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Abstract

Background: The midline is an imaginary line that isolates the left and right parts of the body. Crossing the midline infers that
a body part (eg, hand or foot) can spontaneously move over to the opposite side of the body to perform an action. A child who
has difficulty crossing the midline can physically perform actions that cross the center of the body; however, they do not intuitively
cross the midline when challenged with a task that requires this movement, as their perceptual components prevent them from
engaging on the contralateral side. This requires treatment from an occupational therapist. Owing to the recent COVID-19
pandemic, access to therapeutic sessions was not possible or reduced, putting the responsibility for treatment on caretakers at
home. Caretakers do not have the knowledge and skills to provide treatment, and occupational therapists do not receive adequate
feedback from caretakers on the child’s progress.

Objective: The first objective is to adapt a simple serious game, or applied game, into a telehealth solution. Children will play
the game at home under the supervision of a caretaker, and the results will be stored on the web. Occupational therapists can
monitor progress via a web-based dashboard, receive additional valuable feedback about the child’s behavior during treatment,
and easily adapt the game to target specific needs. The second objective is to evaluate whether the implemented telehealth solution
is feasible as a treatment option for midline crossing difficulties and thus fit for purpose.

Methods: To meet the first objective, engineering and game development stakeholders formed a team with an occupational
therapist, and through a collaborative design process combined with an agile programming approach, a telehealth solution was
designed to assist remote monitoring of the serious gameplay. For the second objective, 6 different occupational therapists were
introduced to the game, had the opportunity to play the game, and then provided feedback regarding the feasibility, benefits, and
applicability of the system during structured interviews.

Results: A telehealth system was designed aimed to address this problem. All results are saved on the web and accessed by
occupational therapists via a dashboard. In addition, observed behavioral information is also saved. During the interviews,
occupational therapists indicated that the dashboard would support their treatment plan and was indeed a feasible solution.
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Conclusions: The feedback from the occupational therapists for this telehealth solution suggests a feasible method to treat
midline crossing problems remotely. The therapists commented on the convenience of integrating both assessment and treatment
into the same application, as it assists them when grading a child. The therapists collectively agreed that the quantitative aspect
the serious game creates by providing measurable and standardized data proves advantageous when compared with traditional
methods of assessment and treatment.

(JMIR Serious Games 2021;9(4):e27761)   doi:10.2196/27761

KEYWORDS

serious games; input device; telehealth; occupational therapy; midline crossing

Introduction

Background
Owing to the COVID-19 pandemic, numerous health care
practitioners were unexpectedly required to transition their
standard in-person treatment to telehealth options, often without
advance preparation or training [1]. Telehealth is becoming an
increasingly used service delivery model in rehabilitation
services. Telehealth has the potential to alleviate provider
shortages, decrease costs associated with providing therapy,
and allow for treatment within a client's natural environment
[2]. Telehealth can be used by occupational therapists for
evaluation, intervention, education, and prevention of injury or
exacerbation of conditions [3]. Telehealth facilitates
collaboration and consultation with other professionals, which
facilitates coordination of care [4].

The midline is an imaginary line that isolates the left and right
parts of the body. Crossing the midline infers that a body
part—for example, a hand or foot—can spontaneously move
over to the opposite side of the body to perform an action. To
clarify, a child who has difficulty crossing the midline can
physically perform actions that cross the center of the body;
however, they do not intuitively cross the midline when
challenged with a task. The diagnosis of children with midline
crossing difficulties requires a cluster of clinical observations
that indicate bilateral integration dysfunction [4]. A study was
performed in which 10% of the sample was considered to
constitute a possible deficit range, and a further 10% was
considered to be in the suspect range. The remaining 80% was
considered to fall in the normal range [4].

Midline crossing is a difficulty that needs the intervention of
an occupational therapist. Midline crossing difficulties may
affect the child’s physical well-being as well as their future

development if it is not addressed in a timely manner. If a child
does not get the needed intervention due to the COVID-19
lockdown, it can affect the child’s future. Being able to cross
the midline is a developmental milestone. By the age of 5 years,
a child is expected to be able to cross the midline, that is, use
both sides of the body simultaneously [5]. When the midline is
crossed spontaneously, supporting neural networks and pathways
for specific activities are developed. This is a prerequisite skill
essential for the development and maintenance of motor and
cognitive demands associated with specific activities.
Consequently, children who have trouble crossing the body’s
midline also frequently experience difficulty with reading,
writing, tying their shoelaces, brushing their teeth, and
participating in physical activities [6].

Current treatment approaches used by therapists are arts and
crafts in which actions such as threading beads, cutting, pasting,
and folding paper are used as these actions require the midline
to be crossed. Finger puppets or stickers are also used by placing
or sticking the puppets or stickers on one of the child's hands
and then encouraging the child to remove the puppet or sticker
with the opposite hand. Other common methods used by
therapists include building blocks and playing Twister and
marching games using arms and legs. Occupational therapists
use standardized assessment tools such as the Movement
Assessment Battery for Children, the Developmental Test of
Visual Motor Integration, and the Draw a Person Test to measure
changes in function and occupational. These standardized tests
have procedures for administration and scoring [7]. However,
when measuring the outcome of an intervention, there is still a
lack of tools available for objective measurement, particularly
among children with perceptuomotor or attention deficit disorder
[7].

At present, occupational therapists observe if the child exhibits
the actions given in Textbox 1.

Textbox 1. How to identify whether a child has difficulties crossing the midline.

How to identify whether a child has difficulties crossing the midline

• Swaps hands midway through a task when writing, drawing, painting, or coloring

• Uses the left hand for activities on the left side of the body and right hand for activities on the right-hand side

• Rotates their trunk to the opposite side when reaching across the body (to avoid crossing the body midline)

• Has difficulty visually tracking an object from one side of the body to the other, such as following text when reading

• Has poor pencil skills (pencil grip)

• Uses different feet to kick a ball (mixed dominance)

• Has difficulty coordinating gross motor patterns (eg, crawling, skipping, and star-jumps)
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On the basis of their observations and discretion, they conclude
whether the child has difficulty crossing the midline. Assessment
is an integral part of the occupational therapy process and is a
necessity for evidence-based practice. Without appropriate
measurement, therapists cannot provide evidence for the offered
interventions [8]. The assessment is subjective, and there are
issues with this subjectivity, as the same level of difficulty may
be rated differently by different assessors. When therapists write
reports for the child, it is challenging to justify the child's
improvement as there is no criterion to compare it with. In
addition, numerous children up to the age of 5 years living in
underdeveloped countries, including South African rural areas,
face exposure to multiple risks affecting their early childhood
development [8]. These children and their parents are often not
aware of the functional difficulties they may have, and even if
they are aware, they need to travel long distances to receive the
therapy they require. Moreover, because of the recent
COVID-19 pandemic and resulting lockdowns, many children
who would normally receive occupational therapy could not
access occupational therapists or had to decrease their sessions.

If a child has a pathology of midline crossing, frustration in the
behavior of the child will be noticeable, as the child will become
angry when trying to engage in fine motor activities because of
less refined hand skills. The coordination of both sides of the
body will be less refined, leading to difficulties experienced
when playing sports or doing any physical activity. In addition,
when children have difficulty with midline crossing, they may
additionally have trouble visually tracking an object from left
to right. Thus, when the object reaches the midline, they often
blink and have to refocus, and this results in their losing their
place while reading. In addition, when drawing horizontal and
diagonal lines as well as writing letters such as an x, they may
segment these lines rather than overlap them because of midline
crossing difficulties [9]. Some children may struggle to cross
the body’s midline easily. When a child shows hesitancy in
reaching, stepping, or looking across the midline of the body,
it is known as midline crossing inhibition. Sometimes, this delay
can be seen when a child hesitates or is clumsy during gross
motor tasks that require the arm or leg to cross over to the other
side. Some children with delayed midline crossing skills may
display some compensatory mechanisms in school that make
writing awkward for them. Crossing the midline is a treatable
affliction. If a child struggles to cross the body's midline and is
treated, milestones such as developing a dominant hand will
occur [6]. Pencil skills and fine motor tasks will be refined,
easing the transition to an academic environment where those
skills are expected to be grasped [6]. The child will be able to
complete self-care tasks, for example, brushing their teeth and
getting dressed. The child will be able to kick and hit balls as
well as run as their gross and fine motor skills will be improved.
Finally, their ability to visually track across a page effectively
will be better and, therefore, will result in fluent reading.

At the forefront of technological advancements in occupational
therapy are serious games [10]. For the purpose of this research,
serious games are described, among other things, as digital
games, virtual environments, simulations, and a mixed reality
that engage the player. These serious games form encounters
and experiences that convey meaning [11]. Serious games are

introduced as a need to meet objectives that go beyond
entertainment and benefit the user in the area that needs to be
mitigated. The applications created under the terminology of
serious games induce motivation and engage the user [12].

Objective
Before proposing how serious games can be integrated, a major
obstacle to treating children in the conventional sense is
boredom because of the intensive and repetitive practice
required. The advantage of incorporating input devices and the
use of serious games into treatment methods is that it combats
the boredom factor. The child is placed into a game environment
that is similar to the real world in terms of the perceptual stimuli
it exhibits, which then puts the child at ease [13]. The child then
has the ability to manipulate and control some of the stimuli
and see the outcome of their actions in real time and adjust them
accordingly. This aspect, being the interactive component,
creates an engagement with the environment, allowing the child
to feel and be in control of their movement. This idea is
explained as the perceptual illusion of nonmeditation [14]. The
sensations that are familiar and present when playing the game
and the ability of the child to control and manipulate the stimuli
that surround them generate the psychological effects of
enjoyment and, particularly, involvement [14]. The unique
merging of purpose and pleasure develops intrinsic motivation
in the child.

Microsoft’s Kinect sensor has been highly investigated and used
for the development of new complements that help improve or
optimize rehabilitation processes worldwide. In 2012, Ruiz and
Cantos [15] designed a therapeutic tool using the Kinect for
neurorehabilitation using games to stimulate patients, cognitive
functions, perceptions, and gross and visual motor skills through
play. This tool verified that patients had fun while being treated
in this manner; intrinsic motivation is achieved by merging
purpose and pleasure.

Moreover, using the Kinect and combining purpose and
pleasure, Chang et al [16] performed a study in Taiwan in 2013
that proposed the possibility of rehabilitating two 14-year-old
adolescents with cerebral palsy through therapies personalized
to their condition. Data showed that the 2 participants had
significantly increased motivation for upper limb rehabilitation,
thus improving exercise performance during the intervention
phases.

Although Kinect is a useful device, it can, however, encounter
the problem of misdetection when it comes to extremity angles
or overlapping extremities [17]. In 2016, the Taiwan University
proposed a new rehabilitation gaming system, which focuses
on the upper part of the body with wireless inertial measurement
units (IMUs) and a Kinect device. The Kinect was used as a
base tracking system by the gaming system. Multiple sets of
IMUs were integrated into the extremity of the subject to
calculate the angles through algorithms. Wireless IMUs were
also added to compensate for the error in the calculation of
angles in the Kinect device [17]. This study exposed that the
use of the Kinect by itself may not be sufficient and, therefore,
additional sensors were needed to ensure correct motion capture.
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Nintendo’s Wii Fit is a commercial product used for both fitness
and fun and was created to encourage people to exercise as well
as improve balance. The Wii Fit uses the Nintendo Wii console
and a balance board. A study conducted by the University of
Naples found that the Wii Fit showed better improvements
regarding physical therapy in terms of balance and
self-confidence than conventional treatment [18]. It was
concluded that the Wii Fit is acceptable as an adjunct to virtual
rehabilitation interventions and provides an exciting new therapy
device [18]. The Wii console does not provide a platform or
offer a game in which more specific impositions, such as
difficulty crossing the midline, can be treated. If one wanted to
use the Wii for treatment or training purposes, one would need
to purchase not only the balance board but also the console and
remote, thus making it too expensive for the communities that
this study is aimed at.

Ultraleap’s Leap Motion Controller is a computer hardware
sensor device analogous to a mouse [19]. Using motion capture
technology, Leap Motion is able to process the input. It does
not require direct hand contact with the device as input; instead,
hand and finger motions are tracked. Despite the small size of
Leap Motion, it is capable of capturing smaller details, such as
finger movement. Leap Motion is smaller and cheaper than
Kinect; however, Kinect is more precise in capturing movement.
Sourial and Reichardt [20] proposed implementing a virtual
therapist (VT) to help patients do their exercises at home in an
engaging gamified environment. The VT artificial intelligence
used a hierarchical finite-state machine architecture. Hand
therapy helps the patient regain the hand's full functionality
after a certain injury or surgery. Hand therapy could be a very
tedious process that implies physical exhaustion [20]. In
addition, finding appointments with the therapist frequently
enough for an efficient healing process is difficult and costly.
To test the efficiency of the VT, a web-based hand therapy
exercise was implemented using the Unity platform to build the
exercise environment. Leap Motion technology was used to
detect the information of the hand movement. This exercise was
tested on 19 participants. The idea of being coached by a VT
was welcomed by the participants, as the exercise was fun and
motivating to them. VT guidance and assessment were helpful
and easy to follow. However, some modifications are needed
in the pain detection part to form a more efficient exercise [20].

Another system using Leap Motion and capable of improving
fine motor skills in children, was proposed by Hidalgo et al [21]
through a serious game and 3D environment. The proposed
system allowed the therapist to choose among different levels
of serious games according to the child’s needs. The game
excited the children; however, the children took time to adapt
to the game because of the inaccurate readings of Leap Motion.
Therefore, it can be noted that including different levels creates
excitement for the children as they experience different
challenges; however, when technology interferes with the game
or is difficult to use, the child takes time to become familiar
with the system.

Sony’s motion capture system Intel RealSense enables
fine-motoric gesture recognition, and its small form factor allows
for preintegration into notebooks and tablets, substituting
conventional cameras [22]. This setup enables new methods of
therapy in the form of serious games that are engaging and easy
to set up. Chhor et al [22] developed and evaluated a serious
game prototype for rehabilitation using Intel's RealSense (called
Breakout) based on a commercial game framework. Despite the
fact that RealSense can easily integrate with the applications
mentioned above, it is an expensive app.

Neuroplasticity refers to the ability of the brain to adapt
structurally and functionally and is enhanced by training and
experience. It is known that neuroplasticity is at its maximum
in a critical period, which corresponds to the first 7 years of a
child’s life [23]. Therefore, with the development of a serious
game and given the neuroplasticity of the child’s brain at this
age, the child may be able to develop the required pathways
necessary to conduct movements that once seemed impossible.
With the integration of technology and the innovation and
creativity of this approach, a beneficial method of mitigating
impositions such as midline crossing could be developed to
assist occupational therapists in the treatment of children. A
serious game with an input device was initially developed to
assist in midline crossing therapy [24]. An improved wireless
input device that accompanied the serious game was developed
[25]. The aim of this study is twofold. The first objective focuses
on the design of a web-based telehealth system that consists of
a serious game, an input device, and a web-based dashboard
that displays relevant data to occupational therapists. The second
objective focuses on whether the system is fit for its purpose
and can be adopted by occupational therapists to treat patients
remotely.

Methods

Objective One: Designing a Remote Monitoring System
for a Midline Crossing Serious Game

Overview
An agile software development life cycle approach was taken
to develop the end-to-end solution. This methodology was
chosen because of the frequent feedback needed during the
design process, allowing the design team to give
recommendations through collaborative design at the end of
each iteration. The design team comprised game designers,
electronic engineers, and an occupational therapist. Figure 1
shows the iterations of the agile software development life cycle.
It should be mentioned that each component of the solution
(serious game, input device, and telehealth system) was
developed separately through iterations; however, the
components were integrated and tested at the end of each
iteration. Furthermore, the initial serious game from the previous
project was used as a foundation to produce the web-based
telehealth solution presented in this study [24].

A high-level solution design is shown in Figure 2. The sequence
of events is illustrated in Figure 3.
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Figure 1. Iterations in the agile software development life cycle. Req: requirements.

Figure 2. High-level design of solution. OT: occupational therapist.
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Figure 3. Sequence of events. OT: occupational therapist.

The innovative low-cost input device shown in Figure 4 was
developed previously and used so that the movement of the
child could act as an input for the game [25]. The input device
is designed in such a way that when the device is turned on and
the game started, a connection is established. There are no
complicated installations or setup steps. The role of the caretaker
is to help the child set up the device with the game. Additionally,

the caretaker will explain to the child how to play and then
observe the child’s movements according to the guidelines
designed by the occupational therapists, which will be discussed
further in the Results section. The design of the data
visualization component and the new serious game is presented
in this study.

Figure 4. Prototype of input device.

Initial Serious Game
The game genre chosen was a casual game because of its low
system requirements, accessibility in most devices, and, at the
same time, not demanding high levels of concentration from
the player [26]. The game was not connected to the internet,
and players had to install it to play it. The fact that the game
does not take much concentration is an important factor in
ensuring that the child does not become fatigued and frustrated.
Moreover, the duration of the game was purposely designed to
be short to retain the child's concentration. The developed game
comprised a sprite controlled by the child [24]. Sprite is the
terminology used to describe an avatar, shape, or character that
the child has control over. The device was attached to the hand
of the child, and the child moved the device in an arc shape with
their arm extended in front of them while standing. The aim of
the game was to collect faces falling at a calculated position
from the sky. The movements in the game ensured that the child
crossed the midline. The game intended to prompt the child to
perform particular movements that occupational therapists would
invoke when using traditional methods of treatment.

Input Devices
The problems encountered with the initial design of the input
device and the detailed new design have been previously

published [25]. For the sake of completeness, a short overview
of the input devices is given in this section. In the initial input
device, an accelerometer and magnetometer were used to obtain
the movement of the child [25]. Tilting of the device was not
the only issue that affected the feasibility of the design; before
every game, a calibration was required to obtain the reference
of the sensor. It did not seem to be the most suitable solution
for therapists to expect the child to perform the calibration each
time they wanted to play the game, ensuring that they do not
tilt the sensor. Therefore, a more child-friendly design was
needed that would be able to track the movement of the hand
from side to side (crossing the body's midline) and transform
the position into the game. In addition to accurately transforming
the movement, a device that would not require calibrating the
sensor was required. When discussions were held with an
occupational therapist during the design phase, it was suggested
that an input device that would be placed on a surface be
designed. The idea behind this was to allow the child to move
their hand from side to side and exhibit the same motion required
when performing tasks that cross the midline, such as writing.
Through extensive research into suitable sensors or electrical
devices that could be used, a clean, innovative solution was
reached. The design entailed the addition of a linear
potentiometer; the input device is shown in Figure 4 [25].
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Objective Two: Evaluate Whether the Online Game
Is Fit for Purpose
After the prototype was developed, it was crucial to evaluate
whether this solution was a feasible option for occupational
therapists and whether it was fit for purpose. This was achieved
through semistructured interviews with occupational therapists.
These occupational therapists all had between 5 to 10 years of
experience. In addition, as many children have difficulty
crossing the midline, these occupational therapists were
competent to give feedback regarding the identification and
treatment of midline crossing difficulties. Note that the
occupational therapist who was part of the participatory design
sessions was not included in the evaluation of the system.

The researcher took each of the participants through a
presentation detailing the purpose of this research. The
researcher conducted a demonstration of the full solution, taking

the occupational therapist through the game and explaining how
each stage of the game was played. The occupational therapists
then had the opportunity to play the game and evaluate each
stage on their own. A semistructured interview took place,
allowing the researcher to further explore the insights provided
by

the therapist. Each session was conducted individually to ensure
unbiased and objective responses. The interview aimed to
highlight the strengths and weaknesses of the solution as well
as the suitability of administering the solution remotely. The
interview provided the therapists with the opportunity to suggest
changes and offer recommendations. The questions were
purposefully left open-ended so as not to limit the therapist's
responses. The main themes that needed to be established from
the interviews can be seen in Textbox 2. The questions contained
in each section can be seen in Textbox 3.

Textbox 2. Main themes established from interviews.

Main themes

• The feasibility of using a serious game and input device to assist occupational therapists in identifying and treating children with midline crossing
difficulties

• The benefits and applicability of the dashboard

• The applicability of the solution in areas where the availability of occupational therapy resources is limited

Textbox 3. Questions asked to occupational therapists during the interviews.

Questions

• In your professional context, comment on whether a serious game and input device would assist you as a therapist to identify children with
midline crossing difficulties as well assist in your treatment process. Please include in your answer the following:

• Advantages

• Disadvantages

• Suggested changes

• Recommendations

• Comment on whether the use of the dashboard is beneficial and applicable to assist you as a therapist in identifying whether a child has pathology
with midline crossing. Does the dashboard provide constructive tracking of the child's progress during treatment?

• Advantages

• Disadvantages

• Suggested changes

• Recommendations

• Comment whether the solution can be reasonably implemented and used effectively in areas where occupational therapy resources are limited.

• Advantages

• Disadvantages

• Suggested changes

• Recommendations

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e27761 | p.10https://games.jmir.org/2021/4/e27761
(page number not for citation purposes)

Jacobs et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Results

Objective One: Designing a Remote Monitoring System
for a Midline Crossing Serious Game

Adapted Serious Game
The initial game, as described in the previous section, was used
as a base for the new telehealth system. The new system
comprised an adapted serious game (with distinct levels), an
input device, and a web-based backend system that enabled
occupational therapists to access dashboards and behavioral
information about the intervention. During the collaborative
design sessions, it was decided that the serious game would be
divided into different stages. Each stage has a specific aim, and
different game variables can be set according to each child’s
individual needs. The game comprises 4 stages: an assessment
stage, 2 intervention stages, and a maintenance stage [24]. In
each stage, there are 3 variables: distance, speed, and time,
which are used to create a specific environment for testing. The
time variable, set at 2 minutes, was kept constant for all stages.
The chosen duration was advised by the occupational therapist.
The duration was purposely set to be short to allow the child to
concentrate for a short amount of time without getting bored or

losing focus. Each stage addresses a certain intervention, which
will be explained below; therefore, the input to each stage is
different. The occupational therapist can set these inputs
however they see fit (or advice the caretaker at home on which
values to use during remote treatment).

The game environment is chosen by selecting a stage and
choosing the required values for the inputs for that stage. The
game commences with the hat (controlled by the child using
the input device) starting either on the left or right side of the
screen depending on the handedness of the child. For the purpose
of this explanation, a child who is right-handed will be used;
therefore, the sprite starts on the left. If the child were
left-handed, the sprite would start on the right so that the child’s
first movement would be crossing the midline. The balls that
fall from the sky are strategically placed, depending on the stage,
which will be discussed below. When the balls fall, the child
must catch the ball in the hat and return the hat to the starting
point (either the left or right side of the screen) to earn a point.
Textbox 4 shows the variables used in the equations. Table 1
shows the inputs and equations for the variable set. The game
flow is illustrated in Figure 5; depending on the stage, the
equations shown in Table 1 will be inserted.

Textbox 4. Variables used in the equations to set the game environment.

Variables

• X0 is the starting distance

• I is the incremental distance

• S is the score

• DV is the distance variance

• Random (a,b) is the random function that provides a random number between a and b

• Sp0 is the initial speed

• Isp is the incremental speed

Table 1. Equations used in each stage to set the game environment.

TimeSpeedDistanceInputStage

ConstantConstantX0+(IXs
c)X0

a, Ib1

ConstantConstantX0+Random (–DV, DV)X0, DVd2

ConstantSp0+(IspSX)X0X0, Sp0
e, Isp

f3

ConstantConstantRandom (–7.5,7.5)N/Ag4

aX0: starting distance.
bI: incremental distance.
cIXS: incremental distance as function of score.
dDV: distance variance.
eSp0: initial speed.
fIsp: incremental speed.
gN/A: not applicable.
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Figure 5. General game flow. eq: equation.

Stage 1
Stage 1 takes the starting distance (X0) and incremental distance
(I) as input. The starting distance is the point on the x-axis where
the first ball will be spawned from the sky (top of the screen).
The x-axis is depicted in Figure 6. The incremental distance is
the distance that is incremented from the starting distance. The
point on the x-axis where the balls are spawned is a function of
the score (S); as the score increases, so does the distance of the
spawned ball. The score represents the number of balls caught

and returned. A ball is considered returned when the hat reaches
the left side of the screen if the child is right-handed; if the child
is left-handed, the hat would need to be returned to the right
side of the screen. The score will update only after the hat has
been returned. Consequently, the point at which the next ball
falls will increase by the incremental distance (increase to the
right if the child is right-handed). If a ball is missed, intuitively,
the score will not increase, thus remaining the same; therefore,
the ball will be spawned in the same place instead of being
spawned at the incremented distance.

Figure 6. Position on x-axis in game.
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Stage 1, which is the assessment stage, aims to determine the
child’s gross ability to cross the midline. In addition to the stages
incorporated into the game, an interface to input the specified
variables determined by the therapist was introduced. These
variables create a tailored game environment for the child. In
stage 1, the speed and time variables remain constant, whereas
the distance variable is incremented. The input device shown
in Figure 4 controls the movement of the hat illustrated in Figure
6 from side to side, simulating the movement of crossing the
midline while writing. After the child catches the ball, the hat
needs to be moved all the way to the other side of the screen,
ensuring that the midline is crossed.

A reference point for the child’s baseline functioning, including
their ability to cross the midline, was established in stage 1. The

amount of external input required to achieve midline crossing
would be noted by the caretaker on the system. Although the
game is designed to determine the core impairments of crossing
the midline, clinical reasoning, observations, and external
guidance from the occupational therapist are vital for a holistic
and accurate assessment. In the event that an occupational
therapist is not performing the assessment (ie, caretaker, parent,
teacher, or guardian), a notes page, shown in Figure 7, will need
to be completed, which is presented to the caretaker at the end
of the game. A guidance script with key points of reference will
be provided to the caretaker before the child plays the game to
assist and ensure accurate observations. Using the results, an
individualized treatment plan tailored to the child’s needs would
be constructed and developed by the occupational therapist,
which can be done remotely.

Figure 7. Notes page to fill in after each stage is completed.

Stage 2
Stage 2 takes the starting distance (X0) and distance variance
as inputs. Here, the distance variance is the distance from the
starting distance, and the distance can be varied; for example,
if the starting distance is 1.5 and the distance variance is 0.5,
the ball can be spawned between points 1 and 2 on the x-axis.

Stage 2 is the first intervention stage, aimed at improving the
child’s gross ability to cross the midline. This stage allows for
the distance variable to be adjusted, whereas the speed and time
variables are constant. The caretaker sets the distance at the
specific distance where the child began experiencing problems
with midline crossing. This distance can then be adapted and
graded during the intervention.

Stage 3
Stage 3 takes the starting distance (X0), initial speed (Sp0), and
incremental speed (Isp) as inputs. The initial speed is the speed
at which the ball starts to fall. The incremental speed is the
increase in speed from the starting point. The ball will continue
to fall at the specified starting point; however, the speed at which
the ball falls will increase as each ball is caught.

Stage 3, the second intervention stage, aims to enhance the
child’s gross ability to cross the midline. The distance and time
variables will remain constant, whereas the speed variable will
be incremented. This increases sufficient accuracy and skill.

Stage 4
Stage 4 does not require any input as the position at which each
ball is spawned is random. The point at which each ball is
spawned is calculated using the random function Rand(). As
shown in Figure 6, the x-axis spans from –7.5 to 7.5; therefore,
the ball can be spawned at a random point on the axis. The speed
of the ball remains constant and does not increase as a function
of the score. The gameplay time is constant for stage 4.

The purpose of stage 4, the unregulated round, is to maintain
the skills the child has obtained in the previous stages. In this
stage, the speed and time variables will remain constant, whereas
the distance variable will be random.

Scoring
The occupational therapist advised on the scoring criteria for
the stages during the collaborative design sessions. These
scoring criteria were based on observations that occupational
therapists would typically make during traditional treatments.
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The first three criteria were generated from the gameplay data
received from the game, and the following five criteria were
recorded by observation. To confirm that the child did not
display any form of pathology with midline crossing, a child
would need to achieve a total of ≥4 points on their score card.
It should be noted that all 8 criteria should be used in
conjunction with one another and not assessed independently.
Table 2 shows the 8 criteria, the observation being assessed,
and the measurement to score the criterion for stage 1. If a child

meets the scoring for a criterion, a point will be awarded. The
criteria for the other stages are the same as those for stage 1,
except for criterion 4. In the scoring criteria for stage 2, the
effect of the random displacement of balls in a targeted area is
determined rather than the increasing distance. In the scoring
criteria for stage 3, the effect of increasing the speed of the balls
is determined rather than increasing the distance. Finally, in the
scoring criteria for stage 4, the effect of the balls randomly
falling is determined.

Table 2. This table shows the scoring criteria for an assessment (stage 1).

ScoringObservationCriterion

>14Balls caught1

<4Balls missed2

<7.5Average time between balls3

No patternDistance increasing4

YesFollow instructions5

Maintain visual focusEye movements6

No gross adjustmentsBody movement7

No verbal cuesGeneral behavior8

Data Visualization
Occupational therapists can support children with difficulty
crossing the midline by helping them develop the skills needed
to perform activities of daily living. During therapy sessions,
occupational therapists use a variety of techniques to support
rehabilitation, such as functional electrical stimulation,
constraint-induced motor training, facilitation, and virtual reality
applications [27]. This combination of therapy, exercise, and
context-specific retraining is critical for neuroplasticity, as
mentioned in the Introduction. Although retrospective recall
and exercise diaries can gather subjective data, the quality of
these data is limited and relies on the notes and observations
written by an occupational therapist; as such, occupational
therapists lack objective data about the degree to which exercises

have been performed. Consequently, a dashboard was designed
to aid occupational therapists by providing a collection of
objective data about children who have difficulty crossing the
midline. The proposed monitoring tool provides a solution in
which the gameplay of the child during an assessment or
treatment is recorded, and the data collected in the game can be
visualized by the therapist. The design of the system, and the
monitoring functionality in particular, allows for the game and
input device to be used by parents or guardians with the children
in a home environment and to be used remotely. Therefore, the
game would not be restricted to only being played during
therapy sessions but rather can be played outside of these times
as well. A dashboard was designed using Microsoft’s PowerBI
to display the data illustrated in Figure 8.
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Figure 8. Representative dashboard showing how the tooltips will be displayed using Microsoft PowerBI.

During the evaluation process, the occupational therapists were
asked to play the game themselves and get familiar with how
the system works. Figure 9 shows an illustrative example of
how the dashboard would look for a child without midline
crossing difficulties. The dashboard is accessible remotely.
Figure 10 is an illustrative example of a dashboard for a child
with midline crossing difficulties. The red circle indicates that

as the distance increased, the child missed more balls. In this
case, there are various factors that could impact the child’s
results. For example, the child may have felt bored and,
therefore, did not play as they should have. A child with an
average performance result needs to be further assessed to see
whether their results are because of pathology with midline
crossing or whether there are other factors yielding these results.

Figure 9. Representative dashboard for a child whose performance was above average for stage 1.
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Figure 10. Representative dashboard for a child whose performance was below average for stage 1.

Objective Two: Evaluate Whether the Web-Based
Game Is Fit for Purpose
The therapists commented on the convenience of integrating
both assessment and treatment into the same application as it
assists the therapists when grading a child. The stages developed
in the game were also commended by the therapists, as each
stage has a different focus point with a specific outcome. They
collectively agreed that the quantitative aspect that the game
creates by providing measurable and standardized data proves
advantageous when compared with traditional methods of
assessment and treatment. When using a traditional method,
such as asking the child to build a puzzle or draw a line across
a page, there are no quantitative measures that can be deduced;
instead, the assessments are limited to mere observation. The
proposed solution elicits not only quantitative data but also
allows observational data to be recorded using the notes page.

Furthermore, they referred to the notes page as not only
descriptive but also appreciated that it was designed to be
understood by nonmedical professionals, thereby making the
observational recording more effective and user-friendly. The
notes page is viewed as an extremely beneficial aspect of the
serious game as it ensures that the assessor covers all the
observational components included in the assessment and
treatment. As a result of the movements triggered by the game
and the quantitative and observational data recorded by the
application, the occupational therapists concluded that the
serious game, accompanied by the input device, would assist
them in identifying whether a child has pathology with midline
crossing. Moreover, the solution would also assist in treating
the child’s pathology. Finally, the therapists thought that the
solution could assist in exposing and identifying other gross
and fine motor pathologies that a child might have, or it might
even reveal underlying behavioral, cognitive, or physical
impairments. It was suggested that the assessment stage should
be standardized per age group.

One of the ways to identify whether a child has pathology with
midline crossing is by observing whether the child has a midline
jerk. This can be noticed when the child is performing actions
where the midline is crossed, and their eyes move from side to
side in a rapid manner. Consequently, the therapist proposed
incorporating eye tracking to detect if the child’s oculomotor
functions are impaired. Additional monitoring through the use
of a laptop camera can also be provided to observe the eye
movement, head adjustments, and posture of the child.

As part of the game, when the child catches the object falling
in the hat, the child is required to return the hat to the side of
the screen to receive a point. Even though an alert is sounded
when the object returns to the side, a suggestion was proposed
to display a reminder on the screen to return the object to the
side at the point where the child has caught the object. In
addition, when the child is playing the game and controlling
the input device, the child may release the device. Consequently,
it was recommended that if the child releases the device during
the game, an alert should be shown to remind the child to grasp
the device.

Specific attention was given to the dashboard design as it is an
important part of enabling remote monitoring. Everyone
unanimously agreed that the dashboard’s ability to track the
progress of the child would benefit their reports immensely.
The results represented in the dashboard would assist them in
supporting and verifying their observational conclusions.
Furthermore, when submitting reports to their clients’ medical
aids, the data from the dashboard can be used to solidify their
conclusions and can be included in their reports.

The only disadvantage that was raised by the occupational
therapists was that the dashboard might not be particularly easy
to interpret for a layman; however, a suggestion was made to
provide training to therapists on how to interpret and analyze
the dashboard. The other disadvantage was that the dashboard
was limited to only showing the results for a midline crossing
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assessment and no other difficulties that could be identified by
the game.

There were suggestions to provide a way of showing the
standardized results for different categories by searching by
age, for example, and, consequently, the results for that
particular age group would be displayed. Introducing
standardized norms would allow the child to be compared with
other children within the specific area being examined. Another
suggestion that was made was to allow therapists to add
additional comments on the results of the child displayed for
further reference. Finally, it was proposed that artificial
intelligence could be incorporated so that when comments are
made on the notes page by the therapist or guardian, the
observations can be translated into quantitative data that can be
used to calculate the scoring criteria instead of physically
inputting the scores for the criteria that require observations.

The occupational therapists agreed that this solution could be
used as a telehealth device. To further enhance these benefits,
it was suggested that the game be deployed as a mobile app.
This would allow for the game to be available on smart devices,
which would, therefore, make it even more accessible than if it
were only available on a laptop or computer. A second
proposition was to record the gameplay so that it could be played
back for reference. It was recommended that a video or chat
capability be introduced so that the child or guardian could
communicate with the therapist.

Discussion

Principal Findings
A telehealth system consisting of a serious game accompanied
by an input device and a dashboard can be implemented to
address children’s midline crossing difficulties. The scoring
system provides a quantitative aspect that proves advantageous
when compared with traditional methods of assessment and
treatment, where the assessment is limited to mere observation.
In addition, the notes page that is completed at the end of the
serious game ensures that the observational components that
are vital in assessing a child are still included in the overall
assessment. Therefore, the telehealth system elicits not only
quantitative data but also allows observational data to be
recorded using the notes page.

Although there are many input devices that can be used for
therapeutic reasons, as described in the literature section, they
each have shortcomings that would need to be addressed to
make them more suitable when used by a child with a pathology
with midline crossing. The common drawback of all the devices
is their cost. It is not feasible to expect parents to buy expensive
devices for treatment at home that will only be used for a limited
time. A Kinect system will cost approximately US $399 and a
Wii, US $164, whereas the proposed system costs approximately
US $32 to manufacture. This price may also decrease if large
quantities are manufactured.

The Wii provides a suitable solution for physical training and
balance in particular; however, there are no games that explicitly
aim to treat or assess children with midline crossing [18]. At
first, Leap Motion seemed to be a suitable device for the

development of a VT; however, with inaccurate readings
stemming from the device affecting the game experience, the
device would not be suitable for children [21]. The RealSense
is a fitting tool; however, because of the high price of the device,
it is not suitable [19].

Studies with a serious game and Kinect showed that individuals
are more motivated, enjoy therapy, and even enable therapy to
be more accessible [12]. On the basis of the feedback from the
occupational therapists, the child will also experience these
benefits from the system presented in this paper. However, this
will only be proven in clinical studies.

Limitations
When determining whether serious games are feasible as a
treatment option for midline crossing difficulties and are fit for
purpose, there appears to be a lack of clinical evidence about
the benefit to children from the application of serious games
[28]. Owing to ethical constraints regarding testing the solution
directly on children, professional opinions of occupational
therapists were gathered to validate the solution. The next step
would be to obtain the needed clearance to test directly on
children without difficulties crossing the midline to attain a
baseline. Thereafter, tests can be performed on children who
have difficulty crossing the midline. Although the dashboard
was configurable, it was found to be slightly difficult to
interpret. It was suggested that therapists could be trained to
interpret and analyze the dashboard. The telehealth system
focuses on only one intervention. Therefore, the possibility of
using the serious game and input device to assist in exposing
and identifying other gross and fine motor difficulties that a
child might have could be investigated.

Future Work
The therapists were confident that the telehealth system
presented will assist them in identifying and treating children
with midline crossing difficulties. Therefore, the possibility of
using this solution to expose and identify other gross and fine
motor difficulties that a child might have could be investigated.
Furthermore, the solution could even reveal underlying
behavioral, cognitive, or physical impairments. To clarify, the
therapists would be able to identify other aspects, such as hand
dominance, eye tracking, postural control, range of motion,
attention and focus of the child, and the child's hand functions
(grips and grasps) when playing the game. Furthermore, when
identifying whether a child has midline crossing difficulties, a
midline jerk can be observed. When a child is confronted with
actions in which the midline is crossed, their eyes move from
side to side rapidly. As a result, adding eye-tracking capabilities
to the solution was put forward. To mitigate the concern raised
by the therapists regarding the fact that an older child may
achieve the game objectives quicker than a younger child, a
standardized assessment stage per age group can be introduced.

One of the actions required in the game when a falling object
is caught is to return the object to the side to receive a point.
Currently, when the object is returned, an alert is sounded,
indicating that a point is scored. A suggestion was proposed to
display a reminder to return the object to the side. Moreover,
when the child is playing the game using the input device, the
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child may release the device. Consequently, it was suggested
that in the event that the device is released during the game, an
alert should be displayed to remind the child to remain holding
the device. In addition, the results presented on the dashboard
are limited to displaying the results for 1 player at a time. A
recommendation was proposed to provide a way of showing
standardized results for different categories, such as age. This
would allow the child to be compared with other children within
a specific area examined.

In future iterations, artificial intelligence can be incorporated
so that when comments are made on the notes page by the
therapist or guardian, the observations can be translated into
quantitative data that can be used to calculate the scoring criteria
instead of physically inputting the scores for the criteria that
require observations. Finally, the solution proposed in this
dissertation extracts gameplay data that can assist occupational
therapists in identifying and treating children with difficulty
crossing the midline. A greater number of occupational
therapists adopting the solution in their practices means that
more children will play the game and, ultimately, means more
data are accumulated. These data can be analyzed using machine
learning algorithms to find trends and enhance the assessment
and treatment processes and visualizations produced.

Conclusions
A solution was designed to determine whether a telehealth
system comprising a serious game can assist occupational
therapists in identifying whether a child has pathology with
midline crossing and can assist in treating the child remotely.
Serious games are introduced as a need to meet objectives that
go beyond entertainment and benefit the user in the area that
needs to be mitigated. Through collaboration with occupational
therapists, the telehealth system was designed to make use of
different levels in the serious game, where each level addressed
a different need of the therapy process. A novel, low-cost input
device accompanies the serious game to track the movement of
a child’s hand from side to side and transform the position into
the game. All results are saved on the web, and occupational
therapists can access a dashboard that displays the results of
each child. In addition, observed behavioral information will
also be saved to assist occupational therapists in making
decisions regarding changes to the intervention. During the
interviews, occupational therapists indicated that the dashboard
would support their treatment plan and that the end-to-end
solution was indeed feasible.
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Abstract

Background: Poor self-management of heart failure (HF) contributes to devastating health consequences. Our innovative
sensor-controlled digital game (SCDG) integrates data from sensors to trigger game rewards, progress, and feedback based on
the real-time behaviors of individuals with HF.

Objective: The aim of this study is to compare daily weight monitoring and physical activity behavior adherence by older adults
using an SCDG intervention versus a sensors-only intervention in a feasibility randomized controlled trial.

Methods: English-speaking adults with HF aged 55 years or older who owned a smartphone and could walk unassisted were
recruited from Texas and Oklahoma from November 2019 to August 2020. Both groups were given activity trackers and smart
weighing scales to track behaviors for 12 weeks. The feasibility outcomes of recruitment, retention, intervention engagement,
and satisfaction were assessed. In addition to daily weight monitoring and physical activity adherence, the participants’knowledge,
functional status, quality of life, self-reported HF behaviors, motivation to engage in behaviors, and HF-related hospitalization
were also compared between the groups at baseline and at 6, 12, and 24 weeks.

Results: A total of 38 participants with HF—intervention group (IG; 19/38, 50%) and control group (CG; 19/38, 50%)—were
enrolled in the study. Of the 38 participants, 18 (47%) were women, 18 (47%) were aged 65 years or older, 21 (55%) had been
hospitalized with HF in the past 6 months, and 29 (76%) were White. Furthermore, of these 38 participants, 31 (82%)—IG (15/19,
79%) and CG (16/19, 84%)—had both weight monitoring and physical activity data at the end of 12 weeks, and 27 (71%)—IG
(14/19, 74%) and CG (13/19, 68%)—participated in follow-up assessments at 24 weeks. For the IG participants who installed
the SCDG app (15/19, 79%), the number of days each player opened the game app was strongly associated with the number of
days the player engaged in weight monitoring (r=0.72; P=.04) and the number of days with physical activity step data (r=0.9;
P<.001). The IG participants who completed the satisfaction survey (13/19, 68%) reported that the SCDG was easy to use. Trends
of improvement in daily weight monitoring and physical activity in the IG, as well as within-group improvements in HF functional
status, quality of life, knowledge, self-efficacy, and HF hospitalization in both groups, were observed in this feasibility trial.

Conclusions: Playing an SCDG on smartphones was feasible and acceptable for older adults with HF for motivating daily
weight monitoring and physical activity. A larger efficacy trial of the SCDG intervention will be needed to validate trends of
improvement in daily weight monitoring and physical activity behaviors.

Trial Registration: ClinicalTrials.gov NCT03947983; https://clinicaltrials.gov/ct2/show/NCT03947983
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Introduction

Need for Heart Failure Self-management Behaviors
Despite significant advances in treatment and management,
heart failure (HF) continues to be the leading cause of
hospitalization among older adults in the United States [1,2],
with an estimated annual cost of US $32 billion [1]. Improved
self-management behaviors, defined as “behaviors that maintain
physiological stability” and enable “response to symptoms when
they occur,” can help reduce the adverse effects of an HF
diagnosis [3,4]. Daily weight monitoring is such a behavior;
weight gain is typically the first sign of volume overload in
patients with HF, and if weight gain is treated promptly,
clinically significant HF exacerbations can be avoided [5,6].
Similarly, physical activity improves myocardial function and
functional capacity [7] and reduces depressive symptoms [8].
Engagement in these 2 critical HF self-management behaviors
improves quality of life and reduces health care use [9,10]. Yet,
weight monitoring and physical activity show significantly
poorer adherence than other HF self-management behaviors
[11,12] because of poor knowledge and lack of motivation [13].

Role of Innovative Digital Health Interventions for
Motivating HF Self-management Behaviors
Recent advances in wearable technology, digital sensor devices,
and mobile health (mHealth) apps have allowed application of
these technologies to observe and motivate health behaviors in
real-world conditions. Yet, despite the advantages of portability
and scalability offered by digital devices and apps, long-term
adoption rates remain low. There have been many instances of
abandonment of the use of activity trackers in prior research,
with more than 50% of the activity tracker users stopping use
within a period of 2 weeks to 6 months [14,15]. Long-term
maintenance rates of such devices by patients with HF are yet
to be explored.

Digital games that serve as affordable, portable, scalable tools
while being enjoyable and easy to use can help contextualize
health behaviors [16] and motivate clinically significant behavior
changes, thereby improving health outcomes [17]. Digital games
can combine appealing stories [18] and interests and hobbies
[19] with active learning [20], incentives [21], and social
connections [22] to offer an accessible, engaging, and immersive
habit-forming medium [23] while objectively measuring these
behaviors [24,25]. Well-designed digital games have
significantly improved physical (eg, balance and mobility) and
cognitive (eg, processing speed) health outcomes [26] as well
as behavioral outcomes for chronic diseases (eg, dietary changes
for diabetes) [17,27]. Digital game-playing is increasing among
older adults; the number of adults aged 50 years or older who
enjoy video games in any format increased by 11 million from
2016 to 2019 [28], suggesting a receptiveness to playing games
for health.

Digital games incorporating gamification principles such as
competition, leaderboards, and incentives have improved
learning outcomes and have been highly acceptable among
participants with HF [29,30], but these games do not involve
data on real-time HF self-management behaviors. In a
sensor-controlled digital game (SCDG), data on behaviors from
sensors, including those in wearable devices, are synchronized
with a mobile gaming app to trigger game progress, rewards,
personalized and contextually relevant feedback (eg, reduce
fluid intake or call physician for weight gain), and incentives
based on participants’ real-time behaviors [24]. Combining
digital games and sensors thus offers a powerful way to improve
behavior adherence and potentially make health care
participatory, personalized, predictive, and preventive as defined
by the Precision Medicine Initiative [31].

Thus, the primary goals of this study are to obtain preliminary
efficacy data on behavior adherence and undertake a
comprehensive feasibility assessment of an SCDG intervention
called Heart Health Mountain. This app synchronizes with a
Bluetooth-enabled weighing scale and activity tracker to activate
game rewards and feedback based on the real-time weight
monitoring and exercise behaviors of older adult participants
with HF.

Methods

Study Design and Scope
We conducted a prospective feasibility randomized controlled
trial (1:1) with 2 parallel groups (sensors only or sensors plus
SCDG app) from November 2019 to January 2021
(ClinicalTrials.gov: NCT03947983). The results presented here
are from the 12-week SCDG intervention measuring objective
behaviors of daily weight monitoring and physical activity and
the 24-week follow-up measuring quality of life, functional
status, HF self-management efficacy, and HF hospitalizations.

Study Population and Recruitment
Before the COVID-19 outbreak, we identified potential
participants through chart review at a cardiac rehabilitation
center as well as through referrals by clinical case managers at
an inpatient cardiac floor in central Texas. Research staff
members provided information on the study to adults who were
aged 55 years or older, English-speaking, diagnosed with HF,
and classified according to the New York Heart Association’s
HF classification as class II or III [32] during their inpatient
stay or outpatient visit to the cardiac center. Other eligibility
criteria included smartphone ownership as a proxy measure to
indicate prior familiarity with smartphone use, ability to
independently walk without a walker or human assistance, and
a score of 4 or higher on the Mini-Cog [33] cognitive screen.
The exclusion criteria included severe visual or tactile
impairments (eg, legal blindness or severe arthritis), which
would prevent the use of a smartphone, or end-stage renal failure
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or terminal illness (eg, cancer), both of which adversely affect
HF prognosis [34].

To continue the trial during the COVID-19 pandemic, all
in-person interactions were converted to remote interactions.
We used a secure, Health Insurance Portability and
Accountability Act–compliant email system to continue
receiving referrals from clinical case managers at the inpatient
HF center. In addition, we contracted with the participant
recruitment company Trialfacts [35] to recruit participants on
the web from the states of Texas and Oklahoma. The eligibility
criteria remained the same, but the formal screening process
then required a narrative description of HF history or
confirmation from the potential participant’s health care provider
to confirm the individual’s HF diagnosis.

Intervention
The description of the design, development, and usability
assessment phase of the SCDG has been detailed elsewhere
[25]. Guided by the Fogg behavioral model [36] and played on
a smartphone, the Heart Health Mountain SCDG presented a
narrative in which the older adult player helps an avatar to climb
a mountain in a forested area, with the game’s goal being to
avoid hospitalization. The SCDG motivates the player’s
engagement in critical behaviors related to HF self-management,
helping the avatar to climb the mountain. This is done by daily
weight monitoring and attaining physical activity steps based
on goal steps tailored to the individual player. The step goal in
the SCDG ranged from 3000 to 15,000 steps.

According to the Fogg model [36], for a person to perform a
target health behavior, they must (1) be sufficiently motivated,
(2) have the ability to perform the behavior, and (3) be triggered
to perform the behavior. For example, based on the motivation
concept of the Fogg model [36], positive attitudes toward
engaging in HF self-management and empathy with the game
character will be aided by positive feedback, competition (eg,
leaderboards), and game rewards (eg, coins to buy low-salt food
items or accessories for the game character for engaging in
real-time behaviors and in-game challenges). On the basis of
the ability concept of the Fogg model [36], knowledge about
HF self-management within the SCDG was provided using
language especially chosen for those with low literacy levels
(from the Living Well With Heart Failure booklet) [37,38] in
bite-sized chunks (Figure 1). Built-in quizzes tested content
mastery, and problem-solving strategies provided opportunities
for higher game rewards (Figure 2).

Finally, based on the trigger concept of the Fogg model [36],
game alerts, the avatar’s health status, messages (Figure 3), and
incentives were tailored to the participant’s real-time HF
self-management behaviors based on data from the
behavior-tracking sensors (eg, climbing up the mountain by 2
steps if the physical activity goal was attained that day). HF
game players are expected to make meaningful connections
between game events and real-time HF self-management
behaviors, increasing the likelihood that they retain and apply
their newly acquired knowledge, skills, and habits for HF
self-management behaviors outside the game’s world [39] and
improve their health outcomes.
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Figure 1. Knowledge embedded in the sensor-controlled digital game.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e29044 | p.24https://games.jmir.org/2021/4/e29044
(page number not for citation purposes)

Radhakrishnan et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 2. Built-in quiz in the sensor-controlled digital game.
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Figure 3. Example of game alert messages based on real-time behavior.

Intervention Procedures
CONSORT (Consolidated Standards of Reporting Trials)
guidelines [40] informed this parallel-group randomized
controlled trial and the reporting of outcomes (Multimedia
Appendix 1). The SCDG intervention group (IG) received
sensors tracking weight monitoring and physical activity and
played the SCDG app on a smartphone; the sensors-only control
group (CG) received sensors tracking weight monitoring and
physical activity only. Both IG and CG participants were given
the Withings Go activity tracker (Withings) [41], Withings Body
smart weighing scale [42], and Withings Health Mate app [43]
to record, store, and transmit daily weight and physical activity
data, but the CG did not receive the SCDG app. The Withings
Body smart weighing scales have been found to accurately
measure body mass [44]. We selected the Withings Go tracker
because it has long battery life, is waterproof, is reasonably
accurate in measuring activity levels of people with HF [45,46],
and uses a clock schema, which is a familiar interface for most
adults, to represent the user’s daily physical activity. The step
goals for all participants were set based on their preferences as
well as the nursing research assistant’s assessment of their
physical health status.

Whereas the participants in the IG received standardized HF
education [6,38] embedded within the SCDG, the participants
in the CG received the same information in written format.
Thus, the difference between the IG and the CG was the receipt
of the SCDG gaming elements. The SCDG app transmitted the
IG participants’ game-playing data, and the Health Mate app
transmitted all participants’ sensor data to the research team
through cellular data service or home Wi-Fi. An intervention
nursing research assistant remotely tracked user engagement
for participants in both groups during the first week and
contacted participants by phone in the absence of any data to
offer help with troubleshooting.

Before the COVID-19 outbreak, an intervention nursing research
assistant installed the apps on all participants’ smartphones and
trained the participants to use the sensor devices and apps at
either their homes or at a location of their convenience. During
the COVID-19 pandemic, in-person interactions were converted
to remote interactions. Contactless delivery of study equipment,
videoconferencing on smartphones, and printed pictorial and
video instructions allowed remote support for installation,
training, and troubleshooting of the devices and apps. The study
team members’ experience with the devices and apps during
in-person interactions with the older adults at their homes helped
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inform the training materials that were provided to the
participants during the pandemic. Installation and training times
by the research team member varied widely during the remote
phase, from 0 minutes (participant self-installation) to 180
minutes compared with 45 to 120 minutes during the in-person
phase.

Randomization
The participants were assigned to the IG or CG with a 1:1
randomization ratio such that the 2 groups were equivalent in
terms of biological sex. The randomization was carried out after
informed consent was obtained and the baseline survey
completed. The allocation sequence list for block randomization
was generated by an independent researcher at the Sealed
Envelope Ltd website [47] with random block sizes of 2 and 4
and concealed until the trial group was assigned. To ensure
blinding during assessment of the outcomes, the research
assistant who delivered the intervention to the 2 groups was
different from the research assistant who collected the baseline
and follow-up surveys from the 2 groups. The researcher who
performed the data analysis was blinded to the participant
groups. Indication of participation in a digital health intervention
study in the informed consent allowed us to blind all participants
to their specific group assignment.

Outcome Measures

Feasibility Outcomes
To inform the development of a future large-scale randomized
controlled clinical trial, we determined the feasibility,
acceptability, and effectiveness of our SCDG in engaging older
adults with HF by assessing recruitment (how many accepted
the invitation to participate in the study), retention, engagement,
and satisfaction. We considered the trial feasible if the
enrollment rate was at least 20% of the patients with HF who
were approached to participate in the study, if at least 50% of
the IG and CG participants completed both the 12-week
objective behavior assessment and the 24-week follow-up
assessment (retention), and if at least 50% of the IG participants
used the SCDG intervention for at least 50% of the days
(engagement) and were satisfied with the SCDG intervention
(satisfaction).

Retention
Retention was recorded as the number (proportion) of
participants in both groups who used the sensor devices to
measure physical activity and weight monitoring for 12 weeks
and completed follow-up assessments at 24 weeks to assess
maintenance of the SCDG intervention.

Engagement and Adherence
A Google Cloud console was created to store all participants’
deidentified physical activity and weight monitoring behavioral
data obtained from the Withings Health Mate app as well as
data used to assess the IG participants’ engagement with the
SCDG and its features. The number of days of adherence to
physical activity and weight monitoring as well as engagement
with the SCDG were obtained from the Google Cloud console.

Satisfaction
We assessed the IG participants’ satisfaction with the SCDG
using a questionnaire at the end of 12 weeks based on the 4-item
interest and enjoyment subscale of the Intrinsic Motivation
Inventory (α=.8) [48], a multidimensional instrument intended
to assess participants’ subjective experience related to a target
activity. The interest and enjoyment subscale assesses an
individual’s interest and inherent pleasure in performing a
specific activity on a 4-point Likert scale (1=not satisfied,
4=very satisfied). In addition, the participants were asked
open-ended questions about what they liked and disliked most
about using the SCDG for HF self-management. A 4-point scale
(1=strongly disagree, 4=strongly agree) was used to assess the
key elements that might have helped the participants maintain
their motivation to continue using the SCDG. Finally, the
participants were asked whether they would recommend the
SCDG to others with HF.

Health and Behavior Outcomes

Overview
All participants were asked to complete surveys at 6, 12, and
24 weeks after the baseline survey to assess the immediate effect
of the intervention and maintenance of behavioral changes.
Before the COVID-19 outbreak, the participants were asked to
complete the surveys on the Qualtrics platform (Qualtrics XM)
on a study iPad (Apple Inc). During the pandemic, the
participants were emailed or texted links to the Qualtrics
surveys. All participants completed a sociodemographic survey
questionnaire at baseline. They also completed the 2-item Patient
Health Questionnaire [49] to report on depressive symptoms at
baseline and at 6, 12, and 24 weeks.

Weight Monitoring Behavior
The primary outcome of the days of weight monitoring was
measured by the number of days with weight monitoring data.
This measure was collected from sensor logs within the Health
Mate app [43], with each day of weighing measured
dichotomously (yes or no).

Physical Activity Behavior
Physical activity data were derived from the Withings Go sensor
logs within the Health Mate app [43] by obtaining the
cumulative steps for each day and averaging the steps for each
participant over 6 and 12 weeks.

HF-Related Functional Status
For this measure, we used items 1-12 from the Kansas City
Cardiomyopathy Questionnaire (KCCQ) [50]. The item scores
are transformed to a range of 0 to 100 by subtracting the lowest
possible scale score, dividing by the range of the scale, and
multiplying by 100. The summary scores for the functional
status thus range from 0 to 100, with higher scores indicating
better functional status. The Cronbach α value for the KCCQ
functional status is excellent at .93 [49]. The scale has
demonstrated criterion validity, with high correlation with the
New York Heart Association HF classification and the 6-minute
Walk Test [50].
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Quality of Life
Quality of life was measured with items 13-15 from the KCCQ
[50]. The item scores are transformed to a range of 0 to 100 by
subtracting the lowest possible scale score, dividing by the range
of the scale, and multiplying by 100. The summary values for
the quality-of-life domain thus range from 0 to 100, with higher
scores indicating better quality of life. The Cronbach α value
was .78 in prior studies [50]. In comparison with similar
quality-of-life instruments, the KCCQ is sensitive to clinical
changes in HF and has shown a significant and high correlation
with the New York Heart Association HF classification [50].

