. Children who played the proposed game took
substantially less time to fit simple mathematical operationsto
the correct answer when compared with the control group.

In a study performed in Germany [8], a mobile game—based
intervention on syllable stress and literacy was developed for
German children with dyslexia. The study focused mainly on
the design criteria of the game-based intervention, while the
guantitative analysis was planned to be performed on children
by using the mobile game 20 minutes a day, 5 days per week.
Similarly, Sood et a [9] also focused on developing games
where the objectiveswere detecting, monitoring, and managing
dydexia in young children (aged 4-18 years). The study
presented the details of the protocol s and game design principles,
but the gameswere not tested with the control group yet. Flogie
et a [10] developed intelligent game interventions and used
them with 51 children with learning difficulties in the
mainstream Slovenian education system. The results showed
that intelligent game interventions provide personalized
education and can be helpful while designing the specialized
curriculum.

This study is adapted from author OY’s Master’s thesis [11],
supervised by author ES. This study concentrates on serious
games usability and technology acceptance results in the
training of children with SpLD. As previously mentioned,
serious games, or gameswith more than just entertainment value
[12,13], have recently become an important research topic
among researchersinterested in children’s education with SpLD.
To the best of the authors’ knowledge, thisisthefirst systematic
research covering all types of SpLD and measuring the impact
of using adaptive difficulty via quantitative and qualitative
approaches. Thisresearch’s primary aimisto create acollection
of specially developed games for use in special education for
children with any form of SpLD. Usability tests were used to
investigate the potential of this series of games. Another aimis
to demonstrate how the adaptive difficulty system affects
children’s playing experience. An adaptive difficulty framework
was devel oped to assess its impact on children with SpLD. To
that end, five serious games for children with SpLD were
designed and developed. Two of the five games were improved
with an adaptive difficulty system to increase the children’s
experience when playing the games. Children with SpLD and
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their educators evaluated al five games, and their responses to
guestionnaires—System Usability Scale (SUS) [14] and
Technology Acceptance Model (TAM) [15]—and their
comments on the games were classified and analyzed. The
results demonstrated the games' usahility as enhanced training
material in specia education. Both the children with SpLD and
their educators gave highly positive feedback regarding playing
the established games, which was al so repeated on the responses
to the SUS and TAM questionnaires. This study was split into
two parts to implement the children’s and educators
recommendations into the framework and thoroughly analyze
the outcomes.

Methods

Overview

For this study, five different serious games were designed and
developed to train children with any type of SpLD. The details
of the games and their versions are explained in detail in the
following subsections. The games were developed in Unity
(version 2018.3.0f2), a cross-platform game engine that allows
its users to build games in 2D and 3D environments. For this
study, an ASUS Zenpad 8 tablet is used during the data
acquisition so that Unity’s Android device settings were used
during the game development procedure. After the game
development process, the games were tested twice by two
participant groups, including 10 educators and 23 studentswith
SpLD between the ages of 7 and 11 years. During the first
interview with the participant groups, the SUS and TAM
questionnaires were filled by the participants besides applying
the think-aloud methods during game play and answering
open-ended questions after playing the games. After the first
interviews, a rule-based adaptive difficulty enhancement was
added to two of the five games to measure the impact of
adaptivenessin the devel oped serious games. During the second
interview with the children, only open-ended questions and
think-aloud methods were used. For the educators, the same
interview procedure was used as before. Multimedia A ppendix
1 summarizes the prototyping and interview procedures of the
study.

Design Criteria and Themes of the Games

At first, with special educators help, design criteria were
defined to develop games compatible with the children’'s
educational background. Thefirst criterion is about the games
target groups, including children with SpL D who know reading
and writing. Therefore, children’s age was limited to 11 years
since designing a decent game for both new readers and
secondary school students could be an unfeasible goal. The
second criterion is that games should be easy-to-use given the
children’s struggle with SpLD. Thus, games do not include
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multitasking such as picking up stars in the sky while solving
multiplication problems on the ground.

Given that children with SpLD will play the games, the themes
of the games were decided cautiously. Games do not focus on
a single type of SpLD but cover various types of SpLD. The
first game's theme was the spelling for children with dyslexia
or dysgraphia. Simple mathematical operationswerethe second
game's theme for children with dyscalculia. The third game's
theme was writing examples of specific categories devel oped
for children with dysgraphia or dyslexia. Two more themes
were added for different purposes (ie, amemory game targeted
at improving visual memory and a space game requiring time
management and constant concentration). When choosing
themes, the educators showed what kind of practices they do
in their special education and suggested game ideas, so the
opinions of educatorswere a so taken into consideration during
the game design. The children had only 30 minutes per week,
and they had to play al the games and answer the study
guestionsin 2 weeks, so the number of themeswas limited due
to the time limitations of the children.

Developed Games

During this study, different versions of the five games were
developed. The first version of the games were developed as
prototypes, but al the themes and rules were aready
well-defined. Educators examined the games’ prototype versions
so that the educators’ first interview could be considered an
initial quality check (Prototype ). Since the users requested no
modifications after Prototype Ill, only two prototypes were
developed in the Word game. The Category game and Math
game had three prototypes in total for the same reason (ie, no
updates were requested by the users). Four different prototypes
were devel oped for the Memory game and Space game.

Word Game: Prototypel

The word game (Figure 1) is focusing on spelling for children
with dyslexiaor dysgraphia. In the game, a