HF Self-management Knowledge
The instrument used was the 30-item Atlanta Heart Failure
Knowledge Test [51]. Each correct answer is scored as 1, with
no additional weighting of items; the correct responses are then
summed. Incorrect or skipped questions are scored as 0. The
total scores range from 0 to 30, and higher scores indicate better
HF knowledge. The content validity ratings for relevance and
clarity ranged from 0.55 to 1.0, with 81% of the items rated
0.88 to 1.0. The Cronbach α value for reliability was .84 [51].
Construct validity has been demonstrated by directly correlating
knowledge with clinical and self-care outcomes, including
dietary sodium consumption, medication adherence, and health
care use [51].

Self-reported HF Self-care Behaviors
The instrument used was the 9-item European Heart Failure
Self-care Behavior Scale [52]. The items were scored on a Likert
scale of 1 to 5. For calculating the standardized score, each item
was reverse coded and then computed using the following
formula: (sum of all even-coded items minus 9) times 2.7777.
The standardized scores range from 0 to 100; every item is given
equal weight, with a higher score indicating better self-care.
The coefficient α value was .80 for this instrument [52].

HF Self-efficacy
The instrument used was the 6-item Section C (self-efficacy
section) of the Self-Care of Heart Failure Index [53]. The item
scores were standardized using the following formula: (sum of
Section C items minus 6) times 5.56. The scores on the
self-efficacy scale range from 0 to 100, with higher scores
reflecting better self-efficacy. The Cronbach α value was .88,
with good evidence for construct validity and contrasting group
validity [53].

Motivation for HF Self-management Behaviors
The instrument used was the 19-item Treatment Self-Regulation
Questionnaire [54], adapted for HF. Each item was scored on
a scale of 1 to 7. The scale has 2 subscales: autonomous
regulation and controlled regulation. The score for each subscale
was the average of the items in that subscale. The average for
controlled regulation was subtracted from the average for
autonomous regulation to calculate the Relative Autonomy
Index. The Cronbach α value for chronic disease–related
behaviors ranged from .83 to .87 [54]. Construct and convergent
validity have been confirmed using factor analysis and
correlations with autonomy-related subscales of other behavior
scales and health outcomes [55].

HF Hospitalization
This measure was obtained through the participants’ self-report
(yes or no) on the 6-, 12-, and 24-week surveys and was
confirmed with hospitalization discharge summaries or
communication with health care providers.

Statistical Analysis

Power
On the basis of 1:1 randomization with 80% power (α=5%), a
sample size of 38 patients per group would have been required
to detect a difference of 80% versus 50% in both groups of daily
monitoring of weight monitoring and physical activity. We
chose 80% as the cutoff for adequate weight monitoring at 12
weeks because patients with HF who completed at least 80%
of the weight diaries (5.6/7 of the days per week) were found
to have significantly reduced odds for HF-related
hospitalizations in comparison with patients who completed
less than 80% of the weight diaries [6]. In addition, only 50%
of the participants with HF in a remote monitoring sensor group
recorded their weights more than 50% of the time [56]. Allowing
for 10% attrition, 49 patients per group (N=98) would have had
to be recruited for a fully powered clinical trial of the SCDG
intervention for HF behavior of weight monitoring. The power
analysis was performed using G*Power (Heinrich Heine
University) [57]. With a sample of 38, our study was
underpowered. However, this sample size was sufficient to
conduct a feasibility study [58], which can inform
implementation of a fully powered study with fewer problems
to test the SCDG’s effectiveness.

Data Analysis
Descriptive statistics for feasibility included (1) the percentage
of participants recruited from the total who were approached,
(2) the percentage of participants (among those recruited) who
were retained in the study at the end of 24 weeks in each arm
and overall, (3) the number of days the IG participants played
the SCDG, and (4) average satisfaction with the SCDG. All
open-ended questions were coded by 2 team members (CA and
AS) and then analyzed using a general inductive thematic
approach [59].

The observed effect sizes (Cohen d) for the primary outcome
of weight monitoring days at the end of 12 weeks was calculated
using the following formula: mean of days in IG minus mean
of days in CG divided by average SD of days in IG and days in
CG. The potential clinical meaningfulness of the results (in
addition to statistical significance) was based on the magnitude
of the effects: small (Cohen d=0.20), medium (Cohen d=0.50),
and large (Cohen d=0.80) [60].

All statistical analyses were conducted using SPSS software
(version 26.0; IBM Corp). Baseline characteristics of the
participants in the IG and CG were compared using independent
2-tailed t tests for continuous variables and chi-square tests for
categorical variables. Although this study was a feasibility trial,
we assessed within-group trends in the IG and CG using
paired-sample t tests (2-tailed) at baseline, 6 weeks, 12 weeks,
and 24 weeks. Within-group changes were presented as absolute
changes from baseline. All data were presented as means with
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SDs. Missing values were addressed using intent-to-treat
principles with maximum likelihood estimations.

Ethical Considerations
The institutional review board at the University of Texas at
Austin approved this study on July 30, 2018 (number
2017-12-0042). Interested participants provided their phone
numbers to be contacted by a nursing graduate research assistant
for formal screening through phone. If potential participants
were found eligible, the research assistant scheduled visits at
their homes to complete the written informed consent.

During the COVID-19 pandemic, the eligible potential
participants completed the verbal informed consent with the
research assistant on the phone. The participants were also
emailed a copy of the informed consent form. To protect the
participants’ privacy, 6-digit unique ID numbers and dummy
email addresses were generated for the profile information that
was required by the Health Mate app [43] and Google Cloud

console so that no personal patient information was shared or
processed through the app or the console. Participants who
scored higher than 4 on the Patient Health Questionnaire (2
items) for depression [49] were provided resources for local
mental health services, including available mental health
services at their HF clinical site. The eligible participants
received US $75 as incentives spread over 4 time points for
participating in the study. The participants who continued in
the study during the COVID-19 pandemic were also allowed
to keep the weighing scale and tracker to avoid reuse of the
devices.

Results

Baseline Characteristics
The characteristics of the participants are presented in Table 1.
There were no marked differences between the IG and the CG
except for marital status, with significantly more IG participants
being married or having a partner.
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Table 1. Baseline characteristics of the cohort (N=38).

P valueTotal, n (%)Sensors only (CGc; n=19), n (%)SCDGa (IGb; n=19), n (%)Baseline characteristics

.20Age (years)

20 (53)9 (47)11 (58)55-64

12 (32)5 (26)7 (37)65-74

6 (15)5 (26)1 (5)≥75

.99Sex

20 (53)10 (53)10 (53)Male

18 (47)9 (47)9 (47)Female

.07Ethnicity

3 (8)0 (0)3 (16)Hispanic or Latino

35 (92)19 (100)16 (84)Non-Hispanic or Latino

.25Race

29 (76)13 (69)16 (84)White

6 (16)4 (21)2 (11)African American

1 (3)1 (5)0 (0)Native American

2 (5)1 (5)1 (5)Other

.90Highest level of education

7 (18)3(16)4 (21)High school

16 (42)8 (42)8 (42)University education

15 (40)8 (42)7 (37)Technical diploma

.05Marital status

20 (53)7 (37)13 (68)Married or has a partner

18 (47)12 (63)6 (32)Divorced or widowed

.35Living arrangement

11 (29)6 (32)5 (26)Living alone

24 (63)12 (68)12 (63)Living with others

2 (5)0 (0)2 (11)Other

.63Duration with HFd diagnosis

11 (29)5 (26)6 (32)<6 months

5 (13)3 (16)2 (11)7 months to 1 year

12 (32)5 (26)7 (37)1-5 years

10 (26)6 (32)4 (21)>5 years

.51Last HF hospitalization

11 (29)6 (32)5 (26)<1 month

10 (26)3 (16)7 (37)1-6 months

3 (8)2 (11)1 (5)7 months to 1 year

14 (37)8 (42)6 (32)>1 year

.23Prior digital game-playing

30 (79)13 (68)17 (90)Yes

8 (21)6 (32)2 (10)No

.99Depression (>2 on PHQe -2)

28 (74)14 (74)14 (74)No
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P valueTotal, n (%)Sensors only (CGc; n=19), n (%)SCDGa (IGb; n=19), n (%)Baseline characteristics

10 (26)5 (26)5 (26)Yes

.62Number of comorbid conditions

25 (66)13 (68)12 (63)0-2

14 (37)6 (32)8 (42)>2

Top 2 comorbid conditions

.9920 (53)10 (53)10 (53)Hypertension

.5513 (34)5 (26)8 (42)Diabetes

aSCDG: sensor-controlled digital game.
bIG: intervention group.
cCG: control group.
dHF: heart failure.
ePHQ: Patient Health Questionnaire.

Feasibility Outcomes

Recruitment and Enrollment
Before the COVID-19 outbreak, 91 older adults with HF were
approached at clinical centers (cardiac rehabilitation center,
cardiac hospital unit, and senior centers), of whom 25 (27%)
were found ineligible for the study. The reasons for exclusion
were as follows: not owning smartphones (19/25, 76%),
moderate cognitive impairment (2/25, 8%), moving to another
state (pre–COVID-19; 2/25, 8%), or not fluent in English (2/25,
8%). Of the 66 eligible participants, 14 (21%) enrolled in the
study.

During the COVID-19 pandemic, 50 patients with HF were
approached, of whom 11 (22%) were ineligible. The reasons
for exclusion were as follows: moving to a hospice (2/11, 18%),
not having a confirmed diagnosis of HF (6/11, 55%), or using
a wheelchair or walker to ambulate (3/11, 27%). Of the 39
participants found eligible—11 (28%) from clinical sites and
28 (72%) through web-based recruitment—24 (61%) agreed to
enroll in the study: 6 (25%) from clinical sites and 18 (75%)
through web-based recruitment (Figure 4). The average distance
of the participants’ homes from the study team increased from
14 miles (range 2-52) during the pre–COVID-19 phase to 143
miles (range 11-465) during the COVID-19 phase.
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Figure 4. Diagram of participant flow. HF: heart failure; LTFU: lost to follow-up.

Retention
Of the 38 participants who enrolled in the study, 6 (16%)
completed the baseline survey but dropped out before
installation of the devices or apps. Of the 6 participants who
dropped out, 4 (67%) were lost to follow-up, and 2 dropped out
because of end-stage disease unrelated to HF. We obtained the
12-week objective behavior data assessments from 84% (32/38)
and 79% (30/38) of the total enrolled participants for weight
monitoring and physical activity, respectively. Although 100%

(32/32) of the participants who installed the apps were able to
transmit data on daily weight monitoring, 6% (2/32; 1 in the
CG and 1 in the IG) experienced issues with synchronizing the
tracker and were unable to transmit data on physical activity.
As the tracker became an outdated version during the course of
the study, the device company was unable to support
troubleshooting for these 2 trackers. Table 2 provides retention
statistics on the survey data available to the study team at each
data collection time point.
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Table 2. Retention of participants at each time point (N=38).

Participants, n (%)Data collection

32 (84)12-week weight monitoring

30 (79)12-week physical activity

30 (79)6-week surveys

30 (79)12-week surveys

27 (71)24-week surveys

Engagement
Installation and training for the devices and apps was completed
with 100% (32/32) of the participants who progressed in the
study. Of the 32 participants, 14 (44%) owned a smartphone
with the Android platform, whereas the remaining 18 (56%)
owned a smartphone with the iOS platform. Of the 15 remaining
IG participants, 11 (71%) played the SCDG more than 50% of
the days (range 7%-96%). Using the daily data of the 15 IG

participants, the number of days each player opened the game
app was strongly associated with the number of days each player
engaged in weighing (r=0.72; P=.04) and the number of days
with physical activity step data (r=0.9; P<.001).

Satisfaction With the SCDG
At the end of 12 weeks of game-playing, of the 15 IG
participants, 13 (87%) completed the survey regarding their
satisfaction with the SCDG (Table 3).

Table 3. Intervention group participants’ satisfaction with the sensor-controlled digital game (N=13).

Participants, n (%)Satisfaction parameters

11 (85)Interesting

13 (100)Easy

11 (85)Enjoyable

11 (85)Satisfying to play

11 (85)Satisfaction with the avatar’s look

12 (92)Satisfaction with sound in the game

12 (92)Satisfaction with graphics

8 (62)Satisfaction with using the sensor devices to progress in the game

13 (100)Satisfaction with the content or information

12 (92)Game motivated me to weigh myself daily

11 (85)Game motivated me to exercise more

11 (85)Will recommend this game to others with HFa

10 (77)Prefer playing digital games over other ways to learn about managing HF

aHF: heart failure.

The themes related to playing the SCDG included its competitive
nature (2/13, 15%), motivation to attain health behavior goals
(5/13, 38%), ease of the interface between the sensor devices
and the game (2/13, 15%), opportunity to learn about managing
HF (2/13, 15%), and access to behavior data (1/13, 8%). A
participant said that the duration of the game play for 12 weeks
was not long enough to develop healthy habits:

I was disappointed that it ended so soon. It was
motivational for me to continue to pay attention to
my heart failure regimen until it became more of a
routine. I’m at a stage in my life where I can continue
to strengthen my heart by adding more to my routine.
[Participant]

We faced challenges in syncing data from some of the trackers
within the SCDG in real time because the device company
discontinued support by the time the study was implemented.

Therefore, a common theme among the barriers to playing the
game included problems with syncing steps from the Withings
Go activity tracker with the game (5/13, 38%). Other barriers
included inaccuracies in tracking bicycle activity as steps and
the lowest attainable step goal in the game being too high for a
participant with HF:

Steps and physical activity at unrealistic start levels.
I started out at 280 steps, got up to 550 steps a day.
[Participant]

Of the 13 participants who completed the survey, 2 (15%) found
the game to be simplistic and said they would prefer more
features. A participant stated as follows:

Needs more bells and whistles. More color and
animations. [Participant]
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Finally, of the 13 participants who completed the survey, 3
(23%) stated that the use of digital games to motivate HF
behaviors was not appealing. Of these 3 participants, 2 (67%)
preferred reading to playing games, whereas 1 (33%) stated as
follows:

If it would help people do daily weight/vital sign
checks it would be worthwhile. I didn’t need
motivation other than my cardiologist telling me to.
[Participant]

Health and Behavior Outcomes

Weight Monitoring
At the end of 12 weeks, in comparison with baseline self-reports
of weighing behaviors, trends of increase by 40% in weighing
5 days or more in a week were observed in the IG. Trends of
decrease by 6% were observed in the CG for weighing 5 days
or more in a week (Table 4). An effect size of 0.53 for the SCDG
intervention was obtained for the primary outcome of mean
days with weight monitoring.

Table 4. Behavior outcomes at baseline and at 6 and 12 weeks.

1-12 weeks (sensor data)7-12 weeks (sensor data)1-6 weeks (sensor data)Baseline (self-report)Outcome and group

Weighing 5 days or more in a week, n (%)

12 (80)11 (73)13 (87)6 (40)IGa (n=15)

8 (47)8 (47)12 (71)10 (53)CGb (n=17)

20 (63)19 (5)25 (78)16 (50)All (N=32)

Days with weighing (maximum: 42 in 6 weeks; 84 in 12 weeks), mean (SD); median

69.7 (16.1); 7632.9 (10.5); 3535.8 (6.0); 37N/AcIG (n=15)

60.1 (18.7); 6428.0 (10.9); 30.432.2 (10.2); 34N/ACG (n=17)

64 (17.8); 6430 (10.9); 3134 (8.4); 37N/AAll (N=32)

Physical activity steps, mean (SD); median

2887 (2821); 21333365 (2821); 22812742 (2499); 1986N/AIG (n=15)

2541 (1604); 26012444 (1757); 22442638 (1573); 2522N/ACG (n=16)

2713 (2270); 24822737 (2596); 22622690 (2060); 2480N/AAll (N=31)

aIG: intervention group.
bCG: control group.
cN/A: not applicable.

Overall, across the 2 groups, the female participants had lower
trends in weight monitoring than the male participants (60 vs
70 days, respectively, out of 84); however, both biological sex
groups had higher trends in the IG (men, 80; women, 61)
compared with the CG (men, 62; women, 57) for days with
weight monitoring.

Physical Activity
Trends in average physical activity steps from the 6th week to
the 12th week were seen with modest increases in the IG and
modest decreases in the CG (Table 4).

Multiple Behavior Engagement
HF self-management requires simultaneous engagement in
multiple behaviors over an extended duration. The IG
participants showed higher correlation (r=0.78; P<.001) between
engaging in weight monitoring behaviors and engagement in
physical activity behaviors from the 6th week to the 12th week
than the CG participants (r=−0.01; P=.79; Figure 5).
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Figure 5. Engagement in dual behaviors of weight monitoring and physical activity. CG: control group; IG: intervention group.

HF Functional Status
At the end of 6 weeks, the IG demonstrated a clinically
significant increase of 7 points on the KCCQ [50,61]. At the
end of 24 weeks, both groups retained a clinically and
statistically significant increase in functional status over baseline
levels (Table 5).

Quality of Life
Both groups demonstrated a clinically [62] and statistically
significant within-group increase in quality of life at 6, 12, and
24 weeks compared with baseline on the KCCQ (Table 5).

HF Self-management Knowledge
Both groups demonstrated modest but statistically significant
within-group improvement in knowledge at 6, 12, and 24 weeks
compared with baseline (Table 5).

Self-reported HF Self-management Behaviors
The IG participants consistently demonstrated improvement in
self-reported self-management behaviors compared with baseline

and retained a statistically significant improvement at the end
of 24 weeks. Self-reported behaviors in the CG participants
changed minimally in comparison with baseline (Table 5).

HF Self-efficacy
Both groups demonstrated within-group improvement in
self-efficacy across the different time points, although the CG
participants demonstrated higher trends of improvement (Table
5).

Motivation for HF Self-management Behaviors
The changes in autonomous regulation of behaviors were
nonsignificant in both the groups at 6, 12, and 24 weeks (Table
5).

HF Hospitalization
Decreases in 1-month and 6-month hospitalization rates were
seen in both the IG and CG, albeit tempered by the worldwide
COVID-19 effect of decrease in HF hospitalizations [63,64]
(Table 5).
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Table 5. Survey outcomes at baseline and at 6, 12, and 24 weeks (N=38).

From baseline to 24 weeksFrom baseline to 12 weeksFrom baseline to 6 weeksBaselinePaired outcome and group

P valueValueP valueValueP valueValueValue

HFa-related functional status

N/A26N/A30N/A30N/AbPopulation, n

.077.4 (10.7).273.7 (14.1).048c6.9 (14.1)66.6 (28.4)IGc, mean (SD)

.03e6.5 (11.7).184.1 (12.6).541.7 (11.8)69.2 (20.8) 72.9CGd, mean (SD)

Quality of life

N/A26N/A30N/A30N/APopulation, n

.01e10.8 (16.9).02e8.2 (13.5).075.8 (13.1)62.03 (24.1)IG, mean (SD)

.003e15.4 (19.6).01e13.0 (19.3).02e8.7 (15.3)60.2 (20.7)CG, mean (SD)

HF self-management knowledge

N/A26N/A30N/A30N/APopulation, n

.03e1.1 (2.1).002e1.4 (1.7).003e1.9 (2.5)24.5 (2.6)IG, mean (SD)

.01e1.1 (1.7).005e1.1 (1.5).001e2.1 (2.5)25.0 (2.4)CG, mean (SD)

Self-reported HF self-management behaviors

N/A25N/A31N/A30N/APopulation, n

.004e10.2 (13.4).02e9.3 (16.5).314.9 (20.4)74.1 (21.1)IG, mean (SD)

.80.5 (9.8).42.6 (12.4).26−2.7 (9.9)81.7 (15.5)CG, mean (SD)

HF self-efficacy

N/A25N/A31N/A30N/APopulation, n

.53.0 (18.0).81.0 (20.5).72.2 (25.7)69.9 (20.7)IG, mean (SD)

.087.0 (16.5).002b10.2 (12.3).116.9 (18.1)62.6 (18.4)CG, mean (SD)

Motivation for HF self-management behaviors

N/A25N/A30N/A30N/APopulation, n

.4−0.6 (2.5).90.1 (2.6).75−0.1 (1.2)1.63 (2.2)IG, mean (SD)

.8−0.2 (2.7).7–0.3 (3.0).8−0.2 (2.2)1.64 (1.6)CG, mean (SD)

HF hospitalization

In the last month

N/A26N/A31N/A31N/APopulation, n

N/A1 (7)N/A0 (0)N/A1 (7)5 (26.3)IG, mean (SD)

N/A0 (0)N/A1 (6)N/A1 (6)6 (31.6)CG, mean (SD)

In the past 6 months

N/AN/AN/AN/AN/AN/AN/APopulation, n

N/A2 (15)N/AN/AN/AN/A12 (63)IG, mean (SD)

N/A2 (15)N/AN/AN/AN/A9 (47)CG, mean (SD)

aHF: heart failure.
bN/A: not applicable.
cIG: intervention group.
dCG: control group.
eSignificant at P<.05.
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Discussion

Principal Findings
We have demonstrated the feasibility of conducting a
randomized controlled trial to compare an SCDG intervention
and a sensors-only intervention for improving older adults’ HF
self-management behaviors of daily weight monitoring and
physical activity and other health outcomes. Despite the
constraints imposed by the COVID-19 pandemic, we
successfully attained benchmark parameters for the feasibility
outcomes of recruitment, retention, intervention engagement,
and satisfaction with the intervention among older adults
diagnosed with HF. The advantages of recruiting participants
and conducting the trial remotely enabled us to increase access
to our study from 2 counties to more than 18 counties, which
included rural areas. The older adult participants in our study
were able to use the digital game app and sensors regardless of
their education level, familiarity with digital games, or
smartphone platform (ie, iOS or Android).

Regarding the behavior outcomes, the IG demonstrated better
trends in the primary outcome of weight monitoring behavior,
with a higher average of weight monitoring days than the CG:
46% more IG participants than CG participants attained the
clinically significant level of weighing 5 days or more in a week.
Similarly, the IG participants demonstrated higher engagement
in the dual behaviors of weight monitoring and physical activity
than the CG participants. Moreover, the IG participants
demonstrated significant within-group improvement in
self-reported HF self-management behaviors (weight
monitoring, exercise, salt restriction, medication adherence,
crisis recognition, and related follow-up), which persisted at 24
weeks. This result is promising because improving overall HF
outcomes depends on engagement in multiple HF
self-management behaviors over long time intervals.

Ours is one of the few studies to capture daily physical activity
steps of older adults with HF over 12 weeks. Although both IG
and CG participants demonstrated an increase in average daily
physical steps from the 6th week to the 12th week, the increase
was still lower overall than recommended for physical activity
steps [65]. Given the technical issues with an outdated tracker,
the SCDG may motivate higher increases in step levels with
better trackers. Although typical recommended levels for
cardiovascular health benefits have ranged from 10,000 [65] to
15,000 [66] steps a day, a study with 16,000 older women found
that even an average of 4400 steps a day resulted in significantly
lower mortality rates [67]. However, older adults with HF often
suffer from frailty and fatigue; therefore, it may be harder for
them to reach the optimal step levels. In a recent study that
examined the walking activity of adults with HF using a step
counter over a year, younger age, higher ejection fraction, and
lower HF classification were found to be significantly correlated
with the number of daily steps [68]. Whether modest increases
in steps result in health benefits among older adults with HF
remains to be seen and may signify a need for additional
supportive or palliative interventions that relieve physical or
mental symptom burden to ensure optimal quality of life among
patients with HF [69]. Nevertheless, studies like ours

demonstrate actual physical activity engagement in real-world
situations and examine the longitudinal relationship between
clinically significant physical activity steps and optimal HF
outcomes. A recent position paper on measuring physical
activity by varied activity monitors for HF in real-world
conditions has provided key criteria for the selection of activity
monitors based on the aims of the research and observation
metrics [70]. On the basis of our participants’ experience with
the SCDG, future iterations could include the ability to set
realistic step goal levels for participants with HF that are lower
than 3000 steps and game play duration that is longer than 12
weeks.

The within-group trends of improvement in functional status
and quality of life in both the IG and CG that persisted until the
end of the study demonstrate the potential of digital health
interventions to improve outcomes among older adults with HF.
Similarly, trends of improvement in HF self-efficacy were
observed in both the IG and CG. Both groups were allowed to
retain the sensor devices after 12 weeks of behavior data
collection, which might have contributed to persistent
improvement in perceived functional status, quality of life, and
self-efficacy in comparison with baseline levels. The lack of
perceptible changes in autonomous regulation of behaviors in
either group could be explained by the participants’ perceiving
the SCDG and the sensors-only interventions as expecting
accountability of their behaviors, which may be analogous to
controlled regulation of behavior. Future research can help
explore the need and preferences for either kind of behavior
regulation for sustaining HF self-management behaviors.

Improved HF management at the clinical level may have resulted
in the baseline knowledge of HF self-management being already
high in both groups. Still, both groups demonstrated trends of
modest improvements in knowledge at 6 and 12 weeks that
were maintained at 24 weeks.

Reduction in HF hospitalization is the desired distal outcome
of improved self-management behaviors. Although both groups
demonstrated reduction in hospitalization, it is unclear whether
the reduction resulted from the interventions or from the
worldwide reduction in cardiac-related hospitalizations due to
the COVID-19 pandemic [62,64]. The reduction in
hospitalizations by more than 30% in both the groups persisted
until the end of the 24-week study period.

Comparison With Prior Work
Recent studies have explored the feasibility of presenting data
from fitness tracker sensors or Bluetooth-enabled weighing
scales to track behaviors and provide feedback to patients with
HF through an mHealth app. In a single-group study with 20
individuals with HF who were followed over 6 months to track
weight monitoring, physical activity, and medication adherence,
60% of the participants wore trackers and 45% used the
weighing scale for more than 70% of the days [71]. In our study,
among the 32 participants who installed the SCDG app, 27
(80%) wore the trackers for more than 70% of the days and used
the weighing scale for more than 80% of the days at the end of
12 weeks. In addition, the IG participants in our study
experienced an increase in HF functional status and similar
increases in knowledge in comparison with the IG participants
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in another recent study with an mHealth app intervention for
HF that also employed a Bluetooth weighing scale [72].
Although our study’s results with the SCDG app compare
favorably with those of similar studies that have examined
mHealth apps and sensor devices with patients with HF, given
the small sample size in our feasibility trial, the results and
findings from our trends analysis should be treated with caution.

Limitations
Digital literacy is often a concern when digital health
interventions are implemented with older adults [73]. Our study
team’s prior experience in conducting usability assessments
with older adults with HF as well as in installation of, and
training for, devices and apps at the participants’ homes [25]
helped us to design the information and content to support the
participants’ self-installation of the apps and use of the devices.
Nevertheless, the study might have suffered from selection bias
because participation was voluntary and participants already
comfortable with using technology might have been especially
motivated to participate. In addition, despite block
randomization and stratification by biological sex, a higher
proportion of participants in the IG were married or had a
partner. Having a partner to support self-management efforts
might have resulted in better trends of behavior outcomes in
the IG.

Another limitation was the research team’s inability to intervene
immediately in the event of missing behavioral data or unsafe
weight changes throughout the 12-week game play duration.
Our approach of using the Twilio app (Twilio Inc) [74] for
alerting the nursing research assistant to the absence of physical
activity or weight monitoring data or to sudden weight changes
became unmanageable because of the high volume of text
messages. In future studies, developing a dashboard that will
allow easier visualization of behavioral data from all participants
will provide us with the opportunity to intervene immediately
in the event of absent or unsafe levels of behavioral data.

Conclusions
This pilot randomized controlled trial indicates that playing an
SCDG app on smartphones is feasible and acceptable for older
adults with HF for motivating daily weight monitoring and
physical activity. The participants who played the SCDG
demonstrated positive trends in daily weight monitoring and
physical activity behaviors and reduction in HF hospitalization
compared with the sensors-only group. This study justifies fully
powered efficacy trials with digital gaming solutions to motivate
adherence to HF self-management behaviors and improve the
health outcomes of older adults with HF.
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Abstract

Background: Globally, 3 out of 20 children experience sexual abuse before the age of 18 years. Educating children about sexual
abuse and prevention is an evidence-based strategy that is recommended for ending child sexual abuse. Digital games are
increasingly being used to influence healthy behaviors in children and could be an efficient and friendly approach to educating
children about sexual abuse prevention. However, little is known on the best way to develop a culturally sensitive game that
targets children in Africa—where sexual education is still taboo—that would be engaging, effective, and acceptable to parents
and caretakers.

Objective: This study aimed to develop a socioculturally appropriate, mobile-based game for educating young children (<5
years) and parents and caretakers in Tanzania on sexual abuse prevention.

Methods:  HappyToto children’s game was co-designed with 111 parents and caretakers (females: n=58, 52.3%; male: n=53,
47.7%) of children below 18 years of age and 24 child experts in Tanzania through surveys and focus group discussions conducted
from March 2020 to April 2020. From these, we derived an overview of topics, sociocultural practices, social environment, and
game interface designs that should be considered when designing child sexual abuse prevention (CSAP) education interventions.
We also conducted paper prototyping and storyboarding sessions for the game’s interface, storylines, and options. To validate
the application’s prototype, 32 parents (females: n=18, 56%; males: n=14, 44%) of children aged 3-5 years and 5 children (females:
n=2, 40%; males: n=3, 60%) of the same age group played the game for half an hour on average. The parents undertook a pre-post
intervention assessment on confidence and ability to engage in CSAP education conversations, as well as exit surveys on the
usability and sociocultural acceptability of the game, while children were quizzed on the topics covered and their enjoyment of
the game.

Results: Parents and caregivers showed interest in the developed game during the conducted surveys, and each parent on average
navigated through all the parts of the game. The confidence level of parents in talking about CSAP increased from an average of
3.56 (neutral) before using the game to 4.9 (confident) after using the game. The ability scores, calculated based on a range of
topics included in CSAP education talks with children, also increased from 5.67 (out of 10) to 8.8 (out of 10) after the game was
played. Both confidence level and ability scores were statistically significant (P<.001). All 5 children were interested in the game
and enjoyed the game-provided activities.

Conclusions: The HappyToto game can thus be an effective technology-based intervention for improving the knowledge and
skills of parents and children in CSAP education.
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Introduction

Background
Child sexual abuse (CSA) is increasingly becoming a serious
public health issue affecting both boys and girls. It has been
associated with physical, mental, and behavioral health problems
that may be long lasting throughout the course of a child's life
[1]. According to global evaluations and meta-analyses, the
rates of CSA are estimated to be between 7.6% and 7.9% for
boys and 18.0% to 19.7% for girls [2,3]. According to studies
conducted in Uganda, India, Israel, and the United States, the
COVID-19 pandemic has resulted in an upsurge in CSA [4-6].
In Tanzania, almost 3 out of every 10 females and 1 out of every
7 males experience some form of sexual harassment before the
age of 18 [7]. Records from Tanzania’s Ministry of Health,
Community Development, Gender, Elderly and Children
(MoHCDGEC) show that the numbers have fluctuated regularly
but have consistently increased: from 4423 cases in 2016 to
4307 in 2017 and from 9408 cases in 2018 to 10,750 cases in
2019. Such a trend is worrying and demands a whole-society
approach in solving CSA. In most cases globally, the perpetrator
has a close relationship with the abused child (eg, they are a
parent, friend, or dating partner) [8]. Likewise, in Tanzania, the
perpetrator is usually someone familiar to the child, such as a
neighbor, teacher, dating partner, or relative (uncle or cousin)
[7,9].

When children are sexually abused, it affects their physical,
mental, and psychological health. There have been reports of
both short-term effects, such as pain, bleeding, and harm to
private parts, including tearing and even discharge; and
long-term effects, such as psychological abuse, emotional
torture, low academic performance, becoming sexual offenders,
depression, anxiety, infertility in girls, and the acquisition of
chronic diseases such as HIV/AIDS [1]. In recognition of these
serious effects of sexual violence and exploitation of children,
the United Nations sustainable development goals include a
target (Target 16.2) to “end abuse, exploitation, trafficking and
all forms of violence against and torture of children.” The World
Health Organization, in partnership with various partners, also
developed INSPIRE, a set of 7 evidence-based strategies that
can be used by communities and countries to eliminate various
forms of violence against children [10]. Among the strategies
recommended is educating children about sexual abuse and its
prevention.

CSAP education (CSAPE) is not a new concept. School-based
programs have been adapted into the education systems of many
countries, and they have proven to be very effective in
transmitting information to children [11,12]. In Ireland for
example, children aged between 6 and 12 years old are educated
on topics such as safe and unsafe touches, not keeping secrets
from parents, and the danger of strangers [13]. In North
America, the United Kingdom, Australia, and New Zealand,
school children are taught sexual abuse recognition, appropriate

and inappropriate touches, the difference between good and bad
secrets, how to say no and avoid unwanted advances, how to
report abuse to an adult, and how abuse is never the fault of a
child [12,14]. In Tanzania, no specific programs exist in the
school curriculum to teach children about sexual abuse
prevention [1]. However, schools may implement their own
programs if needed. Unfortunately, organizing professional
visits for students specifically for CSAPE is costly in terms of
time and money and may therefore be out of reach for the
children enrolled in primary schools, where scarcity of resources
sometimes means even essential items, such as classrooms and
desks, are unavailable [11,12,15].

Apart from school-based programs, CSAPE can also be
conducted through places of worship and media campaigns. In
Tanzania, a the 2019-2020 report by the MoHCDGEC
highlighted that churches, mosques, books, and campaigns from
various ministries and government agencies, among others, had
offered CSAPE programs in the 2019-2020 period to 72,832
children. Similarly, in the United States, a community
preventative technique that includes home visits and
technological enhancement tools (eg, mobile phones, websites,
phoning, SMS text messaging) to educate parents on positive
parenting has shown encouraging results [16-18].

A key limitation of school and other public-based programs is
that younger children are not yet in school. Younger children
who are not yet in school (usually under 6 years old) are not
considered in the development of the CSAPE programs. Yet,
sexual abuse among this age group is present and can be
perpetuated by myths, such as the belief that HIV infection can
be cured through sexual contact with a child [9]. The
lesser-developed communication skills of this age group may
also mean that they are unable to report incidents of abuse.
Home-based CSAPE is thus important to ensure their safety.
From the age of 1 to 6 years, children grow sexually, recognize
their biological differences, exhibit sexual gestures, and become
explorative [19]. Children between 3 and 6 years look to their
parents and caretakers for answers to questions such as the
difference between girls and boys. Studies have proposed that
parents should create home environments where they are
engaged and ready to respond to and openly discuss these kinds
of topics [20-23]. Child psychologists recommend that talks on
sexual abuse with this age group should focus on the same topics
offered to older children, including those regarding private parts,
safe and unsafe touches, the importance of not keeping secrets
from parents and caregivers, requesting permission before going
anywhere, and reporting situations where they did not feel safe,
and that these talks be offered in an easier language [24]. For
many parents, this can be a daunting task. In Tanzania, there
are additional sociocultural barriers, such as the discussion of
sex being generally taboo, especially that occurring between
parents and caretakers and their children [25].

Digital games have increasingly been used to offer health
interventions to children and their parents. Mobile learning
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games are games created with the defined goal of deploying on
a mobile phone to motivate and engage society, especially
children, on a predetermined topic [26]. Mobile learning games
provide learning anywhere and anytime, and allow children to
take more risks [27] and present the opportunity to retry
following failure [26]. Mobile learning games geared toward
health include eBug and modified Mario Brothers games. Mobile
learning games specifically targeting sexual abuse prevention
include Cool and Safe, Orbit, and SAP MobAPP. With the rising
mobile and internet use penetration in Tanzania (29 million
citizens in June 2020), mobile learning games can be a useful
resource for providing CSAPE to parents and their younger
children. However, none of these games have been developed
with the African sociocultural context in mind. For instance,
body parts like the buttocks are referred to using their proper
names, which is widely unacceptable in Africa, and extended
families are not featured. Their general acceptability and
effectiveness may therefore be hindered.

Objectives
This study aimed to develop a CSAPE mobile learning game
to target the 3 to 5-year-old group, tailored for Tanzania as a
case study. The acceptance of CSAPE game is associated with
cultural relevance [28] and co-designed with users of digital
apps. Therefore, the game was designed with a mixed methods
approach to identify parents’ and caretakers’ requirements, as
well as with child experts’ recommendations for the game
content and design [29]. The following research questions were
thus examined: What are the parents’, caretakers’, and child
experts’ topics and content related to CSAPE that should be
contained in the game? What are the challenges related to
parents’, caretakers’, and child experts' sociocultural and
environmental condition that should be considered in the CSAPE
in Tanzania? What are the parents’, caretakers, and child
experts’ requirements for the game interface, features, and
interaction designs? What would the acceptability and usability
of a CSAPE mobile app be to society?

Related Work
Examples of computer-aided sexual abuse prevention games
for children include Cool and Safe [30], which is an effective
web-based prevention training program containing film clips,
stories, tasks, and games developed for French and German
elementary school children. Safety for Kids 3 is another mobile
animation app to teach children about safety in their
environment, including preventing CSA [31]. Other educational
games include Orbit, which is Australian web-based software
for children aged 8 to 10 years that offers information on
togetherness, listening, understanding, belief, and courage [27].
There is also SAP MobAPP, a mobile app for primary school
children in Korea [28]; and the Child Sexual Abuse Prevention
Education Using Hybrid Application, which includes a
combination of a website and a mobile app as a behavioral
self-protection tool for fifth graders in South Korea [32].
Stewards of Children is also another combination of website
and mobile app used for raising awareness on the prevention,
recognition, and reaction to CSA using real people’s stories
[33].

In designing game-based learning, cognitive, affective,
motivational, and sociocultural theoretical foundations play a
significant role [26]. The cognitive foundation suggests that all
the tasks and activities in the game should reflect the lessons
to be learned. The motivation foundation emphasizes the need
for the game to have activities that will interest and engage a
player in the tasks. Moreover, the affective foundation explains
how features of a game make a player feel, thus affecting their
learning (eg, warm colors that may attract a child). Lastly, social
and cultural foundations have a role to play in game design by
connecting it to the player for easy learning. Understanding a
community's sociocultural practices can significantly contribute
toward a reliable and appropriate prevention program. Certain
traits exist in Tanzanian communities that should be considered
when developing a prevention program, such as family
structures, sex and gender taboos (modesty, gender roles), sexual
norms, separation (male and female), the culture of silence,
foreign influence, religious teachings, unquestionable obedience
by children, the value of children, poverty, and lack of
explicitness in teachings [34]. As a result, any preventive
measures must consider the child’s social environment (working
together with the entire environment to which a child is
exposed), and the appropriateness of any such approach must
include parents [35]. The design must also consider children's
engagement in the game (flow theory: balancing between
boredom and anxiety) [36]. This flow includes the magic circle
of game-based learning, which involves response, feedback,
and challenge [26].

Methods

A preliminary survey was conducted in 3 regions of Tanzania:
Dar es Salaam in Ubungo district, Arusha in Meru district, and
Morogoro in Mahenge district, along with other regions with a
very small percentage of participation. The regions were selected
to provide the sociocultural and social setting requirements for
game development. Dar es Salaam was selected because of the
presence of multicultural interactions in an urban setting,
Morogoro was chosen because of multicultural interactions in
a rural setting. and validation was done in Arusha where there
is also multicultural interactions in an urban setting. The first
phase of the survey, completed in Dar es Salaam, Morogoro,
and other areas, involved questionnaire and focus group
discussion from March 2020 to April 2020. The second phase
of the survey was completed for validation and was conducted
in Arusha from March 2020 to April 2020.

Sample Size
A total of 172 people participated in the study. In the first phase,
111 parents from various districts (Ubungo, Ulanga, Meru, and
others) were involved in the study survey, including 58 females
(52.3%) and 53 males (47.7%). Twenty four child experts
forming four focus groups from two districts (Ubungo and
Ulanga) took part in discussion from March 2020 to April 2020
to design the game content, features, interface, and interactions.
In the second phase, 32 parents and 5 children from Meru district
participated in the validation. Participants were given
information about the facts and benefits of the research before
they agreed to participate.
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Sampling and Recruitment
To obtain a representative sample of the population in the first
phase survey, a snowball sampling technique was used [37].
Parents were selected from strategic locations: outside of their
children's schools, hospitals, market places, home visits. and
online Google forms via email contact lists or WhatsApp groups
for answering questionnaires. Participants were asked if they
would be willing to recommend another person who fulfilled
the criteria, was willing to take part, and lived nearby. Similarly
to the online questionnaire, participants were requested to
forward it to others who met the criteria. We recognized that
participation in the study may have unintended implications,
such as the likelihood of emotional distress for persons who
have experienced sexual abuse. To minimize this, both the
introduction and the form of consent stated that the nature of
questions was focused solely on app design and not on
experiences. The survey questions were reviewed and approved
by Kibong’oto Infectious Diseases Hospital-Nelson Mandela
African Institution of Science and Technology-Centre for
Educational Development in Health, Arusha Health Research
Ethics Committee. The ability to exit the survey at any time
was emphasized. Child experts were selected from the local
government gender desks to district social service offices. One
or two hosts were identified and informed about the study, and
they recommended which experts should be included in the
focus group discussion. During validation in the second-phase
survey, parents were sampled using the snowballing technique
during home and office visits.

Inclusion Criteria
To be included in the study, participants had to be 18 years of
age or older, own a smartphone, and have at least 1 child aged
1 to 18 years. Both male and female parents and caretakers were
eligible. To be regarded as a child expert, the individual had to
possess the necessary abilities and knowledge to protect
children's safety and well-being. These participants completed
a first-stage survey for the requirement selection.

To be included in the second-phase survey, participants had to
be 18 years of age or older, own a smartphone, and have at least
1 child aged 3 to 5 years. Both male and female parents and
caretakers were eligible. Before participating in the survey,
participants were required to sign a consent form after they were
informed about the study.

Parents and Caretakers Requirements
For data collection in the first survey, which was conducted
face to face and online, a paper questionnaire with 33 questions
separated into 4 sections was prepared (Multimedia Appendix
1). There were different types of questions, including
dichotomous-response (yes or no), multiple-choice, and
open-ended questions. Section 1 collected demographics, such
as age, gender, marital status, number of children, and
educational background. No personal information was collected,
but parents and caretakers who agreed to take part in additional
research phases were asked to provide their names and contact
information separately after completing the survey. Parents and
caretakers were free to provide or not provide such information.
Section 2 included questions aimed to determine current CSAPE

practices in Tanzania, such as parents’ skills, knowledge, the
child’s age at which they are comfortable for their children to
begin learning CSA prevention education, and challenges and
enablers of parents talking to their children about CSAPE. Game
specifications, mobile games, general games that children enjoy
playing, and whether or not parents allow their children to use
their phones were all discussed for Tanzanian children in Section
3. This section also featured elements that encourage a child to
play a specific game, as well as play mode preferences for
parents or caretakers and their children. The draw-write-tell
method was used in this section to allow parents and caregivers
to contribute in the design of the gamed user interface (UI) [38].
Section 4 inquired about the social environment factors that
contribute to CSA in Tanzanian families, such as family
structures and how often parents examine their children for
symptoms of abuse.

Child Expert Requirements
The purpose of the focus groups discussion was to try to
understand the challenges for parents and caretakers in talking
to their children about CSAP, topics to include in CSAPE, and
how the game should be designed (Multimedia Appendix 2).
In each session, the facilitator introduced the purpose, and then
participants could discuss them while the facilitator made sure
everyone was heard. Interviews with child care experts were
then conducted. The interviews were semistructured with
open-ended questions and split into 4 sections. Section 1
consisted of demographic information. Section 2 comprised
questions on the existing policies and methods used to protect
children, topics and sociocultural requirements for prevention
education against child sexual exploitation, and the obstacles
that come with it in Tanzania. Section 3 asked about the social
environment that contributes to child sexual abuse. Section 4
was about game UI design and using the draw-write-tell method
to explain their design ideas [38]. To promote co-design with
the mobile users, we also conducted paper prototyping and
storyboarding sessions for the game’s interface, storylines, and
options in focus groups discussions with child experts.

Game Development Approach
Transforming the user’s requirements into a software platform
is referred to as development process. In this study, the game
development life cycle (GDLC) model [39] was used as the
development process. The GDLC involves preproduction,
production, and postproduction phases. The benefit of GDLC
is that it can handle the multidisciplinary nature of game
development, which includes a mix of art, sound, control
systems, human factors, and artificial intelligence to form a
creative concept in order to entertain and teach, as opposed to
conventional software development which aims at solving
problems [40,41]. Due to time and budget constraints, the scope
of the app was limited to include content for 3 to 5-year-old
children and parents acting as a guiding presence.

The preproduction phase involved the requirements data
collection. After data analysis, game design and game prototype
were used to put together a comprehensive design document
detailing the game goals, storyline, fun factors, level designs,
gameplay mechanics, and overall blueprint of the game [40].
The production phase consisted of the development of different
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game components including storyboard production, assets
creation, development platform, game engine, programming,
implementation of HappyToto, and gameplay. The evolutionary
prototyping approach was used, where the first version is created
after obtaining input from the users, and then subsequent
versions are made with additional functionality. The tools and
technologies used in development of the game included a flutter
platform that provided the design for the game by combining
artwork, graphics, sound, code, and engine. It is a single
code-based platform app that can be used to build software for
both Android and iOS devices [42]. Dart, a Google-developed
object programming language, was also used to develop the
game. Dart focuses on front-end creation for mobile and web
applications. Additionally, Adobe Illustrator software was used
to create and draw 2D vector graphic objects, while Adobe After
Effect was used to develop the motion graphics and visual
effects of the game. Sound was recorded by sound recorder
software. The postproduction phase consisted of game beta
testing and validation. The researcher and 2 parents tested
HappyToto, after which development and errors were rectified.

Game Validation
Validation for this HappyToto game took place between
February 2021 and March 2021. The application prototype was
validated using a survey with 32 parents of children aged
between 3 and 5 years, including 18 females (56%) and 14 males
(44%); and with 5 children, including 2 girls (40%) and 3 boys
(60%) of the same age group. A pre- and postintervention
assessment was used to determine the comfort of parents in
allowing their children to use HappyToto as an education toolkit
for CSAPE, parents’ usability of the game, and children’s’
perception of the game (Multimedia Appendix 3).
Questionnaires, interviews, and observations were used for both
intervention assessments. The questionnaire was used to ask
parents about their comfort in talking to their children about
CSAP before using the game. The parents were then allowed
to engage with the game while being led by the researcher.
Noninterruptive data were collected based on observation as
the user interacted with the system, and all the comments made
by users while using the game were noted. Parents were asked
to score their confidence in talking to their children about CSA
after playing the game, and usability questions were asked.
Open-ended questions were also asked, such as their favorite

feature, the least-liked feature, and what could be added or
improved to make the game more appealing and appropriate.
The data collected from children included how well they could
follow instructions and navigate through the game and their
interest in levels while playing.

Data Analysis
Questionnaires, interviews, and observations were used to collect
both qualitative and quantitative data. For qualitative data, the
inductive method for qualitative analysis was used. For
quantitative data, descriptive statistics (frequency) were used
to investigate the data while t tests were conducted using R
software (The Foundation for Statistical Computing) [43] to
detect any significance difference between the ranks of CSAPE
description from parents before and after using the game.

Ethical Considerations
Before taking part in the study, the qualified participants were
informed of their rights, free will to participate, the type of
research, what data were needed, how their data would be
published in aggregate, and that there would be no adverse
impact whether they chose to participate or not. Participation
was limited to the parents and child experts whose informed
consent was signed, while for the children, this involved a
trusted adult. The HappyToto game development study received
ethical clearance for each stage of its development and validation
from Kibong’oto Infectious Diseases Hospital-Nelson Mandela
African Institution of Science and Technology-Centre for
Educational Development in Health, Arusha Health Research
Ethics Committee.

Results

Parent, Caretaker, and Child Expert Requirements
A total of 111 parents and caretakers (females: 58, 52.3%; male:
53, 47.7%) were distributed across the regions of Arusha (n=11,
9.9%), Dar es Salaam (n=54, 48.7%), Morogoro (n=20, 18%),
and others (Dodoma, Iringa, Kagera, Kigoma, Kilimanjaro,
Manyara, Mbeya, Mtwara, Mwanza, Pwani, Shinyanga, Songwe,
and Zanzibar: 26, 23.4%) during phase 1 of the survey.
Interviews involved 24 participants from Dar es Salaam (n=19,
79%) and Morogoro (n=5, 21%) and included 18 (75%) females
and 6 males (25%) as indicated in Table 1.
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Table 1. Socioeconomic and demographic characteristics of participant parents, caretakers, and experts.

Phase 2 interview (validation), n (%) (N=32)Phase 1 (requirement gathering)Characteristic

Interview, n (%) (N=24)Survey, n (%) (N=111)

Regions reached

0 (0)19 (79)54 (48.7)Dar-es Salaam

0 (0)5 (21)20 (18)Morogoro

32 (100)0 (0)11 (9.9)Arusha

0 (0)0 (0)26 (23.4)Othersa

Gender identity

18 (56)18 (75)58 (52.3)Women

14 (44)6 (25)53 (47.7)Men

Age (years)

14 (44)4 (17)43 (38.7)20 -30

14 (44)15 (63)40 (36)31- 40

4 (12)6 (21)28 (25.2)41 and above

Education

10 (31)3 (13)9 (8.1)Primary school

10 (31)5 (21)12 (10.8)Secondary school

12 (38)16 (67)81.1 (90)Tertiary level

Employment

21 (66)N/Ab70 (63.1)Employed

N/A19 (79)N/ASocial officer

N/A3 (13)N/ATeacher

N/A1 (4)N/APolice officer

N/A1 (4)N/AHouse maid

10 (31)N/A35 (31.5)Self-employed

1 (3)N/A18 (5.4)Farmer

Number of children

12 (38)N/A43 (38.7)1

11 (34)N/A27 (24.3)2

5 (16)N/A17 (15.3)3

3 (9)N/A9 (8.1)4

1 (3)N/A15 (13.5)5 and above

aIncluding Dodoma, Iringa, Kagera, Kigoma, Kilimanjaro, Manyara, Mbeya, Mtwara, Mwanza, Pwani, Shinyanga, Songwe, Zanzibar.
bN/A: not applicable.

Topic Suggestion
The main topics which parents, caretakers, and child experts
were interested in were dangers of receiving presents (83/111,
74.8%), modesty and body changes during different stages of
growth and development (71/111/, 64.4%), what is an abuse
and who can be an abuser (70/111, 63.0%), dangerous people
and environments and what to do if encountered (63/111,
57.0%), safe and healthy versus unsafe and unhealthy touches
(60/111, 54.1%), abandoning bad traditions (43/111, 38.5%),
private parts names (32/111, 28.9%), fear of God (16/111,

14.8%) and finally confidence (12/111, 11.1%). The locations
that parents, caretakers, and child experts felt children spent the
most time (social environment criteria) and could be vulnerable
to abuse were the “home,” “school,” “on the way to/from
school,” “playing outside with friends,” and “in religious
institutions.” As a result, they felt the game should discuss the
recommended topics in these settings (eg, receiving gifts at
school, on the way home).
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Sociocultural Requirement
Around 70 of the 111 parents, caretakers, and child experts
(63.1%) feared that exposure to CSAPE would affect children’s
innocence and thus potentially make them more sexually active.
Other concerns highlighted by parents, caretakers, and child
experts were that they did not have enough skills to teach their
children (46/111, 41.5%) and that Tanzanian society did not
favor openness to children (40/111, 39.3%) and therefore felt
it prudent to not expose children to taboo subjects. The other
fear included busy schedules (21/111, 19.3%), globalization
(16/111, 14.1%), the CSA threat not being that great (13/111,
11.9%), poverty (11/111, 9.6%), and increase of existing
temptations from society (10/111 8.9%).

UI Design From Parents, Caretakers, and Child Experts
Parents, caretakers, and child experts designed their ideas for
the game in the first phase of the survey by drawing, writing,

and telling [38] what they wanted to see as the game's UI. The
UI sketches and explanations are used as guidance when
designing the game's UI and include layout and environment
design. Parents, caretakers, and child experts also preferred the
Tanzanian setting, characters, and objects surrounding the
children; use of Swahili language; and the and less explicit
content. Furthermore, a preference survey for operating systems
was conducted, with Android (Google; 93/111, 83.8%) and iOS
(Apple; 9/111, 14.4%) being the most preferred.

HappyToto Game Design and Development
HappyToto is the name given to the mobile game developed
for 3 to 5-year-old children. The story script was composed in
Swahili and English languages with consideration to the
parents’, caretakers’and child experts' opinions from the surveys
and the stipulated child prevention education from previous
studies. The game consists of 3 levels: private parts, presents
or gifts, and a safe environment (see Figure 1).

Figure 1. Game landing page (levels page).

Storyline and Storyboard Production
The storyline is one developed based on today's Tanzania where
Ibra and Elly are twins from a middle-class household. As they
are playing outside, their mother teaches them different lessons
related to private parts. On the second level, their mother teaches
them about proper presents to receive in the flipping game and
about not receiving presents from unfamiliar people. After
remembering the lessons their mother taught them, the story
ends with the mother teaching Ibra and Elly about safe places
and safe people inside the house and how they behave outside
their home. Following each lesson, there is an exercise to check
understanding. If the exercise is passed, the level is complete.

HappyToto contains 2 main cartoon-type characters Ibra (a boy)
and Elly (a girl) with body shape, facial features, hair, brown
skin, and clothes that reflect Tanzanian children that are 5 years
old. Tanzanian children like to play and to listen to their parents.
Other characters include a mother who is not physically present
in the game but whose orders are narrated, a guest, and a
stranger.

Game scenarios were sketched with paper and pencil for each
setup in the levels, character, environment, and story flow for
different scenes to depict Tanzanian settings. During the phase
1 survey, parents, caretakers, and child experts participated in
the paper and pencil design of the game's UI (see Figure 2).
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Figure 2. Sketch of the outdoor environment and 2D of the outdoor environment.

Assets Creation
The game assets included audio, interface design, and icons that
are stored within the app. Background audio was obtained from
open-source libraries, and narratives, instructions, and applause
were recorded using a voice recorder application. The
framework provided the user interface widgets, including icons
for the next, back, and home buttons. The other user interface
resources included images, video, buttons, and pop-up
notifications. The environment and characters were created as
2D vector graphics in Adobe Illustrator using child-friendly
colors like red, blue, and yellow. Adobe After Effect was used
to create the game's video segment, including merging 2D
objects and storylines and animating them.

App Screens
HappyToto consists of 2 welcome screens, where the first
contains information about the game and the next contains the
levels of the game. There is also an information button at the
top right for adults in case they want more resources on CSA
prevention, and access requires users to solve a mathematical
problem. Level 1 consists of 4 screens: private parts, safe touch,
dressing, and self-care. Level 2 consists of 4 screens: presents,
flipping, presents outdoors, and dragging. Level 3 consists of
7 screens: safe places outdoors, safe places in the market, safe
places indoors, safe places in the house, who to ask for help,
safe people, and reactions when someone makes you sad.

Gameplay
When the level 1 button is pressed, a video on private parts with
a play button instructs the player to play. The video tells the
tale of what private parts are, and the next screen contains a
safe touch exercise. The next screen contains a dressing game
in which a child must drag clothes to the 2 characters. The final

screen of level 1 includes 2 clickable characters that, when
pressed, provide a narrative of what activities Ibra and Elly may
do on their own and whom to ask for assistance. When the next
button is pressed it gives instructions to activate the second
round. When a child lands on level 2, narratives about receiving
presents begin, and the following screen features a flipping card
game that shows examples of gifts that a child might receive.
The subsequent screen narrative focuses on the dangerous places
to receive presents and is followed by an image-dragging
exercise in which after a picture is completed, after which a
lesson on what a child should be mindful of is given. The level
ends with instructions on the landing page on level 3, which is
subsequently unlocked. Level 3 starts with a narrative on a safe
environment outdoors, followed by hide and seek as an exercise
to locate safe and unsafe places. The fourth page in this level
starts with a narrative on a safe environment indoors, followed
by a hide-and-seek exercise to locate safe and unsafe places and
people in the house. The end screen of the game describes what
Ibra and his friends should do upon encountering dangerous
people. The game has a flow mode storyline which follows the
same children across different days, as this was the favored
mode from the survey. There is also looping music played at
each level to continue engaging a child.

Game Validation Results
Thirty-two parents in the Arusha Region participated in the
phase 2 survey for validation. Of the participants, 44% (14/32)
were men, 56% (18/32) were women, their ages ranged from
20 to 50 years, 31% (10/32) had received primary education,
31% (10/32) had received secondary education, and 38%
(n=12/32) had received tertiary education (Table 2). Children
who participated in the evaluation were between 3 and 5 years
old, with 60% (3/5) being male and 40% (2/5) being female.
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Table 2. Comparison scores for confidence level and ranked results before and after using the game.

Ranked resultsaConfidenceEducation level

Topic 3Topic 2Topic 1Topic 3Topic 2Topic 1

Primary level

5.85.654.34.203.20Pretest mean

8.88.995.004.94.90Posttest mean

Secondary level

6.66.66.34.24.23.7Pretest mean

9.29.29.2555Posttest mean

Tertiary level

5.255.164.752.833.082.58Pretest mean

8.388.298.384.924.834.83Posttest mean

aTwo-tailed (T ≤ t) P value <.001.

Game Acceptability
Parents were generally happy with the game; out of 32
interviewed, 81% (n=26) scored as a “satisfied parent”
(awarding it a 5 out of 5), while a score of 4 out of 5 (“somewhat
satisfied”) was given by 19% (n=6), as shown in Table 2. Two
of the participants (T3 and T2) requested permission to
download the game to their phones immediately. One hundred
percent of the participants (n=32) would allow their children to
play the game immediately if they were around and said they
would recommend this game to other parents. On the features
generally, 90% (n=29) of the parents liked game level 1, 81%
(n=26) liked game level 2, and 78% (n=25) liked game level 3.
The reasons for parents’ preference for all the levels were the
way the lessons were well integrated into the game activities
(15/32, 50%). The safe touch activity, dragging, story narration,
and visuals used were all liked by parents. The storyline for
teaching sensitive topics in a creative and appropriate way and
the in-game activities were praised by all participants (n=32).
For example, participant S8 said, “I love how the lessons
incorporated in hiding and seek feature because children can
relate with it,” and T11 commented, “It is very educative to
children especially the private part lesson and the dragging
features.”

The private parts topic was completely acceptable because
“colloquial words used” and the names of private parts were
not called explicitly, respectful and motherly language was used,
and the game conformed to Tanzanian culture, with 100%
(n=32) of the participants rating it 5 out of 5 (“appropriate”).
Also, 94% (n=30) of the participants ranked the “receiving
presents” subject 5 out of 5 (“appropriate”) and the “dangerous
environment and people” subject was ranked 5 out of 5
(“appropriate”) by 84% (n=27) of all participants. The language
(Swahili), not explicitly naming private parts, characters and
climate, indoor and outdoor settings, and family structures were
the basic features listed as conforming to the culture.

In general, the participants discussed some features including
respectful, friendly, and nonexplicit language; age-appropriate
lessons; inclusion of local games such as “kombolela” (hide

and seek); and graphics of Tanzanian characters and
environments as very useful for displaying the UI.

Although they were satisfied, when asked “What is your least
favorite feature?” and “What features should be
added/modified,” 28% (n=9) of participants indicated technical
corrections such as the need for more instructions, icons,
animation, and game analytics. For instance, participant T4 said,
“I wish there were more animation in the game and more
restrictions in the level where a child will play for some time
before going to another level”; T6 said, “You can add game
analytics to allow parents so see the progress of their children
and what features they enjoy and play a lot.” Twenty-eight
percent (n=9) of the participants recommended modification to
the story by adding more scenes and adding detail on how to
talk to children. Participants T10 and P3 suggested to “add more
dangerous environment and dangerous people scenes” and “add
scenes where the emphasis is put on a child to report to a parent
how their day went,” respectively. Nineteen percent (n=6)
recommended variation of a narrator sound incorporating a
man’s and child’s voice with strictness in the unacceptable
behavior. Participant P4 suggested, “You need to add more
lessons related songs to make the game more fun.”

When asked about the possible effects of the game, 84% (n=27)
of the participants rated it a 1 out of 5 (“not affected”). This
was because the game was engaging but not to the point of
addiction, and because it is offline, children cannot reach other
sites. The remaining 16% (n=5) of participants were concerned
about the effects of light from the mobile phone as well as
addiction to the game.

Pre- and Postconfidence and Ability Scores
Before and after using the app, the trust level in educating
children about private parts, obtaining gifts, and unsafe
environments of people was measured using a 5-point Likert
scale ranging from 1 (uncomfortable) to 5 (comfortable), as
shown in Table 2.

The ranked results were obtained when parents were asked
objectively how they intended to educate a child, and the results
were ranked by taking into account the key points in each topic
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and guidelines from MoHCDGECs National Parenting
Education Manual for Families. The parents’ opinions of the
game before and after using it are summarized in Table 3. Prior
to interacting with the game, parents had different views on the
topics. Some parents assumed that their children were still too
young (3 years) and that they would not understand until they
were approximately 5 years old or teenagers. Some parents

spoke with their children in order to protect them because
occurrences on the streets had given the impression that their
children were not resistant to violence. Of the 32 parents who
were asked whether they were familiar with the cartoons that
their children enjoyed watching and playing, 30 parents
indicated having seen popular Swahili language children’s
cartoons (eg, Akili and Me and Ubongo Kids).

Table 3. Selected parents opinion before and after using the game.

Exemplar quoteParticipant characteristic

Attitude before playing the game

“I know there are effects, but I do not want to be very open to the child unless they ask; I am a doctor, so I
know what to do and the effects. I do normal disciplining and emphasize a safe environment and people.”

31 to 40-year-old woman

“I provide child self-protection like no touch of the pupu [anus] and susu [vagina] parts; only receive presents
from parents and no one else.”

41 to 50-year-old man

“I do not talk to them about these issues; their mother does, and they are still young to be taught about sexual
abuse.”

31-40-year man

“They were not exposed to a dangerous environment, so there was no reason to tell them, but as their brother
is approaching adolescence, he has started asking questions about his body changes.”

41 to 50-year-old man

“I feel like my child is too young to understand all dangerous environments. He understands some, but not all
the scenarios are easy to explain to him.”

41 to 50-year-old female

“The neighboring child was abused, and there was a case I do not know how it ended; I have to scare my child
so that she is not abused.”

21 to 30-year-old female

“These abuses happen in town areas. My children live in the interior village, so they are very safe”.31 to 40-year-old female

Overall acceptability

“The language is very well understood, attractive environment, lessons are well understood, and it matches
with the age of the child.”

31 to 40-year-old female

“The language used is not very explicit in naming the private parts; polite way.”31 to 40-year-old female

“This is very creative way of teaching.”41 to 50-year-old female

Addiction potential

“For what I see this game, a child can’t not be addicted because there are no features to continuously engage
a child. It is just for lesson and may be repeat a few times.”

20 to 30-year-old female

Usability
Most parents felt confident using the game after reading the
instructions. It was suggested that children will also need

instructions during the first-time interacting with the game (see
Figure 3).
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Figure 3. Usability test results.

Children Usability Results
All 5 children enjoyed flipping, dragging, and the ability to
move around the game. When the level page loaded and they
could hear the background sound, all the children became
curious. After playing the game, the 4 to 5 year olds were able
to correctly answer questions such as “What do you do if a
neighbor tells you to take off your clothes?” A researcher met
a 5-year-old girl after a day, and she showed an interest in
playing the game again. They all expressed the need for more
animations and activities or actions in the game, similar to what
they had seen in movies to hold their attention while playing.

Discussion

We have attempted to develop and validate a user-friendly
children’s game app for prevention of sexual abuse. The
distinguishing features for this study compared to other CSA
prevention studies are the following: it is the first study in
Tanzania to consider development and validation of the
acceptability and usability of a game as a prevention education
tool for children aged 3 to 5 years, Tanzania's culture, society,
and social environment were considered in the design of the
game, the content of the game touched on topics that parents
and child experts indicated would be suitable, and a mobile
game was used to improve child's learning experience without
time or space limitations. Although other research has found
significant results when using games [30], these studies
considered other cultural contexts. CSAPE game assessment
needs to be performed in Tanzania due to cultural differences
and the increasing numbers of parents now using smartphones
and allowing their children to play games on their phones.
CSAPE games can provide another tool for creatively educating
CSAP preschool children and keeping them engaged. We
discovered that parents were afraid of taking away their
children's innocence but also wanted them to learn about
presents, body changes as they grow older, who an abuser is,
reporting, and safe touches in a fun and culturally sensitive way.
After the game was developed, parents and children were very

interested in how the game was structured and showed gained
skills. Herein, we discuss the usefulness and efficacy of the
HappyToto game in CSA prevention.

All 32 parents were eager to introduce CSAPE to their 3 to 5
year old using HappyToto as a CSA prevention method because
the lessons were age appropriate [19], but parents also believed
that good parenting was the best way to protect children [20].
Proper parenting can be defined in 2 ways: (1) teaching children
how to defend themselves (ie, teaching them to report to their
parents when someone makes them feel uncomfortable) [20]
and (2) limiting parenting for child safety, such as prohibiting
children from going to specific locations where there is a high
risk of seeing a perpetrator and imposing a curfew time to be
back at home [20]. During the presurvey, each parent expressed
an opinion about parenting in their personal situation. Without
having seen a definition of parenting, each parent described
parenting as one or both of the 2 definitions above. It is
important to remember that even the notion of “proper
parenting” is a transitory statement, as the definition of parenting
has evolved as a result of the changing social environment and
globalization. Most parents confessed to being aware of abuse
but having difficulty discussing it openly with their young
children [44] (ie, on the private parts of their bodies). Parents
also expressed struggling to describe concepts such as “your
uncle could abuse you.”

Previous research has shown that parents find it interesting how
games can be used to teach prevention education and encourage
their children to use them and agree that this idea should be
used in the concept and design of programs and applications
[45]; we therefore used this concept in this study and received
positive feedback. It was surprising to see the parent, caretaker,
and child expert participants’ contributions to CSA prevention
tailored to a game, perhaps because they had not used such a
game before. The role of a parent as a guiding presence while
children play allows a parent to participate in CSA prevention
[9] by providing additional clarification to children on concepts.
HappyToto also fills the skills gap, where parents previously
depended on skills learned as children [25], which were
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insufficient. HappyToto provides the skillset parents need to be
more transparent and ready to overcome the taboo of not talking
to children about issues of child sexual abuse. The confidence
level of parents on talking about CSAPE with children
significantly increased after using HappyToto (P<.001), as
compared to before interacting with HappyToto, with the
confidence level increasing from an average of 3.56 “neutral”
before using the game to a 4.9 “confident” after using the game.
Furthermore, when asked to describe how they would talk to
their child before using the HappyToto game they scored an
average of 5.67 out of 10 as compared to 8.8 out of 10 after
using the game.

HappyToto offered several suggestions for talking to children
about challenging topics in a nondirective manner that parents
were willing to try. Due to its cultural appropriateness, the
opportunity to connect to the game played an essential role in
ensuring that it was acceptable to parents. Beginning with
language (a woman in the game softly narrated in Swahili,
Tanzania's official and national language), a safe environment
was created for children to feel comfortable with the content
[46]. Although CSAPE recommends that children be explicitly
taught about healthy and improper interaction by giving proper
names to private parts, Tanzanian culture's conservative nature
makes it much more suitable to use colloquial words in the game
[25,34]. The deliberate use of cartoons with brown skin color
who are traditionally dressed provided commonly demanded
values for society's children. The inclusion of fathers in the CSA
prevention criteria debunked the idea that mothers were solely
responsible for their children's education and gave fathers a
chance to participate [47]. Parents who liked the game the least
indicated that it was due to a lack of details in the lessons they
would like to see and expressed the need for additional
functionality.

In the first phase survey, parents with a secondary level
education had an average of 3.9 (“somewhat confident“) while
parents with a primary level education had an average of 4
(”somewhat confident“), indicating that they were more
interested in educating their children about CSAPE than were
parents with a tertiary level education, who had an average of
2.83 (“neutral”). This may possibly be due to the community
lifestyle where the children are more likely to play in streets
[45] and where people with a higher education are more likely
to live in an area with fenced perimeters, where children
generally do not move outside of their parent's view. It was
okay, for example, for 3 to 5-year-old children who did not live
inside the fences to receive a lesson in the game on how to
behave on the walk to the shop because this is where sexual
harassment occurs [9]. The fact that the game depicted real
locations where abuse occurs was appealing to both parents and
children, as it made the game relatable while still making the
lessons easy to remember [28].

The storylike game with a narrative flow and basic activities
were sufficiently fun for the children to play and help understand
lessons while not being too addicting [46]. This feature increased
parents' eagerness to encourage their children to play, knowing
that they are still going to balance the game's use with other
activities. Although the repetition function is necessary to ensure

that children remember the material, this needs to be a balanced
with the risk of addiction.

Parents were likely comfortable with the cartoon presentation
and narration of HappyToto because the game was designed
with the interests of preschoolers being considered [48]. The
HappyToto design is also similar to culturally appropriate and
relatable children educational cartoons in Swahili, such as Akili
and Me and Ubongo Children. Suggested improvements from
participants were to include variations in the voices of women,
men, and children but also strictness in the voice when anything
that should not be done was being discussed so that children
can be properly informed [47].

Several limitations became evident in this study. First, only
parents from 3 regions in Tanzania were included, and cultural
differences between ethnic groups and communities may
introduce diversity in the development and validation of this
app. Tanzania has approximately 125 ethnic groups, and future
studies could consider the inclusion of participants from other
regions. Second, the study was carried out with no control group.
Future studies should consider using a case-control model to
eliminate potential confounders not evident in this study.

Additionally, although parents responded to the questionnaire
immediately after using the game, there may be a disparity
between the questionnaire response and parents’ behavior in
real life when talking to their children. Moreover, measures of
courtesy and recall bias were not performed in this study to
determine if children could remember the materials. Further
study would benefit from longitudinal evaluation of children’s
behavior following use of the game. Finally, the COVID-19
pandemic has changed the world’s social ecosystem, including
social restrictions and more indoor activities resulting in fewer
interactions. The COVID-19 global pandemic also limited the
total number and demographic of participants that could be
included the study.

Parents are aware that they need to teach their children about
sexual education, yet they are unaware of the most appropriate
way to deliver this information. Hence, there is a need for game
developers to design and validate different approaches to
CSAPE based on the sociocultural differences of the target
population. This study has contributed to the empirical discourse
in designing an appropriate platform and media application
against CSA using preventive games. HappyToto was designed
in collaboration with game users, and was consequently able to
incorporate the social cultural perspectives of the target
community. Thus, the design and activities in the HappyToto
game complement previous efforts in CSAPE in a culturally
relevant way. This is important in ensuring that parents are
comfortable with and adopt the use of CSAPE materials. There
is a need for government and other appropriate authorities to
support needed research on more attractive interactive features
in teaching prevention and encouraging children to repeat the
activities just enough to be able to remember the skills without
becoming addicted to the game. Parents need to be informed
that children as young as 3 years can be taught prevention
education and can understand this education. This developed
game will be further piloted in a wider population of children
to assess its effectiveness. After the large-scale pilot and analysis
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of comments on the game design and content included in the
game are completed, the game will be made available for free
on the App Store and Google Play. Following this, we will
develop a monitoring, assessment, and continuous improvement
strategy, and increase awareness through schools and the media.

Furthermore, we will perform technological demonstrations to
private and governmental organizations that deal with children's
welfare on a local and national level to promote awareness of
CSAP and educate on how to use mobile technology to prevent
CSA.
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Abstract

Background: In recent years, there has been an increase in the number of students with depression, anxiety, and perceived
stress. A solution that has been increasingly used for improving health and well-being is exergaming. The effects and acceptability
of exergames have been studied widely but mostly with older adults. The feasibility and usability of exergames among university
students, especially those of immersive virtual reality (iVR) exergames, remain unexplored.

Objective: This study aimed to explore the feasibility of a 6-week iVR exergame–based intervention in reducing anxiety,
depression, and perceived stress among university students and to examine the usability and acceptability of such games.

Methods: A total of 31 university students were recruited to participate in a 6-week study in which they needed to play a
boxing-style iVR exergame called FitXR (FitXR Limited) twice per week (30 minutes per session). Their anxiety (Beck Anxiety
Inventory), depression (Beck Depression Inventory-II), and perceived stress (Perceived Stress Scale) levels were measured before
and after intervention.

Results: A total of 15 participants completed the 6-week study. Our results suggested that participants’ mean depression scores
decreased significantly from 8.33 (SD 5.98) to 5.40 (SD 5.14) after the intervention (P=.01). In addition, most participants (14/15,
93%) believed that the iVR exergame has good usability. Furthermore, most participants (14/15, 93%) were satisfied with the
iVR gameplay experience and would play the iVR exergame again in the future. Of the 15 participants, 11 (73%) would recommend
the iVR exergame to their friends.

Conclusions: The results gained from this study show that the iVR exergame has good usability, is highly acceptable, and has
the potential to reduce depression levels among university students.

(JMIR Serious Games 2021;9(4):e29330)   doi:10.2196/29330
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Introduction

Background
There is growing evidence that the number of university students
who are struggling with mental health problems is increasing
globally (eg, in North America [1], Japan [2], and the United
Kingdom [3]). Among these mental health problems, university
students are particularly at high risk for anxiety, depression,
and stress [2,4-9]. These mental health problems can result in
different consequences among students, such as university
dropout, decreased academic performance and social
functioning, and even suicidal behavior [10,11].

One solution that is widely accepted is to provide support via
counseling centers located within university campuses.
Consistent with the rising rates of depression and anxiety, the
number of students seeking mental health services in campus
counseling centers has increased. Research has shown that the
percentage of students who have received treatment at a
university counseling center has increased from 6.6% in 2007
to 11.8% in 2017 [12]. Consequently, these counseling centers
often report that they are over capacity and are unable to
immediately meet the needs of the large number of students
who are requesting services. This is because counseling centers
have limitations such as a limited number of available sessions,
long waiting lists, and a limited amount of staff [13], which can
result in unwanted outcomes for students with mental health
problems.

Sports-based interventions are useful for achieving health
benefits—both mental and physical benefits—and provide more
flexibility and ease of access for patients than those provided
by counseling centers. Exercises involving large muscle groups
in the whole body, especially those that involve following
rhythmic flow patterns, can effectively alleviate depression [14].
A typical example of this type of exercise is boxing. Using
boxing as a form of therapy can help with stress and anger
management, boost confidence and self-esteem, elevate mood,
serve as a natural antianxiety activity, and improve focus and
sleep quality [15]. Boxing training exercises may have a better
therapeutic effect on obesity, cardiovascular, and health-related
quality of life outcomes than an equivalent dose of brisk walking
[16]. In addition, boxing may be the most beneficial to those
who are going through the early to middle stages of Parkinson
disease progression [17]. For instance, therapeutic boxing can
positively affect the speech, social interaction skills, and mental
health of individuals with Parkinson disease [18]. It can also
improve older adults’ gait, balance, daily living activities, and
quality of life [19]. Further, one study suggests that shadow
boxing (ie, the practice of committing repetitive boxing
movements to muscle memory), together with psychosomatic
relaxation, has a beneficial auxiliary therapeutic effect on
depression and anxiety among people with type 2 diabetes [20].

In recent years, exergaming, which combines video games and
physical exercises, has been widely used to promote both
physical and mental health [21,22] in different population groups
(ie, children [23], young individuals [24], and older adults [25]).
However, most studies have been conducted with
non–immersive virtual reality (iVR) exergames [26] (ie, those

played on flat-screen televisions or computer monitors) [27-29].
On the other hand, the use of iVR exergame–based interventions
is still underexplored.

iVR exergames [30-32] have been gaining attention rapidly due
to the recent emergence of affordable iVR head-mounted
displays. iVR exergames have many advantages over non-iVR
exergames; they can provide more positive game experiences
to players compared to those provided by non-iVR exergames
[32,33]. Furthermore, exercising within iVR can result in higher
increases in enjoyment and motivation compared to those
resulting from playing exergames with standard televisions or
computer monitors [34]. As such, exergaming in iVR might
increase people’s adherence to regular physical exercise in
general [35-37].

Goal of This Study
The goal of this study was to evaluate the usability and
acceptability of an iVR exergame (FitXR; FitXR Limited) [38]
for university students. We also wanted to examine the
feasibility and usability of the iVR exergame by conducting a
6-week pilot study on reducing anxiety, depression, and
perceived stress levels among university students.

Methods

Recruitment
Students were recruited from a local university campus through
physical and digital advertisements (ie, posters, social media
platforms, and a mailing list). The inclusion criteria were as
follows: (1) enrolled as a full-time student, (2) aged at least 18
years, and (3) was not pregnant (because of the physical exertion
required to play the game). The exclusion criterion was a “yes”
answer in the Physical Activity Readiness Questionnaire [39].

Intervention
Eligible participants were invited to an indoor laboratory room
that could not be seen from the outside. Participants first
completed an in-person consent form. Then, they needed to fill
in the preexperiment questionnaire, which was used to collect
their demographic information and anxiety, depression, and
perceived stress baselines (see Outcome Measures section for
details on the questionnaires used in the experiment). An
experimenter helped participants put on an Oculus Quest 1
(Oculus) when they completed the preexperiment questionnaire
and instructed them on how to play the FitXR exergame (Figure
1). Once they were familiar with the device and the game, they
started their first training session.

Eligible participants were scheduled for the iVR exergame
intervention twice per week (not on the same day) for 6 weeks.
Each session consisted of about 30 minutes of gameplay. The
game provided 11 game levels that ranged in duration from 26
minutes to 31 minutes. We selected the game levels that had
around 30 minutes of gameplay. Unlimited drinks and snacks
were provided during each session. At the end of the last session,
participants were asked to fill out the postexperiment
questionnaire, which was used to measure participants’anxiety,
depression, and perceived stress levels and the acceptability and
usability of the game.
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FitXR was selected because (1) it is a boxing-inspired iVR
fitness game; (2) it involves a great number of jabs, uppercuts,
defensive actions (ie, cover-ups), squats, and leftward and
rightward movements; (3) it involves few rotational movements,
which is helpful for potentially avoiding motion sickness [40];

and (4) it provides several unique training sessions from which
players can choose. To play the game successfully, players need
to perform several punching combos (jab or uppercut) on sphere
objects and avoid getting hit by blocks by performing squats
and lunges.

Figure 1. (A) An example of a participant playing the immersive virtual reality exergame by using the Oculus Quest 1 (Oculus). (B) A screenshot of
the exergame.

Outcome Measures

Anxiety
The Beck Anxiety Inventory (BAI) [41] is a 21-item self-report
scale that ranges from 0 to 63, with higher scores indicating
more severe anxiety. The BAI has achieved a Cronbach α of
.92, thereby demonstrating its internal consistency [41,42]. A
review paper on anxiety questionnaires indicated that the BAI
is suitable for the general population, has good reliability, and
has moderate validity [43]. Further, the BAI has been used in
studies dealing with exercise [44-46] and in exergame studies
[22].

Depression
We measured depression levels by using the Beck Depression
Inventory-II (BDI-II) [47], which consists of a 21-item
self-report scale that ranges from 0 to 63, with higher scores
indicating more severe depression. This scale has a Cronbach
α coefficient of .92 and a test-retest reliability value of 0.93. A
review paper on depression questionnaires indicated that the
BDI-II is suitable for the general population, and it has excellent
reliability and good validity [48]. The BDI-II has been used in
studies dealing with exercise [44,45,49].

Perceived Stress
Perceived stress levels were measured via the widely used
Perceived Stress Scale [50], which consists of 14 items questions
with scores that range from 0 (never) to 4 (very often). This
questionnaire has been used in studies dealing with exercise
[45,51,52] and with exergame-based interventions [53,54].

Usability and Acceptability
Usability and acceptability were only tested at the end of the
last session via self-reported questionnaires. Usability was

measured by using the System Usability Scale (SUS). SUS
scores range between 0 and 100; 100 represents the best
usability, and a score of ≥68 is considered positive [55].

We measured acceptability and satisfaction with the following
items, which were answered by using a 5-point Likert scale (1
indicated “extremely disagree” and 5 indicated “extremely
agree”): “I was satisfied with FitXR experience,” “I would play
FitXR again in the future,” and “I would recommend FitXR to
a friend.” Finally, we asked the participants the following
questions: “How often would you play FitXR per week” and
“How long would you play FitXR each day?”

Statistical Power and Analysis
Analyses were performed by using SPSS version 24.0 (IBM
Corporation). The normality of the data was tested by using
Shapiro-Wilk tests. We used 2-tailed paired t tests, in which
time (week 1: pretest; week 6: posttest) was used as the
within-subjects variable, if the differences in the dependent
variable between pretest and posttest times were normally
distributed. Otherwise, the Wilcoxon signed-ranks test was used.

Results

Participants’ Characteristics
A total of 31 participants volunteered to take part in this study,
and in the end, 15 completed it. The reasons for dropout included
urgent family reasons (n=1); health-related reasons, such as
discomfort due to menstrual periods (n=2); high coursework
workloads (n=2); complaints that the selected game was not as
good as expected (n=2); the belief that the exertion level of the
game was too high (n=2); and physical reasons (n=1). Further,
6 people did not provide a reason for dropping out. Table 1
shows the demographics of the participants and their experience
with iVR and exergames.
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Table 1. Characteristics of the study participants.

ValueCharacteristic

15 (8)Students, n (number of males)

19.1 (0.96)Age (years), mean (SD)

21.7 (2.98)BMI, mean (SD)

7Participants who had self-reported experience with exergames, n

1Frequent user (daily or weekly)

7Participants who had self-reported experience with iVRa HMDsb, n

0Frequent user (daily or weekly)

aiVR: immersive virtual reality.
bHMD: head-mounted display.

Evaluation Outcomes

BAI—Anxiety
The mean anxiety score for the pretest was 4.87 (SD 3.98), and
the mean anxiety score for the posttest was 5.40 (SD 5.41). The
results of the 2-tailed paired samples t test showed that there
was no significant difference between the pretest and posttest
scores for anxiety (t14=−0.541; P=.60).

BDI-II—Depression
The mean depression score for the pretest was 8.33 (SD 5.98),
and the mean depression score for the posttest was 5.40 (SD
5.14). The Wilcoxon signed-rank test indicated that the posttest
depression scores were significantly lower than the pretest
depression scores (Z=−2.526; P=.01) and that the intervention
had a large effect on depression (effect size: r=−0.652). Overall,
after playing the iVR boxing exergame for 6 weeks, the
university students in this study reported being less depressed.

Perceived Stress
The mean perceived stress score for the pretest was 16.87 (SD
4.88), and the mean perceived stress score for the posttest was
16.13 (SD 5.81). A 2-tailed paired t test indicated that there was
no significant difference between the pretest and posttest scores
(t14=0.564; P=.58).

Usability and Acceptability
The SUS has a range of 0 to 100 and is used to rate the usability
of an application. A score of ≥68 is deemed to be positive (ie,
scores of 68: okay; scores of 68-80.3: good; scores of >80.3:
excellent). The participants rated FitXR with a mean SUS score
of 79.5 (SD 9.51); 7 participants rated it as excellent, another
7 rated it as good, and 1 rated it as poor. The highest SUS score
was 97.5, while the lowest SUS score was 57.5.

With regard to the three satisfaction items, participants gave a
mean score of 4.33 (SD 0.62) to the “I was satisfied with FitXR
experience” item; 6 participants gave an “extremely agree”
rating, 8 participants gave an “agree” rating, and 1 participant
gave a “neutral” rating. As for the “I would play FitXR again
in the future” item, participants gave an average score of 4.27
(SD 0.59); 5 participants gave an “extremely agree” rating, 9
participants gave an “agree” rating, and 1 participant gave a
“neutral” rating. With regard to the “I would recommend FitXR

to a friend” item, participants gave an average score of 4 (SD
9.26); 5 participants gave an “extremely agree” rating, 6
participants gave an “agree” rating, 3 participants gave a
“neutral” rating, and 1 participant gave a “disagree” rating.

Lastly, participants indicated that they would like to play FitXR
for an average of 3.87 days (SD 1.06 days) per week and would
play the game for an average of 35 minutes (SD 25.93 minutes)
each day.

Discussion

Principal Results
This study investigated the usability and acceptability of a
boxing iVR exergame–based training intervention among
university students and evaluated the intervention’s feasibility
in a 6-week training program for reducing anxiety, depression,
and perceived stress levels. The results of this pilot study show
(1) that the FitXR iVR exergame was perceived to have good
usability (ie, good usability scores) and was highly acceptable
among university students, and (2) that playing the iVR boxing
exergame for 6 weeks (ie, 2 sessions per week; 30 minutes per
session) would likely reduce depression levels among university
students.

Comparison With Prior Work
There is evidence that exergames can significantly improve
depression among people with depression (ie, among adults
[56] and older adults [22,57,58]). The literature also suggests
that exergames can improve depression in healthy subjects. For
instance, depression among healthy older adults improved after
playing Wii Fit (Nintendo) exergames twice per week for 4
weeks [59]; participants in the control group who participated
in an education program for the same duration did not
experience such improvements. A recent review also suggested
that iVR therapies are effective in supporting the treatment of
anxiety and depression [60].

Although university students are at high risk for mental issues
[2,4-9], limited research has looked into using exergames to
promote health among university students. A previous study
suggested that playing a virtual reality exergame 3 times per
week for 6 weeks could improve depression in healthy university
students [61]. Our results also support this finding, as the
depression scores measured by the BDI-II further decreased
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after participants played the iVR head-mounted display–based
exergame for 6 weeks (pretest score: 8.33; posttest score: 5.40).
However, we failed to obtain results that reflected whether
playing an exergame could improve anxiety among healthy
university students [61].

In terms of perceived stress, Huang et al [54] conducted a study
to explore how playing exergames impacts the mood states
(including perceived stress) of healthy university students and
staff. They found that playing exergames for 30 consecutive
minutes each week for 2 weeks could reduce perceived stress
levels. Cutter et al [53] conducted an 8-week trial in which
methadone-maintained patients played an exergame 5 times per
week (session duration ranged from 20 to 25 minutes per
session). They found that the exergame could reduce perceived
stress levels. However, we could not obtain similar results for
perceived stress.

Viana et al [62] found that playing an exergame (even for only
1 session) seemed to be a useful method for reducing state
anxiety in healthy women. However, this is also not supported
by our study on an iVR exergame.

With regard to usability, FitXR, in line with other exergames
such as SliverFit (SUS score: mean 87.0) [63] and the
rehabilitation exergame (SUS score: mean 89.6) developed by
Uzor and Baillie [64], was rated with a good usability score
(mean 79.5). This indicates that players can learn how to play
and use the game quickly and that the game is very easy to use.

In line with a study by Yunus et al [61], we observed that
university students were willing to accept playing an iVR-based
exergame as a form of exercise. FitXR was perceived to be
acceptable, and the majority of our participants (11/15, 73%)
were glad to recommend FitXR to their friends.

The retention rate of our study was 48% (15/31). Furthermore,
even though only about half of the participants (15/31, 48%)
completed this study, the participants who dropped out mainly

did so due to personal reasons (n=5), and only a few (n=2)
complained that the game was not as good as expected. These
data provide further insight into the potential of using the iVR
exergame as an intervention for studying mental health among
university students.

Limitations and Future Work
There are 2 main limitations in this study. First, the lack of a
control group did not allow for comparisons with people who
undergo traditional therapy or do not undergo therapy at all.
Since this pilot study has confirmed the feasibility of using the
iVR exergame to reduce depression levels, it is worth conducting
future studies on the impacts that iVR exergames have on health.
Such studies could, for instance, use a more established study
design, such as a randomized controlled trial involving people
who undergo traditional therapy and a control group (people
who do not undergo therapy). Second, no follow-up tests were
conducted after the experiment. Therefore, it is unclear if and
how long the observed benefits were maintained.

Like many other studies on usability and acceptability [65], we
tested the exergame in a supervised environment. Future work
could test the game in an unsupervised setting. In addition, we
aim to develop our own iVR exergame prototype involving
individualized and personalized features, such as avatars,
environments, and behaviors, to improve gameplay engagement
further [66,67].

Conclusions
In this study, we investigated whether playing an iVR exergame
for over 6 weeks could improve university students’ mental
health (anxiety, depression, and perceived stress). We also
explored the acceptability of the game and its usability. Our
results indicated that the exergame has a good usability score
and is highly acceptable among university students as a form
of exercise. In addition, our findings showed that playing the
exergame twice per week for 6 weeks can reduce depression
scores among healthy university students.
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Abstract

Background: Lassitude and a rather high degree of mistrust toward the authorities can make regular or overly constraining
COVID-19 infection prevention and control campaigns inefficient and even counterproductive. Serious games provide an original,
engaging, and potentially effective way of disseminating COVID-19 infection prevention and control guidelines. Escape COVID-19
is a serious game for teaching COVID-19 infection prevention and control practices that has previously been validated in a
population of nursing home personnel.

Objective: We aimed to identify factors learned from playing the serious game Escape COVID-19 that facilitate or impede
intentions of changing infection prevention and control behavior in a large and heterogeneous Swiss population.

Methods: This fully automated, prospective web-based study, compliant with the Checklist for Reporting Results of Internet
E-Surveys (CHERRIES), was conducted in all 3 main language regions of Switzerland. After creating an account on the platform,
participants were asked to complete a short demographic questionnaire before accessing the serious game. The only incentive
given to the potential participants was a course completion certificate, which participants obtained after completing the postgame
questionnaire. The primary outcome was the proportion of participants who reported that they were willing to change their
infection prevention and control behavior. Secondary outcomes were the infection prevention and control areas affected by this
willingness and the presumed evolution in the use of specific personal protective equipment items. The elements associated with
intention to change infection prevention and control behavior, or lack thereof, were also assessed. Other secondary outcomes
were the subjective perceptions regarding length, difficulty, meaningfulness, and usefulness of the serious game; impression of
engagement and boredom while playing the serious game; and willingness to recommend its use to friends or colleagues.

Results: From March 9 to June 9, 2021, a total of 3227 accounts were created on the platform, and 1104 participants (34.2%)
completed the postgame questionnaire. Of the 1104 respondents, 509 respondents (46.1%) answered that they intended to change
their infection prevention and control behavior after playing the game. Among the respondents who answered that they did not
intend to change their behavior, 86.1% (512/595) answered that they already apply these guidelines. Participants who followed

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e33003 | p.67https://games.jmir.org/2021/4/e33003
(page number not for citation purposes)

Suppan et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:laurent.suppan@hcuge.ch
http://www.w3.org/Style/XSL
http://www.renderx.com/


the German version were less likely to intend to change their infection prevention and control behavior (odds ratio [OR] 0.48,
95% CI 0.24-0.96; P=.04) and found the game less engaging (P<.001). Conversely, participants aged 53 years or older had
stronger intentions of changing infection prevention and control behavior (OR 2.07, 95% CI 1.44-2.97; P<.001).

Conclusions: Escape COVID-19 is a useful tool to enhance correct infection prevention and control measures on a national
scale, even after 2 COVID-19 pandemic waves; however, the serious game's impact was affected by language, age category, and
previous educational training, and the game should be adapted to enhance its impact on specific populations.

(JMIR Serious Games 2021;9(4):e33003)   doi:10.2196/33003

KEYWORDS
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Introduction

Background and Importance
Vaccination campaigns against SARS-CoV-2 have been
gathering momentum, but most countries remain months away
from reaching group immunity [1-4], provided that such
immunity can be attained [5,6]. The almost incessant emergence
of new variants is concerning [7]—all the more so as some
variants have been shown to evade the immune response
acquired by vaccination or by prior infection [8,9]. Viral
dissemination may even be facilitated, if normal social
interactions are restored and social distancing measures are
eliminated, as countries face ever increasing social and economic
pressures [10-12]. Moreover, many people experience a rather
intense state of tiredness [13-15] coupled with a rather high
degree of mistrust toward public health authorities [2,16-18],
which can result in a rapidly progressive slackening of infection
prevention and control procedures [19-21] and which may even
affect health care workers [22]. Switzerland is no exception,
and conspiracy theories also thrive in this country [23].
Strengthening infection prevention and control messages and
promoting adequate behavior is, therefore, more important than
ever; however, regular or aggressive information campaigns
might prove counterproductive [21]. These latter strategies were
intensively used during the early waves of the pandemic;
however, new methods of communication should be considered
to increase adherence to infection prevention and control
guidelines.

To disseminate COVID-19 prevention messages in an original
and engaging way, a transdepartmental and multidisciplinary
development team created Escape COVID-19 [24], a serious
game based on Nicholson’s concept for meaningful gamification
[25]. By increasing the players’ engagement, serious games,
which also enhance knowledge, satisfaction, and skills [26],
can help promote adequate behaviors [27,28]. The impact of
Escape COVID-19 was assessed in a population of nursing
home employees [29]: In a triple-blind controlled trial, the
self-reported likelihood of changing infection prevention and
control practices was almost 4 times higher in the group of
participants who had followed the serious game [29]. However,
Escape COVID-19 was only available in French at the time of
this prior study, and the population in which it was tested did
not allow us to determine whether socioeconomic status or
cultural differences influenced its uptake. We hypothesized that
receptiveness to messages promoting COVID-19 infection

prevention and control behaviors might depend on
socioeconomic status and cultural specificities [30].

Objective
The objective of this study was to identify factors learned from
playing Escape COVID-19 that favor or impede intentions of
changing infection prevention and control behavior in a larger
and more heterogeneous population than that used in the
previous study [29].

Methods

The Escape COVID-19 Serious Game
The development and features of the Escape COVID-19 serious
game have been described previously [24,29]. Briefly, this game
was created using Storyline 3 (Articulate Global LLC) and
developed using the SERES framework [31], an iterative
development approach, to ensure that scientific and design
foundations were evidence-based and adapted to the target
audience. The different types of players described by Bartle
[32] were taken into consideration during the development of
Escape COVID-19; therefore, some graphics, game mechanics,
and narratives were developed to target achievers, explorers,
and socializers.

There is little consensus on what actually defines a serious game;
however, according to the conceptual framework created by
Tan and Zary [33], Escape COVID-19 fits the definition of a
serious game. This framework [33], which describes the criteria
required to determine whether a specific material is indeed a
serious game, comprises 3 clusters: user experience, play, and
learning. Each of these clusters includes 6 base markers, and a
minimum of 4 markers per cluster is required to declare that
the material under consideration is indeed a serious game.
Escape COVID-19 complies with all 18 markers.

Escape COVID-19 contains 4 different levels and takes
approximately 15 minutes to complete. Each level represents
settings that health care workers typically encounter during a
work day (at home, on the road, in communal areas, and in the
ward). Players are faced with meaningful choices and are
consistently provided with customized, relevant feedback [34].
Adequate infection prevention and control behaviors are
rewarded (by an increase in their “thumbs-up” count), while
dangerous behaviors lead to an increase in the viral count
(Figure 1).
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If the virus count reaches a value of 5, a game over screen is
displayed (Figure 2). The player can then choose to restart the
level or to exchange their thumbs-up count for an equivalent
reduction in virus count.

An abridged version, in which the fourth and hardest level (the
ward—Figure 3) was not available to players, was also
developed (at the request of the Swiss National Science
Foundation).

Figure 1. Screenshot showing an example—the player has given a wrong answer, and their viral count rose accordingly.

Figure 2. Game over screenshot.
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Figure 3. In the donning sequence interaction, the player is asked to drag and drop the appropriate personal protective equipment items in the correct
order, and live feedback is displayed in the grey area on the right.

Study Design, Setting, and Participants
We conducted a web-based, fully-automated prospective cohort
study in accordance with the Checklist for Reporting Results
of Internet E-Surveys (Figure 4) [35]. A declaration of no
objection was issued by the regional research ethics committee
(Req-2021-00600) as this project did not fall within the scope
of the Swiss Act on Research involving Human Beings [36]. A
disclaimer containing a data policy statement was displayed on
the registration form. Data were collected between March and
June 2021.

Switzerland is a federal country composed of 26 cantons. There
are 4 official languages in Switzerland: German and Swiss
German, which are usually grouped as one (62.1%), French
(22.8%), Italian (8.0%), and Romansh (0.5%). English is the
main language for 5.7% of the permanent resident population
[37]. We developed the original version of the Escape
COVID-19 serious game in French [24], which we then
translated into English. Translations in German and Italian were
requested and paid for by the Swiss National Science Foundation

(National Research Program 78 framework [38]). A separate
translation in Romansh was not requested because
Romansh-speaking people in Switzerland generally also speak
either German or Italian.

While health care workers were the primary target of this serious
game [24], because many of its infection prevention and control
messages also apply, we included non–health care workers in
this study.

To recruit participants, the Swiss National Science Foundation
financed the dissemination of the link to the Escape COVID-19
website [39]. Public and private health care organizations in
Switzerland were contacted, and managers were asked to spread
the link by different means (such as by email and newsletters).
Ten organizations, including the Swiss Red Cross and the Swiss
Society for Public Health, decided to endorse the game and
allow their logo to be displayed on the website and on the course
completion certificate. To enhance participation even further,
the Geneva University Hospitals published a press release [40],
which was relayed by Agence France-Presse [41].

Figure 4. Study design. The European Union flag (on the left at the account creation step) signifies that account and data management were in compliance
with the General Data Protection Regulation.

Web Platform and Study Sequence
A multilingual website [39] was developed using a content
management system (Joomla!, version 3.9; Open Source Matters
Inc). The front page displayed a disclaimer to address concerns
regarding potentially contradicting guidelines immediately
above the language-specific links used for account creation

(Figure 5). Dedicated links were available to allow non–health
care workers to create specific accounts.

Participants registered using Joom Donation MembershipPro
(version 2.1; Joomla Extensions by JoomDonation), which
allows an extensive customization of the registration fields and
the addition of specific fields. For instance, the occupation field
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differed for those who were health care workers and those who
were not health care workers. In addition, respondents who were
not health care workers were asked to select the highest degree
or level of school that they had completed. All fields, including

CAPTCHA (Completely Automated Public Turing test to tell
Computers and Humans Apart) and a checkbox to accept the
data use policy, were required before participants were
automatically logged in (Figure 6).

Figure 5. Front page of the website.

Figure 6. Registration form example.

Participants were immediately redirected to a demographic
questionnaire (gender, age, and COVID status). All
questionnaires were created using Community Surveys (version
5.5; Bulasikku Technologies Pvt Ltd), which allows for the use
of branching logic. Regular expressions were used to avoid
invalid entries. Respondents who were not health care workers

were asked whether they wanted to follow the full or abridged
version of the Escape COVID-19 serious game.

After completing the demographic questionnaire, participants
were able to launch and play Escape COVID-19. After
completing the game, a second questionnaire was displayed
(Table 1).
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Table 1. Second questionnaire.

Questions, response options, and response-dependent questions

After playing this serious game, are you going to change any of your infection prevention practices?

Yes

What areas will these changes affect?a

Not going to work if you have symptoms compatible with COVID-19

Protecting yourself from both your colleagues and your patientsb

The donning sequencec when dealing with procedures CARRYING a risk of aerosolizationb

The donning sequence when dealing with procedures NOT CARRYING a risk of aerosolizationb

Changing nonsterile gloves more frequentlyb

Practicing hand hygiene more frequently

Disinfecting your workplace

Handling the face mask more carefully

Protecting yourself from asymptomatic people as well as from symptomatic ones

You are now going to use:d

Face masks

N95 respirator masks

Eye protectionb

Nonsterile glovesb

Which of these elements greatly contributed to your intention to modify your practices?e

The information given in the serious game

The feeling of playing an important role in the common effort against the epidemic

The probability of infecting a relative

One should follow the procedures

Another reasonf

No

Why will your practices not change?d

I already apply all these guidelines

The information given in this serious game does not apply to my situation

The information given in the serious game was not helpful

I do not believe these measures to be useful

I disagree with these measures

Another reasonf

What could have motivated you to change your practices?e

Better understand the reasons behind the recommendations

A greater probability of infecting a relative

The feeling of having an important role in the common effort against the epidemic

Nothing—I could not have been convinced by any argument

Otherf

Difficulty of the serious gameg

Please rate the following items from 1 (strongly disagree) to 5 (strongly agree):

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e33003 | p.72https://games.jmir.org/2021/4/e33003
(page number not for citation purposes)

Suppan et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Questions, response options, and response-dependent questions

This serious game is engaging

This serious game is meaningful

This serious game is useful

This serious game is boring

I will recommend this serious game to my friends and relatives

I will recommend this serious game to my colleagues

Duration of the serious gameh

Do you have any further comments to make regarding this serious game?

aResponse options were in the form of a 5-point Likert scale from 1 (not at all) to 5 (very much).
bThis option was not shown to non–health care workers who had elected to follow the abridged version of the serious game.
cThe donning sequence refers to the order in which the personal protective equipment items should be put on.
dResponse options were in the form of a 5-point Likert scale from 1 (much less) to 5 (much more).
eMultiple choice question (more than one possible answer).
fA free-text field was displayed when this option was selected.
gResponse options were in the form of a 5-point Likert scale from 1 (too easy) to 5 (too difficult).
hResponse options were in the form of a 5-point Likert scale from 1 (much too short) to 5 (much too long).

Participants were unable to bypass any step of the study path
by virtue of the Access Control List feature in Joomla!.
Sourcerer (version 8, Regular Labs) was used to embed the
appropriate PHP (Hypertext Preprocessor) functions
(JUserHelper::removeUserFromGroup and
JUserHelper::addUserToGroup) to ensure that participants were
redirected to the appropriate step when resuming the study path.
The Conditional Content component (version 3, Regular Labs)
was used to display text and links allowing participants to easily
resume the study path.

Data Collection
All data were automatically stored on an encrypted
MySQL-compatible database (MariaDB, version 5.5.5; MariaDB
Corporation Ab) located on a Swiss server. Participants were
able to access and delete their accounts and data at any time.
Data from all the participants who created an account on the
study platform between March 9 and June 9, 2021 were included
regardless of their professional status. Participants were allowed
to delete their accounts after playing the game, in which case
all data associated with their account were automatically
removed from the database and could, therefore, be neither
retrieved nor included in analysis.

Given the design of this study, there was no predetermined
sample size, and no sampling scheme was used. Therefore, the
participants who did not delete their accounts represented a
convenience sample.

Outcomes
The primary outcome was the proportion of participants
reporting that they were willing to change their infection
prevention and control behavior (ie, by answering “Yes” to the
first question of the second questionnaire). Some secondary
outcomes depended on the participants’ willingness to change
infection prevention and control behavior: In participants willing
to change behavior, secondary outcomes were the infection
prevention and control areas affected and the intensity of the

participants’ willingness to change. The presumed evolution in
the use of specific personal protective equipment items was also
assessed, as were the elements motivating this willingness to
change behavior. In participants unwilling to change infection
prevention and control behavior, secondary outcomes were
assessment of the reasons for refusing to change and of the
potential motivators which could have induced a willingness to
change. Other secondary outcomes such as length, difficulty,
and willingness to recommend the serious game to either friends
or colleagues were assessed regardless of the participants’
intention to change behavior. Perceived meaningfulness and
usefulness of the game and impression of engagement and
boredom while playing the serious game were also assessed in
the whole sample.

Data Curation and Statistical Analysis
Data were extracted from the database and imported into Stata
(version 15; StataCorp LLC) for data curation. Records of
participants who did not complete the first questionnaire were
excluded. The curated DTA file is available in Multimedia
Appendix 1. Descriptive statistics (frequency, relative
percentage, mean, and standard deviation) were used when
appropriate. As the serious game has already proven its
usefulness in health care workers [29], the primary outcome,
intention of changing infection prevention and control behavior,
was first analyzed using univariate logistic regression according
to professional status (health care workers versus non–health
care workers). Multivariable logistic regression was then
performed to further adjust for gender, COVID status, language,
and age. The assumption of log-linearity of age was assessed
graphically. As age was not log-linear, it was categorized
according to its quartiles. Goodness of fit was checked using
the Hosmer-Lemeshow test. Among non–health care workers,
univariate and multivariable logistic regression were performed
to determine whether language or other specific factors such as
gender, age category, occupation, level of education, or playing
the abridged version of the serious game rather than the full
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game were associated with answering the second questionnaire
after completing the serious game. The actual values, from 1
(not at all) to 5 (very much) based on Likert scales, were first
used to compute the secondary outcomes. No weighting was
applied. For these outcomes, inconsistent answers (ie, those
from participants who gave either the minimum or maximum
rating for both boredom and engagement) were excluded.

The likelihood ratio test was used to determine whether the
parallel lines or proportional odds assumption was met. When
met, multivariable ordered logistic regression was used to search
for an association between participants’ characteristics and
secondary outcomes related to the perception of the serious
game (engagement and meaningfulness). Because the
aforementioned assumption was not met, 2 generalized ordered
logistic models were generated using 2 different secondary
outcomes as dependent variables: boredom and usefulness.

Willingness to change, language, gender, age category, COVID
status, occupation, and level of education were used as predictive
variables in these models.

Results

From March 9 to June 9, 2021, a total of 3227 accounts were
created on the platform: 37 participants chose to delete their
accounts, and 325 were excluded as they did not complete the
first questionnaire (Figure 7). The characteristics of the 2865
participants included in the analysis are described in Tables 2
and 3.

Most health care workers were nurses (53.0%, 967/1823).
Physicians accounted for 11.9% of participants (216/1823), and
nursing assistants accounted for 8.1% (148/1823). Other health
care professions accounted for 27.0% of the health care worker
population.

Figure 7. Study flowchart.
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Table 2. Participant characteristics.

Health care worker (n=1823)Non–health care worker (n=1042)Characteristic

Language, n (%)a

83 (4.6)86 (8.3)English

646 (35.4)515 (49.4)French

1064 (58.4)415 (39.8)German

30 (1.7)26 (2.5)Italian

Gender, n (%)

404 (22.2)395 (37.9)Male

1404 (77.0)630 (60.5)Female

13 (0.7)17 (1.6)Other

2 (0.1)0 (0)Missing

41.6 (13.6)b40.9 (13.8)Age, mean (SD)

COVID status, n (%)a

1447 (79.4)905 (86.9)Negative or not tested

6 (0.3)3 (0.3)Positive or isolated

232 (12.7)84 (8.1)Cured

136 (7.5)50 (4.8)Refused to answer

2 (0.1)0 (0)Missing

aPercentage totals may exceed 100% due to rounding.
bn=2 values were missing.

Table 3. Additional characteristics of non–health care workers.

Non–health care workers, n (%)Characteristic

Occupation

251 (24.1)Health or social

49 (4.7)Business

20 (1.9)Hospitality

35 (3.4)Manufacturing

252 (24.2)Public sector or education

28 (2.7)Transport or retail

335 (32.1)Other

72 (6.9)Missing

Degree of education

49 (4.7)Mandatory school

39 (3.7)Secondary education

289 (27.7)Professional diploma

149 (14.3)High school graduate

430 (41.3)University graduate

60 (5.8)Other

26 (2.5)Missing

Version played

576 (55.3)Abridged

466 (44.7)Full
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Of the 2865 participants included in the analysis, 1104 (38.5%)
provided information regarding their intentions of changing
infection prevention and control behavior, and 1061 fully
completed the second questionnaire. Of those, 477 (45.0%)
generated a course completion certificate.

Among non–health care workers, the only factor associated with
the probability of answering the second questionnaire was
having completed the abridged version, which was significant
after adjusting for playing the abridged version rather than the
full one and for gender, age, occupation, and level of education
(odds ratio [OR] 1.96, 95% CI 1.48-2.59). In health care
workers, an association between language and the probability
of answering the questionnaire was present after univariate
analysis (P<.001) and remained after adjusting for gender, age
category, profession, and COVID status (P=.002). In this group,
participants who refused to detail their COVID status were less
likely to answer this questionnaire (OR 0.49, 95% CI 0.32-0.75).

Among participants who answered the second questionnaire,
less than half (509/1104, 46.1%) intended to change their
infection prevention and control behavior after playing the game.

However, among those who did not intend to change their
infection prevention and control behavior, the vast majority
answered that they already apply these guidelines (Table 4).
Few participants (13/595, 2.2%) answered that they disagreed
with these measures or that they did not believe such measures
to be useful.

Participants intending to change infection prevention and control
behavior were generally radical in their willingness to change
certain aspects of the practices (not at all: 1003/4085 answers,
24.6%; very much: 1795/4085 answers, 43.9%).

Most of them were not likely to change their use of specific
personal protective equipment items, the only exception being
related to the use of protective goggles (156/383, 40.7%
answered that they would use goggles more or much more after
playing the serious game).

Participants who answered that they intended to change their
infection prevention and control behavior were mostly motivated
by the information contained in the serious game and by the
feeling of playing an important role in the common effort against
the epidemic (Table 5).

Table 4. Reasons given for not changing infection prevention and control behavior.

Health care worker (n=286),

n (%)a

Non–health care worker (n=309),

n (%)a

Reason

224 (78.3)288 (93.2)Already applies these guidelines

78 (27.3)33 (10.7)The information given in the serious game did not apply to the participant’s
situation

10 (3.5)3 (1.0)Disagrees with these measures

2 (0.7)5 (1.6)The information given in the serious game was not considered helpful

2 (0.7)2 (0.6)Did not believe these measures to be useful

19 (6.6)6 (1.9)Another reason

aMultiple responses are possible; therefore, percentages do not add to 100%.

Table 5. Reasons associated with the willingness of changing infection prevention and control behavior.

Health care worker (n=385),

n (%)a

Non–health care worker (n=124),

n (%)a

Reason

208 (54.0)70 (56.5)The information given in the serious game

200 (51.9)76 (61.3)The feeling of playing an important role in the common effort against the
epidemic

144 (37.4)43 (34.7)One should follow the procedures

129 (33.5)57 (46.0)The probability of infecting a relative

8 (2.1)3 (2.4)Another reason

aMultiple responses are possible; therefore, percentages do not add to 100%.

Univariate logistic regression showed that, compared to
non–health care workers, health care workers were more likely
to intend to change their infection prevention and control
behavior (OR 3.35, 95% CI 2.59-4.34). This association was
reinforced after adjusting for age category, gender, language,
and COVID status (OR 3.88, 95% CI 2.94-5.13). The 2 elements
with significant associations were German language (OR 0.48,
95% CI 0.24-0.96) compared to reference category (English)

and being aged 53 years or older (OR 2.07, 95% CI 1.44-2.97)
compared to reference category (11-30 years).

Among non–health care workers, belonging to the highest age
category (53 years or older: OR 3.33, 95% CI 1.66-6.68) and
playing the full rather than the abridged version of the serious
game (OR 4.45, 95% CI 2.63-7.55) were associated with a more
significant willingness to change infection prevention and
control behavior. There was no significant difference in this
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outcome related to either occupation (P=.42) or educational
status (P=.11).

Thirty-three records (33/1061, 3.1%) were excluded because
they contained either minimal or maximal ratings for both the
engagement and boredom items. The serious game was generally
considered engaging (mean 3.9, SD 1.0), meaningful (mean
4.4, SD 0.9), and useful (mean 4.3, SD 0.9). Boredom was rated
rather low (mean 1.9, SD 1.1).

Perceived meaningfulness was affected by 4 different factors.
Non–health care workers who intended to change their infection
prevention and control behavior were more likely to find the
game meaningful (OR 2.40, 95% CI 1.44-3.99). Those who had
chosen to play the full version of the game were also more likely
to find the game meaningful (OR 1.74, 95% CI 1.05-2.88).
Participants who did not identify themselves as belonging to
the male or female gender found the game to be less meaningful
(OR 0.14, 95% CI 0.03-0.68).

Likewise, non–health care workers who intended to change
their infection prevention and control behavior, and those who
had chosen to play the full version of the game were more likely
to find it engaging (OR 2.73, 95% CI 1.71-4.33 and OR 2.24
95% CI 1.39-3.60, respectively). Non–health care workers who
identified themselves as belonging to the female gender also
found the game more engaging (OR 1.58, 95% CI 1.02-2.45),
while participants who did not identify themselves as either
male or female found it less engaging (OR 0.19, 95% CI
0.05-0.76). Participants who played the German version of the
game also found it less engaging (OR 0.15, 95% CI 0.06-0.40).

Health care workers were more likely than non–health care
workers to recommend this serious game to their colleagues
(OR 1.87, 95% CI 1.49-2.35). They were also more likely to
recommend it to their relatives than non–health care workers
were (OR 1.43, 95% CI 1.14-1.79). Regarding difficulty, Escape
COVID-19 was considered to be well balanced by 71.3%
(756/1061), and more health care workers (534/655, 81.5%) to
found it to be well balanced (P<.001), with 13.6% (89/655)
finding it either easy or too easy, versus 54.7% of non–health
care workers (222/406), with 39.4% (160/406) finding it either
easy or too easy. Regarding length, the serious game was
considered as well balanced by 89.4% of participants (health
care workers: 597/655, 91.1%; non–health care workers:
351/406, 86.5%; P=.002).

Given the differences observed in the uptake of the French and
German versions, we carried out a posthoc qualitative analysis
of the final comments recorded by participants to determine
whether translation problems could be involved. There were
158 comments, 81 of which (51.3%) were recorded by
participants who played the German version of Escape
COVID-19. Of these, 8 (9.9%) were linked with translation
issues. Two examples can be found below:

The game is very good, so please refrain from using
unnecessary anglicisms that are hard to understand
for anyone who is not a native English speaker...

Please pay attention to correct gendering. The job
title “Krankenschwester” is wrong...

All original comments are included in the curated data file
(Multimedia Appendix 1).

Discussion

Principal Results
This nationwide campaign based on an innovative educational
tool shows that giving players the impression of having an
important role in the fight against the pandemic is a potent
motivator for enhancing intentions of changing infection
prevention and control behavior. Future serious games could
use this element to promote vaccination.

Slightly less than half (509/1104, 46.1%) of participants who
provided information on their intentions responded that they
intended to change their infection prevention and control
behavior after playing Escape COVID-19. While this figure
might seem rather low at first glance, the vast majority of those
not willing to change behavior answered that they already apply
the guidelines outlined in the serious game. Even more
reassuringly, the proportion of participants who did not believe
infection prevention and control measures to be useful was
extremely low. These findings must, however, be mitigated by
a probably important selection bias, which is further detailed
below.

The only element associated with a lesser probability of
answering the second questionnaire for non–health care worker
participants was choosing to play the full rather than the
abridged version of the serious game. Two hypotheses might
explain this finding. First, the full version of the game is longer
and is much more difficult because it includes the fourth level
(the ward), and non–health care workers are neither used to this
setting nor to the specific personal protective equipment items
and procedures depicted there. Some participants might,
therefore, have chosen to abandon the game without completing
this level. As the serious game was not embedded in a learning
management system, we were unable to define the exact moment
at which participants chose to drop out, and we were unable to
gather information related to specific questions or to record the
final score obtained by participants. Second, some of the
participants who completed this full version of the game might
have felt ill at ease completing the second questionnaire and
might have thought that only health care workers were actually
qualified to answer it. Nevertheless, findings from a recent study
[42] strengthen support for the importance of including
non–health care workers in the target population. Indeed, a
secondary analysis of quantitative data collected in Ghana
showed that nonclinical staff, midwives and pharmacists
demonstrated lower adherence to infection prevention and
control guidelines than that demonstrated by other health care
workers [42]. Thus, designing infection prevention and control
promotion materials that can reach many different professions,
including non–health care workers in regular contact with
vulnerable populations, is essential to limit viral transmission.

Older participants reported that they were more likely to change
their infection prevention and control behavior after following
the serious game. Three theories could explain this association.
First, older age is associated with an increased risk of
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complications after SARS-CoV-2 infection [43], and older
individuals might therefore be wary of such complications.
Second, regular information material such as flyers, posters, or
other text documents might be too dull and too hard to grasp
[44]. A more engaging and unambiguous way of providing
information might, therefore, be more appropriate to convey
critical messages to this population. Indeed, even though there
might be a tendency to think that games are only for young
individuals, factual data bely this somewhat prejudiced
impression [45-48]. Third, an effect that is linked to different
digital generations (ie, X, Y and Z) could also be present.
Indeed, entering an e-learning process has been found to be
linked to the strongest level of contextualization of learned
web-based content in generation X (individuals born between
1965 and 1979) [49].

As a federal and multilinguistic country, Switzerland represents
a unique challenge. In this nationwide study, the probability of
gathering health care worker data regarding the intention of
changing infection prevention and control behavior and
concerning perceptions about the serious game depended on
language, gender, and COVID status. This last fact is hardly
surprising, as it can be hypothesized that participants unwilling
to detail their COVID status before playing the game might
already have been skeptical regarding its content. Indeed, it
does not seem unrealistic to assume that these participants did
not trust the investigators and the data protection policy
displayed on the website or that they were simply unwilling to
provide any useful data. Though not conclusive, an element
supporting this hypothesis was found in a randomized controlled
trial [50] that assessed the effect of an e-learning module on
attitude and knowledge regarding personal protective equipment,
in which an inconsistent answer set had to be excluded and was
the only one in which the respondent answered that they were
unwilling to disclose their COVID status.

This study was carried out after the peak of the second pandemic
wave had been reached in Switzerland, and most health care
workers had already accessed a wide array of infection
prevention and control educational tools, thereby substantially
decreasing the number of potentially naïve participants. While
gender has already been shown to influence engagement in
video game activities [51], the impact of language on messages
conveyed by serious game has scarcely been studied and
deserves attention. Indeed, apart from the lesser probability of
answering the second questionnaire, playing the game in a
specific language was associated with a different probability of
changing infection prevention and control behavior. One aspect
of this issue is that the German and Italian translations were
performed by third parties who did not take into account the
multidisciplinary aspect which had driven the creation of the
serious game [24]. Taking learners' profiles into account is,
however, essential [52] and might have enhanced message
uptake, and one participant commented on the fact that an
outdated word was used to identify nurses (ie, Krankenschwester
rather than Pflegefachperson).

Many studies [53,54] have already explored the adherence of
particular subsets of health care workers to specific COVID-19
transmission-reducing behaviors. Recently, a web-based survey
carried out in Saudi Arabia showed that respiratory therapists

were more likely to adhere to infection prevention and control
guidelines at home than at work [53]. Thus, behavioral change
should be promoted not only in the professional setting but also
in the private sphere, and motivation appears to be a key factor
to promote such change. Strengthening this message even
further, a systematic review [54] assessed the impact of
interventions aimed at promoting eHealth capability or
motivation among health care professionals, reported that most
interventions aimed to promote capability rather than increasing
motivation, and concluded that evidence-based developments
should be carried out to enhance this last factor. Escape
COVID-19, which was generated by virtue of a theory-driven
process, seems to provide adequate messages, if our results are
to be trusted. In addition, this serious game also helps health
care workers reflect on their infection prevention and control
behavior outside of the hospital environment through its first 2
levels (at home and on the road).

Cultural differences and perceptions regarding serious games,
their graphics, player and nonplayer characters, and the game
environment might also affect the impact of serious games. In
this study, the participants who followed the German version
of Escape COVID-19 were less likely to find it engaging. The
reasons underlying this difference could not be thoroughly
assessed, and further data should be gathered to determine how
this version should be modified to increase engagement. This
is critical, as the probability of actually carrying out an action
relies upon this parameter [55]. In any case, including native
speakers and ensuring the quality and validity of the translation
is essential.

In addition, cultural and regional differences can alter whether
a specific material should be considered a game, and the
boundaries between serious games and gamification are often
unclear [56]. However, using McCallum's [57] definition, there
is little doubt that Escape COVID-19 is indeed a serious game
as it is the result of the “creation of a whole new experience to
achieve some change in the player.”

Obtaining a course completion certificate might have convinced
some participants to complete the second questionnaire, even
though more than half of those who completed it chose not to
generate a certificate. Many reasons could explain this fact.
First, in Switzerland, some health care workers are not required
to obtain continuing medical education credits. This decreases
the potential impact of the incentive of obtaining a course
completion certificate. Second, official federal organizations
are less used to issuing continuing medical education credits
for web-based courses, particularly serious games. This
prevented us from granting official continuing medical education
credits to participants, which further decreased the value of this
particular incentive.

Limitations
The main limitation of this study was the use of convenience
sampling, which led to a 2-tiered selection bias. First, it is to be
expected that the participants who decided to register to play
the game were already interested in COVID-19 protective
procedures and were probably motivated to enhance their
infection prevention and control behavior. Second, even after
registering and playing the game, the only incentive to complete
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the second questionnaire was the possibility of acquiring a
course completion certificate. This incentive was rather limited,
as this certificate did not grant any continuing medical education
credits, and many Swiss health care workers are not required
to attend continuous education. In addition, this study took place
after the peak of the second pandemic wave in Switzerland,
which potentially decreased the interest some might have had
in playing such a game. Furthermore, we were not able to
determine the reasons that prevented a rather high proportion
of participants from completing the second questionnaire.
Attrition is to be expected in such studies [58,59], and we,
therefore, strove to keep all questionnaires as short and
straightforward as possible [60]. Despite our efforts, the second
questionnaire might, nevertheless, have been considered too
long by participants who dropped out. It is also possible that
some participants who dropped out found the game ill-suited
to their particular situation, unnecessary, or even boring. The
high level of satisfaction among respondents is, however,
relatively reassuring in this matter.

As an abridged version of the game had not been considered
during the initial development process and because it was
urgently requested, considerations specific to non–health care
workers were neither sought nor taken into account. Therefore,
even though infection prevention and control procedures are
simpler and easier to follow for non–health care workers, this
lack of customization might explain, at least in part, the lower
willingness to change infection prevention and control behavior
observed in non-health care workers. Rather than modifying
Escape COVID-19 even further, the use of other serious games,
such as “COVID-19-Did You Know?,” which was designed to
target non–health care workers from inception, should be
considered [61].

Perspectives
The cultural differences in message uptake identified in this
study are intriguing. Even though such differences have already
been identified [62], the extent of these differences was quite
surprising, and their causes should now be studied in order to
be able to adapt future serious games to these cultural
characteristics. While the original, French version of Escape

COVID-19 was developed taking feedback from potential end
users into account [24], the translated versions were not.
Therefore, in line with the co.LAB framework, which
recommends identifying learners’ profiles and adapting the
game accordingly [52], we are considering carrying out focus
groups to determine the shortcomings of the current version of
this game and the elements that could make Escape COVID-19
more engaging. Different focus groups would be required to
take into consideration elements specific to particular social,
cultural, and linguistic backgrounds. In addition, such focus
groups could be used to determine whether a new level or a new
module could help promote vaccination. The main issues such
a development must address should be explored during these
sessions, which might also shed light on cultural differences
regarding vaccine hesitancy [1,2,63,64].

Conclusion
Despite the incentive of obtaining a course completion
certificate, the postgame questionnaire was completed by less
than half of all participants. Even though more than half of those
who filled in this questionnaire reported that they were not going
to change their infection prevention and control behavior, they
attributed this answer to the fact that they already apply the
infection prevention and control guidelines presented in the
serious game. The impact of Escape COVID-19 on participants
who intended to change their infection prevention and control
behavior after playing was, however, substantial as these users
were generally radical in their willingness to alter their practice.
They reported that their willingness to change their infection
prevention and control behavior was equally motivated by the
feeling of playing an important role in the common effort against
the pandemic and by the information contained in the serious
game.

In this study, older age was associated with the intention of
changing infection prevention and control behavior. Conversely,
playing the German version of the game decreased the likelihood
of intending to change behavior. Different hypotheses could
explain these findings and should now be explored to help adapt
the game and enhance the uptake of infection prevention and
control messages.
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Abstract

Background: Research into the application of virtual reality technology in the health care sector has rapidly increased, resulting
in a large body of research that is difficult to keep up with.

Objective: We will provide an overview of the annual publication numbers in this field and the most productive and influential
countries, journals, and authors, as well as the most used, most co-occurring, and most recent keywords.

Methods: Based on a data set of 356 publications and 20,363 citations derived from Web of Science, we conducted a bibliometric
analysis using BibExcel, HistCite, and VOSviewer.

Results: The strongest growth in publications occurred in 2020, accounting for 29.49% of all publications so far. The most
productive countries are the United States, the United Kingdom, and Spain; the most influential countries are the United States,
Canada, and the United Kingdom. The most productive journals are the Journal of Medical Internet Research (JMIR), JMIR
Serious Games, and the Games for Health Journal; the most influential journals are Patient Education and Counselling, Medical
Education, and Quality of Life Research. The most productive authors are Riva, del Piccolo, and Schwebel; the most influential
authors are Finset, del Piccolo, and Eide. The most frequently occurring keywords other than “virtual” and “reality” are “training,”
“trial,” and “patients.” The most relevant research themes are communication, education, and novel treatments; the most recent
research trends are fitness and exergames.

Conclusions: The analysis shows that the field has left its infant state and its specialization is advancing, with a clear focus on
patient usability.

(JMIR Serious Games 2021;9(4):e32721)   doi:10.2196/32721

KEYWORDS

virtual reality; healthcare; bibliometric analysis; literature review; citation analysis; VR; usability; review; health care

Introduction

There is no definite date for the first virtual reality (VR)
application but the Sensorama device described by Morton
Heilig in 1955 can be seen as a possible starting point [1,2]. His
invention is one of the earliest known examples of immersive
technology incorporating vision, sound, smell, as well as the
sensation of touch, thereby letting users experience an illusory
form of reality [2,3]. VR can be defined as a technology that
makes users believe that they are in another place, based on
heavily influencing the primary sensory inputs with
computer-generated data [4]. What started as a pure form of

entertainment involving immersion and interactivity has now
become a thriving market with a wide range of use cases
including recreation, communication, research, education, and
health care [5-7]. VR initially started out as a luxury but has
recently become more accessible, with companies like Facebook,
Google, Samsung, and Sony making large investments in this
technology [8,9]. The health sector benefits from this
development as VR technology for entertainment purposes can
also improve medical training [5,10,11], leading to a fusion of
gaming and educational training called serious gaming [12].
Professionals, researchers, and students get early exposure to
equipment, procedures, and clinical settings, as well as feedback,
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without putting anyone at risk [5,11]. The relevance of VR in
the health sector is also increasing due to breakthroughs such
as O’Keefe and Moser’s discovery of the brain’s “GPS” (for
which they received the Nobel Prize), highlighting the
possibilities of VR-supported studies [13]. While analyzing the
brain activity of rodents in a VR setting, these researchers found
“cells that constitute a positioning system in the brain” [14,15].
Additionally, a wide array of VR engines and VR applications
for experimental and computational use is becoming more
accessible for everyone [14,16-18]. Lastly, VR is a driving
factor in the development of new treatments or the revamping
of older ones [19,20]. Novel approaches include phobia therapy
[21], rehabilitation [22], and many more. These new forms of
psychological and physical treatment help patients and health
professionals to achieve better results in care, healing, and
comfort [19,20,23,24].

The widespread use of VR makes it an increasingly relevant
topic for research, leading to a growing body of scholarly
literature in recent years [25], which has become more and more
complex and fragmented. As a consequence, a systematic
overview of research on VR in health care is needed. Our
research goal is to provide such a comprehensive overview,
based on a bibliometric analysis. We aim to identify current
trends to promote and guide future research.

Our study supplements previous bibliometric analyses on VR
in the health sector, which have a narrower focus on specific
use cases, such as dementia [26], autism [27], or rehabilitation
[28]. Other bibliometric analyses are outdated and do not
adequately represent the current state of available material [29].

Some bibliometric analyses are not limited to VR but also
include augmented reality (AR) [25,30]. Cipresso et al [31]
provided a large-scale network and cluster analysis for both VR
and AR across all scientific disciplines. In contrast to all these
analyses, this study aims to provide a current and comprehensive
overview of VR research in the health sector via a bibliometric
analysis. It therefore contributes to research on VR in health
care by measuring and mapping the body of literature on this
topic.

Methods

Search and Screening Strategy
We conducted a title search for “virtual reality” or “VR” on the
Web of Science Core Collection on April 19, 2021. The title
search ensured that only publications focused on VR were
included in the data set, while publications touching on VR as
a side aspect were excluded. The search yielded 12,979
publications from 1994-2021.

The data set was narrowed down by focusing on publications
written in the predominant scientific language (English). We
selected only publications in health care–related categories:
Health Care Science Services, Public Environmental
Occupational Health, Health Policy Services, and Primary
Health Care. Finally, we excluded all document types other than
articles (“early access” articles were included). This elimination
process helped guarantee that only peer-reviewed research was
included in the bibliometric analysis. The final data set consists
of a total of 356 publications (Figure 1).

Figure 1. Data collection process.
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Bibliometric Analysis
Bibliometrics focuses on the analysis of quantifiable publication
data [32], which can be used to create objective and reproducible
results [33] and offer insights into relationships between
analyzed documents [34]. The basic measures for bibliometric
performance analyses are the number of articles (representing
productivity) and the number of citations (representing impact
or influence) [35]. We focused on performance data regarding
productivity and impact by year as well as by country, journal,
and author. Frequencies and pro rata percentages in each
category were based on publication years, total share of records,
or total global citation scores. Country scores were based on
the affiliation data provided by the authors themselves.
Additionally, the most used, most co-occurring, and most recent
keywords were examined to find and structure the main research
themes. Furthermore, the twenty most important keywords were
determined. These bibliometric indicators are regularly used to
provide a bibliometric overview of a field [36] and to determine
the most influential countries, authors, and journals of a field
[37]. Based on bibliometric findings, future research trends can
be derived [37].

This analysis involved the use of total global citation scores and
a computation of popularity based on appearance frequency.
The underlying data for the bibliometric analysis was analyzed
with BibExcel (version 2016-02-20), HistCite (version
12.03.17), and VOSviewer (version 1.6.16).

Results

Annual Productivity
Table 1 depicts the annual numbers of publications on VR in
health care from 1994 to April 2021. From 1994 to 2020, the
average growth rate of scientific publications about VR in health
care was 20.46%. Including the partial year 2021, the calculated
average growth rate is currently 13.98%. The average growth
rate from 1994-2010 was 10.58%, which increased to 20.54%
and 60.05% for 2011-2015 and 2016-2020, respectively. The
growth rate from 2016-2021 is currently 13.40%. There was a
surge of scientific publications starting around 2014, accounting
for 80.62% of all eligible articles. The biggest increase was in
2020, accounting for 29.49% of all analyzed scholarly works.

Overall, 88.8% (315/356) of the analyzed scientific articles were
published by researchers from 20 countries (Table 1). The top
three countries are the United States (94/356, 26.4%), the United
Kingdom (28/356, 7.9%), and Spain (24/356, 6.7%). Another
24 countries not shown in Table 2 contributed to VR research
in health care. The percentages shown in Table 1 relate to the
total number of publications by the depicted countries (N=315),
not the overall data set.

The country with the highest global citation score is the United
States, accounting for nearly one-third of all citations in the
data set (1995/6701, 29.8%). Canada is ranked second, with
about one-tenth of all citations (659/6701, 9.8%), followed by
the United Kingdom in third place, with about 9% of all citations
(613/6701, 9.1%). The percentages in Table 3 refer to the total
number of citations of the top 20 countries, not the complete
data set.
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Table 1. Country productivity and country impact.

Number of publicationsYear

11994

11996

11997

32000

12001

12002

22003

32004

42005

12006

42007

52008

82009

52010

9201

102012

82013

152014

192015

162016

282017

312018

432019

1052020

302021

2Early access
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Table 2. Country productivity (N=315).

Output, n (%)CountryRank

94 (29.8)United States of America1

28 (8.9)United Kingdom2

24 (7.6)Spain3

21 (6.7)Canada4

18 (5.7)People’s Republic of China5

16 (5.1)Australia6

16 (5.1)Italy6

15 (4.8)South Korea7

13 (4.1)Germany8

13 (4.1)Taiwan8

12 (3.8)Netherlands9

8 (2.5)France10

6 (1.9)Brazil11

5 (1.6)Finland12

5 (1.6)Israel12

5 (1.6)Turkey12

4 (1.3)Norway13

4 (1.3)Poland13

4 (1.3)Portugal13

4 (1.3)Sweden23
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Table 3. Country impact (N=6432).

Output, n (%)CountryRank

1995 (31.0)United States1

659 (10.3)Canada2

613 (9.5)United Kingdom3

493 (7.7)Italy4

383 (6.0)Netherlands5

362 (5.6)Norway6

338 (5.3)Germany7

303 (4.7)Australia8

267 (4.2)Spain9

256 (4.0)Switzerland10

147 (2.3)Belgium11

112 (1.7)Israel12

100 (1.6)Taiwan13

98 (1.5)People’s Republic of China14

63 (1.0)Singapore15

60 (0.9)France16

58 (0.9)Mexico17

47 (0.7)New Zealand18

43 (0.7)India19

35 (0.5)Finland20

Journal Productivity and Impact
The highest-ranking journal regarding productivity is the Journal
of Medical Internet Research, with 34 of the 356 total
publications (9.6%). In second place is JMIR Serious Games
(29/356, 8.2%), followed by the Games for Health Journal in
third position (28/356, 7.9%). The percentages in Table 3 relate
to the total number of articles in the top 20 most productive
journals; the articles in the full data set were published in 70
additional journals not shown in Table 4.

The most cited journal is Patient Education and Counselling,
with a total global citation score of 428 of the 3993 citations in
the entire data set (10.7%). In second place is Medical Education
(312/3993, 7.8%), followed by Quality of Life Research
(281/3993, 7%). Again, out of the 90 journals included in the
data set, 70 are not shown in Table 5. The percentages given in
the table relate to the 3105 citations received by the top 20
journals, not the whole data set.

The three authors with the highest productivity are Riva (9/356,
3%), del Piccolo (6/356, 2%), and Schwebel (6/356, 2%). Out
of 1698 authors in the data set, 1678 are not shown in Table 6.
Most authors (1532, 90.2%) only published one article on VR
in health care, while 129 (7.6%) published two qualifying
articles.

The author with the highest impact as determined by overall
citations is Finset, with a total of 340 citations of 20,363 (1.67%)
in the whole data set. The next most influential authors are del
Piccolo and Eide, both in second place with 308 citations
(308/20,363, 1.51%). Taking all citations and authors into
account, the average is 20.36 citations per researcher. The
computed h-index of an author (shown in Table 7) relates to
the subject of this bibliometric analysis, and does not include
other publications by the author. Once again, the displayed
percentage relates to the total number of citations represented
in the table, not the whole data set.
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Table 4. Journal productivity (N=235).

Output, n (%)JournalRank

34 (14.5)Journal of Medical Internet Research1

29 (12.3)JMIR Serious Games2

28 (11.9)Games for Health Journal3

27 (11.5)International Journal of Environmental Research and Public Health4

16 (6.8)Patient Education and Counselling5

11 (4.7)Simulation in Healthcare: The Journal of the Society for Simulation in Healthcare6

10 (4.3)Journal of Healthcare Engineering7

10 (4.3)Technology and Healthcare8

8 (3.4)Accident Analysis and Prevention9

8 (3.4)Annual Review of Cybertherapy and Telemedicine 2015: Virtual Reality in Healthcare: Medical Simulation and Experiential
Interface

9

7 (3.0)Annual Review of Cybertherapy and Telemedicine 2014: Positive Change: Connecting the Virtual and the Real10

6 (2.6)Frontiers in Public Health11

6 (2.6)Journal of Medical Systems11

5 (2.1)Aerospace Medicine and Human Performance12

5 (2.1)Aviation Space and Environmental Medicine12

5 (2.1)Injury Prevention12

5 (2.1)International Journal of Occupational Safety and Ergonomics12

5 (2.1)JMIR Research Protocols12

5 (2.1)Methods of Information in Medicine12

5 (2.1)Work: A Journal of Prevention Assessment & Rehabilitation12
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Table 5. Journal impact (N=3105).

Citations, n (%)JournalRank

428 (13.8)Patient Education and Counselling1

312 (10.0)Medical Education2

281 (9.1)Quality of Life Research3

247 (8.0)Aviation Space and Environmental Medicine4

234 (7.5)Games for Health Journal5

213 (6.9)Academic Medicine6

196 (6.3)Accident Analysis and Prevention7

142 (4.6)Journal of Medical Internet Research8

111 (3.6)Nicotine & Tobacco Research9

106 (3.4)Supportive Care in Cancer10

101 (3.3)Telemedicine Journal and e-Health11

100 (3.2)Methods of Information in Medicine12

90 (2.9)Simulation in Healthcare: The Journal of the Society for Simulation in Healthcare13

89 (2.9)International Journal on Disability and Human Development14

80 (2.6)Journal of Medical Systems15

80 (2.6)Simulation in Healthcare15

75 (2.4)Psychology & Health16

75 (2.4)Technology and Health Care16

74 (2.4)International Journal of Medical Informatics17

71 (2.3)JMIR Serious Games18
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Table 6. Author productivity (N=87).

Publications, n (%)AuthorRank

9 (10)G Riva1

6 (7)L del Piccolo2

6 (7)DC Schwebel2

5 (6)A Finset3

5 (6)J Gutierrez-Maldonado3

5 (6)G Humphris3

5 (6)BK Wiederhold3

5 (6)SC Yeh3

4 (5)H Eide4

4 (5)M Ferrer-Garcia4

4 (5)L Smith4

4 (5)MD Wiederhold4

4 (5)C Zimmermann4

3 (3)SAW Andersen5

3 (3)WP Brinkman5

3 (3)R Cano de la Cuerda5

3 (3)P Cipresso5

3 (3)A Fisher5

3 (3)I Fletcher5

3 (3)C Goss5
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Table 7. Author impact (N=5459).

H-indexCitations, n (%)AuthorRank

5340 (6.2)A Finset1

5308 (5.6)L del Piccolo2

4308 (5.6)H Eide2

5300 (5.5)G Humphris3

4297 (5.4)C Zimmermann4

3281 (5.2)W Rogers5

3273 (5.0)M Rimondini6

3273 (5.0)C Goss7

3271 (5.0)I Fletcher8

2256 (4.7)YM Kim9

2256 (4.7)S Bergvik9

2256 (4.7)P Salmon9

2256 (4.7)J Bensing9

2256 (4.7)C Heaven9

2256 (4.7)L Zandbelt9

2256 (4.7)W Langewitz9

2256 (4.7)S van Dulmen9

2256 (4.7)H de Haes9

2256 (4.7)L Wissow10

2248 (4.5)S Qian11

Most Used and Co-Occurring Keywords
As shown in Table 8, the most used keyword is “virtual”
(322/356, 90.4%), followed by “reality” (321/356, 90.2%). The
third most used keyword is “training” (60/356, 16.9%).

The author keyword co-occurrence analysis led to 11 clusters,
with a minimum citation threshold of 3 and 94 qualifying
keywords. Figure 2 depicts the keyword co-occurrence map
generated by VOSviewer. The 11 clusters are distinguished by
different colors. The clusters comprise keywords, which are
often mentioned together in the keyword lists of the articles in

the literature sample and therefore have the tendency to form
groups that represent common research themes. Of these
clusters, 3 are relatively small, with only 2-3 keywords. Half
of the clusters are made up of 10 or more keywords. Being
presented as a cluster does not necessarily mean that publications
deal with the same topic, albeit all qualifying publications within
a respective cluster complement each other. Furthermore, 3
clusters have an everyday focus, 3 other ones address the
specifics of VR training, 4 have diverse health care–related
fields as their common topic, and one is centered around known
issues in VR settings. The clusters are described in greater detail
below.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e32721 | p.93https://games.jmir.org/2021/4/e32721
(page number not for citation purposes)

Pawassar & TiberiusJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 8. Most used keywords.

Overall percentage of occurrences (n=356)Occurrences (N=1168), n (%)KeywordRank

90.4322 (27.6)Virtual1

90.2321 (27.5)Reality2

16.960 (5.1)Training3

15.455 (4.7)Based4

14.351 (4.4)Using5

10.136 (3.1)Trial6

9.032 (2.7)Randomized7

8.430 (2.6)Patients8

8.129 (2.5)Therapy9

7.928 (2.4)Simulation10

7.326 (2.2)Controlled11

6.724 (2.0)Health12

6.523 (2.0)Children13

6.222 (1.9)Pilot14

5.620 (1.7)Rehabilitation15

5.319 (1.6)Effects16

5.319 (1.6)Immersive16

4.817 (1.5)Care17

4.817 (1.5)Effect17

4.817 (1.5)Treatment27
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Figure 2. Keyword co-occurrence map.

Clusters

Cluster 1: Communication, Especially in Pediatrics
This large cluster covers 19 keywords revolving around
promoting a more rounded caretaker/patient dialogue, with a
focus on children. Some papers address issues regarding
hindered communication with children and how VR can help
with that [38,39], as well as the development of communication
skills for patients [40,41] and medical staff [42,43].

Cluster 2: On-site or Telemedicine Health Care
This cluster containing 12 items highlights some positive aspects
in caretaking via VR. A rather large focus lies with the
enrichment and possibilities of interventions and care from a
distance offering new and effective methods [21,44,45]. A
smaller portion sees VR in use for on-site interventions [46].

Cluster 3: Physical Health Training
This cluster with 12 items specifies similarities and
discrepancies between fitness training in real-life and VR
settings. Findings of articles within this cluster are that
VR-based training is effective but not more effective than
real-life trainings [47,48]. VR-supported physical exercise can
be applied to both private fitness endeavors and physical
therapy, as the next cluster shows.

Cluster 4: Physical Rehabilitation
This group of keywords containing 11 items addresses the
flexibility of VR in addition to conventional rehabilitation
programs [49,50], and the possibility of expanding the reach of
treatments beyond clinically controlled settings to achieve better
results [22]. In addition, this cluster includes the adaption of
VR games detached from any clinical setting and found the VR
games had a positive effect on patient rehabilitation comparable
to trainings conducted by medical professionals [51,52].

Cluster 5: Geriatric Care
This section containing 10 items centers around the care of older
adults. VR was used to tackle dementia and memory loss
[53-55]. Other application areas include VR interventions in
life-threatening situations to improve patients’ moods [56], as
well as patient education and training.

Cluster 6: Motivation, Health, and Adolescents
This cluster, also containing 10 items, addresses the need to
motivate adolescents to partake in physical activities to tackle
motivational and health issues. The focus is on cultivating
fascination and enjoyment in young adults regarding the
possibilities of VR and educating parents to promote the
consideration of VR where antipathy might be prevalent [57-59].
This cluster underscores the need for awareness training.
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Cluster 7: Psychological Treatments
This 7-item cluster focuses on new treatment possibilities,
particularly for depression and stress disorders. Topics range
from posttraumatic experience and chronic disorder treatments
to preventive strategies [60-62], increasing the need for more
training about the increased options for effective handling.

Cluster 8: Accident Prevention
This group of 7 keywords includes ophthalmology research and
implements eye-tracking features to analyze behavior in
dangerous situations. This is feasible because VR headsets are
often very close to the eyes, and already analyze how and where
the user moves in a predefined space [63-65], offering a safe
environment for researchers to analyze test subjects in otherwise
unworkable experimental situations.

Cluster 9: Palliative Care
This rather small cluster comprises only 3 keywords. The articles
in this cluster focus on anxiety in people with terminal diseases
and how to broaden the range of effective treatments [66]. It is
closely related to cluster 7, with a focus on providing relief for
the patient. For effective use, more training for caretakers needs
to take place.

Cluster 10: Everyday Health Support
This small cluster with 2 keywords promotes interventions in
relation to binge eating [67,68], but future fields of application

include other interventions for working toward a healthier life
every day via small reminders.

Cluster 11: Aftereffects of VR Environments
The last cluster also includes 2 keywords and addresses issues
that may occur when people experience or cease using VR
[69,70]. This is relevant for everyday life as well as trainings
to increase awareness.

Figure 3 depicts the trend evolution of keywords. The map
shows how the importance of keywords changed for VR in
health care starting around 2013-2014 (blue) to the current date
(yellow). Earlier focal points were about concerns with the new
technology and possible fields of use. A selection of
representative keywords is “concern,” “communication,”
“anxiety disorders,” and “patient education.” A few years later,
these application fields broadened and started to include
medicine-related trends. This is seen in keywords such as
“telemedicine,” “physical therapy,” “exposure therapy,” and
“randomized controlled trial.” The latest trend sees VR in health
care become centered around education and exergames, so-called
exercise games for mental and physical health, as well as
mobility for virtual realities. Representative keywords are
“sport(s),” “video games,” “simulation training,” and “mobile
phone.”

Figure 3. Keyword trend from 2013-2021.

Discussion

Overview
In this study, research focusing on VR in health care from 1994
to 2021 was analyzed by bibliometric measures. The focal points
for this analysis were publication and author scores, as well as

a trend analysis. Overall, research has been steadily increasing,
with a recent spike in publications, underlining the relevance
of research on VR applications in health care.

Growth Rate of Publications
Although VR emerged in the 20th century and has been a topic
in health care–related research for over 25 years, it was initially
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a niche topic [2]. An increase in the number of VR publications
can be seen between 2015 and 2017, with a notable spike in
2020. The growth rate nearly tripled to 60.05% when compared
to the previous 5 years (20.54%). What may have been a
decisive factor in this change was the sudden increase in
investments and availability of high-quality technology, which
increased scientific interest and use [8]. The gaming industry
had a major impact, showcasing the manifold (though mostly
unintentional) benefits and possibilities via development of new
headsets and programs, which could be appropriated and
modified for new applications [11,14,17]. Since then, an
increasing number of medical fields saw the potential of VR
for data collection, treatments, or trainings [10,41,65]. Following
the past growth pattern of health care–related VR research, it
can be expected that this field will continue to grow.

Publication Pattern
VR research is being conducted around the globe, with over
one-fifth of all countries contributing to scientific progress in
this field. The United States, as in many other fields, tends to
lead research in this field. The top countries are consistently
similar across different rankings, at most just swapping
placements [71,72]. Germany, Spain, and the United Kingdom
are also driving forces in the development of other digital health
interventions such as telemedicine and artificial intelligence
[72,73]. However, there is a notable absence of emerging
countries, which could reap the benefits of the digitalization of
their health sectors [74], especially as VR technology becomes
more affordable [9]. The recent positive VR market development
could help these countries to overcome obstacles including
funding, distribution prioritization, and language support,
promoting a future shift in research hotspots and more
exponential growth in publications [75]. After all, research on
VR and related topics of digitalization could have a large
combined positive effect for developed and developing
countries, which may result in cooperation and dialogue toward
future progress.

The journals publishing VR-related health care content are
mostly high-impact and well-known journals but lower-impact
journals also add to the increasing reach and availability of
research. With an average of 5 authors per publication
(1698/256), VR in health care has seen growth in co-authorship
over time. In terms of citations, the high-impact journals take
the lead.

Scientists’ productivity and impact do not always go hand in
hand. Due to the novelty and rapid development of the field,
well-established scientists or articles do not exist yet. This could
change over time, as rapid growth based on novelty is usually
finite.

Trends and Research Themes
After clustering the author keywords, clear distinctions were
apparent, with the currently highest trending area of research
involving communication and the integration of VR for
educational purposes. This topic spans over manifold instances
like patient and caretaker interactions, communication training,
and new forms of education [10,38,43]. The second most
prominent field combines telemedicine and VR, with a foray

into the development of VR-based “medical professionals.” The
focus is on the implementation of a VR setting in which health
care professionals do not necessarily need to be physically
present, or even involved in the procedure at all [45,46]. This
also includes the development of new treatments using VR,
such as for phobias and mental disorders [21,61]. The third most
important area is centered around physical activities for both
younger and older people [47,59]. The findings here see great
potential and marketing opportunities for a healthy lifestyle and
better life expectancy by using VR.

When looking at the prominence of keywords from 2013 to
2021, the ranking is reversed. Modern research focuses on the
fitness and health opportunities of VR and on (smaller)
interventions to promote better health behavior, while the
communication-related and educational aspects of VR in health
care tend to be less researched. In particular, the surge of interest
in this topic started at the end of 2019, which could be directly
related to the COVID-19 outbreak, during which VR fitness
may have been one of the few viable options for implementing
physical activity into daily life. Another reason for the reversed
relevance of keywords might be the latest developments in VR
technology, such as omnidirectional treadmills, optimized
gaming gear, and newly released games using new technologies
that represent untapped research potential for fitness and
entertainment [76,77].

Health care–related VR research has seen strong growth in the
past decades. Current contexts and possibilities underline the
potential of this field to gain more traction in the near future.
The cross-sectional methods for implementation and simple
ways of integrating VR into current systems are what makes
the technology so interesting and worth researching. As a field,
VR has passed the early first steps of development and is no
longer under the radar. It can be expected that, with further
technological progress, the availability of VR will increase, so
that emerging countries can increasingly benefit from this
technology.

However, VR in health care also has some obstacles, such as
motion sickness, a lost sense of presence, eye strain, or
inappropriate responses in the real world [78,79]. Future
research can be expected to focus on how to tackle these
challenges. In particular, holographic projections have the
potential to alleviate many of the negative symptoms of VR
[80]. Another issue is telemedicine, which is currently limited
to algorithms or an AI responding to medical personnel or
patients [42], rather than focusing on VR. Future integrations
could see cybernetics become an essential part of VR to probe
into autonomous health care with the help of robotics [81]. Even
though this raises many questions and involves barriers [82], it
could become a necessity to tackle the problem of a lack of
health care professionals who can take care of the increasingly
aging population [83]. Older adults’ acceptance of technology
can also be challenging in this context. However, recent research
seems to suggest these claims may be unfounded [83]. Future
research could therefore provide guidelines to increase or secure
older patients’ acceptance. Only a few standardized guidelines
have been developed so far [84].
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Limitations
This bibliometric analysis has some limitations. First, our search
was limited to the Web of Science, which is a widely used
academic database. However, the use of other databases, such
as Scopus or Google Scholar, may have provided slightly
different results. Second, our analysis only included articles
published in English, the lingua franca of science. The inclusion
of other languages, grey literature, and books might also have
led to different outcomes, especially as scholars from different
cultures might have different perspectives on the use of VR in
health care. Third, searching article titles alone and using only
two search terms was very limiting. As our goal was to focus
on literature that deals with VR as the main research theme, a
title search was more appropriate than a topic search. However,
articles dealing with VR as a side aspect might also enrich the
body of knowledge in the field. Therefore, we encourage future
research to also use topic searches including abstracts and
keywords, and extend the range of search terms. Fourth, the
inclusion of the specified disciplines alone might have excluded
relevant articles that have been published in more
technologically oriented journals rather than heath care–related
ones. Future research might therefore use “health*” as an
additional search term rather than using a filter based on
disciplines. Fifth, whereas publication and citation numbers are
objective, the interpretation of keyword clusters has a subjective

character; other researchers may have drawn different
conclusions.

An area which should also be pursued in future studies, which
has not seen enough attention thus far, is the possible
interconnection between AR and VR, which are closely related.
However, mix-ups between these two occur, and AR might be
as feasible for use in health care as VR. In addition, they might
offer benefits upon their combined use, which should be
analyzed further.

Conclusion
This bibliometric analysis aimed to give an overview of
VR-related research in health care. It comprises 356 publications
across about 27 years, from 1994 to 2021 (partial year). The
main results are the following: (1) VR-related publications in
health care have seen increased growth, (2) developed countries
are the driving force in health care–related VR research but the
topic has already been researched around the world, (3) the three
predominant research themes center around communication,
education, and novel treatments, and (4) the most recent research
trends cover fitness and exergames for VR in health care. The
analysis shows that the field has left its infant state and the
research is becoming increasingly specialized, with a clear focus
on patient usability. Future research should broaden the range
of involved countries, industries, and companies.
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Abstract

Background: Games for health are a promising approach to health promotion. Their success depends on achieving both
experiential (game) and instrumental (health) objectives. There is little to guide game for health (G4H) designers in integrating
the science of behavior change with the art of game design.

Objective: The aim of this study is to extend the Behaviour Change Wheel program planning model to develop Challenges for
Healthy Aging: Leveraging Limits for Engaging Networked Game-Based Exercise (CHALLENGE), a G4H centered on increasing
physical activity in insufficiently active older women.

Methods: We present and apply the G4H Mechanics, Experiences, and Change (MECHA) process, which supplements the
Behaviour Change Wheel program planning model. The additional steps are centered on identifying target G4H player experiences
and corresponding game mechanics to help game designers integrate design elements and G4H objectives into behavioral
interventions.

Results: We identified a target behavior of increasing moderate-intensity walking among insufficiently active older women and
key psychosocial determinants of this behavior from self-determination theory (eg, autonomy). We used MECHA to map these
constructs to intervention functions (eg, persuasion) and G4H target player experiences (eg, captivation). Next, we identified
behavior change techniques (eg, framing or reframing) and specific game mechanics (eg, transforming) to help realize intervention
functions and elicit targeted player experiences.

Conclusions: MECHA can help researchers map specific linkages between distal intervention objectives and more proximal
game design mechanics in games for health. This can facilitate G4H program planning, evaluation, and clearer scientific
communication.

(JMIR Serious Games 2021;9(4):e29964)   doi:10.2196/29964
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Introduction

Background
Games for health (Gs4H) are a promising venue through which
to increase motivation for, and enjoyment associated with,
health-related behaviors. Its success is largely dependent on
eliciting a playful, enjoyable, fun experience while
simultaneously delivering efficacious behavior change
techniques (BCTs) [1]. Gs4H seem to effect change in various
contexts [2-5]. However, existing studies provide limited
guidance for developers interested in designing novel Gs4H.
Studies often have confusing or sparse discussions of their game
design elements, and specific game mechanics are not often
linked to theory-based behavior change mechanisms. This lack
of clarity limits the accumulation of scientific knowledge and
may be due in part to a lack of a common program planning
method.

The extent to which a game for health (G4H) brings about
behavior change defines its success. G4H developers have long
recognized the potential utility of using insights from the field
of behavioral science to achieve health-related behavior change
[6]. BCTs have become a popular choice for parsing the active
ingredients of behavioral interventions because they cut across
diverse behavior change theories and help to explicate
mechanisms of behavior change. Gs4H may be a particularly
useful avenue through which to implement BCTs because they
may be amenable to doing so with high fidelity to large numbers
of people [7]. Explicitly including BCTs in G4H design will
help G4H designers to identify the most effective strategies for
fostering behavior change in various contexts and articulate
hypothesized mechanisms of behavior change [7-9].

Detailed program planning methods exist for traditional health
promotion programs. Systematic methods such as Intervention
Mapping and the Behaviour Change Wheel (BCW) emphasize
using behavior change theories and techniques to link modifiable
determinants of behavior to health-related behaviors and
outcomes [10-12]. However, these approaches do not readily
extend to the intricacies of game design. For example,
application of the BCW might indicate that the use of a BCT
such as framing or reframing is warranted to influence
health-related behavior [13], but researchers have little guidance
on how to implement this BCT using game design. Research
centered on using program planning methods in game design
may facilitate more rigorous development and clear scientific
communication of Gs4H.

Models of gamification or using game design elements to
achieve nongame objectives emphasize the importance of
designing game systems that are chiefly centered on the benefits
to, and interests of, the user [14-16]. They highlight the
importance of iterative prototyping and the potential utility of
self-determination theory (SDT)—a health behavior change
theory that posits that the satisfaction of one’s core
psychological needs can have a bearing on one’s quality of
motivation for engaging in health-related behavior [17,18]. The
Mechanics, Dynamics, and Aesthetics Framework provides a
formal approach to understanding games by helping designers
to decompose games into their constituent design elements and

map their interrelationships [18]. The Learning Mechanics-Game
Mechanics Model enables researchers to map pedagogical
principles featured in educational games to corresponding game
design elements [19]. Existing models provide useful nuance
but may not match the particular needs of behavioral health
interventionists because they are not well suited for explicating
mechanisms of behavior change.

Most Gs4H do not seem to be grounded in models of
gamification or health behavior change theory [20]. Furthermore,
although BCTs are commonly found in Gs4H (typically falling
into the categories of feedback and monitoring, comparison of
behavior, and reward and threat), their putative role in the
experiences evoked by Gs4H are seldom specified [21]. Thus,
at present there are not strong linkages between the core tenets
of health behavior change theory and the experiential objectives
of Gs4H (eg, fun or playfulness) [22]. This gap stymies progress
in G4H design because it limits our ability to integrate key
experiential and instrumental objectives and the precision with
which we are able to evaluate the pathways through which Gs4H
may effect change.

Step-by-Step Program Planning Model
The development of Gs4H typically demands considerable
up-front costs [9], and potential funders need to see how game
design elements purport to effect health-related outcomes [23].
Thus, it is especially important to ensure that key scientific and
game design principles are adequately integrated early in design.
The BCW specifies commonly accepted BCTs and how to select
them for program design [11,12]. We present a step-by-step
program planning model adapting the BCW [11,12] to the
development of Challenges for Healthy Aging: Leveraging
Limits for Engaging Networked Game-Based Exercise
(CHALLENGE). CHALLENGE is a social media game,
delivered through Facebook and centered on increasing physical
activity in insufficiently active older women. This paper thereby
illustrates a process to guide researchers in the development of
Gs4H and also provides a template to facilitate clearer scientific
communication for linking behavior change objectives to G4H
design.

Methods

Overview
To develop the behavioral intervention core of CHALLENGE,
we adapted the BCW program planning process enumerated by
Michie et al [12] by adding 2 steps and removing 1. The first
added step, termed Identify target player experiences, is centered
on selecting target experiences that are conducive to intervention
functions and influencing psychosocial constructs. The second
added step, termed Identify game mechanics, is centered on
selecting specific game design elements for eliciting target
player experiences and implementing BCTs. We removed the
BCW step centered on identifying policy categories because
Gs4H are typically concerned with targeting intrapersonal- and
interpersonal-level factors. Taken together, we call this G4H
planning process the Mechanics, Experiences, and Change
(MECHA) Model (Figure 1). It consists of 9 steps: (1) define
the problem in behavioral terms, (2) select the target behavior,
(3) specify the target behavior, (4) identify what needs to
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change, (5) identify intervention functions, (6) identify target
player experiences, (7) select BCTs, (8) identify game
mechanics, and (9) determine mode of delivery (Table 1).

Study Approval
This study was approved by the institutional review board of
The University of Texas Medical Branch at Galveston (protocol
number: 19-0158).

Figure 1. A Mechanics, Experiences, and Change Model for game-induced behavior change.
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Table 1. Steps of game for health Mechanics, Experiences, and Change Model.

ExampleDescriptionStep

We identified the target population as women aged 65-85
years who are not meeting nationally recommended physi-
cal activity guidelines

Identify the specific target population. Review the epidemiological
evidence concerning the health-related outcomes of interest.
Identify relevant behaviors linked to these outcomes and their lo-
cation in that target population

Step 1: Define the
problem in behav-

ioral termsa

The nationally recommended physical activity guidelines
for older adults include several related behaviors (eg, aero-
bic physical activity, muscle-strengthening physical activ-
ity, and time spent sedentary) [24]. In this step we opted
to focus on aerobic physical activity because of its well-
documented health benefits, preference in older adults [25],
and amenability to objective measurement

Select a target behavior from the relevant behaviors identified in
step 1. Consider the relative impact of each behavior, its likelihood
of change, the potential for spillover into other important behaviors,
and ease of measurement of the behavior

Step 2: Select a tar-

get behaviora

We specified details pertaining to the target behavior select-
ed in step 2 (presented in the Results section)

Specify the target behavior identified in step 2 in detail. To do so,
use the 6 template questions proposed by Michie et al [12]: (1)
Who needs to perform the behavior? (2) What does the person
need to do differently to achieve the desired change? (3) When
will they do it? (4) Where will they do it? (5) How often will they
do it? (6) With whom will they do it?

Step 3: Specify the

target behaviora

We identified key constructs that need to change to promote
the target behavior identified in step 3 (the Results section
provides an illustrative template). This process may be

guided by, for example, SDTb [17,18] or the COM-Bc

Model [12]. For example, competence for engaging in
physical activity predicts physical activity levels across a
wide range of contexts [26]

Conduct a behavioral analysis as recommended by Michie et al
[12] (ie, focus groups, questionnaires, observations, documentary
analysis, or review of relevant literature) to identify psychosocial
constructs that need to change to achieve the desired behavior
change. Select an appropriate health-related behavior change the-
ory or model to guide this process

Step 4: Identify what

needs to changea

Modeling, for example, is an intervention function that may
be used to increase feelings of competence for engaging
in physical activity (a psychosocial construct featured in
SDT)

Identify the primary intervention functions of the G4Hd intervention
to target each of the constructs identified in step 4. The process of
mapping intervention functions to psychosocial constructs can be

guided by the BCWe [12] and its subcomponents [27]

Step 5: Identify inter-

vention functionsa

We used the Playful Experiences Framework to frame the
identification of target player experiences [28,29]. As an
example, SDT suggests that experiences of friendly compe-
tition with appropriately matched role models may bolster
feelings of competence for engaging in physical activity

Identify experiential objectives that would facilitate compelling
gameplay and can be integrated with the intervention functions
(identified in step 5). Behavior change theory can facilitate this
process

Step 6. Identify tar-
get player experi-
ences

Existing literature suggests that prompting self-monitoring
of behavior, as an example, may be particularly useful for
helping older adults increase physical activity [30]

Select the BCTs to be featured in the intervention. BCTs are the
“active ingredients” of a behavioral intervention, or “the observ-
able, replicable, irreducible components of an intervention” de-
signed to change behavior (eg, the provision of feedback). The
taxonomy of 93 distinct BCTs developed by Michie et al [13] can
be used to frame the selection of BCTs. Review the extant scientific
literature to identify BCTs that may be most effective in the context
of the target behavior and target population

Step 7: Identify

BCTsa,f

As an example, participants’physical activity performance
(game mechanics) [33] may be used to evoke experiences
of competition and implement the BCT of social compari-
son. These processes can be oriented toward increasing
participants’ feelings of competence for engaging in phys-
ical activity

Identify specific game mechanics designed to evoke target partic-
ipant experiences [15,31]. Select a taxonomy of game mechanics
to guide G4H game design [32-37]. Map individual game mechan-
ics to the player experiences, BCTs, and psychosocial constructs
identified in previous steps. These conceptual links can be evalu-
ated and refined during iterative game development [15,31]

Step 8: Identify
game mechanics

For example, previous research may suggest that older
adults tend to prefer computer-based Gs4H to those deliv-
ered through mobile devices

Identify modes of delivery of the intervention that would be appro-
priate for the target population. These decisions can be informed
by formative research and the scientific literature

Step 9: Identify

mode of deliverya

aMichie et al [12] and Michie et al [13].
bSDT: self-determination theory.
cCOM-B: Capability-Opportunity-Motivation Behavior.
dG4H: game for health.
eBCW: Behaviour Change Wheel.
fBCT: behavior change technique.
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Results

Application of MECHA
We applied MECHA to develop CHALLENGE. In doing so,
we sought to refine our understanding of the context of the
behavior in the target population and mapped the hypothesized
linkages between health behavior change theory constructs,
intervention functions, target participant experiences, BCTs,
and game mechanics.

Step 1: Define the Problem in Behavioral Terms
Sustained moderate-to-vigorous intensity physical activity is
beneficial for older adults [38]. Most older adults do not meet
recommended levels of physical activity [39], and physical
activity levels tend to decline with age [40,41]. Women tend to
be less physically active than men [42-45] and can face
decreased lean muscle mass after menopause [46] that can
exacerbate the negative effects of inadequate activity [47].
Accordingly, the target population for this G4H includes being
female, aged 65-85 years, owning a smartphone and having
regular internet access, self-reported weekly

moderate-to-vigorous intensity physical activity ≥150 minutes,
and evidence suggesting that engaging in moderate-intensity
physical activity would be safe (eg, answering no to all Physical
Activity Readiness Questionnaire for Everyone items or having
a physician’s note).

Step 2: Select a Target Behavior
Moderate-intensity (ie, 3.0-6.0 metabolic equivalents) brisk
walking has consistently emerged as a physical activity
preference of older adults and can satisfy the nationally
recommended aerobic physical activity guideline of engaging
in at least 150 minutes of moderate to vigorous intensity physical
activity per week [24,25]. Thus, we designed CHALLENGE
to be primarily centered on increasing moderate-intensity
walking.

Step 3: Specify the Target Behavior
Keeping in mind the existing literature norms for older adults
and findings from pilot study research [48], we selected a default
step goal recommendation of walking at least 8000 steps per
day for at least 5 days per week (Textbox 1).

Textbox 1. Specify the target behavior.

Specify the target behavior identified in detail by using the 6 template questions proposed by Michie et al [12]

• Target behavior

• Walking at least 8000 steps per day for at least 5 days per week

• Who needs to perform the behavior?

• Women aged 65-85 years in southeast Texas who are not meeting nationally recommended aerobic physical activity guidelines

• What do they need to do differently to achieve the desired change?

• Increase walking, both as a lifestyle and for exercise. Increases should occur gradually with a target of ≥1000 daily steps per week until target
goals are met

• When do they need to do it?

• Daily

• Where do they need to do it?

• Outdoors if possible, indoors at large venues, or at home

• How often do they need to do it?

• Daily

• With whom do they need to do it?

• Alone or in small groups

Step 4: Identify What Needs to Change
We chose to ground the intervention in SDT [17,18] because it
has led to better understanding of physical activity patterns [26]
and effective game design [49,50]. We selected 2 constructs
from SDT as the primary targets of CHALLENGE: intrinsic
regulation and integrated regulation. Rather than focus on

intrinsic regulation per se, we opted to focus on the basic
psychological needs that are theorized to predict this form of
motivation: perceived autonomy, competence, and relatedness.
Although these psychological needs also predict integrated
regulation, we focused on the construct separately to account
for its emphasis on personal values and identity (Table 2).
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Table 2. Identify what needs to changea.

Should the intervention target this construct?Requirements for the target behavior to occurTheoretical constructs

Yes; autonomous motivations for physical activity predict
long-term compliance to physical activity goals, and older
women want autonomy-promoting interventions [26,52-54]

Participant wants to engage in physical activity for autonomous
reasons (ie, enjoyment, interest, identity, and values)
[17,18,51]

Perceived autonomy

Yes; self-efficacy is a strong predictor of physical activity,
and many older women report low levels of self-efficacy
for consistently meeting nationally recommended physical
activity guidelines [55,56]

Participant feels competent and able to engage in physical
activity

Perceived competence

Yes; social support is a strong predictor of physical activity,
and older women want social physical activity interventions
[55,57]

Participant feels supported by others regarding her physical
activity

Perceived relatedness

Yes; previous studies suggest that these factors predict
physical activity, and this is an identified barrier in this
population [54,55]

Participant perceives physical activity as fun and interestingIntrinsic regulation

Yes; previous studies suggest that integrated regulation
predicts physical activity in this population [53-55,58]

Participant perceives physical activity as being in line with
her values and identity

Integrated regulation

Yes; previous studies suggest that identified regulation
predicts physical activity in this population [53-55,58]

Participant perceives physical activity as associated with an
outcome that is important to her

Identified regulation

No; although in some cases this type of motivation may
lead to behavior initiation, it is not conducive to long-term
adherence to physical activity [26]

Participant feels obligated to engage in physical activityIntrojected regulation

No; although in some cases this type of motivation may
lead to behavior initiation, it is not conducive to long-term
adherence to physical activity [26]

Participant perceives physical activity as something that out-
side forces are encouraging her to do

External regulation

aTarget behavior: walking at least 8000 steps per day for at least 5 days per week.

Step 5: Identify Intervention Functions
We identified 6 functions of our intervention to bring about
change in the key psychological needs enumerated in Table 2.
These were persuasion, incentivization, environmental
restructuring, modeling, training, and enablement (Multimedia
Appendix 1 [11-13,17,18,28,29,33]). We arrived upon these
intervention functions by first reviewing the various intervention
functions outlined by Michie et al [11,12]. We drew from this
list of potential intervention functions in an iterative process as
we proceeded through the remaining steps of MECHA to map
our G4H intervention. In doing so, we paired specific
intervention functions with specific target playful experiences
to ensure that our intervention’s featured elements of game
design would be integrated with these core tenets of behavior
change.

Step 6: Identify Target Player Experiences
We selected the Playful Experiences Framework to guide our
identification of target player experiences [28,29]. This
framework was derived from studies of electronic art and video
games and was created to help designers make more engaging
and attractive participative systems. Using this framework, we
selected target experiences for bolstering participants’
psychological needs in accordance with SDT tenets (Multimedia
Appendix 1). For example, because an individual’s sense of
autonomy is largely derived from their feelings of volitional
control and authentic endorsement of their own behavior [17,18],
we sought to evoke sensations of captivation, discovery,
exploration, expression, and humor in the course of their
gameplay. Note that the connections we make between

participant experiences and SDT constructs are not necessarily
exclusive; they are those that we believe are the strongest links
conceptually, but it is likely that player experiences could target
multiple theoretical constructs.

Step 7: Identify BCTs
We identified 13 BCTs to increase moderate-intensity walking
in CHALLENGE by pairing the target player experiences
identified in step 6 with the taxonomy of 93 distinct BCTs
described by Michie et al [13] (Multimedia Appendix 1). These
were as follows: adding objects to the environment, framing or
reframing, goal setting for behavior, graded tasks, identity
associated with changed behavior, information about others’
approval, nonspecific reward, prompts or cues, reducing
negative emotions, self-monitoring of behavior, self-talk, social
comparison, and social reward.

Step 8: Identify Game Mechanics
We selected the library of game mechanics developed by
Järvinen [33] to guide our intervention design (1) for its balance
of complexity and parsimony and (2) because we felt that this
conceptualization of game mechanics, defined as “what the
player does in relation to the game state during a standard turn
or sequence,” would lend itself to autonomy-supportive,
meaningful game design. We identified game mechanics from
this library to elicit targeted player experiences and implement
BCTs (Multimedia Appendix 1). Note that these connections
are not necessarily exclusive; the mapped connections are those
that we believe are the strongest links conceptually, but it is
likely that many of these elements of gameplay could engender
varied player experiences.
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Step 9: Identify Mode of Delivery
We identified Facebook as an appropriate platform through
which to deliver this intervention [59,60]. We also decided to
provide participants with digital physical activity trackers. Other
studies have shown high acceptability of these technologies for
delivering physical activity interventions to insufficiently active
older adults [61,62].

Developed G4H
Table 3 presents details of the behavioral intervention using the
Template for Intervention Description and Replication Checklist
[63]. Participants receive weekly challenges for 1 year.
Challenges are centered on implementing the game mechanics
identified previously (Multimedia Appendix 1; example
challenges). At baseline, participants receive materials that can
be used for some challenges throughout their participation in

the study (eg, description cards for scavenger hunt–style
challenges and cardboard frames, as well as masks and similar
props that allow participants to obscure their faces in
photographs). Weekly challenges are delivered by trained
moderators, who post in a private Facebook group (Table 3;
moderators are research staff trained by the principal investigator
[EJL] on basic aspects of the Playful Experiences Framework
[28,29] and the intended mechanisms of change of the
intervention). Participants are encouraged to comment in
response to the weekly challenges and interact with each other
in this forum at their convenience throughout the week. All
challenges were presented to a sample of individuals from the
target population (n=20) in individual interviews, and we
conducted an in-depth, qualitative evaluation of the interview
transcripts and revised the intervention content according to
participant feedback (manuscript in preparation).

Table 3. Template for Intervention Description and Replication Checklist for Challenges for Healthy Aging: Leveraging Limits for Engaging Networked
Game-Based Exercise (CHALLENGE).

ItemItem name

CHALLENGEBrief name

Despite short-term benefits, older adults’ adherence to physical activity and tracker use decrease sharply over time.
Most existing intervention systems use a corrective frame: they are oriented toward fixing undesirable behaviors.
Emerging theoretical frameworks indicate that this approach is unlikely to produce sustained behavior change. Instead,
taking a celebratory approach that facilitates enjoyable and valued aspects of behavior may better promote longer-term
adherence to physical activity. Games for health are conducive to this approach to physical activity promotion

Why

Participants are provided a wrist-worn electronic physical activity tracker (Fitbit Inspire 2 [Google LLC]) and various
props (eg, scavenger hunt bingo cards and sunglasses or masks to help obscure their identities). If participants do not
already have Facebook and Fitbit accounts, study staff help the participants to create them

What (materials)

Participants meet face-to-face with study staff for orientation procedures (eg, aiding with technology) and data collection.
Participants engage in goal setting and action planning with study staff at baseline and are invited to join a private
Facebook group. Through this private Facebook group, participants receive weekly challenges that are centered on en-
couraging walking behaviors and eliciting playful experiences (see examples in Multimedia Appendix 1). Participants
are encouraged to directly respond to challenges through Facebook posts and like or comment on others’ posts. Partic-
ipants also receive weekly messages providing feedback on their physical activity levels and study engagement (ie,
number of times participants posted in the Facebook group)

What (procedures)

Interventionists are trained by the principal investigator (EJL) on basic aspects of the Playful Experiences Framework
[28,29] and the intended mechanisms of change of the intervention. Moderators are also trained by a key collaborator
(MCS) who oversaw formative research for this intervention

Who provided

Goal setting and action planning are conducted face-to-face or through videoconferencing at the start of the study. All
other intervention content is delivered on the web. Challenges are posted weekly using social media to a single, private
Facebook group. Participants also receive individual weekly emails presenting their device-measured physical activity
levels, suggested goals, and engagement level

How

Face-to-face meetings and data collection sessions are held at a large medical research university in southeast Texas.
The intervention content is largely delivered through the internet

Where

Intervention content is sent weekly over the course of 1 year for participants, with participants being enrolled on a
rolling basis until the target sample size is reached (estimated to be 2-3 years). Recruitment began in June 2021

When and how much

At the beginning of the intervention, study staff meet with participants to establish physical activity goals (ie, target
step count and number of days per week that participants aim to meet that target step count). In this meeting, participants
also select their target weekly improvement rate (eg, participants may indicate that if they did not meet their target step
count one week, then they would like their goal for the next week to be to increase their daily average step count by
1000). Weekly emails accordingly present feedback on the previous week and provide a suggested step count goal for
the upcoming week

Tailoring

Moderators’ weekly posts are based on a set schedule and accompanying scripts. The only communication with partic-
ipants that is not heavily based on scripts are responses to direct messages or SMS text messages sent regarding
scheduling, reporting unacceptable content, and so on. We will extract information from the Facebook group and Fitbit
app regularly to track participant engagement

How well (planned)
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Human involvement in the G4H intervention is conducted by
moderators, who facilitate all web-based proceedings. They
post all weekly challenges with example responses, review the
Facebook group for adverse events or inappropriate comments,
provide supportive and clarifying comments to study participants
as necessary, and publicly recognize consistent participation
(eg, badges awarded to power users). Moderators also send
weekly emails to participants with basic weekly feedback on
their device-measured step count data. Trained interventionists
perform face-to-face follow-up data collection procedures at 6,
12 (intervention end), and 18 months after baseline. After
intervention end, participants can elect to stay in the Facebook
group if they wish (to facilitate an active, supportive
environment). Participants are compensated for their time with
a US $25 gift card at each of the 3 follow-up appointments.

To evaluate the G4H, we aim to recruit 300 participants
reflective of the target population detailed in step 1. We will
recruit participants on a rolling basis by using several strategies,
including in-person recruitment at gerontology and primary
care clinics, web-based recruitment methods, and flyers and
brochures placed at locations frequented by members of the
target population. Outcome measures for the developed G4H
include objectively measured step count and moderate to
vigorous physical activity levels [64], as well as measures of
physical functioning (eg, 6-minute walk test [65,66]). We will
also investigate potentially mediating variables (eg, the
psychosocial constructs presented in Table 2 [67-69]), the role
of process variables such as those reflecting participant
engagement (eg, participants’ weekly number of posts,
comments, reactions, days engaged, and total number of
engagements), and the degree to which the experimental group,
compared with the comparison group, experienced the targeted
playful experiences over the course of the study period [29].
We will investigate predictors of participant engagement (eg,
age and fitness level) and how engagement is associated with
study outcomes.

Discussion

Principal Findings
We extended the BCW to create MECHA, a step-by-step
program planning model for designing Gs4H, and applied it to
the development of a behavioral intervention centered on
increasing physical activity in insufficiently active older women.
MECHA may help researchers map specific linkages between
distal instrumental and experiential objectives to the more
proximal elements of game design. This may facilitate program
planning, evaluation, and clearer communication of results to
expedite scientific accumulation of knowledge.

Comparison With Prior Work
MECHA shares similarities with other models that can help
researchers parse G4H game design elements. The Mechanics,
Dynamics, and Aesthetics Framework emphasizes the
importance of mapping game mechanics to targeted emotional
responses in game design [31]. This is analogous to the process
of mapping game mechanics to targeted player experiences
presented in this study. The Mechanics, Dynamics, and
Aesthetics Framework can supplement this process for G4H

designers. The Learning Mechanics-Game Mechanics Model
[19] is centered on mapping game mechanics to specific
educational objectives when designing games for educational
purposes. This is somewhat analogous to the process of mapping
game mechanics to BCTs that we encourage in this study. These
models and the research derived from them underscore the utility
of mapping game mechanics to desired objectives for
intervention development and evaluation.

We used the library of primary game mechanics developed by
Järvinen [33], but other taxonomies of game mechanics may
be useful for different Gs4H [32-37]. Game mechanics interact
with one another and may have different effects at different
times and different effects on different users; because of this
inherent complexity, it is unlikely that a single, definitive catalog
of game mechanics will emerge [32,70]. The conceptualization
of game mechanics described by Järvinen [33] comports with
the theoretical underpinnings and context of our G4H. Other
taxonomies range from the conceptualization of game mechanics
described by Schell [32] as consisting of the 7 essential elements
of space, time, objects, actions, rules, skill, and chance to the
extensive list of hundreds of game design patterns compiled by
Bjork and Holopainen [71]. Designers should select from among
existing taxonomies of game mechanics the one that provides
the greatest utility for integrating the results of the preceding
steps presented in this paper.

Evoking enjoyable participant experiences is likely critical to
sustained adherence to Gs4H and their associated health-related
behaviors but designing games that do so reliably is a challenge.
Consumption of games, as opposed to consumption of books,
movies, and so on, is inherently nonlinear, and this introduces
some uncertainty in predicting player experience [31,32]. A key
to honing the desired qualities of emergent gameplay is iterative
development with frequent input from the priority population
[15,31]. Semistructured qualitative interviews with participants
who experience the G4H can be a useful tool for investigating
to what degree participants are indeed undergoing the targeted
experiences. Quantitative data may further help researchers
divine participants’ experiences. The Playful Experiences
Questionnaire, for example, measures the categories
promulgated in the Playful Experiences Framework [28,29].
Research with mixed methods designs that allow qualitative
and quantitative data to build upon one another may lead to a
deeper level of understanding.

We identified areas of needed research while conducting this
project. First, more research is needed to elucidate how game
experiences may affect SDT constructs. Greater clarity regarding
if and how different experiences afforded by Gs4H affect critical
psychosocial constructs may help game designers to develop
more efficacious Gs4H. Second, more research that explicates
how different G4H game mechanics engender specific player
experiences is needed. Although this is likely to remain the
purview of experts because of its inherent complexity, literature
that helps to frame these links may help researchers to
systematize iterative game development and communicate
research proposals and study findings. Third, engagement is a
key issue in securing a person’s participation in, and thereby
exposure to, a game. Thus, engagement is critical for G4H
effectiveness. Engagement likely hinges on participants’
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G4H-related experiences—both experiences stemming from
the game and the health-promoting aspects of the G4H. More
research is needed to characterize how specific G4H-related
experiences correspond to effective engagement with the G4H
[72,73].

Strengths and Limitations
The strengths of this study include adherence to recommended
procedures for increasing transparency of scientific research
(eg, the Template for Intervention Description and Replication
Checklist), a systematic approach to game design, and the
real-world application of the G4H development process to create
a behavioral intervention. The limitations of this study include,
first, that we did not conduct a formal systematic review of the
literature. As G4H design exists at the confluence of several
fields, this was not within the scope of this study. Although our
study team has considerable expertise in G4H research, there
may be additional relevant studies not covered in this paper.

Furthermore, our study team did not include professional game
designers or developers. We made extensive use of relevant
scientific literature, but future research would benefit from the
inclusion of individuals with expertise in these areas. The
MECHA model is a useful starting point, but it would likely be
improved by incorporating the unique insights that game
designers and experts in human-computer interaction may
provide. This may be especially useful as MECHA is applied
to help design health-promoting video games.

Conclusions
G4H design combines the art of game design and the science
of behavior change. In this paper, we have presented a process
for systematically integrating these perspectives and illustrated
its use in the design of a G4H centered on increasing physical
activity in insufficiently active older adults. This systematic
approach to G4H design may facilitate program planning,
evaluation, and clearer communication of G4H interventions.
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Gs4H: games for health
MECHA: Mechanics, Experiences, and Change
SDT: self-determination theory
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Abstract

Background: Sufficient public health emergency preparedness (PHEP) is the key factor in effectively responding to and
recovering from major emerging infectious diseases (MEIDs). However, in the face of MEIDs, PHEP is insufficient, so it is
necessary to improve PHEP. The rapid development of virtual reality and human-computer interaction provides unprecedented
opportunities for innovative educational methods.

Objective: This study designed a virtual reality interactive training system (VRITS) to provide an effective path for improving
PHEP in the context of MEIDs so that the public can effectively respond to and recover from MEIDs.

Methods: This study used interactive narrative, situated learning and human-computer interaction theories as a theoretical
framework to guide the design of the system. We used the literature research method and the Delphi method; consulted
multidisciplinary experts, such as infectious diseases, disease control, psychology, and public health personnel, to determine the
educational content framework; and set up an interdisciplinary team to construct an operating system framework for the VRITS.

Results: We named the VRITS “People’s War Against Pandemic.” The educational content framework includes 20 knowledge,
emotion, and behavior skills in 5 aspects (cooperating with prevention and control work, improving emergency response ability,
guaranteeing supplies and equipment, preparing economic resources, and maintaining physical and mental health). The operating
system framework includes virtual interactive training, knowledge corner, intelligent evaluation, and community forum modules,
and the core module is the virtual interactive training module. In this module, users control virtual characters to move in various
scenes, and then identify and analyze the controllability and harmfulness of the evolving pandemic and select the correct prevention
and control strategy to avoid infecting themselves and others.

Conclusions: The development and sharing of the multidisciplinary theoretical framework adopted by People’s War Against
Pandemic can help us clarify the design ideas and assumptions of the VRITS; predict training results; understand the ability of
training to change emergency knowledge, emergency emotion, and behavioral responses to MEIDs; and promote the development
of more effective training systems based on virtual reality.
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Introduction

Background
Since the 21st century, major emerging infectious diseases
(MEIDs) have had a disastrous impact on humanity. In
particular, the worldwide COVID-19 pandemic has infected
more than 100 million people in more than 200 countries and
regions, and the number of deaths has reached approximately
2.5 million [1]. It has led to the collapse of medical systems,
the outbreak of economic crises, and social disorder in many
countries [2]. It can be seen that MEIDs are highly destructive,
unexpected, complex, and uncertain, and it is difficult for the
public to effectively deal with them. This is related to poor
public health emergency preparedness (PHEP), which is
manifested in the lack of emergency knowledge and skills and
the existence of negative emotional and behavioral responses
[3-5]. During the COVID-19 pandemic, the public exposed
problems such as inadequate scientific literacy, weak ability to
select and judge information, and failure to actively cooperate
with the pandemic prevention and control work [6-8]. Therefore,
the public needs training to increase emergency preparedness
and systematic theoretical training to acquire practical skills to
prepare for potential risks. Compared with general training,
systematic theoretical training enables training to be carried out
in a predetermined framework and reflects the requirements in
design elements to meet the needs of users [9].

Nelson et al [10] defined PHEP as “the capability of the public
health and health care systems, communities, and individuals
to prevent, protect against, quickly respond to, and recover from
health emergencies, particularly those whose scale, timing, or
unpredictability threatens to overwhelm routine capabilities.”
With the increasing number of MEIDs, governments and public
health departments are paying increasing attention to the study
of emergency preparedness. Oppenheim et al [11] constructed
a global national-level emergency preparedness index
framework from the following 5 dimensions: public health
infrastructure, physical infrastructure, institutional capacity,
economic resources, and public health communication. In 2017,
the European Center for Disease Prevention and Control
developed a competency model for European Union public
health professionals, including the ability of discovery and
assessment, policy making, adaptation and implementation,
coordination and communication, and emergency risk
communication with the public [12]. However, these are studies
conducted from a state or institutional level rather than from
the public level. This study defines PHEP for MEIDs as the
ability of the public to effectively respond to and recover from
MEIDs, including the preparedness of emergency skills, legal
compliance, economic estimation, avoiding secondary disasters,
and physical and mental health.

Traditional emergency preparedness training mainly includes
books, networks, classroom learning, and campus lectures [13].
In addition, emergency drills are usually an effective means to

improve PHEP [14]. There are various forms of drills, including
tabletop exercises, functional exercises, and full-scale exercises.
A 10-week tabletop drill of hospital disaster preparedness from
9 participating hospitals showed that their ability of emergency
response and treatment (disaster preparedness of equipment,
risk communications, positive responses, and surge capacity)
improved [15]. The systematic review showed that current drills
are mostly aimed at public health professionals, and then the
drills are extended to nonpublic health professionals, such as
medical students, dentists, and dental health workers with special
functional needs to serve the community [16]. Emergency drills
for MEIDs need a lot of workforce and material resources. In
fact, it is difficult for the public to get an opportunity to
participate in such emergency drills, so they may face the
challenge of implementation.

With the rapid development of mobile internet and virtual reality
(VR) technology, the superiority of virtual interactive training
resources is attracting increasing attention, which has a positive
impact on medicine and health, education and teaching,
engineering technology, etc [17-19]. Virtual interaction adopts
the mode of the combination of VR and human-computer
interaction and uses the computer to generate a 3D space
composed of graphics so that users can visually feel immersed
in the virtual environment and realize the information exchange
process between human and computer through human-computer
interaction. Virtual Police (ViPOL) [20] uses a multidisciplinary
background to put theory into practice and develop a virtual
training system. However, most of these training systems only
describe theoretical knowledge but rarely explain their
theoretical basis. This restricts the observation angle, the way
of thinking, and the ability to understand effective mechanisms,
which are important for the design of a comprehensive VRITS.

Objectives
To address the public’s need to participate in emergency drills,
we combined emergency preparedness training with virtual
interaction to develop a VRITS for PHEP for MEIDs. Here, we
introduced the educational content, theoretical, and operating
system frameworks of the VRITS for emergency preparedness
for MEIDs. The system is named People’s War Against
Pandemic, aiming to provide the public with information on
emergency knowledge and skills, emergency emotion, and
behavioral responses to MEIDs in order to effectively respond
to and recover from the pandemic.

Methods

Educational Content Framework
Through the method of literature review, we initially constructed
an educational content framework for PHEP for MEIDs based
on the global national-level emergency preparedness index
framework [8], the 4-level response for public emergency and
citizen health emergency literacy in China. Furthermore, the
framework includes 6 first-level indices and 21 second-level
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indices. The 6 first-level indices involve cooperating with
prevention and control work, improving emergency response
ability, perfecting basic equipment, ensuring personal safety,
preparing economic resources, and managing self-emotion.
Then, we consulted 12 experts through the Delphi method to
revise the framework, including 3 public health experts, 3
infectious diseases experts, 4 disease control experts, and 2
psychology experts. These experts had high theoretical
knowledge and rich practical experience and carried authority
and representativeness. In addition, these experts had a
bachelor’s degree or above, an intermediate title or above, and
8 years of working experience or more. We sent consultation
questionnaires to the qualified experts by email. Index screening
was mainly based on the importance of each index evaluated
by the experts and their specific suggestions, and the indices
were screened by the arithmetic mean, the coefficient of
variation (CV) of each index, and the Kendall coefficient of
concordance (KCC). Importance was assigned on a scale of 1-5,
ranging from very unimportant to very important. The retention
criteria of the indices were that the arithmetic mean was greater

than 3.50, the CV was less than 0.25, and the KCC of the second
round was greater than that of the first round.

Theoretical Framework
People’s War Against Pandemic constructed the operating
system using interactive narrative, situated learning, and
human-computer interaction theories as a theoretical framework.
Interactive narrative theory provides a reference for the design
of a story line in the multidisciplinary background of a VRITS
[21]. Situated learning theory provides a theoretical basis for
the construction of an immersive, realistic, social, and practical
environment [22]. Human-computer interaction theory centers
on the user’s experience, which provides a theoretical basis for
designing a user-friendly human-computer interaction interface
[23]. In the design process of the VRITS, we integrated the 3
theories into a theoretical framework of the system (Figure 1).
The story line that was designed with a nonlinear structure
constituted the learning situation, and the human-computer
interaction interface between the story line and the learning
situation was designed with the users’ experience as the center.

Figure 1. The theoretical framework.

Interactive Narrative Theory: Users Decide the
Development of the Plot
Interactive narrative theory is a branch derived from narrative
theory. It is a new narrative method that adds interaction on the
basis of narrative. The characteristic of interactive narrative
theory is that the development of the plot is decided by the users
at the key nodes of the plot, and the small plots are connected
to form a complete story in the process of interaction [24].
Compared with the traditional narrative mode of a single linear
structure, interactive narrative is a nonlinear structure. Although
the single linear narrative structure has branches, it eventually
forms a 1D linear structure after simplification, which leads to
the same result after each training session. Repetitive training
can easily make the users tired, which is not conducive to
effective absorption of knowledge. In the nonlinear narrative
structure, the user is the controller of the whole process. At each
interaction point, the user can randomly select an option, and
the story and feedback change accordingly [25]. Interactive
narrative pays more attention to the process of exploration. Even
if the users fail, they can start again.

Based on the interactive narrative theory of a nonlinear structure,
the plot of People’s War Against Pandemic was designed. The
plot is about a MEID (COVID-19, cholera, Ebola, plague, or
unknown-cause infection) outbreaking in a specific place. Users
need to identify and analyze the controllability and harmfulness
of the MEID, select the correct prevention and control strategies
to control the virtual characters to move in various scenes
(residential areas, medical institutions, pharmacies, police
stations, banks, schools), and choose the correct behaviors to
avoid infecting themselves and others. In this process, the users’
knowledge, emotions, and behavioral responses to prevention
and control of the MEID are trained. After obtaining the users’
instruction information, the system creates multimodal
interactive data to activate preset character scenes and
synchronously generates matching dynamic pictures to form a
complete training story.

In the whole training process, using the first-person perspective
can increase the immersion of the users and trigger interaction
nodes more conveniently. There are 5 main story lines for 5
kinds of infectious diseases, and each main story line has more
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than 5 interactive nodes. The first node is the selection of the
type of infectious disease. Since the source of infection,
transmission route, susceptible population, and harmfulness of
each infectious disease are different, the choice of each node
after the first node is different. Therefore, the choice of the first
node is of vital importance. Then it leads to different plots with
4 interactive nodes of different scenes, prevention and control
strategies, response measures, and personal situations. The users
can improve their emergency preparedness in the process of
making continuous choices. This highlights the causal
relationship between decision making and results in the narrative
process.

Situated Learning Theory: Learning in Real Situations
Situated learning theory holds that learning is not only an
individual information acquisition process but also a social and
practical participation process [26]. In the beginning, when
situated learning theory was proposed, learners played roles in
the real world. With the development of information technology,
the environment of situated learning expanded to an online
situation, simulation laboratories, and other virtual scenes [27],
among which the VR interactive system is more immersive and
realistic. In the emergency preparedness training in MEIDs, in
view of the explosive and highly infectious characteristics of
infectious diseases, users cannot learn in the real situation.
Therefore, we designed a virtual learning situation based on the
practical and social characteristics of situated learning, combined
with the key nodes of interactive narrative stories.

The design of a virtual learning situation includes the design of
a knowledge situation and a problem situation. A knowledge
situation refers to the background and process situation in which
knowledge occurs, which can help users construct the meaning
of knowledge. A problem situation [28] emphasizes that learning
should be placed in meaningful and complex situations so that
users can take the initiative to learn and improve the ability to
solve problems during the process of solving problems. We
designed the knowledge and problem situations based on the
nonlinear structured story line and the educational content for
emergency preparedness. In total, 5 main story lines were
designed with 5 complete learning situations, each with 5
branches of learning situations and 20 specific knowledge and
problem situations.

Human-Computer Interaction Theory: Focus on Users’
Experience
Human-computer interaction refers to the process of information
exchange between human and computer in a specific way with
a specific language to achieve a specific function [29]. In the
process of human-computer interaction, usability becomes
important to accomplish users’ tasks efficiently, clearly, and
safely. The usability criteria include a low learning cost, fast
task execution, a low error rate, high satisfaction, and a high
return visit rate [30]. Therefore, the design of human-computer
interaction needs to focus on the users’ experience by taping
their needs and analyzing their characteristics to make them
have a good sense of experience.

To design an interactive interface that allows users to have a
good sense of experience, we set up an interdisciplinary team

of 10 experts from the fields of infectious diseases, education,
psychology, and computers to repeatedly modify the preliminary
design plan and interactive interface script and finally determine
the design plan and script. The design plan is the function and
realization path of each module of the operating system
framework. The content of the script includes the interaction
points involved in each interactive interface, all of which
constitute the learning situation and story line. The preliminary
design plan and script were modified and reviewed by experts
from the fields of infectious diseases, education, and psychology
and then handed to experts from the computer field to evaluate
the implementation path of the interactive interface and
preliminarily design several interactive interfaces. After the
evaluation, the modification opinions were returned. Experts
from the fields of infectious diseases, education, and psychology
modified them. Experts from the computer field evaluated and
again modified them until the final version was determined. In
addition, before designing the VRITS, we conducted an
investigation of the needs of more than 4000 Chinese students
and found that in terms of training content, Chinese students
have low awareness of infectious diseases and prevention and
control skills [31]. Therefore, we paid more attention to the
interface design of infectious disease knowledge and prevention
and control skills.

Results

Educational Content Framework for PHEP for MEIDs
In the first round of expert consultation, the arithmetic mean of
each first-level index was 4.33-4.92 and the CV was 0.06-0.15.
In addition, the arithmetic mean of each second-level index was
4.08-4.92 and the CV was 0.06-0.34. According to the experts’
specific suggestions, the second-level indices assigned to
“ensure personal safety” were more suitable to be assigned to
other first-level indices, and the first-level index “ensure
personal safety” was deleted. Therefore, the second-level indices
in this deleted index were assigned to “cooperate with prevention
and control work” and “improve emergency response ability.”
In addition, some changes were made to other indices according
to the experts' suggestions. Thus, 5 first-level indices and 20
second-level indices were formed, and a second round of expert
consultation was conducted.

In the second round of consultation, the arithmetic mean of each
first-level index was 4.42-4.92 and the CV was 0.06-0.12. In
addition, the arithmetic mean of each second-level index was
3.67-4.92 and the CV was 0.06-0.22. According to the results
of the second round of consultation, the scores of each index
met the index retention criteria, and the KCC of the second
round was greater than that of the first round (Table 1). The
experts did not put forward specific opinions, so the index
framework was not modified. Finally, the educational content
framework for PHEP for MEIDs included 5 first-level indices
and 20 second-level indices. The 5 first-level indices were
“cooperating with prevention and control work,” “improving
emergency response ability,” “guaranteeing supplies and
equipment,” “preparing economic resources,” and “maintaining
physical and mental health” (Figure 2).
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Table 1. Kendall coefficient of concordance (KCC) for the 2 rounds of consultation.

P valueχ2WEntries, nRound

First round

.0115.4740.2586First-level index

<.00164.4480.26921Second-level index

<.00176.3850.24527All indices

Second round

.0112.9520.2705First-level index

<.00181.6260.35820Second-level index

<.001100.7130.35025All indices

Figure 2. Educational content framework for PHEP under MEIDs. MEID: major emerging infectious disease; PHEP: public health emergency
preparedness.

Operating System Framework
The operating system framework of the VRITS consists of 4
modules: virtual interactive training, knowledge corner,
intelligent evaluation, and forum community. Figure 3 shows
the overall design framework of the operating system. The

development software we used was Unity 3d, the development
tool was Microsoft Visual Studio, and the modeling tool was
Autodesk 3ds Max. Users can access the system through a link
on the web pages on computers, mobile phones, and tablets,
and they can get it for free after registration.
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Figure 3. Operating system framework of the VRITS. VRITS: virtual reality interactive training system.

Virtual Interactive Training Module
The characters in the virtual interactive training module are
generated by computer (Figure 4). The users control the virtual
characters to select specific prevention and control measures to
complete the training tasks according to the visualized
information about the pandemic development data and tasks
prompted in the interactive interface. The virtual interactive
training module is the core module of People’s War Against
Pandemic, which contains 5 situations. The users randomly
select a scene to enter, and multiple choices are set in the
interactive nodes of each scene, including the selection of
training routes, of answers to knowledge points, and of props
in the props column. Every choice can get dynamic feedback.
In the selection process, if a choice is wrong, the interactive
interface prompts the users with an error and the score is
deducted. The interactive text box of the interactive interface
of each node prompts the users about the development of the
pandemic, and a personal situation animation is inserted in the
process of pandemic prevention, such as daily activities,
shopping, group gathering, and contacting infected people in
the pandemic area. If the users have corresponding clinical

symptoms in their personal situation, they need to judge whether
they are infected and then take corresponding countermeasures.

In the whole virtual interactive situation, if the virus is rampant
and the pandemic spreads, a dialog box appears in the interactive
interface to prompt the users to improve the level of prevention
and control. Individuals should train their decision-making skills
as well as their 20 knowledge and behavior skills in 5 aspects
(cooperating with prevention and control work, improving
emergency response ability, guaranteeing supplies and
equipment, preparing economic resources, and maintaining
physical and mental health). The success or failure of pandemic
prevention and control is prompted by corresponding animation.
If the user makes the right choices, they are not be infected and
the interactive interface prompts “Training successful. Please
check the score.” If the training fails, a warning appears on the
interactive interface to prompt the virtual character to be infected
with the disease (Figure 4). More seriously, it promotes the
spread of the virus, the number of infected people rises sharply,
and the pandemic cannot be controlled. Then the animation of
secondary disasters corresponding to the diseases (crowd
gathering, panic buying of supplies, shortage of medical
resources) appears in the interactive interface as warning
education.
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Figure 4. Interface of the VRITS. There are four interfaces in the picture. Interface 1 is the login interface; Interface 2 is the image of the virtual
character and the entrance of the four modules; Interface 3 is the entrance of the different scenes; and Interface 4 is a warning interface for the virtual
character infected with the disease after the training fails. VRITS: virtual reality interactive training system.

Knowledge Corner Module
The knowledge corner module contains all kinds of knowledge
related to MEIDs (including pathogeny, clinical manifestations,
diagnosis, prevention and treatment). This knowledge is
conveyed in the form of words, pictures, and videos, which is
the supplement and integrity of the educational content of the
virtual interactive training module. The administrator uploads
the latest knowledge of infectious diseases (including the
protection skills of infectious diseases, laws and regulations
related to MEIDs, and secondary disasters caused by the
pandemic) from the background of the system, and each
knowledge point matches the network test questions and
answers, which is convenient for users to test and then correct
the answers.

Intelligent Evaluation Module
The intelligent evaluation module takes the indices at all levels
of the educational content framework for emergency
preparedness as specific scoring points. Every behavior of the
users in the training process is recorded and intelligently scored.
The training starts out on a 100-point scale, with points deducted
in real time if the users make an incorrect choice. At the end of
the training, the users can view the total score and the score for
each first-level index. Automatic interactive text analysis
technology, such as participation analysis, social network
analysis, and content analysis, is used to obtain the users’
participation in learning, social network, concerned learning
content, and online behavior information to analyze their
characteristics and to push their personalized training resources.
The module can also provide data collection, integration,
classification, and application functions and offer objective and
real-time big data for the VR interactive training in MEIDs.

Forum Community Module
In the forum community module, users can enter the forum
community to participate in questions, discussions, and
communications. They can publish topic posts related to the
pandemic, help posts for difficulties encountered in simulation
training, experience posts for success in fighting the pandemic,
and announcement posts issued by administrators. Using the
interactive, direct, and group characteristics of the forum, we
can realize the interaction between user and user, user and
interactive interface, and user and teaching content. This kind
of real-time communication makes it easy to find and solve
problems in time.

Discussion

Principal Findings
We drew knowledge from multiple disciplines, such as
education, medicine, psychology, public health, and computers,
which provided reference information for the theoretical
framework design of People’s War Against Pandemic. Then
we put forward the theoretical basis of multidisciplinary
integration of interactive narrative, situated learning, and
human-computer interaction and designed a VRITS. A clear
theoretical basis can help us clarify the design ideas and
assumptions of the VRITS; predict training results; understand
the way of training to change emergency knowledge, emergency
emotion, and behavioral responses to MEIDs; and promote the
development of a more effective VRITS.

Whether interactive narrative theory plays a core role or a
peripheral role in a VRITS usually depends on the teaching
objectives of virtual interaction and the consequent changes in
knowledge, emotion, and behavior. In the prevention and
treatment of some chronic diseases and mental diseases based
on virtual interactive games, interactive narrative often plays a
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secondary incentive role [32]. The changes in the symptoms of
chronic diseases and mental state are usually rooted in daily
life. In People’s War Against Pandemic, the users' knowledge
and skills, emotional adjustment, and behavioral responses of
emergency preparedness for MEIDs run through the main line
of the whole interactive narrative, making it the core position
in People’s War Against Pandemic. Therefore, users transform
the knowledge and skills learned from virtual interaction into
specific attitudes or behavioral responses in life, which is closely
related to the role of the interactive narrative. In addition, how
to deal with the relationship between story and interaction in
interactive narrative is also particularly important [24]. In the
process of virtual interactive training, there are many branches
in each interactive node, and the choice of each branch has an
impact on the final result. Eventually, each branch of all
interactive nodes is arranged and combined into different stories.
Each interaction determines the direction of the story, and the
story is composed of every interaction.

Situated learning theory also plays an important role in a VRITS.
The purpose of a virtual learning situation is to create a social
and participatory experience for the users and realize the
functions that cannot be completed in real life [33]. It is the
cornerstone of the system. In the past few years, more fields
have applied situated learning theory to design virtual learning
situations. “Tawaf” [34] emphasizes the positive role of situated
learning in improving learners' interest in learning by solving
problems in a 3D VR environment with virtual characters. A
study on a virtual learning environment for disaster risk
reduction explored the factors that affect the sense of reality of
a learning situation in a virtual environment [35]. Among them,
the positive factors to pay attention to are socialization and
learning from mistakes, which give learners a sense of reality
in face-to-face interaction and to safely fail in a virtual
environment. In brief, the use of a virtual learning situation can
enhance the reality of the scene, the immersion of training, and
the sense of experience and stimulate the motivation and
efficiency of learning. In addition, situated learning and
interactive narrative are integrated. The learning situation is
composed of story lines with a nonlinear structure, and all stories
take place in the learning situation, which is the carrier of the
story lines.

If interactive narrative theory is the core of a VRITS and situated
learning theory is the cornerstone of the VRITS, then
human-computer interaction theory plays the role of a bridge
of information exchange between the system and the users.
According to the users’ cognitive ability and information
acquisition ability, the human-computer interaction interface is
designed centering on the users’experience and the information
communication between human and computer is finally realized
[36]. Eventually, based on human-computer interaction theory,
this study designed the interactive interface of a learning
situation and story line, which organically integrated the 3
theories to make the information communication smooth and
efficient.

The PHEP education for MEIDs mainly includes popular science
knowledge, protection skills, and cooperation in pandemic
prevention and control [37]. In addition, emergency
preparedness, such as social cooperation, legal compliance,

economic prediction, social stability, and avoiding of secondary
disasters, are also important. Therefore, this study constructed
an educational content framework of emergency preparedness
to train users on 20 items of emergency knowledge and skills,
emotion, and behavioral responses in 5 aspects. The findings
will enrich the theoretical system of emergency preparedness
education for MEIDs and provide the public with a panoramic
understanding of the response to MEIDs so that their
comprehensive preparation can be promoted and ultimately an
effective response can be achieved.

As a new training system, People’s War Against Pandemic not
only has the characteristics of a 3D stereoscopic combination
of sound, text, image, and interaction but also uses a sense of
reality of VR scenes to fully arouse the interest of users and
satisfy their curiosity and thirst for knowledge. Through People’s
War Against Pandemic simulation training, users can keep in
mind the correct process and knowledge points of prevention
and control of MEIDs in constantly wrong choices and
effectively improve their ability to comprehensively apply
knowledge and skills to improve emergency preparedness and
reduce disease infection. At the same time, this training allows
users to place themselves in a virtual situation from a
first-person perspective, mobilizing the users’ subjective
initiative and stimulating their learning motivation through
role-playing and a realistic virtual environment.

As an innovative way of emergency training for infectious
diseases, People’s War Against Pandemic is an attempt to
develop emergency training resources for MEIDs. Its design of
educational content is more comprehensive, covering many core
parts of knowledge and skills related to MEIDs. In addition, the
system can judge whether the prevention and control strategies
for infectious diseases selected by users are correct behaviors,
and timely feedback and adjustment of problems in the training
process will play a substantial positive role in improving the
learning effect [38]. Based on this, People’s War Against
Pandemic has set up a real-time feedback function. The
intelligent evaluation module records and evaluates each option
of each user and presents the results in the interactive interface
in the form of a score, which effectively realizes the real-time
feedback of information. Offline emergency drills often face
implementation challenges due to the cost of workforce,
material, and financial resources. The online resources of
People's War against Pandemic can be promoted to the public
through the internet to solve the bottleneck problem of offline
emergency drills. The system can be released by the municipal
Center for Disease Control and Prevention and tried out among
community residents. In the process of using the system, the
residents' use of experience, satisfaction, opinions, and
suggestions can be collected to modify and improve the system,
and finally it can be promoted and applied nationwide.

Limitations
There are some limitations in this study. The immersion of the
VR interactive system designed in this study may make some
young or low-self-control users indulge in it. However, this
problem may be solved by limiting the length of training [39].
In addition, it will take some time to popularize the VR
interactive devices. Some users may experience the effect of
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the VR interactive system on mobile software, but they cannot
experience a more realistic sense of operation with VR devices.
Moreover, users cannot customize roles for the time being. At
present, the system roles are unified as citizens, and there is no
division by age, gender, and occupation. Therefore, it may have
some impact on users' immersion and usability. This problem
can be solved when the system is upgraded and improved in
the future. Most importantly, we did not conduct a randomized
controlled trial on the effectiveness of VR interactive systems.
Therefore, in the future, we need to carry out empirical research
to verify the effectiveness of virtual interaction systems.

Conclusions
A VRITS is a product of a highly integrated multidisciplinary
background. The application of virtual interaction to the

emergency preparedness training in MEIDs may solve the
bottleneck problem in the current emergency preparedness
training in MEIDs. Based on a solid theoretical foundation, rich
teaching resources, a virtual learning situation, a complete story
line, and an interactive function, the system realizes the
visualization of emergency preparedness training for MEIDs,
which may stimulate the learning motivation of users, increase
their sense of experience and immersion, enhance their learning
participation and learning efficiency, and improve the training
effect. In future practice, to improve the level of PHEP for
MEIDs, it is necessary to further perfect the VRITS and promote
its use for emergency preparedness education of MEIDs.
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Abstract

Background: Depression and anxiety in children and adolescents are major health problems worldwide. In recent years, serious
games research has advanced in the development of tools to address these mental health conditions. However, there has not been
an extensive analysis of these games, their tendencies, and capacities.

Objective: This review aims to gather the most current serious games, published from 2015 to 2020, with a new approach
focusing on their applications: awareness, prevention, detection, and therapy. The purpose is also to analyze the implementation,
development, and evaluation of these tools to obtain trends, strengths, and weaknesses for future research lines.

Methods: The identification of the serious games through a literature search was conducted on the databases PubMed, Scopus,
Wiley, Taylor and Francis, Springer, PsycINFO, PsycArticles, Web of Science, and Science Direct. The identified records were
screened to include only the manuscripts meeting these criteria: a serious game for PC, smartphone, or virtual reality; developed
by research teams; targeting only depression or anxiety or both; aiming specifically at children or adolescents.

Results: A total of 34 studies have been found that developed serious games for PC, smartphone, and virtual reality devices
and tested them in children and adolescents. Most of the games address both conditions and are applied in prevention and therapy.
Nevertheless, there is a trend that anxiety is targeted more in childhood and depression targeted more in adolescence. Regarding
design, the game genres arcade minigames, adventure worlds, and social simulations are used, in this order. For implementation,
these serious games usually require sessions of 1 hour and are most often played using a PC. Moreover, the common evaluation
tools are normalized questionnaires that measure acquisition of skills or reduction of symptoms. Most studies collect and compare
these data before and after the participants play.

Conclusions: The results show that more awareness and detection games are needed, as well as games that mix the awareness,
prevention, detection, and therapy applications. In addition, games for depression and anxiety should equally target all age ranges.
For future research, the development and evaluation of serious games should be standardized, so the implementation of serious
games as tools would advance. The games should always offer support while playing, in addition to collecting data on participant
behavior during the game to better analyze their learning. Furthermore, there is an open line regarding the use of virtual reality
for these games due to the capabilities offered by this technology.

(JMIR Serious Games 2021;9(4):e30482)   doi:10.2196/30482
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Introduction

The recent worldwide increase of mental health conditions is a
serious health problem. According to the World Health
Organization [1], there was a 13% rise in mental health issues
from 2007 to 2017. People affected by mental illnesses
experience a severe deterioration in their relationships with
family, friends, and the community and in daily task
performance. The World Health Organization estimates the
most common mental health conditions, depression and anxiety,
cost the global economy US $1 trillion each year [2]. These
issues develop from a very young age; in fact, around 20% of
the world’s children and adolescents have a mental health
condition. In addition to personal and financial costs, these
problems can head to suicide, which is the second leading cause
of death among people aged 15 to 29 years [1]. Therefore,
research must address this situation by developing resources
for mental health education and therapy for the very young.

To address this social demand, research on serious games
regarding mental health has emerged in recent decades. Serious
games use the ludic medium of video games to achieve learning
goals [3]. Their utility resides in creating immersive and
entertaining environments built on learning theories and
methodologies based on empirical research to maximize
education outcomes [4]. Serious games applied to mental health
adapt cognitive behavioral therapy (CBT) to the experience
allowing exploratory learning and behavior practice [5]. These
tools are especially suitable for children and adolescents, since
they are familiar with technology and are attracted to graphics
and playability [6]. Furthermore, the development and
democratization of technology allows the creation of
high-quality games for the most common user devices, PCs and
smartphones, and the most novel, such as virtual reality (VR)
headsets [7].

Serious games have been proposed since the late 1990s for
depression therapy, as the review of Li and Foo [8] outlined.
Although these first games targeted varied audiences, the vast
majority were applied to children and adolescents [9]. However,
these first solutions were very rare, and the first reviews on
these topics covered a diverse mix of disorders and
neurobiological conditions like anxiety disorder, autism
spectrum disorder, and attention deficit hyperactivity disorder
[10-14]. More recently, serious games that facilitate exposure
therapy for phobias use virtual reality to maximize their impact
[15].

The standardization of serious games as reliable solutions for
anxiety and depression has taken place in the last 5 years,
making possible new reviews focused on serious games
developed for depression care [16] and anxiety treatment
[17,18]. In addition, Villani et al [19] have studied serious games
for emotional regulation, an important approach to prevent
depression and anxiety.

Gamified technologies for improving mental health have also
been considered [20], although these are not the same as serious
games. A gamified experience has gaming elements like
rewards, characters, and rules but does not focus on playfulness
and fun [21]. Finally, the latest reviews document the different
psychiatric applications of serious games [22] and the
importance of their application in children and adolescents
[7,23]. Table 1 shows the main characteristics of these reviews
for anxiety and depression—number of games studied, article
publication ranges, disorders considered, and game targets—and
their main conclusions.

The analysis provided in Table 1 reveals some limitations of
the reviews. The first is the low number of studied games,
ranging from 5 to 34 but mostly mixing serious games with
commercial games or gamified applications. Furthermore, even
being recent studies, there is not a novelty inclusion criteria, so
they consider articles published as far back as 1989. Second,
regarding subject and target, none of these papers focuses on
all the applications for depression and anxiety a game could
have, from awareness to therapy. Finally, the conclusions of
these reviews point out different game design and evaluation
issues, but these may be influenced by article limitations. There
is a research gap concerning the latest games developed for all
possible applications and their specific targets.

This review aims to study serious games applied to depression
and anxiety targeting children and adolescents published from
2015 to 2020 and determine if conclusions obtained by the
previous studies apply in the same way to new serious games
or if this field is evolving. The paper looked for 4 possible
applications in mental health: (1) awareness: learning to
recognize mental health conditions and erase the stigma
associated with help-seeking behavior [24]; (2) prevention:
applying emotional regulation strategies in the day-to-day to
improve psychological well-being and relationship satisfaction
and to avoid mental health issues [25]; (3) detection: finding
through game data any mental health conditions or emotional
disorders [26]; and (4) therapy: learning CBT techniques to help
improve mental well-being and depression or anxiety symptoms
for those already diagnosed [27].
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Table 1. Comparison of published reviews of serious games for mental health.

ConclusionsSubject and targetYears of
publication

Number of studiesReview

The primary aim of researchers is improving treat-
ment engagement, but there is a lack of effectiveness
evaluation.

Depression care for every possible target2007-201628 serious games
and gamified apps

Dias et al [16]

The research is limited, but the findings suggest
games have the potential to reduce anxiety levels in
adolescents.

Therapy for adolescents with anxiety
disorders

2011-20165 serious gamesBarnes and
Prescott [17]

An initial guideline to design serious games for
emotional or social abilities and the need for building
intervention protocols around commercial games.

Video game effects on emotional regula-
tion and mental health well-being for
every possible target

2007-201723 serious and
commercial games

Villani et al
[19]

Serious games have great potential but need to ex-
plore more applications and targets; review includes
the need for standardization of guidelines, more
comparison between studies, and the incorporation

of VRb and artificial intelligence.

ADHDa, autistic spectrum disorders,
eating disorders, posttraumatic stress,
impulse control disorders, depression,
schizophrenia, dementia, and healthy
aging for every possible target

2008-202029 serious and
commercial games

Vajawat et al
[22]

Serious games are not ready for dissemination as a
stand-alone treatment/prevention strategy but have
the potential to serve as valuable clinical tools.

Mental health promotion and health be-
havioral change for children and adoles-
cents

1989-201434 serious gamesDavid et al [23]

Video games can be an effective tool for psychother-
apy but there is a lack of effectiveness evaluation.

Therapeutic and preventive video games
for children and adolescents

2012-201922 serious and
commercial games

Zayeni et al [7]

aADHD: attention deficit hyperactivity disorder.
bVR: virtual reality.

Methods

The serious games selection process was carried out in 4 phases
as summarized in Figure 1: identification, screening, eligibility,
and inclusion. The identification through literature search was
conducted on the following databases: PubMed, Scopus, Wiley,
Taylor and Francis, Springer, PsycINFO, PsycArticles, Web of
Science, and Science Direct. The years of publication were
limited from 2015 to 2020 as previous reviews had studied
serious games with similar purposes prior to these dates. The
search terms used were “(serious game OR video game OR
applied game OR computer game OR mobile game OR online
game OR gaming) AND (children OR adolescent OR childhood
OR adolescence) AND (cognitive behavioral therapy OR
cognitive training OR anxiety treatment OR anxiety disorder
OR mental health OR depression OR stigma OR helping
behavior OR meditation).” Bibliographical references of the
reviews included in Table 1 were also examined and added to
this first selection of studies.

The total of 1966 records were identified through this search,
and the bibliographical examination added another 24 studies.

The following step, as Figure 1 shows, was removing all
duplicates, which excluded 381 articles. The remaining 1609
studies were screened to find those studies that considered
serious games for depression and anxiety and possible
applications to awareness, prevention, detection, and therapy.

Inclusion criteria include games for PC, smartphone, or VR
addressing depression or anxiety developed by research teams
for children and adolescents. Exclusion criteria include gamified
apps; existing commercial games; games for those aged 20 years
and older; and games dedicated to other mental health
conditions, addictions, or phobias. These criteria were met by
only 41 papers.

In cases where the same research team published multiple
articles on the same game with the same application, only the
most recent papers were selected as these papers were the most
developed by the researchers as they had more time for the
design and testing and included the highest number of
participants. This excluded 7 papers, so 34 studies were included
in the qualitative analysis and listed with characteristics in
Multimedia Appendix 1 [18,25,28-59].
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Figure 1. Flow diagram of the selection process.

Results

For each of the 34 studies, the following information was
extracted: game name, mental health condition addressed,
application, target age, mental health purpose, year of
publication, game genre, tools used for evaluation, type of game
performance, devices used, time required, groups of participants,
results, and references. From these data, the results were
interrelated to obtain the use of serious games and trends in
their development.

Serious Games Applications
Each game was classified as using 1 of the 4 possible
applications contemplated in this review: awareness, prevention,
detection, and therapy. The application was also put in relation
with the mental health condition to which the game applies, as
Figure 2 shows. The majority (30/34, 88%) of serious games
serve 1 application. Only 12% (4/34) of games were hybrids
mixing 2 applications. The most common (15/34, 44%)
application was prevention, followed by therapy (11/34, 32%).
On the other hand, awareness and detection were infrequently

used, with 2 games each (2/34, 6%). Finally, 9% (3/34) of games
used prevention and therapy and 3% (1/34) used prevention and
detection.

Figure 2 also shows the relationship between type of application
and type of disorder. Of the 34 papers, 26% (9/34) focused on
anxiety, 18% (6/34) focused on depression, and 56% (19/34)
addressed both issues. Most (10/14, 71%) of the serious games
that apply to both mental health conditions were used for
prevention. These were games that teach emotional regulation
and conflict resolution, skills necessary for a positive mental
well-being. It was also common (4/11, 36%) that gaming therapy
was equally effective for depression and anxiety since learning
CBT was applied for both conditions. Games that exclusively
treated depression were equally divided into prevention (2/6,
33%), therapy (2/6, 33%), and awareness (2/6, 33%), which
only has cases of this condition. Of the anxiety games, most
were used for therapy (5/9, 56%) with the rest for prevention
(2/9, 22%), detection (1/9, 11%), and prevention/therapy (1/9,
11%). It stands out that games that treat and prevent anxiety
(7/34, 21%) were more numerous than those for depression
(4/34, 12%).
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Figure 2. Application of games by mental health condition.

Target Age
The age range for which these serious games are targeted was
6 to 19 years, but there was uneven distribution (Multimedia
Appendix 1). Only 3% (1/34) targeted children aged 6 to 7 years,
but 21% (7/34) targeted children aged 8 years. Adolescence
was the preferred target group of the reviewed papers, especially
ages 11 to 14 years (11/34, 32%). The number of games for
adolescents aged 18 to 19 years (4/34, 12%) decreased but was
still more numerous than for the youngest kids.

Games were targeted to children according to stages of
emotional development [60]: (1) young children aged 6 to 7
years—the earliest stage of emotional immaturity; (2) children
aged 8 to 10 years—the first phase of development of empathy
and self-recognition; (3) children and young adolescents aged
8 to 14 years—the age range that covers the passage from
childhood to adolescence and produces more emotional issues;
(4) young adolescents aged 11 to 14 years—the second phase
of self-recognition based on comparison with the group, decisive
in self-esteem; (5) older adolescents aged 15 to 19
years—self-consolidation stage for the achievement of adult
maturity; and (6) all adolescents aged 11 to 19 years—the entire
adolescence that includes all self-consolidation and emotional
regulation learning.

Age ranges must be considered when addressing mental health
conditions (distribution shown in Figure 3). Anxiety was the
only condition treated in children aged 6 to 7 years but was
mainly seen in children aged 8 to 14 years. Serious games for
depression were only targeted at children aged 11 years and
older, and half (3/34, 9%) of these games span the entire range
of adolescence. Papers dedicated to both conditions applied to
all ages (19/34, 56%) and especially children aged 8 to 14 years
(11/34, 32%). The trend that Figure 3 shows is that serious
games for anxiety were centered in childhood (5/9, 56%) and
games for depression in adolescence (6/6, 100%).

The other feature to study regarding age range was game
application, as can be seen in Figure 4. Games for detection
(2/34, 6%) were limited to childhood, those aged 6 to 7 years,
and for children aged 8 to 14 years. In addition, there was a
game using detection and prevention for children aged 8 to 10
years (1/34, 3%). On the other hand, awareness games (2/34,
6%) were only targeted to adolescents. The prevention
application focused on all age ranges, with its highest percentage
in adolescence (11/15, 73%). Therapy also targeted all children,
with its highest use on children aged 11 to 14 years (7/11, 64%).
Finally, games that mix prevention and therapy were used only
in children aged 8 to 14 years (2/34, 6%).

Figure 3. Mental health condition by age range.
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Figure 4. Game application by age range.

Mental Health Purpose
Mental health purpose is a characteristic that has been obtained
from the qualitative analysis of these serious games. The
educational mental health issues that these 34 games address
have been classified into 7 categories: training of emotional
regulation, emotional recognition, and social skills; reduction
of anxiety symptoms and stigma against mental health
conditions; CBT; and meditation learning. Concerning mental
health conditions, Figure 5 relates the purpose of the game to
the issue addressed and highlights how training of emotional
and social skills and learning of meditation, necessary skills for
positive mental well-being, are dedicated to both anxiety and
depression. Logically, games that aimed to reduce anxiety
symptoms (8/34, 24%) were targeted at anxiety, except for one
that targeted both. However, games aiming to reduce stigma
(2/34, 6%) only focused on depression. Finally, games that

apply CBT techniques (7/34, 21%) were almost evenly
distributed between anxiety and depression.

Comparing mental health purpose with game application, as
shown in Figure 5, it is possible to discern the trend that training
emotional and social skills was used mainly (10/14, 71%) for
prevention. On the other hand, therapy was divided between
the learning of CBT and meditation (7/11, 64%) and games
aiming to reduce anxiety symptoms (4/11, 36%). These mental
health purposes also worked for prevention (5/18, 28%), but to
a lesser extent. On the other hand, awareness was completely
related to stigma reduction (2/2, 100%). Moreover, the use of
detection was divided into emotional recognition (1/3, 33%),
social skills (1/3, 33%), and anxiety symptoms (1/3, 33%). In
conclusion, the most addressed mental health issues were
emotional regulation training (8/34, 24%), anxiety symptoms
reduction (8/34, 24%), and CBT application (7/34, 21%).

Figure 5. Mental health purpose by its condition and game application. CBT: cognitive behavioral therapy.

Game Genre
Qualitative analysis of the papers allowed them to be organized
into 3 game genres: (1) arcade minigames that have short
durability and simple playability with various objectives; (2)
social simulations of day-to-day environments and issues to
learn optimal resolutions and necessary skills; (3) adventure
world in which the player takes on the role of an avatar and
must interact with missions, characters, and items. This
playability characteristic has been put in relation with the game
application in Figure 6 to show how these are adapted to serious
games. Arcade minigames were used in 44% (15/34) of games,
followed by adventure worlds in 32% (11/34) and social

simulations in 24% (8/34). Regarding game application, the
main ones, prevention and therapy, were equally distributed
between arcade minigames (15% [5/34] and 18% [6/34],
respectively), social simulations (9% [3/34] and 3% [1/34],
respectively), and adventure worlds (21% [7/34] and 12% [4/34],
respectively). However, it should be noted that for awareness,
only social simulation (2/2, 100%) was used, and adventure
world is not a genre applied for detection.

Figure 6 also interrelates the game genre with mental health
purpose to continue clarifying the application of gameplay to
mental health learning. It is revealed that emotional regulation
(8/34, 24%) was the only one that used all game genres.
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Emotional recognition was addressed with genres arcade
minigames (1/2, 50%) and social simulation (1/2, 50%) but not
adventure world. Social simulations (8/34, 24%) were used to
decrease depression stigma but not anxiety symptoms.
Furthermore, CBT learning used the genres arcade minigames

(3/7, 43%) and adventure world (4/7, 57%), but meditation only
used arcade games (3/34, 9%). Finally, social skills training
used the genres social simulations (3/4, 75%) and adventure
world (1/4, 25%) .

Figure 6. Game genre by game application and mental health purpose. CBT: cognitive behavioral therapy.

Evaluation Tools
Assessing the evaluation of the articles result in 3 important
issues: objectives of the paper, methods of data collection, and
comparison of data. No more variables in common could be
found due to the mix of applications and mental health purposes
than these serious games address. The qualitative analysis of
the papers resulted in 4 possible goals: increase emotional skills,
reduce mental health condition symptoms, evaluate game
usefulness, and assess game design. The survey analysis shows
that 41% (14/34) of games measured skills, 32% (11/34) tested
symptoms, 18% (6/34) surveyed the usefulness of the game,
and 9% (3/34) evaluated the experience design. Figure 7
interrelates these objectives with the game application to
determine the actual focus of this field research. The graphic
reveals that most prevention games measured skills (10/15,
67%) and symptoms (4/15, 27%). Detection was also found in
these 2 objectives (1/2 [50%] and 1/2 [50%], respectively),
while therapy games measured symptoms (6/11, 54%) or
verified that it is an effective tool (3/11, 27%). Awareness games
aimed to prove that these are useful tools (2/2, 100%) as well.
Finally, the studies that were still in the process of assessing
game design corresponded to therapy application (3/3, 100%).

Regarding methods of data collection, the qualitative analysis
identified 4 tools used in the articles: normalized questionnaires,
self-made questionnaires, game data, and interviews. The most
common were normalized questionnaires; 74% (25/34) of papers
used them to assess changes after the serious game was played.
These questionnaires are proven tools in psychology and
education that in each case measured symptoms or emotional
capacities as appropriate. Furthermore, 24% (8/34) used
self-made questionnaires to test their developed experience;
38% (13/34) analyzed game data, and 12% (4/34) conducted
interviews with the participants. Figure 8 shows how the data
collection tools were distributed according to publication

objectives, so the trend to measure the games was revealed.
Questionnaires were the most commonly used tools, and this
choice stands out to measure skills and symptoms. It is also
remarkable within these objectives that normalized
questionnaires (25/34, 74%) were used more often than
self-made ones (8/34, 24%), except for surveying usefulness
(both 3/6, 50%) and checking game design (both 1/3, 33%)
when they were chosen equally. The use of game data was
highlighted to measure skills (5/14, 36%) and symptoms (6/11,
54%) but was only used once each for useful tool (1/6, 17%)
and design assessment (1/3, 33%). Interviews were the least
common method, used twice for symptoms (2/11, 18%) and
once each for useful tool (1/6, 17%) and design (1/3, 33%).

Finally, the moment in which the performance data were
collected was analyzed: before playing (pre), while playing
through the game data (during), and after playing (post). These
3 moments of data collection are combined in the different
papers, so there are 5 options: post, during/post, pre/post,
pre/during, and pre/during/post. A total of 12% (4/34) of studies
performed only postcollection, 6% (2/34) performed during/post
comparison, and 9% (3/34) performed the pre/during type. In
conclusion, most of the games compared data before and after
the serious game. The most common combination (17/34, 50%)
was the pre/post evaluation, and 23% (8/34) of studies
performed all possible measurements: pre/during/post. Figure
9 shows the relationship of the paper objective with the type of
data comparison to get the trend of every measure collection.
To measure skills, the most common (10/14, 71%) was a
pre-post evaluation, although there were also a few cases of
pre/during (2/14, 14%) and pre/during/post comparison (2/14,
14%). The pre/during/post comparison (6/11, 54%) was the
most used for symptom measuring, followed by pre/post (4/11,
36%). For the useful tool and design testing, the types of
comparisons chosen were similar, but there is no case of
pre/during/post evaluation.
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Figure 7. Paper objective by game application.

Figure 8. Paper objective by type of evaluation.

Figure 9. Paper objective by type of data comparison.

Type of Game Performance
All papers in this review proved the serious games in different
ways in their tests so the participants could achieve the set goal.
Qualitative analysis discovered 3 parameters that must be taken
into account in the performance data: game was used as the only
tool to learn so the participants achieve the mental health
purpose, participants received support during the game through
the gameplay or research assistants, and participants and
research assistants performed a debriefing after playing in which

participants and educators or psychologists discussed what was
played to draw conclusions. The analysis revealed that most of
the serious games were performed as the only tool, support was
not offered, and debriefing was not performed. Figure 10 shows
the distribution of these performance parameters by game
application to determine implementation differences depending
on the goal of the game. It is important to note that only therapy
games (6/8, 75%) used the game as a back tool. Regarding
support or lack of it, all applications were proportional in both
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cases. However, games that did not perform a debriefing were
more common in therapy applications (12/14, 86%).

The performance of serious games within the different age
ranges is shown in Figure 11 to determine if the games were
planned differently depending on the target. The use of the game
as an only tool was proportional to the number of games in each

range. Support during the game was offered to children (6/12,
50%) more often than to adolescents (5/22, 23%). Debriefing
was not offered after any game in children aged 10 years and
younger. Debriefing was offered after some games for
adolescents aged 11 to 14 years (5/19, 26%) and was much more
common (6/11, 54%) for older adolescents.

Figure 10. Game performance by game application.

Figure 11. Game performance by age range.

Game Devices
Games were developed for PC (16/34, 47%), smartphone (8/34,
23%), PC and smartphone (7/34, 21%), and VR (3/34, 9%).
This technical aspect has been related to game application in
Figure 12 to reveal potential development trends based on the
objective. The most notable trends are that the majority (12/16,
75%) of PC games were dedicated to prevention and most (4/8,
50%) smartphone games to therapy. On the other hand,
awareness (2/2, 100%) was mainly used on smartphones (1/2,
50%) and detection (1/2, 50%) on PC and VR.

Figure 12 shows the choice of device according to the targeted
age range to discern any possible difference by target maturity.
The result is that serious games for children aged 10 years and
younger were developed for PC and smartphone equally. For
the age range 8 to 14 years, development for PC was slightly
preferred (4/8, 50%); in addition, most VR games (2/3, 66%)
were targeted to this group. Games were developed for PC more
often (16/22, 73%) for adolescents; in fact, no games for those
aged 15 to 19 years were developed exclusively for smartphones.
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Figure 12. Device used by game application and age range.

Game Length
The game tests were performed in different ways with respect
to time: 26% (9/34) of games used a single session, 50% (17/34)
were played in several sessions, and 24% (8/34) of studies did
not indicate the playing time. Among the games that used several
sessions, the average was 8.1 (range 4-20). The largest number
of sessions was a singularity, since the rest of the games were
within the range of 4 to 12 sessions. Regarding the session
duration, in which all available data has been included, the
average was 39.7 minutes. The shortest test was 5.5 minutes
and the longest 120 minutes. Data do not always refer to strict
playing time as there were tests in which a debriefing was
performed and that process was included in this time.

The distribution of number of sessions and minutes by game
application is shown in Figure 13 to determine possible trends

of performance and objective. Any study that did not specify
the duration time or number of sessions has been given a value
of 0 on its corresponding axis. There is a trend whereby the
games with the highest number of sessions and the longest
length correspond to prevention, followed by therapy. On the
other hand, all detection games included 1 game session of less
than 40 minutes. Finally, of the 2 awareness games, one does
not give time data and the other did 5 sessions of 15 minutes.

The time spent with the device used has been interrelated in
Figure 14 to show the possible relationships of time played with
technical development. Games that required the highest number
of sessions and most length were most often PC games. All
games for smartphone or smartphone and PC took less than an
hour, although the number of sessions was highly variable. Most
VR games (2/3, 66%) used only 1 session of less than 50
minutes.

Figure 13. Required time by game application.
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Figure 14. Required time by device used.

Groups of Participants
All games in this review were tested with groups of participants
ranging from 8 to 1236 people. The last case was an exception
because the game with next highest number had 574 children.
The vast majority (29/34, 85%) had fewer than 200 participants,
and the average was 156.79. Of the games, 38% (13/34) included
a control group while 62% (21/34) evaluated only the group
that played the game. The relationship between the total group
of participants, the game group, and game application can be
seen in Figure 15. The objective was to find a trend between
the aim of the games and the number of participants in their

tests, in addition to the division between game and control
groups.

There was a big difference between therapy groups, which
averaged 45.54 participants, and prevention groups, which
averaged 157.53 participants. Detection and awareness
applications were also tested with large groups. Furthermore,
the representation of so many points on the diagonal between
both axes shows that most games (20/34, 59%) were tested with
the total number of participants. On the contrary, there was a
trend in which prevention games (12/15, 80%) usually used
control groups.

Figure 15. Total groups and game groups by game application.

Discussion

Present Trends and Future Lines

Implementation of Serious Games
Most games identified treat both anxiety and depression. In
addition, there were more games with prevention and therapy
applications. This trend is logical since depression and anxiety
are closely related and they can lead to each other. Likewise,
many therapeutic and emotional management techniques are
equally valid for both conditions [61]. Taking a closer look at
the results, more games address prevention than therapy. It is
true that the main focus of education and psychology should be
to avoid suffering mental health issues. Furthermore, these tools
can be applied to many participants in school or high school

classes. On the other hand, the application of therapy games is
smaller since these are logically reserved for children and
adolescents already diagnosed.

Continuing with the applications, results reveal that more
awareness and detection games are needed as there are only 2
each. It is also noted that, so far, there are only awareness games
about depression, probably because these recent games have
followed an emerging line of research that fosters emotional
awareness to prevent adolescence depression [62]. Ideally, both
applications should be mixed since the lack of emotional
awareness is equally associated with symptoms of depression
and anxiety at these ages [60]. Another option would be to add
detection to the development of prevention games. When
emotional regulation techniques are being taught, game data
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can be collected to detect any possible behavior problem or lack
of emotional recognition. Likewise, adding awareness to
prevention games teaches maintaining a positive well-being
while recognizing its importance and erasing mental health
stigma.

Another relevant interrelation found in the games
implementation is age and mental health condition. Most of
these games are dedicated to adolescence but should be applied
earlier as children begin to develop depression and anxiety from
the age of 3 years [63]. There is also a trend that games for
depression are exclusively addressed to adolescence and games
for anxiety exclusively to childhood. Once again, this bias may
follow the current line of research that focuses depression on
adolescents [62], while research on anxiety in children is
becoming more relevant [64]. The prevalence of anxiety is as
relevant in adolescents as it is in children [61], so this
implementation should be fair. Regarding the application, it
stands out that awareness games are aimed at adolescents and
detection games at children. Given that lack of emotional
awareness can foster anxiety and depression symptoms at an
early age [64], there should be no differences. Likewise,
detection games should be extended to adolescence to avoid
the serious development of these mental health conditions [62].

Finally, there is a bias concerning mental health purposes and
applications of these serious games. Games that teach emotional
regulation, emotional recognition, and social skills are those of
prevention, since these skills serve to avoid both conditions
[60]. On the other hand, therapy games focus on reducing
anxiety symptoms and practicing CBT and meditation. Even
so, all these purposes can be used for prevention or therapy.
Therefore, a future line should be that more games serve
prevention and therapy together, since there are only 3 of the
34 that do this. The only exception is stigma reduction, which
is applied only in awareness games. It should also be noted that
no game tested depressive symptoms on their own, so this would
be an open research field.

Development of Serious Games
The game genres developed can be classified into arcade
minigames, adventure worlds, and social simulations. Arcade
minigames are used most often because the results are short
games, easier to adjust to the implementation conditions. Since
most tests are finished in an hour, these games can be repeated
several times until the objective is achieved, also presenting a
challenge so the user does not get bored. The next most popular
genre is adventure world, which take advantage of the important
ability of serious games to entertain so the learning is acquired.
When a plot is played with a main character the user identifies
with, this allows the recognition and assimilation of its emotions.
Social simulations are used to generate empathy with characters
and familiar environments that the users might experience in
their real life. In this way, users can be directly taught how
mental health conditions affect the lives of people who are
diagnosed with them [20].

Regarding the interrelation with applications, awareness games
use only social simulations to show the reality of mental health
conditions to the participants. Adventure world is not a genre
that is used for detection, probably because these are more

playful games that focus on the character and not the player, so
it is not possible to detect anything. Exploring mental health
issues, emotional regulation is the most applicable to the 3 game
genres. The techniques applicable in this learning are diverse
to adapt them to many types of gameplay. Emotional recognition
games do not develop adventure worlds as these do not seem
to offer enough first-person interactivity. In addition, social
simulation is not a genre in which anxiety reduction or CBT is
applied. It is logical because this game genre is based on telling
stories, although it is the most ideal for social skills and stigma
reduction. Last, meditation is only taught with short arcade
minigames as these techniques are performed the same in
nondigital scenes.

Concerning devices tendencies, therapy games often take
advantage of smartphone facilities. Most of these games have
been designed to be played on a day-to-day basis, so it is more
comfortable to use a portable device. On the other hand,
prevention games are mostly performed in school classrooms
where it is easier to access PCs. The way in which the
experience is going to be introduced should be assessed when
choosing the serious game device to save resources. In any case,
it does not seem that the age at which the game is targeted
affects this choice. Finally, future research should focus on VR
because this review has only found 3 serious games in the recent
years. This technology has proven to achieve positive results
for learning and measuring user behavior [65].

Another important factor in game development is playing time.
The vast majority of the analyzed games are played within 1
hour. This length responds to the duration of a class or a therapy
session in which it is usually applied. Games with therapy and
prevention applications tend to be longer because participants
need more time to learn these techniques. It is also logical that
longer games are developed for PC because the device is more
comfortable than for smartphone or VR games. For VR, the
duration is limited by the lack of familiarity with this device,
which can cause dizziness or visual fatigue [65]. Therefore, the
decision with this variable must be made according to the
developmental capacities of the research team and its
application.

It should be noted that certain data were searched for without
success: video game development engine, software, applied
game design, and availability. The lack of this more technical
data was probably due to author specialization. Most of the
authors are researchers in education or psychology who had not
developed the game themselves. On the other hand, almost
every study indicated a multidisciplinary team created the game
but did not follow a specific game design. Finally, the search
included the free public access to the developed game. Only 3
of the 34 games were available; the vast majority of articles did
not indicate this aspect or pointed to websites that were not
working. Since one of the great limitations of these studies is
the lack of participants [18], it would be important to disclose
and give access to serious games so psychologists, educators,
or parents could try them. In this way, more data would be
obtained, the game design would be assessed, and the ability
of serious games to raise awareness, prevent, detect, or help
within therapy would increase.
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Evaluation of Serious Games
In this review, the game performance for the participants has
been analyzed. It is highlighted that therapy games are not used
as stand-alone tools because these people are already diagnosed
and need complete treatment. Regarding the support or
debriefing implementation, there is no statistical difference with
respect to other applications. However, since the previous
reviews find a lack of current and conclusive results of the
usefulness of serious games [7,16], it may be better that all
applications are not used as stand-alone tools. Serious games
should serve as an appealing approach within an educational
program for prevention, detection, and awareness of mental
health conditions. Ravyse et al [66] determined in their review
of different game designs that it was better to offer support
through gameplay and perform a debriefing after the game.
Therefore, all serious games should aim to offer this complete
experience for further learning. Age should not matter, as has
been seen in the analysis of the results, although it should be
taken into account that children may need more help than
adolescents.

Looking at the participant groups, prevention, detection, and
awareness games are tested with the largest groups and therapy
games with the smallest. It is a logical consequence of
participant availability for these evaluations because the first 3
applications are usually performed in schools in which many
students can participate. Therapy games, on the other hand, are
played with small groups that have had depression or anxiety
diagnosed.

Following with tools used for evaluation, most studies measure
skills to test if participants improve or symptoms decrease after
playing. These 2 evaluations are the most applied for prevention
and detection since these verify the learning of techniques or if
the game helps to improve their emotional state. Negative
postcollection results would indicate if the user has an emotional
issue that needs to be addressed. However, therapy games only
measure symptoms because these games are used strictly in
populations after diagnosis. In addition, awareness and therapy

applications are the only games that verify serious games are a
useful tool; awareness learning evaluates an immediate change
of judgment, and therapy involves a process evaluated by a
psychologist.

To measure these capacities, questionnaires are the most widely
used tools, especially normalized ones. It is logical that proven
tools are chosen, which also provides the opportunity to compare
the results of a serious game with other nondigital programs.
Even so, this review has not found that the same questionnaire
models are used even if the same symptoms or skills are
measured. As pointed out in previous studies [22], this should
be standardized in the future, allowing for comparison of results
between different game genres, age targets, group numbers,
playing lengths, and even applications. So far, the evaluation
of serious games is so different that a comparison of
effectiveness is not possible. Furthermore, game data are
evaluated in less than half of the studies, a circumstance that
should change. Serious games should be designed to collect
data on player behavior and choices. This would be the most
objective measure, as questionnaires are affected by the
subjectivity of the participant. Last, interviews are a good
method of obtaining data, although many times these cannot be
performed because of the time they take. It will depend on the
researcher’s capacity, but these cases are usually limited to
therapy.

Regarding data comparison, 73% of articles evaluated before
and after playing. This should be the standard to measure any
changes caused by the game playing. Ideally, researchers should
collect all types of data: pre-post with questionnaires or
interviews and during the experience through game data. This
would alleviate one of the problems found in these studies:
missing data that prevent clearer results from being obtained
[23]. At present, most games that measure symptoms already
prefer this pre/during/post comparison. It makes sense that these
are the ones that should most closely measure whether the player
has a mental health condition. Finally, a summary of these trends
and future lines is shown in Table 2.
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Table 2. Summary of trends and future lines of serious games.

Analyzed processes in this serious games review

Implementation

Trends

The majority of games treat both depression and anxiety, with prevention and therapy being the most common applications.

Exclusive games for depression are targeted to adolescence and anxiety games to childhood.

Prevention and therapy games have the widest range of learning: emotional and social skills, meditation, cognitive behavioral therapy, and
anxiety symptom reduction.

Future lines

More awareness and detection games are needed, and the 4 applications should be mixed to increase the effect.

Anxiety and depression should be equally addressed in all age ranges.

There are still no games that test depressive symptoms.

Development

Trends

The most common game genres are arcade minigames, adventure worlds, and social simulations, in this order.

Arcade minigames and adventure worlds can serve most types of learning, while social simulations are more valuable to teach social skills
and stigma reduction.

Therapy games usually use smartphones and prevention games use PC, regardless of the target age.

Most games are played within 1 hour, but prevention and therapy games can be longer.

Future lines

There should be more games for VR to take advantage of the learning capabilities this device offers.

Game design should be standardized to better develop these games.

These serious games should be available to the general public to assess design and development.

Evaluation

Trends

Therapy games are the only ones not used as a stand-alone tool.

Prevention, detection, and awareness games are tested with the largest groups, and therapy games with the smallest.

Most studies measure skills improvement or symptom reduction in participants, commonly using normalized questionnaires.

Most studies collect and compare participant data before and after playing, which should be the standard.

Future lines

Serious games should not be the only tool for the learning and should always offer support and perform a debriefing.

Studies should use standardized questionnaires so the results could be compared between studies.

Games should be developed so playing data could be collected and analyzed to understand participant behavior and learning.

Comparison With Previous Reviews
One of the conclusions find in previous studies is that the
research is limited [17]. The authors of this paper agree with
this statement. This review has focused on finding all serious
games published between 2015 and 2020, with a broad focus
on their application for depression and anxiety in children and
adolescents. The number of studies found was 34, which is not
a large number. Previous reviews have analyzed between 5 and
34 articles but also included commercial games. Although the
results show that more games are being developed each year,
there is still much pending research. Nevertheless, this is a
relatively new research field that largely depends on the
technological advances of recent years. Therefore, it is expected
that this development will be strengthened from now on. There

are more and more free resources and learning tools that can be
applied to research, facilitating workloads.

A lack of standardization of development guidelines has been
encountered too [22]. This paper reaches the same conclusion
by finding that no article followed a game design theory; all
claimed to develop it with a multidisciplinary team. This is not
to say that these experts have not used this theory but shows it
is not standardized to create more games or compare studies.
The review by Vajawat et al [22] affirmed the need for VR
development and the incorporation of artificial intelligence into
games. Our study has only found 3 VR serious games, a
technology that should be studied more for its educational
capabilities. In addition, the more artificial intelligence is applied
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to these games, the better the experiences of children and
adolescents can be measured to obtain gameplay data.

Another issue in this research field is the lack of effectiveness
evaluations [7,16]. This study found that all articles when testing
the serious game found positive results regarding the experience
purpose. However, it was impossible to compare and assess
these outcomes for several reasons. To begin with, these serious
games were dedicated to depression, anxiety, or both conditions,
measuring completely different skills or symptoms with different
evaluation tools. In addition, the participant groups vary too
much in number and conditions to be compared. Because of
this, the same type of evaluation must be used to determine
effectiveness. In addition, many of the articles confirmed the
necessity to do more tests with larger groups taking into account
more external aspects that may affect the results.

Only 3 of the 34 games included in this review obtained slight
differences in their tests with respect to age. These results are
strange since there are games that targeted wide age ranges,
from 8 to 14 years or from 11 to 19 years. These are stages in
which emotional maturation is critical [60]. Therefore, when
therapy techniques are applied or social and emotional skills
are learned, older children should have more success as they
have greater development. The difference between ages should
be one of the future research lines.

Last, there is a claim that serious games are not yet ready for
dissemination as an independent treatment/prevention strategy
[23]. Having already discussed the research issues of limited
studies and lack of standardization in development and
evaluation, the authors of this study agree. Nevertheless, results
are positive and serious games development is experiencing
great advances. In addition, most of these games are developed
in teams with increasing experience, so their applications are
constantly improving. The next few years will be decisive in
implementing serious games such as treatment and prevention
for depression and anxiety in childhood and adolescence.

Conclusions
This review studies 34 serious games published between 2015
and 2020 that target children and adolescents to address
depression and anxiety. Analyzing their applications has shown
a trend that most games are applied on both conditions for
different age ranges. Even so, the exclusive anxiety games focus

on childhood and the exclusive depression games focus on
adolescence. Across all games, most apply prevention, which
is usually played on a PC and tested in the largest groups,
together with detection and awareness games. The second most
used application is therapy, usually on smartphones, not used
as a stand-alone tool, and tested in smaller groups. Prevention
and therapy games tend to require sessions of 1 hour to
complete; longer tests would use a PC. Regarding evaluation,
most tests measure the acquisition of skills or the reduction of
symptoms. The most used evaluation tools are normalized
questionnaires completed before and after playing.

Furthermore, this paper agrees with the conclusions of previous
reviews. This research is still limited, although more games are
being developed and technological development will increase.
A standardized game design theory is needed so all serious
game developments follow comparable guidelines. Evaluation
tools should be standardized to improve effectiveness evaluation,
and studies should use larger groups of participants. Moreover,
there is a lack of learning comparison within the age ranges.
Once these games are tested, they should be accessible to the
public for its benefit and to obtain more data for research.
Resolution of these issues in the coming years will determine
the implementation of serious games as treatment and prevention
tools.

Finally, this review proposes future lines of serious games
development after analyzing the missing applications. More
awareness and detection games are necessary; in addition, the
ideal way to implement these applications would be by mixing
them. Another possible mix of these applications would be with
prevention, and more games addressing prevention and therapy
together are needed. Furthermore, there is a lack of detection
games that measure depressive symptoms. All applications
should be equally distributed by age, especially since awareness
games for children and detection games for adolescents are
missing. Regarding devices, it would be interesting to develop
more games in VR due to its demonstrated capacity for learning
and user behavior measurement. In addition, within game
implementation, it is optimal to offer support to the participants
and perform a debriefing. Last, when evaluating learning,
normalized questionnaires and game data should be used to
compare before, during, and after playing.
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Abstract

Background: The misuse of opioid medications among adolescents is a serious problem in the United States. Serious games
(SGs) are a novel way to promote the safe and responsible management of opioid medications among adolescents, thereby reducing
the number of adolescent opioid misuse cases reported annually.

Objective: This study aimed to examine the effect of the SG MedSMART: Adventures in PharmaCity on adolescents’ opioid
safety knowledge, awareness, behavioral intent, and self-efficacy.

Methods: A nationally representative sample of adolescents aged 12 to 18 years were recruited online through Qualtrics panels
from October to November 2020. Data collection consisted of a pregame survey, 30 minutes of gameplay, and a postgame survey.
The pregame and postgame surveys included 66 items examining the participants’ baseline opioid knowledge, safety, use, and
demographic information. The postgame survey had 25 additional questions regarding the MedSMART game. Gameplay scenarios
included 5 levels intended to mimic adolescents’ daily life while educating the players about appropriate opioid storage and
disposable practices, negative consequences of sharing opioid medications, and the use of Narcan. Survey questions were divided
into 10 categories to represent key concepts and were summarized into concept scores. Differences in concept scores were
described by overall mean (SD) when stratified by gender, race, school, grade, and age. Differences of change in concept score
were analyzed using the Kruskal-Wallis and correlation tests.

Results: A total of 117 responses were analyzed. The results showed significant improvement on all concept scores except for
Narcan knowledge (mean change -0.04, SD 0.29; P=.60) and safe storage (mean change 0.03, SD 0.20; P=.09). Female participants
had greater improvement than males for safe disposal (female mean 0.12, SD 0.25 vs male mean 0.04, SD 0.17; P=.05). Male
participants had higher improvement than female participants for misuse behavior (female mean 0.05, SD 0.28 vs male mean
0.14, SD 0.27; P=.04). Perceived knowledge for participants who had non-White or Hispanic racial backgrounds had higher
improvement than for non-Hispanic White participants (non-White mean 1.10, SD 1.06 vs White mean 0.75, SD 0.91; P=.03).
Older grades were associated with greater improvement in opioid knowledge (correlation coefficient -0.23, 95% CI -0.40 to -0.05;
P=.01). There were 28 (23.9%) participants who played all 5 levels of the game and had better improvement in opioid use
self-efficacy.

Conclusions: Our findings suggest MedSMART: Adventures in PharmaCity can be used as an effective tool to educate adolescents
on the safe and responsible use of prescribed opioid medications. Future testing of the effectiveness of this SG should involve a
randomized controlled trial. Additionally, the feasibility of implementing and disseminating MedSMART: Adventures in
PharmaCity in schools and health care settings such as adolescent health or primary care clinics, emergency departments, and
pharmacies should be investigated.

(JMIR Serious Games 2021;9(4):e33975)   doi:10.2196/33975

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e33975 | p.146https://games.jmir.org/2021/4/e33975
(page number not for citation purposes)

Abraham et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:olufunmilola.abraham@wisc.edu
http://dx.doi.org/10.2196/33975
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

opioids; adolescents; opioid safety; medication safety; opioid knowledge; serious games; naloxone; Narcan; youth; technology;
safety; gaming; addiction; drug; young adult; teenager; survey; awareness

Introduction

Opioid overdose mortality has increased dramatically in the
United States. Over the past 2 decades (1999 to 2019), nearly
500,000 deaths from opioid-related overdoses have been
reported [1]. Moreover, the growth trend for opioid-related
deaths continues to increase over time. Opioid-involved
overdose deaths increased by approximately 136%, from 21,088
deaths in 2010 to 49,860 in 2019—over 6 times the number of
opioid-related overdose deaths in 1999 [2]. Overdose fatalities
are largely driven by heroin use, misuse of synthetic opioids
such as fentanyl, and pain relievers available legally by
prescription, including oxycodone (OxyContin, Percocet, and
Roxicodone), hydrocodone (Vicodin), codeine, morphine, and
tramadol (Ultram) [3]. Due to the considerable increase in opioid
overdoses, the opioid epidemic has been declared a national
public health crisis in the United States [4].

The opioid epidemic affects persons of all ages, genders, and
racial and ethnic groups, with 7.6% of adolescents reporting
opioid misuse in 2019 [4-6]. Although the reasons for adolescent
opioid misuse are complex and vary from person to person, the
existing pain management prescribing practices and the lack of
guidelines for pain management in children are contributing
factors for opioid misuse [7-9]. Currently, the Centers for
Disease Control and Prevention does not have guidelines or
recommendations for pain management in children, nor does it
provide a clear definition for opioid misuse and safety [7,10].
Studies have found 64% of clinicians do not have a standardized
protocol for prescribing pain management medications to
adolescents, less than half of pediatric providers screen their
adolescent patients for substance use, and only 30% offer an
intervention, which is often short-lived [8,9]. Furthermore, the
most recent data on the US pediatric opioid prescribing practices
show almost half of pediatric opioid prescriptions were
categorized as high-risk [11].

Several studies have demonstrated that adolescents have
inadequate knowledge and understanding about opioid use and
safety [12-14]. These studies suggest that adolescents are
well-informed on how to use prescription opioids; however,
they are underinformed of the addictive potential of opioids,
the risks of overdose, and the availability of naloxone (Narcan,
Emergent Operations Ireland) to reverse an opioid overdose
[15,16]. Additionally, many adolescents are not able to correctly
identify which medications are opioids and which are not [13].
It is important to educate adolescents on the safe, appropriate,
and responsible management of opioid medications because
they are in a developmental stage where they can learn about
and implement healthy lifestyle behaviors. Research shows
adolescents can be taught to avoid harmful health-related
behaviors, especially if they are provided with evidence that
correlates dangerous behaviors to potentially dangerous
outcomes [17]. Therefore, beginning opioid safety
communication and education at an early age is critical for

curbing the opioid epidemic, decreasing opioid misuse among
young people, and preventing future opioid-related deaths.

The use of serious games (SGs) is a promising approach for
promoting proper opioid use and safety among adolescents
[14,18-21]. SGs are video games designed not only for
entertainment, but to educate persons on a specific topic or
topics, change an attitude or behavior, or create awareness of a
certain issue [22]. The global SG market was valued at US
$2731 million in 2016 and is expected to reach US $9167
million by 2023 based on the games’ desirability and ability to
improve learning outcomes [23]. Moreover, 70% of people
under the age of 18 regularly play video games in the United
States [23]. Due to the significant number of adolescents who
play video games, and the international acceptance of these
games, utilizing SGs to educate adolescents on opioid use and
safety is highly feasible.

Many SGs have had success in achieving their health-related
educational purposes. The SG Aislados teaches adolescents
skills to prevent drug addiction, sexist behavior, and other
risk-related behaviors [22]. The game has been shown to
improve adolescents’ attitudes and change their behaviors [22].
Additionally, Recovery Warrior 2.0, a motion-activated video
game prototype, which targets relapse prevention for
adolescents, has preliminary data indicating that an SG for
addiction recovery appears to be possible and appropriate for
adolescents [24]. Although several interventions have shown
promise in improving adolescents’ health-related behaviors,
there are limited studies that have examined the effect of an SG
on adolescent’s opioid-safety awareness [20]. This study aimed
to investigate the use of the SG, MedSMART: Adventures in
PharmaCity in improving adolescents’opioid safety knowledge,
awareness, behavioral intent, and self-efficacy.

Methods

Survey Design
Data were collected through a pregame survey, 30 minutes of
gameplay, and a postgame survey; a common method to evaluate
SGs [25]. Pregame and postgame opioid-related survey
questions were adapted from various validated surveys and
scales or created by the investigators [26]. Questions from a
Wisconsin statewide survey collecting perceptions, awareness,
and use of prescription medications in Wisconsin residents were
adapted for adolescent use and assessed the participants’
knowledge of safe prescription opioid storage and disposal
[14,27]. Questions assessing self-efficacy of prescription opioid
use and other learning objectives from the SG were adapted
from the MUSE (Medication Understanding and Use
Self-Efficacy) scale and a survey assessing workplace safety
and health knowledge in adolescents [28,29]. Questions
measuring participants’ knowledge about naloxone (Narcan)
were adapted from the Maryland Opioid Survey Summary
Report [30]. Attention check questions were included in the
pregame and postgame surveys to ensure the participants were
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thoroughly reading survey questions and to prevent straight
lining. All surveys were hosted online through Qualtrics
(Qualtrics LLC), and the data collected were securely stored
through Qualtrics. Surveys were reviewed by Qualtrics staff
and the study team to ensure functionality prior to distribution.
This study was approved by the Institutional Review Board of
University of Wisconsin-Madison.

Pregame Survey
The pregame survey consisted of 66 nonrandomized items, and
59 of the items were used to examine the participants’ baseline
opioid knowledge, knowledge of safety, disposal and misuse,
and the perceived effect an SG may have on opioid safety
awareness. These 59 items consisted of questions with “Yes,”
“No,” and “Don’t know” as answers or a 5-point Likert scale.
Two items were also used as attention check questions to prevent
straight lining by asking the participants to select a specific
option within the 5-point Likert scale. Five demographics
questions were asked to assess the participants’ characteristics,
including race and ethnicity, grade in school, age, gender, and
the number of children under the age of 18 living in their
household. The online survey consisted of 12 pages with up to
10 items on each page. The pregame survey questions are
included in Multimedia Appendix 1.

Postgame Survey
The postgame survey consisted of the same 59-item baseline
opioid-related questions in the pregame survey and 2 attention
check questions, as well as 25 additional questions asking about
the participants’ perspectives on the MedSMART game. The
postgame survey included a question asking the participants if
they had ever been prescribed opioids by a doctor, and questions
asking them to list the opioids they had been prescribed and
any prescribed medications they perceived might be opioids.
Additional personal health information was not collected in the
survey per Qualtrics guidelines for surveys recruiting
participants through their research panels. Response options
included 5-point Likert scale questions, multiple choice
questions, free response questions, and “yes,” “no,” and
“unsure” answers. The online survey consisted of 17 pages with
up to 10 items on each page, and the items were not randomized.
The postgame survey is included in Multimedia Appendix 2.

Intervention
The SG MedSMART: Adventures in PharmaCity was designed
to educate adolescents about safe opioid use and management
as well as enhancing the players' ability to make informed

decisions about proper opioid use in real life. MedSMART:
Adventures in PharmaCity was developed over the course of
several months by a team of researchers, health care personnel,
and game design experts [18]. The key elements of the game
were defined, including goals, levels, mechanics, game flow,
story, and characters. The game was only playable on a
computer or tablet with keyboard access and had simple
commands (all player actions were made using keys “A,” “D,”
“W,” and spacebar). The game engine was built using Unity
(Unity Technologies). The situations presented in the game
were designed to be similar to scenarios adolescents may
encounter in real life. The game provided immediate feedback
to the player if they made a wrong decision, and the player could
only progress in the game if they made the right decision and
followed the correct sequence in the story line. After the
prototype was built, the game was piloted with adolescents and
pharmacy students to examine whether they liked the game,
understood how to use it, and could navigate throughout the
game [18,21]. Their feedback was incorporated into the final
game design used in this study.

MedSMART: Adventures in PharmaCity is a task-guided game
divided into 5 levels. Participants play as “Shan,” the
anthropomorphized sheep, who has been prescribed opioids
after breaking their arm. The player’s objective is to guide Shan
to make the right choices regarding the proper use and care of
opioids. The player navigates through the levels, each covering
different opioid safety topics. Level 1, A Quiet Sunday
Afternoon, is focused on teaching the player about the safe
storage of opioids; the player is taught to lock up medication
in a cabinet, so their friends do not take them (Figure 1). The
second level, Monday Morning Bus Ride, enhances the game
story line by adding a real-life scene about being in pain and
forgetting there was an important assignment due that day
(Figure 2). Level 3, A Persuasive Speech at School, focuses
on teaching the player not to take others pain medication and
the negative consequences of taking someone else’s medications;
even if 2 people are prescribed a pain killer, that does not mean
it is the same kind of medication or dose (Figure 3). Level 4,
Bus Ride Home, focuses on teaching the player not to share
their medication with others, the negative consequences of
sharing medications with others, and what Narcan is used for
(Figure 4). Level 5, Last Minute Chore, shows the player the
correct way to dispose of an opioid medication and why they
should not throw medications away or flush them down the
toilet (Figure 5). The scenarios in each level were intended to
be realistic and relevant to the adolescents’ daily life.
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Figure 1. Screenshot from level 1, A Quiet Sunday Afternoon.

Figure 2. Screenshot from level 2, Monday Morning Bus Ride.
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Figure 3. Screenshots from level 3, A Persuasive Speech at School.
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Figure 4. Screenshots from level 4, Bus Ride Home.
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Figure 5. Screenshot from level 5, Last Minute Chore.

Procedure
From October to November 2020, a nationally representative
(quotas were set for race or ethnicity and gender based on the
US census data) sample of adolescents was recruited via
Qualtrics research panels. Parents of eligible adolescents were
targeted. Eligible participants were adolescents aged 12 to 18
years who lived in the United States and could speak and
understand English. After screening for eligibility, the parents
were provided with a link to the online consent document and
asked to provide consent for their child to participate in the
pregame survey. The child was also provided with an online
assent document and asked to provide assent. The parents were
then directed to the pregame survey for their child to complete
independently. Upon completion of the pregame survey, the
parents of participants received compensation based on their
predetermined agreement with Qualtrics. The parents were then
provided with a link to the online consent document and asked
to consent to their child’s participation in gameplay and a
postgame survey. The children were also provided with a link
to an online assent document and asked to provide assent for
participation. Once consent and assent were confirmed, the
parents received a link with instructions for their child to play
the SG for 30 minutes and complete a postgame survey. Upon
verification of gameplay and completion of the postgame survey,
a US $10 amazon e-gift card was emailed to the parent of the
adolescent for participation. All consent and assent documents
detailed the study activities, time commitment, purpose of study,
principal investigator’s information, and confidentiality and
data security measures.

Data Analysis
Survey questions were divided into 10 categories to represent
key concepts and summarized into concept scores. Pregame and

postgame surveys had Likert scores on a 1 through 5 scale and
knowledge scores on a 0 to 100% scale; changes in concept
scores, from presurvey to postsurvey, were calculated for each
participant and were the primary efficacy outcomes. Concept
score changes were described by overall mean (SD) and were
stratified by gender, race, school, grade, and age. Differences
in concept score changes were analyzed using the
Kruskal-Wallis tests for categorical characteristics and
correlation tests for continuous characteristics. Primary analysis
included participants who accessed the game based on IP
(located within the United States) and satisfied attention checks
for both pregame and postgame surveys. Secondary analyses
aimed to (1) assess the differences between participants included
in primary analysis vs those who did not meet full attention
criteria; and (2) assess the associations between the levels played
and the length of play with concept scores. The participants
who did not meet full attention criteria either did not access the
game or did not self-report playing the game but met other
attention criteria (ie, select “A great deal” when asked). No P
value adjustments were made to account for inflated type 1 error
rate. Significance was assessed at the α=.05 level. All
statistical analyses were performed using R statistical software,
version 4.0.5 (The R Foundation).

Results

There were 117 participants who met full attention criteria on
pregame and postgame surveys and accessed the game. Of these
participants, 55.4% (n=59) identified as male, 48.72% (n=57)
identified as White, and the mean age was 14.62 (SD 1.62). The
characteristics are shown in Table 1.
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Table 1. Participant demographic characteristics.

ValuesCharacteristics

Grade, n (%)

20 (17)7

19 (16)8

23 (20)9

21 (18)10

22 (19)11

12 (10)12

14.62 (1.62)Age (years), mean (SD)

Gender,a n (%)

57 (48.7)Female

59 (50.4)Male

1 (0.9)Nonbinary

Race or ethnicity,b n (%)

57 (48.72)White or Caucasian

23 (19.66)Black or African American

6 (5.13)Hispanic or Latinx

6 (5.13)Asian

1 (0.85)American Indian or Alaskan Native

0 (0)Native Hawaiian or other Pacific Islander

24 (20.51)More than one selected

0 (0)Other, please specify

aThree options were presented to the participants to select for their gender: “Male,” “Female,” and “Other.”
bIf participants only selected one category, that was their defined race; all other combinations of selections were defined as “Other.”

These participants significantly improved on all concept scores
except for Narcan knowledge (mean change -0.04, SD 0.29;
P=.60) and safe storage (mean change 0.03, SD 0.20; P=.09)
(Table 2). Female participants had greater improvement than
males for safe disposal (female mean 0.12, SD 0.25 vs male
mean 0.04, SD 0.17; P=.05) but not for misuse behavior (female
mean 0.05, SD 0.28 vs male mean 0.14, SD 0.27; P=.04).

Perceived knowledge for participants who did not identify as
White or were Hispanic had greater improvements than White
participants (non-White mean 1.10, SD 1.06 vs White mean
0.75, SD 0.91; P=.03). Older grades were associated with greater
improvements in opioid knowledge (correlation coefficient
-0.23, 95% CI -0.40 to -0.05; P=.01). No other associations
were significant.
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Table 2. Concept scores among participants.

Misuse
behav-
ior

Narcan
knowl-
edge

Opioid
knowl-
edge

Safe dis-
posal

Safe stor-
age

Behavioral
intent

Misuse
harm

Perceived
knowledge

Self-effica-
cy: opioid
safety

Self-effica-

cy: MUSEa
Characteristics

Overall

11745117117117117117117117117N

0.09
(0.28)

-0.04
(0.29)

0.06
(0.16)

0.08
(0.22)

0.03
(0.20)

0.25 (0.62)0.22 (0.94)0.93 (1.00)0.39 (0.71)0.28 (0.60)Mean (SD)

<.001.6<.001<.001.09<.001.01<.001<.001<.001Kruskal-Wallis P
value

Gender

0.05
(0.28)

0.00
(0.35)

0.06
(0.16)

0.12
(0.25)

0.02
(0.22)

0.33 (0.59)0.15 (0.72)1.14 (0.97)0.37 (0.70)0.35 (0.67)Female, mean
(SD)

0.14
(0.27)

-0.06
(0.25)

0.05
(0.16)

0.04
(0.17)

0.04
(0.17)

0.19 (0.65)0.27 (1.11)0.74 (1.00)0.39 (0.74)0.21 (0.51)Male, mean (SD)

.04.32.88.05.21.33.37.07.99.42Kruskal-Wallis P
value

Race (grouping 1)

0.10
(0.27)

-0.10
(0.30)

0.03
(0.13)

0.05
(0.18)

0.02
(0.14)

0.23 (0.66)0.20 (0.84)0.75 (0.91)0.30 (0.65)0.23 (0.41)White or Cau-
casian, mean
(SD)

0.01
(0.18)

0.15
(0.24)

0.07
(0.22)

0.12
(0.26)

0.02
(0.24)

0.12 (0.65)0.15 (1.02)0.76 (0.90)0.20 (0.80)0.27 (0.75)Black or African
American, mean
(SD)

0.18
(0.34)

-0.11
(0.17)

0.09
(0.15)

0.10
(0.19)

0.11
(0.29)

0.40 (0.59)0.29 (1.08)1.27 (1.22)0.58 (0.82)0.25 (0.61)Hispanic or Lat-
inx, mean (SD)

0.05
(0.33)

0.17
(0.24)

0.12
(0.18)

0.10
(0.32)

-0.02
(0.07)

0.30 (0.47)0.30 (1.00)1.37 (0.95)0.71 (0.45)0.54 (0.89)Other or missing,
mean (SD)

.38.04.23.58.36.72.78.02.04.76Kruskal-Wallis P
value

Race (grouping 2)b

0.10
(0.27)

-0.10
(0.30)

0.03
(0.13)

0.05
(0.18)

0.02
(0.14)

0.23 (0.66)0.20 (0.84)0.75 (0.91)0.30 (0.65)0.23 (0.41)White or Cau-
casian, mean
(SD)

0.09
(0.29)

0.06
(0.24)

0.09
(0.18)

0.11
(0.25)

0.05
(0.24)

0.27 (0.59)0.24 (1.03)1.10 (1.06)0.47 (0.76)0.33 (0.73)Non-White, mean
(SD)

.80.12.26.23.73.63.42.03.21.73Kruskal-Wallis P
value

School

0.12
(0.27)

-0.06
(0.30)

0.04
(0.14)

0.06
(0.19)

0.03
(0.21)

0.23 (0.68)0.19 (0.80)0.86 (0.94)0.34 (0.68)0.26 (0.56)High school,
mean (SD)

0.03
(0.28)

0.03
(0.25)

0.10
(0.19)

0.13
(0.26)

0.03
(0.17)

0.30 (0.49)0.27 (1.17)1.07 (1.11)0.48 (0.78)0.31 (0.67)Middle school,
mean (SD)

.15.39.34.06.77.45.51.23.21.42Kruskal-Wallis P
value

Grade

0.12-0.1-0.23-0.180-0.09-0.08-0.17-0.14-0.17Correlation coeffi-
cient

-0.06 to
0.30

-0.38 to
0.20

-0.40 to -
0.05

-0.35 to
0.00

-0.18 to
0.18

-0.26 to
0.10

-0.25 to
0.11

-0.34 to
0.02

-0.31 to
0.05

-0.34 to
0.02

95% CI

.18.52.01.06.98.35.41.07.15.07Pearson's correla-
tion P value
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Misuse
behav-
ior

Narcan
knowl-
edge

Opioid
knowl-
edge

Safe dis-
posal

Safe stor-
age

Behavioral
intent

Misuse
harm

Perceived
knowledge

Self-effica-
cy: opioid
safety

Self-effica-

cy: MUSEa
Characteristics

Age

0.1-0.15-0.18-0.150-0.06-0.07-0.16-0.12-0.15Correlation coeffi-
cient

-0.08 to
0.28

-0.42 to
0.15

-0.35 to
0.00

-0.32 to
0.03

-0.18 to
0.19

-0.24 to
0.12

-0.25 to
0.11

-0.33 to
0.03

-0.29 to
0.07

-0.32 to
0.03

95% CI

.27.34.05.11.96.52.44.09.22.11Pearson's correla-
tion P value

aMUSE: Medication Understanding and Use Self-Efficacy.
bRace grouping 2 examines participants who selected “White” as one category and every other option as “non-White.”

Of the 117 participants who played the game, 28 (23.9%) played
all 5 levels. The participants who partially completed the game
played an average of 2.42 (SD 1.18) levels (Table 3). Compared
with the participants who partially completed the game,
completers had a worse change in Narcan knowledge (mean
-0.10, SD 0.16) than noncompleters (mean 0.05, SD 0.21; P=.04)

but better improvement in self-efficacy: opioid safety
(completers mean 0.74, SD 0.73 vs noncompleters mean 0.30,
SD 0.73; P=.01). Completers also had a longer length of play
(completers mean 26.94, SD 8.16 minutes vs noncompleters
mean 17.41, SD 13.16 minutes; P<.001).
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Table 3. Examining the differences between the participants who played all 5 levels of the game and those who did not.

P valuePlayed all 5 levelsNoncompletesVariables

—a2867n

.880.26 (0.54)0.24 (0.61)Behavioral intent, mean (SD)

.390.11 (0.28)0.10 (0.28)Misuse behavior, mean (SD)

.320.04 (0.19)0.10 (0.35)Misuse behavior 2, mean (SD)b

.900.21 (0.78)0.22 (1.04)Misuse harm, mean (SD)

.04-0.10 (0.16)0.05 (0.21)Narcan knowledge, mean (SD)

.200.21 (0.42)0.09 (0.42)Opioid knowledge: harming teens, mean (SD)c

.680.05 (0.16)0.07 (0.15)Opioid knowledge, mean (SD)

.431.04 (0.98)0.84 (1.00)Perceived knowledge, mean (SD)

.930.06 (0.15)0.10 (0.22)Safe disposal, mean (SD)

.660.03 (0.20)0.02 (0.13)Safe storage, mean (SD)

.010.74 (0.73)0.30 (0.73)Self-efficacy: opioid safety, mean (SD)

.580.35 (0.66)0.26 (0.55)Self-efficacy: MUSE,d mean (SD)

<.00126.94 (8.16)17.41 (13.16)Length of play, mean (SD)

——2.42 (1.18)Number of levels played, mean (SD)

.32Gender, n (%)

—11 (39.3)36 (53.7)Female

—17 (60.7)30 (44.8)Male

—0 (0.0)1 (1.5)Nonbinary

.6814.54 (1.62)14.36 (1.60)Age, mean (SD)

.14Race (grouping 1), n (%)

—13 (46.4)29 (43.3)A: White or Caucasian

—4 (14.3)17 (25.4)B: Black or African American

—4 (14.3)15 (22.4)C: Hispanic or Latinx

—7 (25.0)6 (9.0)D: Other or missing

.7815 (53.6)38 (56.7)Race (grouping 2) = B: non-White, n (%)e

aNot applicable.
bIndividual question asking, “Is it okay to take someone else's opioid medication if you have had the same prescription in the past?”
cIndividual question asking, “Is the opioid crisis harming teenagers in the United States?”
dMUSE: Medication Understanding and Use Self-Efficacy.
eRace grouping 2 examines participants who selected “White” as one category and every other option as “non-White.”

There were 39 (33%) participants who met full attention criteria
on the pregame and postgame surveys but either did not access
the game or reported playing the wrong game in the postgame
survey. Compared to those who played the game, the participants
who did not meet the criteria had worse changes in perceived
knowledge (P=.05); self-efficacy: opioid safety (P=.05);
self-efficacy: MUSE (P=.01); and when asked the question, “Is
it okay to take someone else's opioid medication if you have

had the same prescription in the past?” (P=.01) (Table 4).
Additionally, those who attempted the game but reported playing
the wrong game had lower length of play (poor attention mean
7.02, SD 10.23 minutes vs full attention with game mean 20.22,
SD 12.64; P=.04) and played fewer levels (poor attention mean
1, no SD vs full attention with game mean 3.18, SD 1.54;
P=.01).
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Table 4. Examining the differences among participants who accessed the game and had good attention vs those who did not access the game and had
poor attention.

P valueGood attention, accessed gamePoor attention, did not access gameVariables

—a11739n

.250.25 (0.62)0.17 (0.75)Behavioral intent, mean (SD)

.390.09 (0.28)0.05 (0.31)Misuse behavior, mean (SD)

.010.09 (0.32)-0.08 (0.35)Misuse behavior 2, mean (SD)b

.100.22 (0.94)-0.04 (0.82)Misuse harm, mean (SD)

.44-0.04 (0.29)0.05 (0.28)Narcan knowledge, mean (SD)

.990.13 (0.41)0.13 (0.41)Opioid knowledge: harming teens, mean (SD)c

.870.06 (0.16)0.09 (0.21)Opioid knowledge, mean (SD)

.050.93 (1.00)0.52 (1.13)Perceived knowledge, mean (SD)

.950.08 (0.22)0.09 (0.22)Safe disposal, mean (SD)

.160.03 (0.20)0.05 (0.15)Safe storage, mean (SD)

.050.39 (0.71)0.14 (0.71)Self-efficacy: opioid safety, mean (SD)

.010.28 (0.60)-0.03 (0.81)Self-efficacy: MUSE,d mean (SD)

.0420.22 (12.64)7.02 (10.23)Length of play, mean (SD)

.013.18 (1.54)1.00 (0.00)Number of levels played, mean (SD)

.42Gender, n (%)

—57 (48.7)15 (38.5)Female

—59 (50.4)23 (59.0)Male

—1 (0.9)1 (2.6)Nonbinary

.3214.62 (1.62)14.90 (1.48)Age, mean (SD)

.07Race (grouping 1), n (%)

—57 (48.7)26 (66.7)A: White or Caucasian

—23 (19.7)8 (20.5)B: Black or African American

—23 (19.7)5 (12.8)C: Hispanic or Latinx

—14 (12.0)0 (0.0)D: Other or missing

.0560 (51.3)13 (33.3)Race (grouping 2) = B: non-White, n (%)e

aNot applicable.
bIndividual questions asking, “Is it okay to take someone else's opioid medication if you have had the same prescription in the past?”
cIndividual questions asking, “Is the opioid crisis harming teenagers in the United States?”
dMUSE: Medication Understanding and Use Self-Efficacy.
eRace grouping 2 examines participants who selected “White” as one category and every other option as “non-White.”

There were 13 (11%) participants who failed level 3 but
succeeded in level 4, indicating they learned not to share
medications with others. These players had longer length of
play (mean 27.11, SD 9.56), played more levels (mean 4.38,

SD 0.87), and displayed more opioid misuse behaviors during
gameplay (mean 3.77, SD 1.88) than all other players (Table
5).
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Table 5. Players who learned not to share meds vs players with all other patterns.

P valueFailure in level 3, success in level 4All other patternsVariables

—a13104n

.380.13 (0.42)0.27 (0.64)Behavioral intent, mean (SD)

.690.03 (0.21)0.10 (0.29)Misuse behavior, mean (SD)

.830.08 (0.28)0.10 (0.33)Misuse behavior 2, mean (SD)b

.130.55 (1.50)0.18 (0.84)Misuse harm, mean (SD)

.47-0.08 (0.17)-0.03 (0.30)Narcan knowledge, mean (SD)

.830.15 (0.38)0.12 (0.41)Opioid knowledge: harming teens, mean (SD)c

.250.14 (0.25)0.05 (0.14)Opioid knowledge, mean (SD)

.641.08 (1.04)0.91 (1.00)Perceived knowledge, mean (SD)

.350.12 (0.26)0.08 (0.21)Safe disposal, mean (SD)

.720.00 (0.10)0.04 (0.20)Safe storage, mean (SD)

.050.73 (0.74)0.34 (0.70)Self-efficacy: opioid safety, mean (SD)

.890.33 (0.84)0.27 (0.56)Self-efficacy: MUSE,d mean (SD)

.0227.11 (9.55)19.13 (12.77)Length of play, mean (SD)

.0024.38 (0.87)2.99 (1.54)Number of levels played, mean (SD)

.033.77 (1.88)2.38 (2.36)Opioid failures, mean (SD)e

.88Gender, n (%)

—7 (53.8)50 (48.1)Female

—6 (46.2)53 (51.0)Male

—0 (0.0)1 (1.0)Nonbinary

.1914.08 (1.55)14.69 (1.62)Age, mean (SD)

.54Race (grouping 1), n (%)

—6 (46.2)51 (49.0)A: White or Caucasian

—4 (30.8)19 (18.3)B: Black or African American

—1 (7.7)22 (21.2)C: Hispanic or Latinx

—2 (15.4)12 (11.5)D: Other or missing

.847 (53.8)53 (51.0)Race (grouping 2) = B: non-White, n (%)f

aNot applicable.
bIndividual question asking, “Is it okay to take someone else's opioid medication if you have had the same prescription in the past?”
cIndividual question asking, “Is the opioid crisis harming teenagers in the United States?”
dMUSE: Medication Understanding and Use Self-Efficacy.
ePlayers failed the level due to an opioid misuse behavior (failure to lock up opioids, sharing opioids, etc) vs a non–opioid-related failure (failure to get
a hall pass, forgetting notes, etc).
fRace grouping 2 examines participants who selected “White” as one category and every other option as “non-White.”

Discussion

Principal Findings
This paper describes the use of an SG designed to educate
adolescents on opioid safety. The game was evaluated in terms
of impact on the players’ pregame and post survey results for
self-efficacy, perceived knowledge, misuse harm and behavior,
behavioral intent, safe storage and disposal, opioid knowledge,
and Narcan knowledge. The results indicate significant
improvement in all areas except for Narcan knowledge and safe

storage. However, not all remaining improvements were still
significant when compared to a self-selecting control group of
participants who either did not play the game or reported playing
the wrong game. Those who accessed the game had better
improvement in misuse behavior, perceived knowledge, and
self-efficacy. Thus, the findings from this study suggest the
potential effectiveness of the SG, MedSMART: Adventures in
PharmaCity on improving opioid medication safety awareness
among adolescents.
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The findings from this study revealed female participants had
better improvement for safe disposal, but males had greater
improvement for misuse behavior. The participants who were
non-White or Hispanic had higher improvements in perceived
knowledge than White participants, and older participants were
associated with greater improvements in opioid knowledge.
There are limited studies that examine why these differences
exist amongst gender, race, and age [31,32]. Those that examine
these differences typically only study adults and may not apply
a pre-post survey study design [33]. Racial and ethnic disparities
in pain management are well documented in literature and may
contribute to these differences as well [34-38]. Studies show
that not only are non-White patients less likely to receive opioid
prescriptions for certain conditions, but also that disparities
exist in access to specialized care, such as mental health,
addiction, or pain specialists [34-38]. Data from this study and
current literature suggest that research focused on these aspects
is warranted in the adolescent population.

Implications
Studies have indicated that SGs possess the potential for
increasing students’ learning, motivation, and engagement as
well as the ability to develop their minds and improve their
learning efficiency [39-41]. Additionally, the Pediatric Pharmacy
Advocacy Group recommends pharmacists educate adolescents
about the proper administration, storage, and disposal of opioids
[42]. Current literature suggests that reducing opioid prescribing
by health care professionals, specifically dentists and surgeons,
could substantially lower prescription opioid exposure in
adolescents [11]. There is a need for initiatives that target
high-volume prescribers and provide medication safety
education for the patients.

An opportunity exists to implement MedSMART: Adventures
in PharmaCity in multiple settings: (1) a school setting where
students can play the game in a health course or a similar setting;
(2) a doctor’s office where the adolescent is being prescribed
the opioid and could play the game in the waiting room; and
(3) at the pharmacy where the adolescent is picking up their
opioid prescription. The addition of an SG in any of these
settings may help proactively curb opioid misuse in adolescents.

Limitations
This single-arm study did not have a randomized
researcher-blinded control group. Although the participants who

did not play the game or who reported playing the wrong game
were compared to those who did play the game (Table 4), this
was a self-selecting control group and not randomized. Efficacy
outcomes relied on self-completion questionnaires, which may
have been affected by participant dishonesty and reporting bias.

Additionally, although the sample demographics were similar
to those of the US demographics, the majority of the participants
were White. Thus, generalizability of study findings may be
somewhat limited, as there are racial and ethnic differences in
access to prescription opioids and pain management.

The participants could not ask for assistance navigating the
game or clarification on survey questions because they were
not monitored by research staff during data collection.
Moreover, the participants’ attentiveness during gameplay was
not observed. The study design relied on trusting the parent to
not influence their child’s survey responses or gameplay. To
ensure accuracy, future designs should confirm that adolescents
are taking the surveys and playing the game and that parents
are not affecting the responses. A focus group or interview could
also be incorporated to a study’s design to understand what
players learned from the game or to identify potential game
improvements.

Conclusion
Health messaging surrounding opioid safety requires novel and
engaging strategies to be effective in increasing knowledge,
changing behavior, and preventing prescription opioid misuse.
The SG MedSMART: Adventures in PharmaCity was designed
to engage adolescents in real-life scenarios and provide them
with the information needed to correctly use opioids. The
findings from this study show that the SG significantly improved
all concept scores except for Narcan knowledge and safe storage.
Future research should examine how the game can improve
adolescents’ understanding for safe opioid storage and the use
of Narcan. MedSMART: Adventures in PharmaCity could be
a useful and effective tool for preventive opioid misuse
intervention programs and should replicate this study using a
randomized controlled trial with a prepost survey study design.
Further research is needed to assess potential benefits of
dissemination and implementation of the game in health care
or school settings.
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Abstract

Background: The decline in performance of older people includes balance function, physical function, and fear of falling and
depression. General cognitive function decline is described in terms of processing speed, working memory, attention, and executive
functioning, and video game interventions may be effective.

Objective: This study evaluates the effect of video game interventions on performance and cognitive function in older participants
in terms of 6 indicators: balance function, executive function, general cognitive function, physical function, processing speed,
and fear of falling and depression.

Methods: Electronic databases were searched for studies from inception to June 30, 2020. Randomized controlled trials and
case-controlled trials comparing video game interventions versus nonvideo game control in terms of performance and cognitive
function outcomes were incorporated into a Bayesian network meta-analysis. All data were continuous variables.

Results: In total, 47 studies (3244 participants) were included. In pairwise meta-analysis, compared with nonvideo game control,
video game interventions improved processing speed, general cognitive function, and depression scores. In the Bayesian network
meta-analysis, interventions with video games improved balance function time (standardized mean difference [SMD] –3.34, 95%
credible interval [CrI] –5.54 to –2.56), the cognitive function score (SMD 1.23, 95% CrI 0.82-1.86), processing speed time (SMD
–0.29, 95% CrI –0.49 to –0.08), and processing speed number (SMD 0.72, 95% CrI 0.36-1.09), similar to the pairwise meta-analysis.
Interventions with video games with strong visual senses and good interactivity ranked first, and these might be more beneficial
for the elderly.

Conclusions: Our comprehensive Bayesian network meta-analysis provides evidence that video game interventions could be
considered for the elderly for improving performance and cognitive function, especially general cognitive scores and processing
speed. Games with better interactivity and visual stimulation have better curative effects. Based on the available evidence, we
recommend video game interventions for the elderly.

Trial Registration: PROSPERO CRD42020197158; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=197158

(JMIR Serious Games 2021;9(4):e27058)   doi:10.2196/27058
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Introduction

Background
Since the mid-20th century, with steady improvements in living
standards and the growing affluence of global societies, greater
longevity has led to great concern over the decline in
performance and cognitive abilities that accompanies normal
and neuropathological aging [1]. The decline in performance
includes balance function, physical function, and fear of falling
and depression. General cognitive function decline is described
in terms of processing speed, working memory, attention, and
executive functioning [2-5]. These demographic changes and
neurological aging compromise the sustainability of health care
systems, with more health care resources needed to care for the
aging population [6]. Therefore, it is essential to propose feasible
and acceptable interventions to promote active aging, intended
to preserve and optimize opportunities for health, participation,
and security in order to enhance the quality of life as people
age.

Objective
With the rapid development of computer technology and the
video game industry, game types and game experience have
greatly improved. A video game is any game played on a digital
device, encompassing a wide range of interfaces, including
web-based programs and apps for mobile devices [7]. Exergames
are video games that require physical activity and movement
when played [8]. Video games are promising and adaptable
cognitive training tools in the active aging process that can help
stave off the negative effects of aging in performance and
cognitive function. Moreover, video games are inexpensive and
interesting and can be employed in hospitals as well as in the
community [9]. Furthermore, older adults are now more digitally
connected than ever, and most older people aged 65 years or
more have a computer with an internet connection [10].
Therefore, the use and implementation of video game
interventions are high.

Although off-the-shelf video games were not developed for
serious purposes or these specific interventions, many studies
have determined that video game interventions may benefit the
elderly in terms of serious purposes, including cognitive
function, fall prevention, and other benefits [1,11,12]. No
previous systematic review has provided a comprehensive
overview with meta-regression and Bayesian network
meta-analysis evaluating which type of video game intervention
has the best effect on performance and cognitive function.

Methods

This systematic review conformed to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
and the PRISMA extension statement for network meta-analysis
[13,14]. We registered the protocol for this Bayesian network
meta-analysis with the International Prospective Register of
Systematic Reviews (PROSPERO; CRD42020197158) [15].

Search Strategy and Selection Criteria
We conducted systematic literature searches of PubMed,
EMBASE, and the Cochrane Library from their inception to
June 30, 2020. The MeSH search terms were as follows in the
full-text search: “active video game,” “active game,” “older
adults,” and “elderly.” We included both randomized controlled
trials (RCTs) and case-controlled trials (CCTs) that met the
following criteria: participants were older adults (aged ≥60
years) without dementia; the interventions were all kinds of
active video games (such as those on Xbox 360 or Nintendo
Wii, computer-based games, virtual reality–based games), which
means that the participants perform the video game intervention
in an active state rather than a static state, and the whole body
needs to be involved in the video games; and controls included
exercise, puzzle games, visual stimulation, and no game play,
which means that even patients who play games are still in a
static state. The above declared the difference between the
intervention group and the control group in order to study the
effect of active video games in the intervention group.
Comparisons of interventions with video games versus nonvideo
game control were made with reported outcomes of performance
and cognitive function.

Outcome Assessment
We assessed the effectiveness of 6 performance and cognitive
outcomes by comparing the intervention group and the control
group at the final point. The first outcome was balance function,
tested using the Berg Balance Scale (BBS), balance test time
(s), and balance test speed (m/s). The second outcome was
executive function, tested using performance on the trail-making
test B (TMT-B, s), delta (s), Stroop word (s), attention, working
memory, and the Corsi block test. The third outcome was related
to general cognition, tested using the Mini-Mental State Exam
(MMSE; score) and the Montreal Cognitive Assessment (MoCA;
score). Physical function was the fourth outcome, tested using
everyday function and function tests (s and cm). The fifth
outcome was processing speed tested using the TMT-A (s) and
processing speed (number). The final outcomes were the fear
of falling and depression, tested using the Efficacy Scale
International (score) and the Geriatric Depression Scale (score).
All these outcomes were continuous data.

Data Extraction and Quality Assessment
Two investigators (CY and XH) independently conducted the
electronic literature search. The reference lists of relevant
publications were also checked, and no language restrictions
were set. These 2 researchers evaluated eligible titles, abstracts,
and full texts, and disagreements between them were resolved
by discussion with a third researcher (author YZ [Yingshi
Zhang] or PC). A preset table was designed to extract details
of potentially relevant papers, including the first author,
publishing year, study type, region, sample size, gender, age,
body mass index (BMI), education year, MMSE score, video
game type, frequency, period, follow-up, control type, other
associated diseases, and community or hospital. Two
investigators (authors CY and EJ) extracted all continuous data
independently onto a Microsoft Excel spreadsheet. The quality
of the included RCTs was evaluated according to Cochrane
Collaboration’s tool for assessing the risk of bias [16], and the
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quality of the included CCTs was assessed using the
Newcastle-Ottawa Scale (NOS) score [17]. We also used the
Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) scale [18] to evaluate the quality of
outcomes. Disagreements were resolved by a third researcher
(YZ [Yingshi Zhang] or PC).

Data Synthesis and Statistical Analysis
We applied standardized mean differences (SMDs) and 95%
CIs to summarize the 6 outcomes from pairwise meta-analysis.
To determine the efficacy of video game intervention versus
nonvideo game control, we performed subgroup analysis and
meta-regression of various intervention types (ie, Nintendo Wii,
Xbox 360, and other video games), types of activity control
activities (eg, physical activity, visual stimulation, puzzle games,
and no game play), and periods (0-4 weeks, 4-8 weeks, 8-12
weeks, and more than 12 weeks). To determine the heterogeneity

among our included studies, P≤.05 or I2>50% indicated
heterogeneity in the outcome. P<.10 revealed that a grouping
method was a source of heterogeneity. The random effects
model was used to ensure the accuracy of the summarized data.
Publication bias was assessed using the Begg and Egger tests,
where P≤.05 indicated the existence of publication bias [19,20].

We performed a Bayesian random effects network meta-analysis
composed of 4 chains with 100,000 iterations after an initial
burnin of 10,000 and a thinning of 2.5 in order to determine the
most suitable video game intervention. We calculated the SMDs

and corresponding 95% credible intervals (CrIs), and the mean
rank and surface under the cumulative ranking curve (SUCRA)
values were produced from network meta-analysis estimates
with a consistent model. We also produced comparison-adjusted
funnel plots to explore publication bias from network
meta-analysis. All the aforementioned analyses were performed
using StataMP, version 14.0 (StataCorp) and WinBUGS, version
1.4.3 (MRC Biostatistics Unit and Imperial College School of
Medicine).

Results

Description of Included Studies
Figure 1 shows details of the selection process. The search
strategy generated 820 citations in total. After duplication
removal and preliminary screening, 122 potentially publications
were scrutinized for eligibility. Finally, we identified 47 original
studies [21-66] that met the inclusion criteria. Only 1 (2.1%)
of them was a CCT, and the remaining 46 (97.9%) were RCTs.
Overall, 1651 of 3244 (50.9%) participants were assigned to
the intervention group and the remaining 1593 (49.1%) were
assigned to the control group. The sample sizes ranged from 12
to 977 (Table 1 and Multimedia Appendix 1). Baseline
characteristics were balanced except that the intervention group
was notably older (Table 2). Risk-of-bias assessment was
performed for each RCT and CCT, and all included studies had
acceptable quality (Multimedia Appendices 2 and 3).

Figure 1. Study selection flowchart.
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Table 1. Summarized baseline characteristics of included studies.

Sample size (I/C)aStudy typeSource, yearControl type

Intervention type: Xbox 360

25/25RCTbRica et al, 2020 [21]No game play

30/22RCTSápi et al, 2019 [29]No game play

28/26RCTSato et al, 2015 [51]No game play

20/18RCTAmjad et al, 2019 [22]Normal exercises of upper and lower limbs

30/23RCTSápi et al, 2019 [29]Adventures and sports

23/23RCTBacha et al, 2018 [32]Conventional physical therapy

48/42RCTKarahan et al, 2015 [49]Home exercise group

Intervention type: Nintendo Wii

7/5CCTGatica-Rojas et al, 2019 [25]Tai chi chuan

49/53RCTLi et al, 2018 [34]Traditional exercise

508/469RCTMontero-Alía et al, 2019 [27]No game play

30/30RCTZadro et al, 2019 [31]No game play

15/15RCTGomes et al, 2018 [33]No game play

11/10RCTFranco et al, 2012 [59]No game play

15/15RCTMaillot et al, 2012 [60]No game play

18/18RCTSingh et al, 2012 [64]No game play

21/19RCTLee et al, 2017 [37]Fall prevention education

10/9RCTMonteiro-Junior et al, 2017 [38]Same movements

40/40RCTKwok et al, 2016 [42]Gym exercise class

28/30RCTJorgensen et al, 2013 [55]Ethylene vinyl acetate copolymer insoles

18/18RCTSingh et al, 2013 [57]Therapeutic balance exercise group

8/8RCTDaniel et al, 2012 [58]Seated exercise group

8/7RCTDaniel et al, 2012 [58]Physical activity

11/11RCTFranco et al, 2012 [59]Completed exercises

Intervention type: video game training

17/19RCTBelchior et al, 2019 [23]Insight process-based intervention

17/18RCTBelchior et al, 2019 [23]No game play

20/15RCTSosa et al, 2019 [30]No game play

14/15RCTOrdnung et al, 2017 [39]No game play

19/20RCTToril et al, 2016 [45]No game play

47/43RCTSchoene et al, 2015 [56]No game play

14/13RCTBelchior et al, 2013 [54]No game play

11/11RCTPichierri et al, 2012 [62]No game play

30/25RCTSzelag et al, 2018 [35]Simulation strategy games

56+33/50RCTBuitenweg et al, 2017 [36]Visual stimulation

30/30RCTSouders et al, 2017 [40]Common puzzle games

19/14RCTEggenberger et al, 2016 [41]Balance and stretching training

13/14RCTSchättin et al, 2016 [44]Balance and stretching training

36/36RCTNouchi et al, 2016 [43]Knowledge quiz training game

53/19RCTvan Muijden et al, 2012 [65]Knowledge quiz training game
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Sample size (I/C)aStudy typeSource, yearControl type

78/75RCTGschwind et al, 2015 [48]Education booklet

14/14RCTKim et al, 2015 [50]Community center–based activities

40/42RCTWhyatt et al, 2015 [53]Physical activity

14/15RCTBelchior et al, 2013 [54]Placebo training condition

14/14RCTNouchi et al, 2012 [61]Placebo training condition

15/17RCTSchoene et al, 2013 [56]Usual activities

Intervention type: computer-based games

25/19RCTFaust et al, 2019 [24]No game play

12/11RCTPerrot et al, 2019 [28]No game play

12/12RCTPerrot et al, 2019 [28]Kawashima brain training

17/13RCTBallesteros et al, 2014 [35]Met researchers

13/14RCTSzturm et al, 2011 [66]Typical rehabilitation program

Intervention type: virtual reality–based games

18/16RCTLiao et al, 2019 [26]Combined physical and cognitive training

7/11RCTYeşilyaprak et al, 2016 [46]Conventional exercise

24/22RCTEggenberger et al, 2015 [47]Treadmill memory training

24/25RCTEggenberger et al, 2015 [47]Treadmill walking

20/20RCTRendon et al, 2012 [63]No game play

aI: intervention group; C: control group.
bRCT: randomized controlled trial.

Table 2. Balance status of baseline characteristics (italics indicate a significant difference).

Baseline balancedI2 (%)P valueSMDa/ORb (95% CI)Baseline indicator

No87.1<.0010.236 (0.018-0.454)Age

Yes2.9.420.939 (0.757-1.163)Gender

Yes62.6<.001–0.113 (–0.311 to 0.084)Body mass index

Yes19.1.240.026 (–0.161 to 0.213)Education

Yes25.2.190.023 (–0.172 to 0.217)Mini-Mental State Exam

aSMD: standardized mean difference.
bOR: odds ratio.

Outcomes of Pairwise Meta-analysis
For the outcomes of balance function, we first compared balance
scores (BBS, etc) pre- and postintervention. No significant
differences were found overall and in subgroups by intervention
and control types. Significant differences were only found at
8-12 weeks. Substantial heterogeneity was found overall and
in all subgroups. The source of heterogeneity was not
determined from meta-regression, and publication bias was
occasionally found. For the balance test time (s), no significant
differences were found overall and in all subgroup
meta-analyses, with frequent substantial heterogeneity and no
publication bias. In balance test speed (m/s) assessment,
significant differences were found only for no game play as the
control type (odds ratio [OR] 0.611, 95% CI 0.048-1.175). These
findings suggest that video game interventions may improve

balance in the elderly (Table 3); however, the most suitable
intervention has not yet been determined.

For assessment of executive function, we first evaluated the
results of the TMT-B (s). No significant differences were found
in all subgroups, with frequent substantial heterogeneity.
Second, no significant difference was found in the outcome of
delta (s). Similarly, no significant differences were found in the
subgroup and overall outcomes of the Stroop word test (s), with
substantial heterogeneity. When we evaluated the attention in
video games compared with nonvideo games, significant
differences were found only in the period of more than 12
weeks, with only 1 original study. In the evaluation of working
memory, significant differences were detected for overall
outcomes (OR=1.034, 95% CI 0.305-1.763), other video games
as the intervention type (OR=1.076, 95% CI 0.295-1.858), no
game play as the control type (OR 1.023, 95% CI 0.133-1.914),
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and 4-8 weeks as the intervention period (OR 1.401, 95% CI
0.559-2.243), with substantial moderate-grade heterogeneity in
these subgroups. For the Corsi block test, significant differences
were found for no game play and intervention periods of 0-4
and 8-12 weeks. Only the outcome for 8-12 weeks in 4 studies

showed no heterogeneity (OR 0.429, 95% CI 0.080-0.778,

P=.42, I2=0.0%) with high quality (Table 4). In summary, video
game interventions had little effect on executive function, except
for memory-related functions.

Table 3. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for balance function (italics indicate a significant
difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

BBSb

0.499, .02Moderate0.362<.001, 83.5%d0.213 (–0.025 to 0.451)26N/AcOverall

0.547, .02Moderate—e<.001, 74.0%d0.187 (–0.059 to 0.432)14Nintendo WiiIntervention type

0.602, .35Low—.03, 71.1%d0.419 (–0.133 to 0.971)3Xbox 360Intervention type

0.420, .85Moderate—<.001, 89.7%d0.093 (–0.664 to 0.850)9Other video
games

Intervention type

0.870, .46Moderate0.812<.001, 85.5%d0.190 (–0.290 to 0.669)13Activity controlControl type

0.493, .03Moderate<.001, 75.5%d0.159 (–0.095 to 0.413)13No game playControl type

0.881, .41High0.902.73, 0.0%0.127 (–0.192, 0.446)70-4 weeksPeriod

0.719, .99Moderate—<.001, 87.1%d0.362 (–0.103 to 0.826)164-8 weeksPeriod

0.602, .31Moderate—.73, 0.0%–0.178 (–0.265 to 0.090)38-12 weeksPeriod

Balance test (s)

0.310, .26——<.001, 72.4%–0.090 (–0.348 to 0.168)22N/AOverall

0.144, .27Moderate0.766<.001, 78.4%d–0.364 (–0.846 to 0.119)9Nintendo WiiIntervention type

0.404, .36Moderate—<.001, 85.7%d0.084 (–0.613 to 0.780)4Xbox 360Intervention type

1.000, .66High—.23, 24.2%0.125 (–0.135 to 0.385)9Other video
games

Intervention type

0.458, .32Moderate0.968.001,59.2%d–0.081 (–0.317 to 0.156)16Activity controlControl type

0.624, .53Moderate—<.001, 89.1%d–0.156 (–1.128 to 0.816)6No game playControl type

—Low0.565—–0.515 (–1.780 to 0.750)10-4 weeksPeriod

0.903, .90Moderate—.02, 50.9%d–0.105 (–0.372 to 0.162)134-8 weeksPeriod

0.881, .59Moderate—<.001, 91.2%d–0.100 (–0.923 to 0.723)58-12 weeksPeriod

—Moderate—.36, 2.4%0.192 (-0.116 to 0.499)3More than 12
weeks

Period

Balance test speed (m/s)

0.355, <.001Moderate—<.001, 84.5%d–0.046 (–0.970 to 0.878)5N/AOverall (all 4-8
weeks)

0.117, .03Moderate0.551<.001, 91.9%d–1.101 (–3.627 to 1.426)3Nintendo WiiIntervention type

—Moderate—.29,10.9%0.394 (–0.021 to 0.808)2Xbox 360Intervention type

0.174, .22Moderate0.660<.001, 88.1%d–0.449 (–1.796 to 0.898)4Activity controlControl type

—Low——0.611 (0.048-1.175)1No game playControl type

aOR: odds ratio.
bBBS: Berg Balance Scale.
cN/A: not applicable.
dSubstantial heterogeneity.
e—: not applicable.
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Table 4. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for executive function (italics indicate a significant
difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

TMT-Bb (s)

0.392, .75Moderate—e<.001,93.6%d–0.203 (–0.807 to 0.402)16N/AcOverall

0.729, .52Moderate—<.001, 91.9%d0.077 (–0.461 to 0.615)15Other video
games

Intervention type

0.542, .78Moderate0.995<.001, 94.9%d–0.209 (–0.972 to 0.554)13Activity controlControl type

0.602, .29Moderate—.98, 0.0%–0.100 (–0.424 to 0.223)3No game playControl type

0.317, —Low0.246<.001, 98.1%d1.095 (–2.738 to 4.927)20–4 weeksPeriod

0.624, .88Moderate—<.001, 96.7%d–0.141 (–2.476 to 2.193)54–8 weeksPeriod

1.000, .22Moderate—.52, 0.0%–0.083 (–0.371 to 0.205)48–12 weeksPeriod

0.042, .03Moderate—<.001, 91.3%d–0.684 (–1.487 to 0.119)4More than 12
weeks

Period

Delta (s)

0.296, .12Low—<.001, 93.8%d–1.780 (–3.758 to 0.198)3N/AOverall

Stroop word (s)

0.261, .83Moderate—<.001, 76.6%d0.050 (–0.275 to 0.374)14N/AOverall (all other
video games)

0.245, .95Moderate0.541<.001, 80.6%d0.135 (–0.281 to 0.552)10Activity controlControl type

1.000, .82Moderate—.01, 54.7%c–0.169 (–0.640 to 0.301)4No game playControl type

0.317, ——0.669—0.530 (0.060-1.001)10–4 weeksPeriod

0.624, .15Moderate—<.001, 87.2%d0.015 (–0.787 to 0.818)64–8 weeksPeriod

0.327, .21Moderate—.02, 66.3%d0.039 (–0.475 to 0.554)58–12 weeksPeriod

0.317, —Moderate—.92,0.0%–0.017 (–0.268 to 0.235)2More than 12
weeks

Period

Attention

0.137, .32Moderate—<.001, 97.7%d0.185 (–1.607 to 1.976)9N/AOverall (all other
video games)

0.099, .37Moderate0.116<.001, 96.8%d1.317 (–0.158 to 2.792)7Activity controlControl type

0.317, —Low—<.001, 99.3%d–17.991 (–64.346 to 28.364)2No game playControl type

——0.568—0.298 (–0.424 to 1.019)10–4 weeksPeriod

0.117, .02Moderate—<.001, 98.5%d–7.497 (–13.386 to 0.608)34–8 weeksPeriod

0.042, .02Moderate—<.001, 98.0%d2.130 (–1.520 to 5.781)48–12 weeksPeriod

————0.381 (0.061-0.701)1More than 12
weeks

Period

Working memory

0.501, .38Moderate<.001, 92.3%d1.034 (0.305-1.763)12N/AOverall

————0.559 (–0.361 to 1.479)1Nintendo WiiIntervention type

0.139, .17Moderate<.001, 93.0%d1.076 (0.295-1.858)11Other video
games

Intervention type

0.322, .28Moderate0.985<.001, 94.2%d1.045 (–0.012 to 2.102)8Activity controlControl type

0.497, .82Moderate—<.001, 85.4%d1.023 (0.133-1.914)4No game playControl type
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Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

0.317, —Low0.660<.001, 98.2%d1.885 (–1.713 to 5.482)20-4 weeksPeriod

0.602, .86Moderate—.01, 79.4%d1.401 (0.559-2.243)34-8 weeksPeriod

1.000, .94Moderate—.002, 79.9%d0.016 (–0.841 to 0.874)48-12 weeksPeriod

0.317, —Low—.002, 79.9%d1.961 (–1.186 to 5.107)2More than 12
weeks

Period

Corsi block test

0.221, .38——<.001, 92.3%d1.120 (–0.077 to 2.316)5N/AOverall (all other
video games)

0.174, .44Moderate0.971<.001, 94.2%d1.137 (–0.352 to 2.627)4Activity controlControl type

————1.064 (0.185-1.944)1No game playControl type

0.497, .54—0.006f—3.738 (2.883-4.594)10–4 weeksPeriod

—High—.42, 0.0%0.429 (0.080-0.778)48–12 weeksPeriod

aOR: odds ratio.
bTMT: trail-making test.
cN/A: not applicable.
dSubstantial heterogeneity.
e—: not applicable.
fSources of heterogeneity.

Regarding general cognition, the first item assessed was the
MMSE score. A significant difference was found with Xbox
360 as the intervention type and 4-8 weeks as the intervention
period. The second item evaluated was the MoCA score. A
significant difference was only found for activity control as the
control type (OR 1.826, 95% CI 0.043-3.609), with substantial
heterogeneity (Table 5). With respect to physical function, first,
in the everyday function outcome, a significant difference was
found only in the intervention period of 4-8 weeks (OR –1.045,
95% CI –1.866 to –0.223), with substantial heterogeneity. A
significant difference was found in the function test (cm)
outcome (OR 0.725, 95% CI 0.235-1.214), with low

heterogeneity (P=.26, I2=25.5%). No significant difference was
found for the function test (s) outcome (Table 6). In summary,
video game intervention may have an effect on improving
general cognitive function, but it had little effect on physical
function.

We considered processing speed after video game intervention
versus nonvideo game control. First, when we evaluated the

TMT-A (s), significant differences were found for overall
outcomes (OR –0.833, 95% CI –1.463 to –0.204), other video
games (OR –0.874, 95% CI –1.558 to –0.190), activity control
(OR –1.033, 95% CI –1.830 to –0.235), and for more than 12
weeks (OR –2.395, 95% CI –4.272 to –0.519), with substantial
heterogeneity. In terms of processing speed (number), significant
differences were found overall and in subgroups, while
substantial heterogeneity was found overall (OR 1.084, 95%

CI 0.765-1.402, P<.001, I2=95.5%) and for activity control
(Table 7). In Falls Efficacy Scale assessment, no significant
differences were found overall and in all subgroups. In the
Geriatric Depression Scale assessment, significant differences
were found for Xbox 360 and other video games (OR –0.651,
95% CI –1.164 to –0.138) as the intervention types and 0-4 and
8-12 weeks as the intervention periods (OR –1.800, 95% CI
–2.745 to –0.854), with substantial heterogeneity (Table 8). In
summary, video game intervention had a significant advantage
in terms of processing speed and had a tendency to reduce
depression scores.
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Table 5. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for general cognition (italics indicate a significant
difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

MMSEb (score)

0.296, .37Low—e<.001, 95.5%d1.557 (–0.459 to 3.572)3N/AcOverall (all activity
control)

——0.095f—4.606 (3.366-5.846)1Xbox 360Intervention type

0.317, —Moderate—.60, 0.0%0.215 (–0.175 to 0.605)2Other video
games

Intervention type

0.317, —Moderate0.095f.60, 0.0%0.215 (–0.175 to 0.605)20–4 weeksPeriod

————4.606 (3.366-5.846)14–8 weeksPeriod

MoCAg (score)

0.624, .01Moderate—<.001, 93.9%d1.296 (–0.102 to 2.693)5N/AOverall

——0.419—–0.416 (–1.140 to 0.308)1Nintendo WiiIntervention type

0.317, —Low—<.001, 98.4%d3.796 (–4.023 to 11.616)2Xbox 360Intervention type

0.317, —Moderate—.99, 0.0%0.442 (–0.052 to 0.936)2Other video
games

Intervention type

0.317, —Moderate0.594<.001, 95.1%d1.826 (0.043-3.609)4Activity controlControl type

————–0.416 (–1.140 to 0.308)1No game playControl type

0.734, .04—0.649—–0.139 (–0.717 to 0.440)10-4 weeksPeriod

—Moderate—<.001, 95.2%d1.800 (–0.126 to 3.727)44-8 weeksPeriod

aOR: odds ratio.
bMMSE: Mini-Mental State Exam.
cN/A: not applicable.
dSubstantial heterogeneity.
e—: not applicable.
fSources of heterogeneity.
gMoCA: Montreal Cognitive Assessment.
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Table 6. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for physical function (italics indicate a significant
difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

Everyday function

0.837, .90Moderate—d<.001, 86.3%c–0.014 (–0.538 to 0.510)12N/AbOverall

0.602, .94Low0.113<.001, 87.3%c–1.024 (–2.645 to 0.597)3Nintendo WiiIntervention type

————–0.016 (–0.594 to 0.562)1Xbox 360Intervention type

0.322, .41Moderate—<.001, 86.1%c0.306 (–0.283 to 0.895)8Other video
games

Intervention type

0.532, .64Moderate—<.001, 83.9%c0.138 (–0.418 to 0.695)9Activity controlControl type

0.602, .20Low—<.001, 93.3%c–0.544 (–2.187 to 1.098)3No game playControl type

0.317, —Low0.760.01, 83.6%c0.568 (–0.634 to 1.769)20-4 weeksPeriod

0.042, .01Moderate—.003, 78.8%c–1.045 (–1.866 to 0.223)44-8 weeksPeriod

0.117, .14Low—<.001, 88.3%c1.076 (–0.125 to 2.277)38-12 weeksPeriod

0.117, .62Moderate—.61, 0.0%–0.035 (–0.324 to 0.255)3More than 12
weeks

Period

Function test (s)

0.308, .22Moderate—<.001, 95.3%c–0.284 (–1.735 to 1.168)4N/AOverall

Function test (cm)

1.000, .85Moderate—0.26, 25.5%0.725 (0.235-1.214)3N/AOverall

aOR: odds ratio.
bN/A: not applicable.
cSubstantial heterogeneity.
d—: not applicable.
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Table 7. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for processing speed (italics indicate a significant
difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

TMT-Ab (s)

0.020, .01Moderate—e<.001, 93.0%d–0.833 (–1.463 to –0.204)11N/AcOverall

——0.838—–0.531 (–1.180 to 0.117)1Xbox 360Intervention type

0.009, .01Moderate—<.001, 93.6%d–0.874 (–1.558 to –0.190)10Other video
games

Intervention type

0.007, .01Moderate0.551<.001, 94.4%d–1.033 (–1.830 to –0.235)9Activity controlControl type

0.317, —Moderate—.87, 0.0%–0.163 (–0.516 to 0.189)2No game playControl type

0.497, .85High0.086f.49, 0.0%–0.272 (–0.616 to 0.072)44–8 weeksPeriod

0.117, .40Moderate—.53, 0.0%0.132 (–0.133 to 0.398)38–12 weeksPeriod

0.042, .004Moderate—<.001, 97.7%d–2.395 (–4.272 to 0.519)4More than 12
weeks

Period

Processing speed (number)

0.096, <.001Moderate—<.001, 95.5%d1.084 (0.765-1.402)7N/AOverall (all other
video games)

0.142, .001Moderate0.413<.001, 96.9%d1.374 (0.960-1.789)5Activity controlControl type

0.317, —Moderate—.42, 0.0%0.665 (0.168-1.163)2No game playControl type

——0.024f—0.842 (0.091-1.592)10–4 weeksPeriod

0.497, .55High—.74, 0.0%0.536 (0.170-0.903)48–12 weeksPeriod

0.317, —Moderate—.94,0.0%8.169 (6.916-9.423)2More than 12
weeks

Period

aOR: odds ratio.
bTMT: trail-making test.
cN/A: not applicable.
dSubstantial heterogeneity.
e—: not applicable.
fSources of heterogeneity.
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Table 8. Summarized outcomes from pairwise meta-analysis of performance and cognitive data for fear of falling and depression (italics indicate a
significant difference).

Publication
bias, P value

GradeMeta-re-
gression

P value, I2ORa (95% CI)Studies (n)SubgroupVariable

Falls Efficacy Scale International (score)

0.776, .11—d0.628<.001, 99.2%c–0.990 (–3.003 to 1.022)7N/AbOverall

1.000, .04Moderate0.628<.001, 99.4%c–1.305 (–4.232 to 1.621)4Nintendo WiiIntervention type

0.602, .50Low—<.001, 87.7%c–0.539 (–1.651 to 0.574)3Other video
games

Intervention type

0.497, .28Moderate0.446.001, 81.9%c–0.450 (–1.143 to 0.242)4Activity controlControl type

0.602, .20Low—<.001, 99.4%c–1.641 (–5.240 to 1.959)3No game playControl type

0.327, .26Moderate0.156.003, 75.6%c–0.314 (–0.858 to 0.229)54–8 weeksPeriod

0.317, —Low—<.001, 99.6%c–2.534 (–6.909 to 1.841)28–12 weeksPeriod

Geriatric Depression Scale (score)

1.000, .41——<.001, 91.5%c–0.393 (–1.058 to 0.273)10N/AOverall

0.174, .02Moderate0.876<.001, 94.8%c0.683 (–0.797 to 2.164)4Nintendo WiiIntervention type

————–2.742 (–3.521 to 1.962)1Xbox 360Intervention type

0.142, .43Moderate—.004, 74.0%c–0.651 (–1.164 to 0.138)5Other video
games

Intervention type

0.142, .07Moderate0.352<.001, 93.3%c0.135 (–0.941 to 1.211)5Activity controlControl type

0.050, .34Moderate—<.001, 91.3%c–0.866 (–1.825 to 0.094)5No game playControl type

——0.403—–0.637 (–1.111 to 0.163)10–4 weeksPeriod

0.327, .004Moderate—<.001,93.3%c0.552 (–0.604 to 1.708)54–8 weeksPeriod

0.117, .35Moderate—.01,79.1%c–1.800 (–2.745 to 0.854)38–12 weeksPeriod

————–0.289 (–0.705 to 0.127)1More than 12
weeks

Period

aOR: odds ratio.
bN/A: not applicable.
cSubstantial heterogeneity.

Outcomes of Network Meta-analysis
Using pairwise meta-analysis, we observed that the video game
intervention improved clinical performance and cognitive
function, especially processing speed and depression scores, in
the elderly. However, the most suitable video game intervention
has not been determined. Moreover, many subgroups included
fewer studies, which may have affected the accuracy of the
results. Therefore, we selected the outcomes of the included
studies to conduct Bayesian network meta-analysis among the
6 indicators to identify the most suitable type of video game
intervention for the elderly. Figure 2 provides network plots of
balance time with the intervention period (Figure 2A) and
without the intervention period (Figure 2B), because most
studies were included in this outcome.

For the indicator of balance function, first, in terms of balance
time (s), compared with no game play as the control group,
Xbox 360 as the intervention type ranked first, with a significant
difference (SMD –3.34, 95% CrI –5.54 to –2.56), followed by

other video games (SMD –1.15, 95% CrI –2.69 to –0.64),
Nintendo Wii, and activity control. Significant differences could
also be found in Xbox 360 versus other video games as the
intervention type (SMD –1.62, 95% CrI –4.89 to –1.03),
Nintendo Wii (SMD –4.14, 95% CrI –9.64 to –0.28), and
activity control. For the BBS, significant differences were found
only in other video games compared with Nintendo Wii as the
intervention type (SMD 0.38, 95% CrI 0.03-1.79), with some
publication bias (Multimedia Appendix 4). In summary, the
intervention typical of Xbox 360 and other video games may
be the best intervention method to maintain balance function
over time (Figure 2A).

For general cognition, we combined the scores of MMSE and
MoCA. Compared with no game play as the control type, which
ranked the lowest, other video games as the intervention type
ranked the highest, with a significant difference (SMD 1.23,
95% CrI 0.82-1.86), followed by Xbox 360 (SMD 1.13, 95%
CrI 0.74-1.72), Nintendo Wii (SMD 0.90, 95% CrI 0.59–1.37),
and activity control (SMD 1.44, 95% CrI 0.94-2.20). Significant
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differences were found in all comparisons, which suggests that
the ordering from our Bayesian network meta-analysis was
reasonable. No significant differences were found among the
network outcomes from the TMT-B (s) to determine executive

function (Figure 2B). In summary, video game intervention
improved the cognitive function of elderly patients but had no
effect on executive function.

Figure 2. Network plot for all interventions and controls for balance time with (A) and without (B) the intervention period in older adults. Each circular
node represents an intervention/control type. The circle size is proportional to the total number of participants, while the line width is proportional to
the number of studies used in the head-to-head comparisons. AC: activity control; NG: no game play; NW: Nintendo Wii; OV: other video games; XB:
Xbox.

In the assessment of processing speed, the first item examined
was the TMT-A (s). Compared with no game play, other video
games ranked first, with a significant difference (SMD –0.29,
95% CrI –0.49 to –0.08), followed by activity control (SMD
–0.36, 95% CrI –0.57 to –0.15), virtual reality–based games,
and Xbox 360. Significant differences were also found in
comparisons of other video games and activity control versus
virtual reality–based games and Xbox 360. The second item
assessed was processing speed (number). Other video games
as the intervention type also ranked first, with a significant
difference compared with no game play as the control (SMD
0.72, 95% CrI 0.36-1.09), followed by virtual reality–based

games (SMD 0.60, 95% CrI 0.26-0.94) and activity control
(SMD 0.42, 95% CrI 0.06-0.77). In general, video game
intervention improved processing speed (Figure 3A). For the
evaluation of depression scales, compared with no game play,
Xbox 360 ranked the highest, followed by other video games,
activity control, and Nintendo Wii, with no significant
difference. In terms of the Falls Efficacy Scale, there was no
significant difference (Figure 3B).

In conclusion, based on Bayesian network meta-analysis, we
determined that video game intervention improves balance
function, cognitive function, and processing speed, which were
similar results to those obtained using pairwise meta-analysis.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e27058 | p.175https://games.jmir.org/2021/4/e27058
(page number not for citation purposes)

Yang et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 3. Summary effects from Bayesian network meta-analysis for balance time and BBS (A) and cognitive score and executive function (B) are
ranked by the mean rank and the SUCRA score. Information relating to the SMDs and 95% CrIs is listed in the columns, with the rows displaying the
intervention identity. SMD values higher than 0 favor the column-defining intervention (ie, the left-most in order), indicating improvement in effectiveness.
*Statistical significance. AC: activity control; BBS: Berg Balance Scale; CrI: credible interval; NG: no game play; NW: Nintendo Wii; OV: other video
games; SMD: standardized mean difference; SUCRA: surface under the cumulative ranking curve; trail-making test; XB: Xbox.

Discussion

Principal Findings
Our Bayesian network meta-analysis quantified the comparative
effectiveness of video games based on 47 studies including
3244 elderly participants, with acceptable quality. We
comprehensively summarized the comparative efficacy of video
games in improving performance and cognitive function in 6
domains: balance function, executive function, general
cognition, physical function, processing speed, and fear of
falling and depression. The results suggested that, first, on
pairwise meta-analysis, video game interventions are beneficial
for cognition scores, processing speed, and depression scores.
There are tendencies toward benefits for balance function,
executive function, and physical function. Second, on Bayesian
network meta-analysis, interventions with video games may
improve balance function, cognitive scores, and processing
speed in the elderly, which was similar to the results of pairwise
meta-analysis. Third, from the ranking of the Bayesian network
meta-analysis, Xbox 360 and other video games always ranked
first, while Nintendo Wii always ranked last of all interventions.
This was accompanied by having the most outcomes of moderate
GRADE with low publication bias in both pairwise and Bayesian
network meta-analyses.

In this systematic review, we used a comprehensive search with
clear inclusion and exclusion criteria and carefully examined
the efficacy of video game interventions in improving
performance and cognitive function in 6 domains and 18
outcomes. Generally, the consistency of Bayesian network
meta-analysis was similar to that of pairwise meta-analysis. On
Bayesian network meta-analysis, compared with no game play
as the control type, significant differences were found in balance
time (s), cognitive scores, processing speed (TMT-A), and

processing speed (number). For expert balance time (s),
significant differences were also found in terms of cognitive
scores, processing speed (TMT-A), and processing speed
(number) on pairwise meta-analysis (Table 2; Figures 3 and 4).
Based on the results of our study, video game interventions had
the most obvious benefit for cognitive scores and processing
speed. Processing speed is defined as the time spent completing
mental tasks. It relates to the patient’s speed of understanding
the information they obtain, whether it is visual (letters and
numbers), auditory (language), or mobile. Similar results were
found by Ozdogar et al [67], suggesting that video-based
exergaming is almost as effective as conventional rehabilitation
with respect to improving walking, upper- and lower-extremity
functions, cognitive function, fatigue, depression, and
health-related quality of life. Shin et al [68] found that
participants who frequently played video games showed
enhanced processing speed, which could be an effect of game
practice. Mansor et al [2] determined limited effects of video
games on cognitive function, and another valuable research
published by Wang et al [69] also proved that game-based brain
training can be considered a supplementary intervention for
improving cognitive function in community-dwelling older
adults. Moreover, Vázquez et al’s [70] research indicates that
video game–based interventions may assist adults in active
aging processes and prevent secondary aging. The above
valuable studies all support our results.

In our study, we found that other video games and Xbox 360
are more effective than Nintendo Wii. Other types of video
games were defined as exergames, video games, computer-based
games, and virtual reality–based games. The main reason for
these results may be that Xbox 360 and other video game screens
require equipment to play, which have good platforms, a strong
visual sense, and good interactivity. However, they are not easy
to carry because of the requirement of external equipment.
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Figure 4. Summary effects from Bayesian network meta-analysis for processing speed (A) and depression and falls efficacy (B) are ranked by the
mean rank and the SUCRA score. Information relating to the SMDs and 95% CrIs is listed in the columns, with the rows displaying the intervention
identity. SMD values higher than 0 favor the column-defining intervention (ie, the left-most in order), indicating improvement in effectiveness. *Statistical
significance. AC: activity control; CrI: credible interval; NG: no game play; NW: Nintendo Wii; OV: other video games; SMD: standardized mean
difference; SUCRA: surface under the cumulative ranking curve; trail-making test; XB: Xbox.

A previous meta-analysis did not distinguish between different
video games; therefore, this is an innovation of our study. A
previous study suggested that after Nintendo Wii therapy,
patients experienced motor learning retention, achieving a
sustained benefit using the technique [71]. We observed that
Nintendo Wii only benefited patients in general; therefore, when
we choose video game interventions for elderly participants,
we should choose better-intervention video game types with
better interaction and visual stimulation for older adults. Video
games could also improve mental health among older adults
[72].

The mechanisms underlying changes following video game
interventions remain unclear, although they might be related to
tonic/phasic activation or inhibition of affected brain regions
during video game playing [73] that make the participants feel
satisfied. Specifically, psychological satisfaction and pleasure
might be related to the various feedback mechanisms provided
to the player by the active video game. This elaborate
reinforcement and reward schedule has the potential to maximize
motivation [74]. Video games are able to maintain flexibility
of striatal responses to reward, a mechanism that might be
extremely important to keep motivation high and therefore might
be of critical value for many different applications, including
cognitive training and therapeutic possibilities [75]. In the
studies we included, only a few participants felt fatigue or leg
muscle soreness; however, the players could tolerate and relieve
themselves, suggesting that video game interventions are safe.
Dankbaar et al [76] showed that video lectures from a serious
game are effective for specific topics, such as patient safety.

Limitations
This study had several limitations. First, we predesigned the
inclusion criteria of video game intervention versus nonvideo

game control. The definition of “video game” was broad,
including Xbox 360, Nintendo Wii, virtual reality–based games,
and computer-based games. However, the degree of stimulation,
interaction, and pleasure of different video games for
participants differed, resulting in clinical heterogeneity. Second,
substantial heterogeneity was frequently determined on pairwise
meta-analysis. One reason is the existence of clinical
heterogeneity (many subgroups included less than 3 studies),
and the other is the different types of combined scales for
outcomes, leading to methodological heterogeneity. Third, some
publication bias was detected in both pairwise and Bayesian
network meta-analyses, which may be due to the difficulty in
publishing negative outcomes. Lastly, to partially maintain the
slight stability of the results under the Bayesian framework, we
only chose outcomes that included more studies. Therefore,
although the Bayesian network meta-analysis was not
comprehensive, the results were more accurate.

Conclusion
In summary, impaired cognitive function is a highly prevalent
condition that can profoundly influence the quality of life and
accounts for major health care expenditures among the elderly.
Our comprehensive Bayesian network meta-analysis provided
evidence that video game interventions could be considered for
the elderly to improve their performance and cognitive function,
especially general cognitive scores and processing speed. Video
games with better interactivity and visual stimulation have better
curative effects. Based on the available evidence, we recommend
video game interventions for the elderly. Future studies should
be designed as multicenter RCTs, involving more subjects and
providing more detailed description of the types of video games,
in order to determine the most appropriate type of video game
for older adults.
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Abstract

Background: Sexual education has become increasingly important as unhealthy sexual practices and subsequent health risks
become more prevalent during adolescence. Traditional sex education teaching methodologies are limiting for digital natives
exposed to various digital technologies. Harnessing the power of technology applications attractive to the younger generation
may be a useful approach for teaching sex education.

Objective: The aim of this study was to improve sexual health knowledge and understanding of the problems associated with
unhealthy sexual practices and address sexual and reproductive health challenges experienced in a low-tech setting.

Methods: A participatory design approach was used to develop the digital gamified methodology. A sample of 120 secondary
school students aged 11-15 were randomly assigned to either experimental or control group for each of the 3 teaching approaches:
(1) gamified instruction (actual serious games [SG] in teaching); (2) gamification (GM; making nongames, such as game-like
learning); and (3) traditional teaching (TT) methods.

Results: The SG and GM approaches were more effective than TT methods in teaching sexual health education. Specifically,
the average scores across groups demonstrated an increase of mean scores from the pre- to posttest (25.10 [SD 5.50] versus 75.86
[SD 13.16]; t119=41.252; P<.001 [2 tailed]). Analysis of variance indicated no significant differences across groups for pretest
scores (F2,117=1.048, P=.35). Significant differences across groups were evident in the posttest scores. Students in the SG and
GM groups had higher average scores than the TT group (F2,117=83.98; P<.001). Students reported increased learning motivation,
attitude, know-how, and participation in learning (P<.001) when using SG and GM approaches.

Conclusions: Digital health technologies (particularly teaching and learning through gamified instruction and other novel
approaches) may improve sexual health education. These findings may also be applied by practitioners in health care settings
and by researchers wishing to further the development of sex education.

(JMIR Serious Games 2021;9(4):e19614)   doi:10.2196/19614

KEYWORDS

gamified instruction; serious gaming; gamification; educational innovation; teenage students; digital generation; e-learning;
low-tech setting
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Introduction

Background
Unhealthy sexual activity and its related diseases have increased
globally. Nowhere is the effect of sexually transmitted diseases
more apparent than in the countries of sub-Saharan Africa
(SSA). In SSA countries, many adolescents are exposed early
to sexual intercourse and sexual and emotional abuse [1].
Consequently, adolescents are vulnerable to unsafe sexual
intercourse practices, sexual encounters with many partners,
forced sexual contact, exploitive sexual activity and
relationships, and influence from sexually active friends [2-5].
Exposure to these types of sexual practice has led to an increase
in sexually transmitted infections (STIs), such as HIV/AIDS
and Chlamydia [6-8], and other consequences. A plethora of
research studies have supported the increase of sexual health
literacy as a way to reduce the spate of unhealthy sexual
practices and curb the current increase in sexually transmitted
diseases [3,9-11]. A variety of sexual health education programs
for adolescents have been implemented globally. However, the
efficacy of pedagogy plays a crucial role in fostering sexual
health knowledge acquisition. An effective pedagogy supports
a host of academic achievement paradigms [7,8,12-15].
Although effective pedagogy has been given less emphasis in
sexual health education than in core curriculum subjects [16],
initiatives are being undertaken for more effective sexual health
education in the digital era.

Digital health games designed to target sexual health practices
have increasingly demonstrated their capabilities, appeal, and
influence on educating digital native adolescents [17]. Gamified
learning (serious games [SG] and gamification [GM]) platforms
provide unique methods for delivering educational objectives,
increasing knowledge, and reducing sex-related problems faced
by adolescents [18-20]. The capacity of outreach for digital
games is higher than that for traditional teaching (TT) methods
[21]. Approximately 97% of adolescents normally engage in
digital games, whereas 50% spend more than 1 hour per day on
one kind of gaming equipment or platform or another. The
Speak Up Project for Digital Learning revealed a higher
preference for digital gamified learning platforms for instruction
over traditional ways of learning [22]. When considering the
sensitive nature of sexual health knowledge dissemination,
digital games are attractive because they offer a discreet,
interactive, and confidential environment for learning. This
makes a difference for conservative societies [3,23].

Digital games facilitate role playing and offer challenging
approaches to learning improving attitude and decision-making

skills applicable to real-life scenarios. Because digital platforms
offer an engaging approach for learners, they promote
knowledge acquisition [8]. The novelty of this study is
highlighted by the exploration into sexual health education in
SSA countries, which have limited technology use. Only one
study has investigated attitude changes and sexual health
knowledge acquisition in a country with a similar low-tech
environment [24]. Appeals for data supporting the use of
technology to disseminate sexual health knowledge in low-tech
settings have been documented [25]. This study employs a
participatory research approach. It does this to design 2 digital
health interventions (SG and GM) that assess 4 aspects
(motivation, attitude, knowledge, and engagement [MAKE])
among adolescents in SSA countries.

Objective of This Study
The aims of this study are to (1) add to the limited existing
knowledge of game-based technologies and (2) address the
interest in using this novel kind of technology as the teaching
approach in a low-tech setting in Africa. First, we hypothesized
that the application of game elements and mechanics in learning
would enhance the sexual health literacy of teenage students.
Second, we hypothesized that the teenage students would
develop an attitude toward gamified instruction (SG and GM)
that was more favorable and receptive than that toward the
traditional learning approaches. Henceforth, this study looks at
how gamified instruction can improve the sexual health
education of adolescents, address their sexual health challenges,
and help them overcome those challenges, all of this in
developing countries, which tend to be far less invested in digital
technologies than developed countries [26].

Methods

Study Design
This study employed a quasi-experimental research design. The
design guided the sexual health literacy interventions for
students clustered in 3 classes. Sexual health education was
made mandatory for all students to sanction the randomization
technique [26,27]. The study was also in line with previous
empirical studies and other publications that guide
quasi-experimental research design [28-30]. It evaluated learning
outcomes using pre- and posttest evaluations across the 3
teaching approaches (SG, GM, and TT). The students’
perceptions were compared to determine which instructional
approach was the most effective in motivating students to learn,
change attitudes, acquire knowledge, and to become engaged
in the courses. Figure 1 presents the quasi-experimental research
design employed in this study.
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Figure 1. Quasi-experimental research design employed in this study. Students in their existing 3 classes were nonrandomly selected to participate in
one of the 3 instructional approaches (SG, GM, and TT). ASHLT: Adolescent Sexual Health Literacy Test; GM: gamification; SG: serious game; TT:
traditional teaching.

Participants
The study involved teenage students (n=120) aged 11-15 who
were enrolled in a secondary school at the time of the study.
The research was carried out in a school in Dar es Salaam,
Tanzania. This school was selected because it had 2 computer
laboratories, each able to accommodate around 40 students.
They had internet connectivity, a power supply, and a standby
generator. The 3 classes had around 40 students each. Everyone
in a class was in the same grade. The participants were not
chosen randomly. Each participant was assigned to either an
experimental group or a control group based on their intact

classroom settings. The researchers had no authority to form or
annihilate the existing study population setting. The research
team randomly designated 2 of the classes as experimental
(digital game and GM) and 1 class as control (traditional).

Each group was unaware of the other groups. The learning
materials were the same for all the 3 groups. The only
differences were in the instructional approaches. The participants
were from different schools that had taken part in the revision
and participatory design process of the interventions. Finally,
there were 5 topics, each covered in one 40-minute class per
week, as reported in Table 1.

Table 1. Sexual health education lessons covered per week and their time length (n=120). The columns and individual cells represent records per lesson,
per week, and per class.

Traditional teachingGamificationSerious gameDuration (minutes)WeekTopics

4040404011. Personal hygiene and good manners

4040404022. Sexual responsibility and decision making

4040404033. Dealing with peer pressure during adolescence

4040404044. Prevention of sexually transmitted infections, including
HIV/AIDS

4040404055. Dealing with harmful practices and sexual violence

Study Conditions

Interventions
SG and GM interventions were developed following “activity
theory” [31], “design-based research” [32], and participatory
design approach [15,33]. All of these emphasize the involvement
of stakeholders in developing instructional interventions for
addressing the intended needs of the study population. As this
was the third round of intervention testing, the games were
refined based on outcomes from the second round. Students
from this group shared their comments for making further
improvement. The participatory research design approach

employed led to the refinement of the 2 gamified interventions
with a view to addressing the challenges faced by the
adolescents [18,25]. While the revisions were carried out, the
intended users of the systems/learning platforms and other
stakeholders (eg, pediatricians; sexual and reproductive health
specialists; sexual health teachers from participating schools;
computer and information science specialists, including a game
designer who was a computer engineer; and targeted secondary
school student end users) were all involved in the study. These
stakeholders were invited to participate in a series of design
workshops during the refining of the intervention. This study
also reports the research conducted during the third iteration.
Further details of the SG and GM design and development have
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been published in another research [26]. The descriptions of
each study condition are presented below.

Traditional Teaching Class
Students assigned to receive TT were treated as the control
group. They were taught in a conventional classroom manner.
Their teacher taught 1 day a week for 40 minutes for 5 weeks.
Students were given hand-outs for further reading after each
session. No digital technology was used.

Serious Gaming Teaching Class
Students in this group received sexual health education using
an SG approach (Figures 2 and 3). A week before the classes
started, SG students were oriented on the game in the school
computer laboratory. Students played the “My Future Begins

Today” game individually under the watchful eye of a teacher
and the researchers after the classes have commenced. There
were 5 topics arranged in chronological order. Each topic took
about 40 minutes per week. The students were also allowed to
use the game during free time.

The game has an introduction which presents the general
learning objective. Each topic has a game scenario in which
there are avatars representing a teacher and students interacting
in a classroom. There were conversations between the teacher
and the students’ avatars. After watching the scenarios, the
students were asked to complete the quizzes online. There were
10 quizzes on each topic, to be completed within 90 minutes.
Scores were provided for correct answers, and students would
lose points for each wrong answer. The students also had an
opportunity to repeat the gameplay within the 40-minute margin.

Figure 2. Representation of the third game platform and implementation.
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Figure 3. The game structures.

Gamification Teaching Class
GM is the process of giving some of the characteristics of real
games to activities that are not games. GM aims to make the
learning activities more interactive. This is supposed to motivate
students to learn in a way that is more effective because it is
fun. GM is an emerging technique within education [3,34,35].
The concept is also a recent development in low-tech settings,
especially in SSA countries. With GM, more actual learning

tends to take place [36]. There are various types of learning
management system platforms with built-in game mechanics
[37,38]. This study used “Moodle” to organize and integrate
the material we wanted to teach with game elements, such as
badges, levels, leader boards, points, scores, competition, and
quizzes (Figure 4). As with the SG students, the students who
participated in the GM instruction received a 1-week orientation
before the classes began.

Figure 4. Types of badges used in the gamification group.
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There were 5 topics and for each topic 40 minutes were allocated
per week for 5 consecutive weeks. Each student studied
individually, but they could interact online via a discussion
forum devoted to each topic. Students were asked to read and
practice the lesson materials provided online. There were 10
questions under each section, some true/false and some multiple
choice. There were 7 types of badges (Figure 4). One was
automatically awarded upon completion of a lesson using the

award rules as outlined in Table 2. Overall, the GM concept
was used to make learning more fun, motivate the students to
learn, support a change of attitude, and increase engagement.
This study observed that learning in a competitive spirit
increased the desire for continuous learning [39,40]. Students
were also automatically positioned on the leaderboards and
assigned levels based on the points they had gained after
completing the learning activities.

Table 2. Criteria and rules to receive badges.

DescriptionBadge name

Rewarded to students who complete the first topic and are moving to the second topic1st Level Badge

Rewarded to students who complete the second topic and are moving to the third topic2nd Level Badge

Rewarded to students who complete the third topic and are moving to the fourth topic3rd Level Badge

Rewarded to students who complete the fourth topic and are moving to the fifth topic4th Level Badge

Rewarded to students who complete the fifth topic5th Level Badge

Rewarded to a student with the highest score for a particular topicExclusive Top Badge

Rewarded to a student with the highest total of points from all topicsOutstanding Achievement Badge

Procedure and Data Collection Methods

Sexual Health Literacy Tests
During the design of the interventions the selected research
team and participating parties, especially the teachers and
sexual/reproductive health specialists, were involved in
developing a set of questions covering the 5 topics taught. This
test was titled Adolescent Sexual Health Literacy Test (ASHLT).
There were 50 questions, 10 per topic in the following format:
Section A (multiple choice), Section B (true/false), and Section
C (short answer). The ASHLT took up to 45 minutes to
complete. Before initiating the actual learning, students were
asked to do a pretest (using the ASHLT) to assess their sexual
health knowledge (baseline). Within a week following the
training, the same ASHLT questions were given to measure
their level of understanding.

Students’ Perceptions of Teaching Approaches
This study used the MAKE framework [41], according to which
a teaching method is regarded as effective if it shows the ability
to motivate students, improve their attitude, increase their
knowledge acquisition, and increase their engagement in
learning. Several scholars have employed the method for
evaluating the efficacy of the 4 components of MAKE
independently [8,15,24,42-44]. This study employed a MAKE
evaluation framework to evaluate and compare the efficacy of
the 3 instructions by taking into account the 4 different
perspectives (motivation, attitude, knowledge, and engagement)
at once. The resultant MAKE instrument we used has 46 items,
with the motivation construct containing 16 items and the other
3 constructs (attitude, knowledge, and engagement) having 10
each. We measured the students’ viewpoints through a
self-rating method that had a 5-point Likert scale (5=strongly
agree to 1=strongly disagree). The ratings took 10 minutes to
complete and were all conducted within a week.

Focus Group Interviews
We conducted focus group interviews (FGIs) to yield more
comments on the teaching methods [45]. The FGIs were
conducted to corroborate and complement the quantitative data.
A total of 21 students were requested to participate in the FGI,
7 students for each of the 3 learning instructions. These are
realistic numbers for an FGI [46]. There were 3 focus group
discussions, one for each of the instruction categories. A
semistructured interview guide/protocol was adopted from the
MAKE evaluation framework. Students were asked to share
their views on the effectiveness and other aspects of their
learning approach, and an audio record of the FGI data was
made. Verbatim transcriptions were made using pseudonyms
for data analysis. The participants were given equal time (1
hour) to provide their comments.

Quantitative Data Analysis

Overview
The collected data were imported from the Excel (Microsoft)
file format to the IBM SPSS software tool for statistics (version
24) to perform the quantitative analytic tests. This was for data
generated using ASHLT and the MAKE evaluation framework.
A paired t test was conducted to compare the pre- and posttest
average scores. This was done to determine whether there were
changes in the learning scores after a series of sexual health
literacy sessions. Besides, a one-way analysis of variance
(ANOVA) was performed to analyze the numerical data
collected from the pre- and posttest scores. This test compared
the variations across the 3 learning approaches. In other words,
we performed the pretest comparison across the 3 instructions
to establish possible significant differences before the training.
This would especially rule out any possible bias in the sexual
health knowledge of students collected at baseline. The
descriptive statistics was focused on determining the mean,
median, and SD on the self-rating scale of the measurement
using the MAKE evaluation framework pertaining to the
students’ perceptions of the 3 instruction approaches. The
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self-ratings of the effectiveness of the 3 teaching methods using
the MAKE evaluation framework for each component were
tested using the one-sample Kolmogorov–Smirnov and
Shapiro–Wilk tests for normality. Table 3 presents the results
of the normality tests.

Although the results indicated that the data samples violated
the assumption of normality (P<.05), as the scores are

non-normally distributed in the Kolmogorov–Smirnov and
Shapiro–Wilk tests (Table 3), a nonparametric Kruskal–Wallis
test was consequently used to compare and contrast the
responses across the 3 groups for each component. A significant
value of P<.05 was used to determine the results of the statistical
analysis.

Table 3. Normality test results for the MAKE instrument.

Shapiro–WilkKolmogorov–SmirnovConstruct

P valuea,bdfStatisticP valuea,bdfStatistic

<.001120.956.03120.085Motivation

<.001120.800<.001120.213Attitude

<.001120.896<.001120.174Knowledge

.002120.961.003120.103Engagement

aAll P values are <.05, and thus significant.
bLilliefors significance correction.

Measurement Reliability
The validated instruments and reported questionnaires appeared
to be satisfactory [41,47] following the factor analysis and
reliability checks we conducted and documented for 120
samples. The sample size met the minimum of 100 or larger,
or a ten-to-one ratio of observations per domain [48]. The

motivation questionnaires showed a Cronbach α of .92. The
attitude questionnaire showed a Cronbach α of .90, and the
knowledge survey developed from the sexual health education
syllabus showed a Cronbach α of .92. The engagement
questionnaires developed from many sources with no existing
reliability results indicated Cronbach α of .90. The results of
the different scale reliability checks are presented in Table 4.

Table 4. Scale reliability for the MAKE evaluation instrument (N=120).

P valueKaiser–Meyer–OlkinStandardized αCronbach αNumber of itemsConstructs and components

<.001a.88.92Motivation

.924Attitude

.934Relevance

.904Confidence

.854Satisfaction

<.001a.88.90Attitude

.915Affective

.895Cognitive

<.001a.86.92Knowledge

.934Importance

.933Effectiveness

.893Application

<.001a.87.90Engagement

.916Emotional

.884Cognitive

aThe mean difference is significant if P value is <.05.

Qualitative Data Reliability and Analysis
The qualitative data collection instrument was developed using
the MAKE evaluation. FGI transcriptions and records
complemented the quantitative results. Membership checking,

conformability, and validation were applied to the collected
data to come up with critical comments on the sufficiency of
the results for ensuring the reliability of the qualitative data. At
the end of the data collection process, students were asked to
review the transcripts to determine whether the transcripts
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presented incorporated their comments. Thus, based on the
MAKE evaluation instrument, 4 themes were developed (ie,
motivation, attitude, knowledge, and engagement) to enable an
ample analysis of the collected data. Then, a codebook was
created using the 4 MAKE constructs. The students’ transcripts
were merged with the quantitative data (based on the 4 MAKE
themes).

Results

Baseline Characteristics of Participants
In all, 120 teenage students participated in testing the
interventions. Table 5 presents their demographic features and
socioeconomic status, including their access to and use of digital
technologies.

Table 5. Descriptive characteristics of participants (N=120).

ValueCharacteristics

Sex, n (%)

69 (57.5)Male

51 (42.5)Female

Age, mean (SD)

13.65 (0.99)Male

13.65 (1.01)Female

Living group, n (%)

89 (74.2)With both parents

7 (5.8)With father only

16 (13.3)With mother only

8 (6.7)With guardian only

Economic group, n (%)

14 (11.7)High class

47 (39.2)Middle high class

57 (47.5)Middle low class

2 (1.7)Poor

Access to a computer at school or home, n (%)

118 (98.3)Yes

2 (1.7)No

Access to smart devices at school or home, n (%)

119 (99.2)Yes

1 (0.8)No

Play of computer or mobile phone games, n (%)

117 (97.5)Yes

3 (2.5)No

ASHLT Test Results

Main Findings
The study carried out a paired sample t test to assess the mean
differences or effect of the 3 teaching methods based on the
students’ average scores in the ASHLT. Statistically, there
emerged a significant improvement in the knowledge
acquisition, as the data demonstrated an increase in mean scores
in the ASHLT from pretest mean of 25.10 (SD = 5.50) to
posttest mean of 75.86 (SD 13.16; t119=41.252, P<.001;
2-tailed). A one-way ANOVA was then used to compare and
contrast pre- and posttest across the 3 instructions. The average
of pretest scores indicate that participants were equally

distributed in all the 3 teaching methods: F2,117=1.048, P=.35.
The average posttest scores stemming from the experimental
instructions (SG and GM) also indicated an increase—as
opposed to their counterparts in the control group (TT):
F2,117=83.98, P<.001. Figure 5 presents a comparison of the
effectiveness of the 3 teaching groups.

Likewise, we conducted post hoc tests (which served as
follow-up analysis) to establish the differences in the 3 pairs of
teaching groups: 2 experimental and 1 control. Significant
divergences emerged for both the traditional and game-based
groups (P<.001) and between the TT and GM groups (P<.001).
However, there was no significant difference between SG and
GM groups (P=.19). These results suggest that students assigned
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to the experimental groups achieved a higher score after the lessons than the students in the control group.

Figure 5. Average comparison of three teaching groups.

Comparison of Average Scores Before the Series of
Lessons
Table 6 presents the results for all the 5 topics. For example,
the descriptive data we provide below demonstrate the average
scores for the “personal hygiene and good manner during
adolescence” topic as follows:

• TT group mean score of 5.45 (SD 1.73)
• SG group mean score of 5.36 (SD 2.15)

• GM mean score of 5.68 (SD 2.22)

As gathered in Table 6, a one-way ANOVA was conducted to
compare each sexual health education topic taught across the 3
instructions (ie, TT, SG, and GM). The results indicated a
nonstatistically significant difference in any of the 5 topics
detected with P>.05. The results suggest that all the 3 teaching
methods can be considered similar regarding sexual health
knowledge in all 5 topics before the training.

Table 6. Comparison of average score and one-way ANOVA results before the series of lessons.

One-way ANOVAPretest, mean (SD)Topic

GMSGTT

F2,117=0.26, P=.765.68 (2.22)5.36 (2.15)5.45 (1.73)1

F2,117=0.89, P=.415.31 (1.44)4.92 (1.45)4.92 (1.59)2

F2,117=1.72, P=.185.40 (1.60)4.87 (1.65)4.85 (1.18)3

F2,117=0.01, P=.984.71 (1.15)4.67 (1.57)4.66 (1.16)4

F2,117=0.53, P=.585.01 (1.36)4.68 (1.53)4.76 (1.52)5

Comparison of Average Scores After the Series of
Lessons
The students in each group also completed the same (ASHLT)
quizzes as a posttest. The one-way ANOVAs were performed
to evaluate the students’average test scores across the 3 teaching
methods. The descriptive data from the one-way ANOVAs and
post hoc comparison tests are illustrated in Multimedia
Appendix 1. The results indicated that the SG and GM groups
had higher averages than the TT group.

The one-way ANOVAs revealed that the students received
effective sexual health knowledge and that the acquisition rate
increased for each topic in the 3 learning groups. Students from
the SG and GM instruction groups showed a significant
knowledge acquisition in topic 1, compared with students in
the TT group (F2,117=19.04, P<.001). Constant effects remained
for the other 4 topics. The Tukey HSD post hoc multiple
comparison tests indicated that the average scores for all the 5
topics significantly varied between the control and experimental
groups (P<.001). The experimental groups did not differ
significantly as P values were over .05 (refer to Multimedia
Appendix 1 for details).
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Students’Perceptions Toward Instruction Approaches
The study evaluated the students’ perceptions of the 3
instructional approaches using a self-rating scale and FGI. The
details of both the quantitative and qualitative results are
presented below.

Quantitative Component
The averages for the responses to each aspect of the MAKE
evaluation framework were compared for the 3 groups. A
Kruskal–Wallis test was performed to determine the existence
or nonexistence of statistically significant difference among the
3 groups after rating the average scores from each MAKE
evaluation framework. Statistically significant dissimilarities
between the 3 groups’averages were demonstrated (Multimedia
Appendix 2). For instance, the Kruskal–Wallis test showed that
there was a significant difference in motivation between the 3
instructions: SG mean of 4.51 (SD 0.25), GM mean of 4.40 (SD
0.38), and TT mean of 4.12 (SD 0.59); P<.001. Post hoc tests
were also conducted to make pairwise comparisons. In the post
hoc tests, we found that TT differed significantly from both GM
(P=.04) and SG (P<.001). By contrast, GM and SG were not
significantly different from each other (P=.79). Moreover, this
effect remained consistent with the other aspects of the MAKE
evaluation.

Qualitative Component
Comments were received from both the experimental and the
control groups on the 3 instruction methods. Like the results
from the quantitative data, students from the experimental
groups commented favorably on the SG and GM instructions,
whereas those in the control group commented unfavorably on
TT. For example, for motivation, the students reported:

the games were fun [SG-3]

...that learning was easy [SG-5]

...the learning offered a self-regulatory method that
improved my confidence [GM-1]

...learning was [done] in a competitive [way], which
helped me gain problem solving-skills [GM-7]

Students also pointed out that

...the learning inspired me; hence I focused on
learning [SG-2]

...I was extremely interested in the learning approach
[GM-4]

...the availability of badges encouraged [me to learn]
the subject [GM-2]

By contrast, students from the TT group were largely negative
about their learning experience:

...there were no visuals [TT-5]

...[there was] no clarification on many issues [TT-2]

...[there were] limited, or no activities for
concentration [TT-6]

...little or none of the critical thinking strategies were
provided, including role play, demos, quizzes,
team-work activities, [or] collaboration. [TT-3]

Regarding the attitude change, the FDIs revealed the opinion
of the experimental group students about SG and GM:

...particularly useful in changing attitudes [GM-3]

...a non-embarrassing learning environment [SG-1]

...suitable and worthwhile for the delivery of sexual
health education [SG-7]

I was excited about the activities, competitions,
leader-boards, badges, avatars, and scenarios [GM-4]

By contrast, the control group students commented:

I was bored listening to lectures [TT-1]

...[it was] hard to understand how the sexual health
subject is important for changing my attitude [TT-7]

...[it is] unfriendly learning [TT-6]

...[it was an] uncomfortable learning environment
due to the sensitivity of the topic taught [TT-5]

...it hides potential information for changing my
attitude [TT-4]

...questions were not encouraged or not well clarified;
hence I ended up with no clues that could change the
myths [that produce] negative sexual health attitudes
[TT-2]

Experimental group students reported having had positive
interactions with the SG and GM interventions and a substantial
improvement in their sexual health knowledge:

I acquired the required knowledge for practicing
healthy sexual behaviours through this learning
approach [GM-6]

I acquired potential sexual health knowledge that will
help my making informed decisions [SG-6]

I will apply the skills and understanding that are
essential and applicable for curbing unhealthy sexual
behaviours. [SG-4]

from today onwards I will not participate in risky
sexual activities as I am [now] knowledgeable and
will apply the knowledge acquired to make informed
decisions for better sexual health outcomes and future
goals. [SG-4]

By contrast, control group students commented on their teaching
method as follows:

traditional teaching was less informative [TT-3]

technical language was used that made it difficult to
understand [TT-7]

[there was a] lack of vivid examples [TT-1]

the learning strategy narrowed the thinking capacity
required for applying the knowledge and skills
acquired [TT-4]

Finally, students in the experimental learning groups (SG and
GM) reported that the SG and GM components were effective
in engaging them:

the learning activities made our minds active [GM-6]

I was connected to the learning process [SG-4]

I focused on the learning activities [SG-4]
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the learning made me concentrate on learning all the
time [GM-2]

Students in SG-2 and GM-7 reported that

...the learning provided opportunities for hands-on
activities that made it easy to learn and remember.

By contrast, the TT students reported that

our learning was indirect [TT-3, TT-5, TT-2]

the learning was passive, as no hands-on activities
were provided [TT-1, TT4]

there was little or poor interaction [TT-7]

I lost focus during learning [TT-6]

Discussion

Findings and Interpretation
The study showed that the game elements embedded in SG and
GM instruction catalyzed motivation and engagement during
learning and that this contributed to attitude change, knowledge
acquisition, and ultimately better learning performance.

The study results demonstrated that sexual health education
taught using SG and GM approaches works better than TT
methods. The SG and GM approaches resulted in higher test
scores for knowledge acquisition than the TT control group.
This finding conforms with previous research which found
gamified learning systems to have a significant impact on sexual
health education [25]. In our study, most students acknowledged
several factors in their improved learning: The first factor is
motivation (to learn), which consists of elements of attention,
relevance, confidence, and satisfaction [49]. Indeed, motivation
is a significant component for accomplishing or failing a task
[50]. Students reported that their interest was caught and
improved with the game elements (scenarios, quizzes,
competition, challenges, scores) provided during the learning
process. The game elements motivated the students to learn
[45]. Furthermore, the game elements made the learning more
interactive and fun, which increased the students’ motivation
to learn [50].

This study found that gamified learning contents were
experienced as “relevant.” For instance, the students realized
that there was a common connection between what they were
learning and real life. These results were consistent with an
earlier study [19], which had indicated that gamifying sexual
health learning approaches was promising for adolescents
because the role plays and scenarios reflect the actual lifestyle
of the current generation. The students felt confident while
going through the self-regulated learning material provided
through the gamified learning (which stimulated and sustained
their learning). Perhaps this means that they would succeed in
learning the subject matter to a great extent. As this paper
demonstrates, such confidence enabled them to succeed and
derive self-esteem from the knowledge they acquired and apply
it in real life [49]. Although Keller [49] did not examine the
effectiveness of the mediating role of increased knowledge in
sexual health literacy, this work showed that sexual health
education interventions through gamified learning are effective
for the development of self-efficacy. As a result, they encourage

healthy sexual practices including the digitally savvy adolescents
[24]. Students reported satisfaction with their learning
experience. The quality of the gamifying content gave them an
experience of fun learning (thus, accomplishing learning goals).
The awards and scoring mechanics also inspired them to learn
with persistence and intensity [51].

The second factor accounting for the effectiveness of the
gamified learning was that it changed the attitude of the students.
As a similar study [7] reported, gamified learning induces
positive changes in the sexual health attitude of adolescents.
Essentially, the My Future Begins Today gamified learning
incorporated in its design most of the known relevant features
that have proved effective in transforming adolescents’negative
sexual health attitudes to positive ones and, as a consequence,
curbing risky sexual behavior [10]. It considered specific settings
and co-opted various stakeholders, including the targeted users
(high-school students and their teachers) in the design.

During the gamified design and development, students provided
input on the type of avatars and scenarios they found appealing.
Their opinions were based on their different cultural settings,
their level of digital literacy, their use of state-of-the-art
technology, among others. This study was grounded on the
social–cultural theory known as activity theory that encourages
participation of different stakeholders in the development of
instructional interventions [52-54]. Members of the community
participated in the design process by contributing to the design
of the knowledge-acquisition components useful in addressing
the problems related to acquisition of sexual health knowledge
among adolescents in the studied region. The resultant gamified
learning elements were found to be relevant in changing the
students’ attitude toward problems such as negative peer
pressure, teen pregnancy, STIs (including HIV/AIDS), and
sexual violence. Although this research found no participatory
design being applied within the TT environment, the gamified
learning instructions invited the targeted users to participate in
the design. This allowed us to apprehend the participants’
relevant ideas and needs and in turn effectively deliver the
sexual health information required to induce a change in
attitudes of the participants [15].

The third factor accounting for the efficacy of gamified learning
was that it improved the knowledge acquisition among students
in the experimental groups. The students indicated that gamified
learning helped them to acquire sexual health information and
skills that could purportedly help them engage in healthy sexual
practices. Notably, the students reported that the sexual health
knowledge delivered through gamified instructions were highly
effective for their current and future lives and that they now felt
knowledgeable and able to resist detrimental sexual health risks
or factors. According to Chu et al [15], gamified learning is
effective because knowledge is acquired in a safe, nonrisk
(simulated) environment. Gamified learning offers students the
opportunity to experiment in their learning, play, apply
decision-making skills, and test scenarios without negative
consequences. Evidence from follow-up studies shows that the
effect of sexual health knowledge acquired through gamified
learning is compelling and persistent, but no effectiveness has
been demonstrated in terms of delay in sexual initiation [7],
although the determination of outcomes was based on
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self-reporting. An iterative design study with the objective to
describe a methodology for developing an SG intervention for
improving sexual health education among youth in Boston [8]
demonstrated that nonidentified study participants (ie, students
and street youths) in underserved communities would have
acquired more knowledge on chlamydia because they enjoyed
the gameplay and actively participated in acquiring the
information. This may explain why the experimental groups in
our study showed better results than their counterparts in the
control group.

The fourth and final factor that boosted students’ learning was
engagement. The evaluation of the effectiveness of each of the
instructional approaches was based on the students’engagement.
Studies have documented the effectiveness of gamified learning
in engaging students during learning [8,42,43], with some
studies related to the ability of gamified instructions to entertain
and reduce stress when learning [43,50]. The My Future Begins
Today (GM and SG) platform was designed to trigger students’
engagement by having learning tasks performed in a
problem-solving way and by having students participate in
skills-based challenges that required critical thinking. The
gamified learning platforms are useful for the students,
especially when it comes to (1) the skills that are needed to
thrive or (2) use the latest technologies of this century. The
presence of game elements (badges, score, leaderboards, levels,
immediate feedback, time pressure, and repetition) may explain
why gamified learning increased the engagement of students in
the experimental group, which, in turn, bolstered their learning.
Besides, game elements were positively commented on by the
students who saw increased engagement with the PR:EPARe
game [42]. Although Jiang et al [8] did not find a significant
correlation between the participants’ game engagement and
learning, this study shows that the 2 concepts are useful for
learning purposes.

Limitations
This study used a participatory design approach. Such an
approach is vital in designing instructions that address the needs
of the users [15,43] in their social–cultural context. It was
informed by design-based research (from a technology
perspective) [32] and grounded in sociocultural learning theory
[53,54]. As good as the foundations are, we must acknowledge
some limitations in our efforts to put them into practice. This

study evaluated knowledge acquired by the students and the
effectiveness of that knowledge in changing their attitudes
toward sexual activities. However, it is would be difficult to
determine how much of and for how long the change took place
after the study. Hence, would need to know how many students
dropped out of school due to pregnancy, were infected with
STIs, encountered sexual violence, or were peer pressured into
harmful sexual practices. A follow-up study could be conducted
when the students are about to finish their ordinary-level studies.

Conclusions
Educational gamified learning (GM and SG) has the potential
to significantly increase the sexual health literacy of adolescents.
The digital health gamified interventions designed in this study
provide a user-friendly learning environment. The designs were
influenced by a theory-driven assessment of learning. This
assessment is supported by testing the learning of the users.
This study treats serious digital health gamified instructions as
a brain activator: it keeps students active during the learning
process. The students’ participation in the learning process is
catalyzed by the motivation and engagement that are enabled
by the game elements and mechanics. The My Future Begins
Today (the digital health gamified learning interventions using
the SG and GM) design increases knowledge acquisition and
attitude change. Students reported the learning to be more
interactive through participating in the gamified learning
activities.

SG and GM methods were found to be effective and efficient
in increasing motivation, improving attitudes, increasing
knowledge acquisition, and encouraging engagement in the
learning process. Future empirical studies may verify the
efficacy of the My Future Begins Today learning platforms in
improving sexual health literacy acquisition in other countries,
especially in SSA, where the TT method is widely practiced
and tends to limit the learning with gamified digital technologies
and process [19,25]. This paper also addresses more than ever
the call from a previous study [25] to evaluate the effect of
gamifying sexual health education when different key
stakeholders are involved in the design process in low-tech
settings. This is due to the fact that in developing countries
information and communication technologies and digital literacy
are limited.

 

Conflicts of Interest
Non declared.

Multimedia Appendix 1
Comparison of average scores, one-way ANOVA, and post hoc comparison tests after the lessons.
[DOCX File , 17 KB - games_v9i4e19614_app1.docx ]

Multimedia Appendix 2
Evaluation of the efficacy of the instructional approachesa.
[DOCX File , 16 KB - games_v9i4e19614_app2.docx ]

References

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e19614 | p.194https://games.jmir.org/2021/4/e19614
(page number not for citation purposes)

Haruna et alJMIR SERIOUS GAMES

XSL•FO
RenderX

games_v9i4e19614_app1.docx
games_v9i4e19614_app1.docx
games_v9i4e19614_app2.docx
games_v9i4e19614_app2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Thompson R, Lewis T, Neilson EC, English DJ, Litrownik AJ, Margolis B, et al. Child Maltreatment and Risky Sexual
Behavior. Child Maltreat 2017 Feb 24;22(1):69-78 [FREE Full text] [doi: 10.1177/1077559516674595] [Medline: 27777330]

2. Sani A, Abraham C, Denford S, Mathews C. Design, implementation and evaluation of school-based sexual health education
in sub-Saharan Africa: a qualitative study of researchers’ perspectives. Sex Education 2017 Dec 21;18(2):172-190. [doi:
10.1080/14681811.2017.1414040]

3. Haruna H, Hu X, Wah Chu SK. Adolescent School-Based Sexual Health Education and Training: A Literature Review on
Teaching and Learning Strategies. GJHS 2018 Feb 19;10(3):172. [doi: 10.5539/gjhs.v10n3p172]

4. Zimmerman GM, Farrell C. Parents, Peers, Perceived Risk of Harm, and the Neighborhood: Contextualizing Key Influences
on Adolescent Substance Use. J Youth Adolesc 2017 Jan;46(1):228-247. [doi: 10.1007/s10964-016-0475-5] [Medline:
27016218]

5. Sani AS, Abraham C, Denford S, Ball S. School-based sexual health education interventions to prevent STI/HIV in
sub-Saharan Africa: a systematic review and meta-analysis. BMC Public Health 2016 Oct 10;16(1):1069 [FREE Full text]
[doi: 10.1186/s12889-016-3715-4] [Medline: 27724886]

6. Cates JR, Fuemmeler BF, Diehl SJ, Stockton LL, Porter J, Ihekweazu C, et al. Developing a Serious Videogame for Preteens
to Motivate HPV Vaccination Decision Making: Land of Secret Gardens. Games Health J 2018 Feb;7(1):51-66 [FREE Full
text] [doi: 10.1089/g4h.2017.0002] [Medline: 29161529]

7. Fiellin LE, Hieftje KD, Pendergrass TM, Kyriakides TC, Duncan LR, Dziura JD, et al. Video Game Intervention for Sexual
Risk Reduction in Minority Adolescents: Randomized Controlled Trial. J Med Internet Res 2017 Sep 18;19(9):e314 [FREE
Full text] [doi: 10.2196/jmir.8148] [Medline: 28923788]

8. Jiang R, McKanna J, Calabrese S, Seif El-Nasr M. Iterative Design and Testing for the Development of a Game-Based
Chlamydia Awareness Intervention: A Pilot Study. Games Health J 2017 Aug;6(4):205-216 [FREE Full text] [doi:
10.1089/g4h.2016.0112] [Medline: 28816513]

9. Temple-smith M, Moore S, Rosenthal D. Sexuality in Adolescence: The digital generation. New York: Taylor & Francis
Group; 2016.

10. Goesling B, Colman S, Trenholm C, Terzian M, Moore K. Programs to reduce teen pregnancy, sexually transmitted
infections, and associated sexual risk behaviors: a systematic review. J Adolesc Health 2014 May;54(5):499-507. [doi:
10.1016/j.jadohealth.2013.12.004] [Medline: 24525227]

11. Mullinax M, Mathur S, Santelli J. Adolescent sexual healthsexuality education. In: Cherry A, Baltag V, Dillon M, editors.
International Handbook on Adolescent Health and Development. Cham, Switzerland: Springer International Publishing;
2017:143-167.

12. Aarø LE, Mathews C, Kaaya S, Katahoire AR, Onya H, Abraham C, et al. Promoting sexual and reproductive health among
adolescents in southern and eastern Africa (PREPARE): project design and conceptual framework. BMC Public Health
2014 Jan 18;14:54 [FREE Full text] [doi: 10.1186/1471-2458-14-54] [Medline: 24438582]

13. Pesare E, Roselli T, Corriero N, Rossano V. Game-based learning and Gamification to promote engagement and motivation
in medical learning contexts. Smart Learn. Environ 2016 Apr 27;3(1):1-21. [doi: 10.1186/s40561-016-0028-0]

14. Cederbaum JA, Rodriguez AJ, Sullivan K, Gray K. Attitudes, Norms, and the Effect of Social Connectedness on Adolescent
Sexual Risk Intention. J Sch Health 2017 Aug 09;87(8):575-583. [doi: 10.1111/josh.12532] [Medline: 28691176]

15. Chu SKW, Kwan ACM, Reynolds R, Mellecker RR, Tam F, Lee G, et al. Promoting Sex Education Among Teenagers
Through an Interactive Game: Reasons for Success and Implications. Games Health J 2015 Jun;4(3):168-174. [doi:
10.1089/g4h.2014.0059] [Medline: 26182060]

16. Goldman JDG. An exploration in health education of an integrated theoretical basis for sexuality education pedagogies for
young people. Health Educ Res 2011 Jun;26(3):526-541. [doi: 10.1093/her/cyq084] [Medline: 21602573]

17. Kachur R, Mesnick J, Liddon N, Kapsimalis C, Habel M, David-Ferdon C, et al. Adolescents, Technology and Reducing
Risk for HIV, STDs and Pregnancy. Atlanta, GA: Centers for Disease Control and Prevention; 2013. URL: https://www.
cdc.gov/std/life-stages-populations/adolescents-tech.htm [accessed 2020-06-22]

18. Eleftheriou A, Bullock S, Graham CA, Ingham R. Using Computer Simulations for Investigating a Sex Education Intervention:
An Exploratory Study. JMIR Serious Games 2017 May 03;5(2):e9 [FREE Full text] [doi: 10.2196/games.6598] [Medline:
28468747]

19. Patchen L, Ellis L, Ma TX, Ott C, Chang KH, Araya B, et al. Engaging African American Youth in the Development of a
Serious Mobile Game for Sexual Health Education: Mixed Methods Study. JMIR Serious Games 2020 Jan 31;8(1):e16254
[FREE Full text] [doi: 10.2196/16254] [Medline: 32012041]

20. Kimberly H, Duncan LR, Pendergrass T, Sawyer B, Fiellin LE. Development of an HIV prevention videogame intervention:
lessons learned. IJSG 2016 Apr;3(2):83-90 [FREE Full text] [doi: 10.17083/ijsg.v1i4.47]

21. Lenhart A, Kahne J, Middaugh E E, Rankin Macgill A, Evans C, Vitak J. Teens, Video Games, and Civics. 2008 Sep 16.
URL: https://files.eric.ed.gov/fulltext/ED525058.pdf [accessed 2021-09-22]

22. Horn M, Staker H. Trends in digital learning: Empowering innovative classroom models for learning. Proj Tomorrow.
URL: http://www.tomorrow.org/speakup/2015_ClassroomModels.html [accessed 2020-07-02]

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e19614 | p.195https://games.jmir.org/2021/4/e19614
(page number not for citation purposes)

Haruna et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://europepmc.org/abstract/MED/27777330
http://dx.doi.org/10.1177/1077559516674595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27777330&dopt=Abstract
http://dx.doi.org/10.1080/14681811.2017.1414040
http://dx.doi.org/10.5539/gjhs.v10n3p172
http://dx.doi.org/10.1007/s10964-016-0475-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27016218&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3715-4
http://dx.doi.org/10.1186/s12889-016-3715-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27724886&dopt=Abstract
http://europepmc.org/abstract/MED/29161529
http://europepmc.org/abstract/MED/29161529
http://dx.doi.org/10.1089/g4h.2017.0002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29161529&dopt=Abstract
https://www.jmir.org/2017/9/e314/
https://www.jmir.org/2017/9/e314/
http://dx.doi.org/10.2196/jmir.8148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28923788&dopt=Abstract
http://europepmc.org/abstract/MED/28816513
http://dx.doi.org/10.1089/g4h.2016.0112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28816513&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2013.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24525227&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-54
http://dx.doi.org/10.1186/1471-2458-14-54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24438582&dopt=Abstract
http://dx.doi.org/10.1186/s40561-016-0028-0
http://dx.doi.org/10.1111/josh.12532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28691176&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26182060&dopt=Abstract
http://dx.doi.org/10.1093/her/cyq084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21602573&dopt=Abstract
https://www.cdc.gov/std/life-stages-populations/adolescents-tech.htm
https://www.cdc.gov/std/life-stages-populations/adolescents-tech.htm
http://games.jmir.org/2017/2/e9/
http://dx.doi.org/10.2196/games.6598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28468747&dopt=Abstract
https://games.jmir.org/2020/1/e16254/
http://dx.doi.org/10.2196/16254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012041&dopt=Abstract
https://www.play2prevent.org/wp-content/uploads/2016/07/Lessons-learned-article.pdf
http://dx.doi.org/10.17083/ijsg.v1i4.47
https://files.eric.ed.gov/fulltext/ED525058.pdf
http://www.tomorrow.org/speakup/2015_ClassroomModels.html
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Haruna H, Hu X, Chu S, Mellecker R, Gabriel G, Ndekao P. Improving Sexual Health Education Programs for Adolescent
Students through Game-Based Learning and Gamification. Int J Environ Res Public Health 2018 Sep 17;15(9):2027 [FREE
Full text] [doi: 10.3390/ijerph15092027] [Medline: 30227642]

24. Chib A. Promoting sexual health education via gaming: Evidence from the Barrios of Lima, Peru. In: Patrick F, editor.
Handbook of Research on Improving Learning and Motivation Through Educational Games: Multidisciplinary Approaches.
Hershey, PA: IGI Global; 2011:895-912.

25. Sharifzadeh N, Kharrazi H, Nazari E, Tabesh H, Edalati Khodabandeh M, Heidari S, et al. Health Education Serious Games
Targeting Health Care Providers, Patients, and Public Health Users: Scoping Review. JMIR Serious Games 2020 Mar
05;8(1):e13459 [FREE Full text] [doi: 10.2196/13459] [Medline: 32134391]

26. Haruna H, Zainuddin Z, Mellecker RR, Chu SK, Hu X. An iterative process for developing digital gamified sexual health
education for adolescent students in low-tech settings. ILS 2019 Nov 11;120(11/12):723-742. [doi: 10.1108/ils-07-2019-0066]

27. Feser E. Isserman’s Impact. International Regional Science Review 2012 Nov 09;36(1):44-68. [doi:
10.1177/0160017612464051]

28. Thyer B. Quasi-Experimental Research Designs. New York, NY: Oxford University Press; 2012.
29. Creswell J, Creswell D. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. Thousand Oaks, CA:

SAGE; 2018.
30. Creswell J. Educational Research : Planning, Conducting, and Evaluating Quantitative and Qualitative Research (4th

Edition). New York, NY: Pearson; 2011.
31. Plant T, Mann D. Introduction to new insights into the neurobiology of reproduction and puberty. Brain Res 2010 Dec

10;1364:1-2. [doi: 10.1016/j.brainres.2010.11.002] [Medline: 21109037]
32. Reeves T. Design research from a technology perspective. In: Educational Design Research. London, UK: Routledge;

2006:52-66.
33. DeSmet A, Thompson D, Baranowski T, Palmeira A, Verloigne M, De Bourdeaudhuij I. Is Participatory Design Associated

with the Effectiveness of Serious Digital Games for Healthy Lifestyle Promotion? A Meta-Analysis. J Med Internet Res
2016 Apr 29;18(4):e94 [FREE Full text] [doi: 10.2196/jmir.4444] [Medline: 27129447]

34. Bai S, Hew KF, Huang B. Does gamification improve student learning outcome? Evidence from a meta-analysis and
synthesis of qualitative data in educational contexts. Educational Research Review 2020 Jun;30:100322. [doi:
10.1016/j.edurev.2020.100322]

35. Zainuddin Z, Shujahat M, Haruna H, Chu S. The role of gamified e-quizzes on student learning and engagement: An
interactive gamification solution for a formative assessment system. Computers & Education 2020 Feb 7;145:103729. [doi:
10.1016/j.compedu.2019.103729]

36. Kapp K. The Gamification of Learning and Instruction: Game-Based Methods and Strategies for Training and Education.
Hoboken, NJ: John Wiley and Sons; May 15, 2012.

37. Huang B, Hew KF, Lo CK. Investigating the effects of gamification-enhanced flipped learning on undergraduate students’
behavioral and cognitive engagement. Interactive Learning Environments 2018 Jul 20;27(8):1106-1126. [doi:
10.1080/10494820.2018.1495653]

38. Zichermann G. Intrinsic and Extrinsic Motivation in Gamification. 2011. URL: http://www.gamification.co/2011/10/27/
intrinsic-and-extrinsic-motivation-in-gamification/ [accessed 2018-01-09]

39. Dicheva D, Dichev C, Agre G, Angelova G. Gamification in Education: A Systematic Mapping Study. J Educ Technol Soc
2015;18(3):88.

40. Sugawara E, Nikaido H. Properties of AdeABC and AdeIJK efflux systems of Acinetobacter baumannii compared with
those of the AcrAB-TolC system of Escherichia coli. Antimicrob Agents Chemother 2014 Dec;58(12):7250-7257 [FREE
Full text] [doi: 10.1128/AAC.03728-14] [Medline: 25246403]

41. Haruna H, Hu X, Chu S, Mellecker R. Initial Validation of the MAKE Framework: A Comprehensive Instrument for
Evaluating the Efficacy of Game-Based Learning and Gamification in Adolescent Sexual Health Literacy. Ann Glob Health
2019 Feb 28;85(1):19 [FREE Full text] [doi: 10.5334/aogh.1110] [Medline: 30873788]

42. Arnab S, Brown K, Clarke S, Dunwell I, Lim T, Suttie N, et al. The development approach of a pedagogically-driven serious
game to support Relationship and Sex Education (RSE) within a classroom setting. Computers & Education 2013
Nov;69:15-30. [doi: 10.1016/j.compedu.2013.06.013]

43. Arnab S, Clarke S. Towards a trans-disciplinary methodology for a game-based intervention development process. Br J
Educ Technol 2015 Dec 29;48(2):279-312. [doi: 10.1111/bjet.12377]

44. Bowen E, Walker K, Mawer M, Holdsworth E, Sorbring E, Helsing B, et al. “It's like you’re actually playing as yourself”:
Development and preliminary evaluation of ‘Green Acres High’, a serious game-based primary intervention to combat
adolescent dating violence+. Psychosocial Intervention 2014 Apr;23(1):43-55. [doi: 10.5093/in2014a5]

45. Rose J, O’Meara J, Gerhardt T, Williams M. Gamification: using elements of video games to improve engagement in an
undergraduate physics class. Phys. Educ 2016 Jul 22;51(5):055007. [doi: 10.1088/0031-9120/51/5/055007]

46. Hyde A, Howlett E, Brady D, Drennan J. The focus group method: insights from focus group interviews on sexual health
with adolescents. Soc Sci Med 2005 Dec;61(12):2588-2599. [doi: 10.1016/j.socscimed.2005.04.040] [Medline: 15955604]

47. Vaughn S, Schumm J, Sinagub J. Focus Group Interviews in Education and Psychology. London, UK: SAGE; 1996.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e19614 | p.196https://games.jmir.org/2021/4/e19614
(page number not for citation purposes)

Haruna et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=ijerph15092027
https://www.mdpi.com/resolver?pii=ijerph15092027
http://dx.doi.org/10.3390/ijerph15092027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30227642&dopt=Abstract
https://games.jmir.org/2020/1/e13459/
http://dx.doi.org/10.2196/13459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32134391&dopt=Abstract
http://dx.doi.org/10.1108/ils-07-2019-0066
http://dx.doi.org/10.1177/0160017612464051
http://dx.doi.org/10.1016/j.brainres.2010.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21109037&dopt=Abstract
https://www.jmir.org/2016/4/e94/
http://dx.doi.org/10.2196/jmir.4444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27129447&dopt=Abstract
http://dx.doi.org/10.1016/j.edurev.2020.100322
http://dx.doi.org/10.1016/j.compedu.2019.103729
http://dx.doi.org/10.1080/10494820.2018.1495653
http://www.gamification.co/2011/10/27/intrinsic-and-extrinsic-motivation-in-gamification/
http://www.gamification.co/2011/10/27/intrinsic-and-extrinsic-motivation-in-gamification/
http://europepmc.org/abstract/MED/25246403
http://europepmc.org/abstract/MED/25246403
http://dx.doi.org/10.1128/AAC.03728-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25246403&dopt=Abstract
https://annalsofglobalhealth.org/articles/10.5334/aogh.1110
http://dx.doi.org/10.5334/aogh.1110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30873788&dopt=Abstract
http://dx.doi.org/10.1016/j.compedu.2013.06.013
http://dx.doi.org/10.1111/bjet.12377
http://dx.doi.org/10.5093/in2014a5
http://dx.doi.org/10.1088/0031-9120/51/5/055007
http://dx.doi.org/10.1016/j.socscimed.2005.04.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15955604&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Rajalahti T, Kvalheim OM. Multivariate data analysis in pharmaceutics: a tutorial review. Int J Pharm 2011 Sep
30;417(1-2):280-290. [doi: 10.1016/j.ijpharm.2011.02.019] [Medline: 21335075]

49. Keller JM. Motivation, Learning, and Technology: Applying the ARCS-V Motivation Model. Per 2016 Aug 01;3(2):1-15.
[doi: 10.17275/per.16.06.3.2]

50. Baskaran G, Rawi MIM. Emotion Digital Game-Based Learning Application: ARCS Motivational Model? International
Journal of Advanced Computational Engineering and Networking 2017 Sep;5(9):148 [FREE Full text]

51. Garris R, Ahlers R, Driskell JE. Games, Motivation, and Learning: A Research and Practice Model. Simulation & Gaming
2016 Aug 18;33(4):441-467. [doi: 10.1177/1046878102238607]

52. Hung DWL, Wong AFL. Activity theory as a framework for project work in learning environments. Educ Technol
2000;40(2):33-37.

53. Kaptelinin V. Activity Theory Internet. 2013. URL: https://www.interaction-design.org/literature/book/
the-encyclopedia-of-human-computer-interaction-2nd-ed/activity-theory [accessed 2020-05-18]

54. Roth W, Radford L, La CL. Working with cultural-historical activity theory. Forum Qual Sozialforsch 2012;13(2):1-20.
[doi: 10.17169/FQS-13.2.1814]

Abbreviations
ASHLT: Adolescent Sexual Health Literacy Test
AVOVA: analysis of variance
FGI: focus group interview
SG: serious game
GM: gamification
MAKE: motivation, attitude, knowledge, and engagement
SSA: sub-Saharan Africa
STI: sexually transmitted infections
TT: traditional teaching

Edited by G Eysenbach; submitted 24.04.20; peer-reviewed by M Tara, S Diehl; comments to author 26.10.20; revised version received
09.01.21; accepted 31.05.21; published 12.10.21.

Please cite as:
Haruna H, Okoye K, Zainuddin Z, Hu X, Chu S, Hosseini S
Gamifying Sexual Education for Adolescents in a Low-Tech Setting: Quasi-Experimental Design Study
JMIR Serious Games 2021;9(4):e19614
URL: https://games.jmir.org/2021/4/e19614 
doi:10.2196/19614
PMID:34636739

©Hussein Haruna, Kingsley Okoye, Zamzami Zainuddin, Xiao Hu, Samuel Chu, Samira Hosseini. Originally published in JMIR
Serious Games (https://games.jmir.org), 12.10.2021. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete
bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright and license
information must be included.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e19614 | p.197https://games.jmir.org/2021/4/e19614
(page number not for citation purposes)

Haruna et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijpharm.2011.02.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21335075&dopt=Abstract
http://dx.doi.org/10.17275/per.16.06.3.2
https://www.researchgate.net/publication/318456635_Emotion_Digital_Game-based_Learning_Application_ARCS_Motivational_MODEL
http://dx.doi.org/10.1177/1046878102238607
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/activity-theory
https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/activity-theory
http://dx.doi.org/10.17169/FQS-13.2.1814
https://games.jmir.org/2021/4/e19614
http://dx.doi.org/10.2196/19614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34636739&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Evidence of Construct Validity of Computer-Based Tests for
Clinical Reasoning: Instrument Validation Study

Tianming Zuo1, MD, PhD; Baozhi Sun1, MD, PhD; Xu Guan2, MD; Bin Zheng3, MD, PhD; Bo Qu1, MD, PhD
1Institute for International Health Professions Education and Research, China Medical University, Shenyang, China
2Education Center for Clinical Skills Practice, China Medical University, Shenyang, China
3Surgical Simulation Research Lab, Department of Surgery, University of Alberta, Edmonton, AB, Canada

Corresponding Author:
Bo Qu, MD, PhD
Institute for International Health Professions Education and Research
China Medical University
No. 77 Puhe Road
Shenyang, 110122
China
Phone: 86 189 0091 0198
Email: qubo6666@163.com

Abstract

Background: Clinical reasoning (CR) is a fundamental skill for all medical students. In our medical education system, however,
there are shortcomings in the conventional methods of teaching CR. New technology is needed to enhance our CR teaching,
especially as we are facing an influx of new health trainees. China Medical University (CMU), in response to this need, has
developed a computer-based CR training system (CMU-CBCRT).

Objective: We aimed to find evidence of construct validity of the CMU-CBCRT.

Methods: We recruited 385 students from fifth year undergraduates to postgraduate year (PGY) 3 to complete the test on
CMU-CBCRT. The known-groups technique was used to evaluate the construct validity of the CBCRT by comparing the test
scores among 4 training levels (fifth year MD, PGY-1, PGY-2, and PGY-3).

Results: We found that test scores increased with years of training. Significant differences were found in the test scores on
information collection, diagnosis, and treatment and total scores among different training years of participants. However, significant
results were not found for treatment errors.

Conclusions: We provided evidence of construct validity of the CMU-CBCRT, which could determine the CR skills of medical
students at varying early stage in their careers.

(JMIR Serious Games 2021;9(4):e17670)   doi:10.2196/17670
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Introduction

Each year, several hundred thousand students enter medical
school, all of whom need to equip themselves with the necessary
health care skills and knowledge [1]. Since 2014, the vast
majority of Chinese medical students attend a 5-year program
after high school to earn a bachelor’s degree. Then, they work
in a 1-year clinical internship before taking the nation’s
standardized medical licensure exams. If successful, they may
register as medical practitioners. Postgraduate training in
medical specialties is standardized to 3-year programs with the
final credential called Master of Medicine; this is now required

of all clinical practitioners. In addition to learning a broad range
of medical knowledge and practicing dexterity in hands,
practitioners need to learn how to collect information from
patients, process this information, and make accurate diagnostic
decisions, similar to the expectations from a senior physician
[2,3]. Clinical reasoning (CR) is a fundamental skill that
separates medical personnel from other professionals. William
Osler, a legendary pioneer medical educator, emphasized proper
physical examination and diagnostic reasoning while
maintaining the intimate physician-patient relationship. His
teachings have resonated with generations of physicians [4].
Strictly speaking, CR refers to the procedure of collecting and
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integrating patient information from various sources to arrive
at a diagnosis and management plan; it is usually case specific
[5]. Every medical teaching institute makes a great effort to
understand the nature of CR and improve strategies for teaching
CR skills to health trainees [6]. However, the conventional
methods that are used in our education system today are not
optimal [7-11].

Traditionally, CR is taught in the classroom (didactic lecture)
and by the patient’s side (clinical clerkship) [12-15]. A recent
focus of integrating problem-based learning (PBL) has
significantly improved the quality of CR education [6,12,16-18].
However, PBL relies heavily on the involvement and
commitment of faculty instructors, which may not always be
feasible [16,19]. Fidelity of case is also a problem compared to
patient-side education [12]. Acquiring patient information by
reading PBL cases from charts is quite a different experience
than taking information directly from patients. Although
instructors are making PBL cases in collaboration with
clinicians, students still report a lack of case variety [17,20].
Creating sufficient clinical cases with clinical fidelity for CR
training is a difficult task. Due to the above reasons, new
technology is needed to improve our CR teaching.

In contrast to a paper- or lecture-based curriculum,
computer-based CR training allows trainees to interactively
take information from patients in a step-by-step process. There
is also the possibility of accumulating a large volume of cases
through international collaboration.

Currently, computer-based CR training can have different
interfaces such as text, graphics, and animation [21]. The
text-based CR training system is most widely used [22]. It is
easy to create from clinical cases and deliver in the format of
multiple choice questions or direct interface [23]. While medical
images (including x-ray films, electrocardiograms, photos of
lesions, etc) are required to give students more clinical
information, graphic interface is also necessary. In several
graphical models, illustrations of patients (in drawing or 2D
pictures) can be used to create interactive experience for students
when they collect information from patients [24]. Some
computer-based CR training includes 3D animation or virtual
reality technology to simulate the clinical scenario with high
fidelity. However, the cost of creating 3D animation and virtual
reality scenarios is much higher than the other computer-based
CR models. It is difficult to create virtual patients without a
team of technicians and instructional designers (Table 1).

Table 1. Types of computer-based clinical reasoning simulations and comparison.

DisadvantageAdvantageMedia

Low level of fidelityRelatively easy and rapid to develop; less expensiveText based

Replicates only part of clinical settings; low level of inter-
activity

Presents rich clinical evidence; moderate cost with enhanced
fidelity

Graphic and animation
based

Challenge to developers; often expensiveCombines highly sophisticated, life-like models with computer
animations; can provide interactivity and feedback

Virtual reality

Sponsored by the National Medical Examination Center of
China, China Medical University (CMU) started to developed
computer-based CR training system in 2001. Educators and
researchers at the Institute for International Health Professions
Education and Research of CMU began to work with clinicians
to develop cases for training CR skills and established the
computer-based CR testing (CBCRT) system. Since 2002,
CBCRT has been used as one part in the final comprehensive
examinations of CMU to test the clinical skills of undergraduate
students.

The CBCRT is composed of 5 interactive modules that allow
students to interact with simulations to complete tasks: (1)
history taking and physical examination, (2) writing orders and
obtaining lab and medical imaging results, (3) reviewing
obtained results, (4) working out diagnosis and differential
diagnosis, and (5) observing the patient’s condition change at
different phases and changing locations for managing different
therapies. The main features of the CMU-CBCRT virtual patient
are displayed in Figure 1.

To test the face validity of the CMU-CBCRT, we called a series
of meetings with physicians and surgeons at which we screened
and selected key information on each clinical topic for CR
training. When a CR case was developed, our clinical team was
surveyed to verify their clinical relevance. They then evaluated
the interactive interface and rated their level of satisfaction.

To briefly summarize, the CBCRT provided clinical features
of patients including history and physical and laboratory findings
and then requires students to make a diagnosis as well as a
treatment plan for the simulated patients. The CBCRT has also
been welcomed by the examinees based on their positive
feedback toward the system. Of 300 students surveyed using
the questionnaire, 99.4% enjoyed participating in the CBCRT
examination; 95.9% believed that the system accurately
represents the real clinical environment; 72.5% agreed that the
CBCRT is a better tool for teaching their clinical abilities. We
can thus believe that the face validity of the CBCRT is
satisfactory.

However, face validity is the weakest form of validity evidence.
It can be only used at the primary stage of designing an
assessment method [25]. We need to look into the structure of
the CBCRT in detail to find more evidence of its validity,
especially since there is a paucity of validity evidence for
computer-based CR training [22]. In China, this study is the
first of its type.

This study investigates construct validity of the CMU-CBCRT
in medical trainees over 5 medical school. We hypothesize that
the CMU-CBCRT will be able to determine CR level among
different years of health trainees; specifically, senior trainees
will achieve higher CBCRT scores than juniors.
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Figure 1. Screenshot displaying the main features of the China Medical University–computer-based clinical reasoning testing.

Methods

Ethical Statement
Methods used for the project were reviewed and approved by
the ethical review boards of the CMU (ERB 2016-027) and the
5 medical schools. Informed consent was obtained from each
participant before they started the test with the CMU-CBCRT.

Testing Sites
From November 24 to December 8, 2016, we implemented the
CMU-CBCRT system in 5 collaborative medical schools: China

Medical University, Fudan University School of Medicine, Sun
Yat-sen University School of Medicine, Xuzhou Medical
University, and Binzhou Medical College.

Students
In China, medical students start their clerkships on the fifth year
of medical training. The clinical training will continue for their
3 postgraduate years (PGYs). PGY 1 to PGY 3 is similar to the
residency in North American medical school. We recruited
students from fifth year undergraduates to PGY 3. The actual
number of participants from each of 5 medical schools and their
training years are shown as Table 2.

Table 2. Students from the 5 medical schools and their training years.

SubtotalPGY-3PGY-2PGY-1aFifth year medical studentSchools

67271840China Medical University

9218164117Fudan University School of Medicine

7212202812Sun Yat-sen University School of Medicine

8021201920Xuzhou Medical University

7416191920Binzhou Medical College

3856982125109Total

aPGY: postgraduate year.
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Measures
Before testing, each student was asked to watch a 5-minute
presentation and get familiar with the testing interface.
Demographics and level of medical training were surveyed and
recorded. The computer recorded participants’ typing and
computer activity, including the typing and performance times.
The interaction between a learner and how data are captured is

displayed in Figure 2. Once completing the testing on
CMU-CBCRT, the system calculated and recorded their total
score by comparing the participants’ transaction list with the
scoring scheme defined by the case developers committee
(Multimedia Appendix 1). Subscores on these 4 different areas:
information collection, diagnosis, treatment, and treatment error
are computed and recorded as well (Multimedia Appendix 2).

Figure 2. Outline of interaction flow through China Medical University–computer-based clinical reasoning testing.

Statistical Model
The known-groups technique was used to evaluate the construct
validity of the CBCRT by comparing the scores among the fifth
year MD, PGY-1, PGY-2, and PGY-3 participants. Testing
scores, including total and subtotal, were compared over the 4
training groups using a 1-way analysis of variance (ANOVA).
Results were reported as mean and standard deviation. P≤.50
was considered a significant difference among testing groups.

Results

Total Score
ANOVA revealed a group difference in total score among
training levels (P<.001). As shown in Table 3 and Figure 3, the
score of the fifth year MD students (59.01 [SD 16.68]) was
significantly lower than the PGY-2 (68.68 [SD 11.76]) and
PGY-3 (68.06 [SD 12.67]) students; the total score of PGY-1
students was also significantly lower than the PGY-2 and PGY-3
students.
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Table 3. Students from the 5 medical schools and their training years.

P valuePGY-3, mean (SD)PGY-2, mean (SD)PGY-1a, mean (SD)Fifth year medical student,
mean (SD)

Scores

<.00151.38 (9.08)49.73 (9.12)46.70 (11.48)43.42 (12.63)Information collection

.03411.25 (4.22)12.76 (3.90)11.24 (4.97)10.90 (4.74)Diagnosis

.0135.45 (3.72)6.19 (3.73)4.61 (3.36)4.79 (3.81)Treatment

.13–0.01 (0.12)0.00 (0.00)–0.04 (0.20)–0.06 (023)Treatment error

.00168.06 (12.67)68.68 (11.76)62.50 (14.45)59.01 (16.68)Total

aPGY: postgraduate year.

Figure 3. Total score of students over training years.

Subscore
ANOVA revealed group differences by training level between
information collection (P<.001), diagnosis (P=.03), and

treatment (P=.01) scores, but not on treatment error (P=.13)
score. As shown in Figure 4, the information collection scores
of the fifth year MD students (43.42 [SD 12.63]) were
significantly lower than the PGY-1 (46.70 [SD 11.48]), PGY-2
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(49.73 [SD 9.12]), and PGY-3 (51.38 [SD 9.08]) students;
information collection scores of PGY-1 students were also
significantly lower than the PGY-3 students. As shown in Figure
5, the diagnosis scores of the fifth year MD (10.90 [SD 4.74]),
PGY-1 (11.24 [SD 4.97]), and PGY-3 (11.25 [SD 4.22]) students

were significantly lower than the PGY-2 (12.76 [SD 3.90])
students. As shown in Figure 6, treatment scores of the fifth
year MD (4.79 [SD 3.81]) and PGY-1 (4.61 [SD 3.36]) students
were significantly lower than the PGY-2 (6.19 [SD 3.73])
students.

Figure 4. Subscore for information collection of students over training years.
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Figure 5. Subscore for diagnosis of students over training years.
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Figure 6. Subscore for treatment of students over training years.

Discussion

Principal Findings
Before applying an assessment tool for use with medical
students, we must obtain evidence for the instrument’s reliability
and validity [26-28]. Providing evidence of the validity of
CBCRT will help the test management organization understand
the effectiveness of the test from a broad and comprehensive
perspective, clarify the aspects that the CBCRT can and cannot
measure, and hence, allow for its continuous improvement. This
is the goal of our current study. Our hypothesis was supported
by the results obtained; specifically, senior students displayed
higher testing scores than junior students (Table 3, Figure 1).
In other words, the CMU-CBCRT is able to determine CR skills
over different levels of medical education, especially in the
early stage of the students’ medical careers.

Looking specifically into the 4 categories of skills that we tested,
we found that the most significant differences were revealed in
the information collection, diagnosis, and treatment scores
among junior and senior medical students. This was as predicted.
With years of training, their experience and ability to clinically
reason are improving, and as a result, they performed better on
the information collection, diagnosis, and treatment, as well as
the total CBCRT score. This further suggests that the
CMU-CBCRT can determine the CR skills of students at varying
levels.

We also carefully studied and analyzed why there were no
significant differences in treatment error scores among the 4
training groups. For a simulated case of myocardial infarction,
we can observe from the test result the challenge faced by
participants who have never experienced this form of
examination before. When the passing score was set at 60%,
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the average score in this case (59.01 [SD 16.68]) did not pass.
The choice of wrong treatment is a negative item in the scoring
system, so the item writing expert is very cautious in formulating
the scoring standard. Only behavior that caused extreme
consequences resulted in points being deducted, and the weight
was set at a very low level (ie, –1%). In this test, we observed
that treatment error behavior happened more with junior students
than senior students, although without statistical significance.

In the absence of an available gold standard for measuring CR,
evidence for construct validity is sought after in this area of
research. This is an ongoing process, in which the skill measured
by the assessment tool is linked to some other attribute by a
hypothesis or construct. With the development of validity theory,
the validity concept has a new connotation and forms a method
based on multilevel evidence [22]. Validity is no longer an
attribute of the measurement tool itself but rather the extent to
which the evidence collected supports the interpretation,
inference, and decision making of the test score [27,29].

With the positive evidence presented, we should still be aware
that validity verification is a dynamic process [27] and no
education instrument is 100% effective [27]. Even if the
evidence indicates that the validity of a course test is significant,
the validity study must continue along with the development of

the CBCRT system. There are still many problems to be solved,
such as the setting of the evidence framework for the specific
test validity, determination of the validity criteria, feasibility of
the evidence collection method, and quantification of evidence
data. This will require in-depth discussion by future researchers.
We aim for constant examination of these issues in the process
of developing a reliable and valid CR training model. In the
future, we would include more simulated cases with a wide
range of case difficulties and distribute CMU-CBCRT to more
students to increase sample size. We would then carefully collect
data on student performance and feedback. We also plan to add
graphics and animation to enhance the interface design.

Limitations
However, there were some limitations in our study to its
generalizability. First, the respondents of the research were from
only 5 medical institutions in China. Second, the findings of
our study were limited by the representativeness and scale of
the study population.

Conclusions
We provided evidence of construct validity of the
CMU-CBCRT. It is able to determine CR skills over different
levels of medical education, especially in the early stage of the
students’ medical careers.
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Abstract

Background: Learning through a 360° virtual reality (VR) or 2D video represents an alternative way to learn a complex medical
education task. However, there is currently no consensus on how best to assess the effects of different learning materials on
cognitive load estimates, heart rate variability (HRV), outcomes, and experience in learning history taking and physical examination
(H&P) skills.

Objective: The aim of this study was to investigate how learning materials (ie, VR or 2D video) impact learning outcomes and
experience through changes in cognitive load estimates and HRV for learning H&P skills.

Methods: This pilot system–design study included 32 undergraduate medical students at an academic teaching hospital. The
students were randomly assigned, with a 1:1 allocation, to a 360° VR video group or a 2D video group, matched by age, sex, and
cognitive style. The contents of both videos were different with regard to visual angle and self-determination. Learning outcomes
were evaluated using the Milestone reporting form. Subjective and objective cognitive loads were estimated using the Paas
Cognitive Load Scale, the National Aeronautics and Space Administration Task Load Index, and secondary-task reaction time.
Cardiac autonomic function was assessed using HRV measurements. Learning experience was assessed using the AttrakDiff2
questionnaire and qualitative feedback. Statistical significance was accepted at a two-sided P value of <.01.
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Results: All 32 participants received the intended intervention. The sample consisted of 20 (63%) males and 12 (38%) females,
with a median age of 24 (IQR 23-25) years. The 360° VR video group seemed to have a higher Milestone level than the 2D video
group (P=.04). The reaction time at the 10th minute in the 360° VR video group was significantly higher than that in the 2D video
group (P<.001). Multiple logistic regression models of the overall cohort showed that the 360° VR video module was independently
and positively associated with a reaction time at the 10th minute of ≥3.6 seconds (exp B=18.8, 95% CI 3.2-110.8; P=.001) and
a Milestone level of ≥3 (exp B=15.0, 95% CI 2.3-99.6; P=.005). However, a reaction time at the 10th minute of ≥3.6 seconds
was not related to a Milestone level of ≥3. A low-frequency to high-frequency ratio between the 5th and 10th minute of ≥1.43
seemed to be inversely associated with a hedonic stimulation score of ≥2.0 (exp B=0.14, 95% CI 0.03-0.68; P=.015) after adjusting
for video module. The main qualitative feedback indicated that the 360° VR video module was fun but caused mild dizziness,
whereas the 2D video module was easy to follow but tedious.

Conclusions: Our preliminary results showed that 360° VR video learning may be associated with a better Milestone level than
2D video learning, and that this did not seem to be related to cognitive load estimates or HRV indexes in the novice learners. Of
note, an increase in sympathovagal balance may have been associated with a lower hedonic stimulation score, which may have
met the learners’ needs and prompted learning through the different video modules.

Trial Registration: ClinicalTrials.gov NCT03501641; https://clinicaltrials.gov/ct2/show/NCT03501641

(JMIR Serious Games 2021;9(4):e13124)   doi:10.2196/13124
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cognitive load; heart rate variability; video learning; learning outcome; secondary-task reaction time; virtual reality

Introduction

Competence-Based Medical Education Needs a
Multifaceted Assessment System
From premedical students to practicing physicians,
competency-based medical education (CBME) has been applied
in the design, implementation, and evaluation of medical
education programs according to competency-based outcomes
[1]. CBME for undergraduate medical students can help to
improve task-specific confidence and test performance after the
course has been completed, resulting in better performance and
patient care before residency training [2]. CBME has been
widely employed to promote greater learner-centeredness and
curricular outcomes since 2010 [3]. Furthermore, CBME must
use multiple assessment tools that meet minimum requirements
for quality. Therefore, a robust and multifaceted assessment
system, including quantitative and qualitative methods, is
essential for evaluating the progress of learners [4].

Simulation Provides Situated Learning and Assessment
in a Safe Environment
CBME is used to improve graduates’ competency levels,
ensuring they are skillful and qualified in all critical areas of
their occupation. To this end, CBME emphasizes the use and
importance of simulation-based training, which considers patient
safety and for which real-life opportunities are limited [5]. This
consideration is crucial for medical learners and teachers during
the COVID-19 pandemic. History taking and physical
examination (H&P) is a principal competency, incorporating
knowledge, skills, and behavior to initially approach a patient.
Therefore, H&P is a key performance level of
otorhinolaryngology–head and neck surgery (ORL-HNS) [6].
To enhance the development of H&P skills, commonly used
methods to assess this competency include in-training
examinations such as the Milestone [7], Mini Clinical Evaluation
Exercise [8], and oral examinations of clinical practice [9].
Recently, simulations such as part-time trainers, integrated

simulators, virtual reality (VR), and wearable devices have
become increasingly popular for CBME [10]. Simulation-based
training, such as VR, has been shown to improve health
professionals’ knowledge and skills outcomes and be an
integrative step toward supervised clinical practice [11]. In
particular, VR allowed students to practice rounding skills,
facilitate their education during the COVID-19 pandemic, and
supplement their in-person clerkship education [12].

360° VR Video Can Provide High Authenticity and
Fidelity to Encourage Learners
VR consists of a computer-generated 3D simulation in which
the user both explores and manipulates the contents of the
environment to learn and assess clinical knowledge and skills
[13]. VR provides experiential learning and provides
standardized, controlled exposure to situated events,
patient-caregiver communication, and teamwork. The use of
VR has been shown to be highly acceptable by learners in a
wide range of health care settings [14] and to play an essential
role in improving performance [15]. As a subtype of
image-based VR, 360° VR video represents an immersive 3D
medium featuring authenticity and fidelity using a VR
head-mounted display. The use of 360° VR video opens up
many possibilities in many domains of medical education [16],
such as an independent teaching aid or an adjunct to traditional
face-to-face teaching [17]. The application of 360° VR video
has enhanced the effectiveness of medical education and
training, raised the level of diagnosis and treatment, improved
the doctor-patient relationship, and boosted medical execution
efficiency [18]. Using 360° VR videos to facilitate the
acquisition of new clinical skills has been suggested to be a
valuable step in developing a clinical teaching curriculum [19].

Incorporating Instructional Design Practices That
Address the Elements of Cognitive Load Theory Is
Important to Improve Learning Outcomes
However, transferring practical skills to a clinical setting using
a criterion-based training program with VR simulators is
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difficult [20]. In addition to the poor mechanical performance
of the simulated haptic feedback, complex tasks such as H&P
and surgical procedures can induce excessive cognitive load
during simulation training, which can harm learning, especially
for novices [21]. Since the learner’s cognitive capacity during
learning is limited, improper instructional design may waste
precious cognitive resources, impair the essential processing,
and cause generative underutilization during learning [22].
Therefore, cognitive overload negatively impacts learning
outcomes in simulation training [23,24]. For example, the
increased cognitive load was significantly associated with the
declined correct identification of a trained murmur during
simulation training [23]. A study of laparoscopic training [24]
reported that immersive VR simulation training resulted in the
cognitive overload that impeded actual learning and skills
acquisition compared with conventional VR simulation training.
However, structured and distributed VR simulation practices
may induce a lower cognitive load when the learning situation
is increased in complexity [21]. Recently, VR-based simulation
training under cognitive load control has improved performance
under similar conditions to an actual surgical task [25].
Therefore, estimating cognitive load during 360° VR and 2D
video learning is essential for practical instruction and reform.

Estimating Cognitive Load During 360° VR Video
Learning Is a Challenge
Estimations of cognitive load and specific load types are still
challenging based on current cognitive load theory [26,27]. For
example, subjective cognitive load questionnaires, such as the
Paas Cognitive Load Scale (Paas-CLS) [28] and the National
Aeronautics and Space Administration Task Load Index
(NASA-TLX) [29] have been shown to be good tools to measure
intrinsic load, but not extraneous and germane loads [30].
However, a lowering of intrinsic cognitive load can reduce total
cognitive load, thus releasing working memory capacity [31].
Furthermore, instructional techniques for reducing cognitive
load have been shown to improve learning [32]. In addition to
estimating cognitive load, the NASA-TLX has been successfully
applied to determine user acceptance when evaluating innovative
applications [33]. Nevertheless, a negative carryover effect due
to failure in a VR simulation training program could affect the
subjective cognitive load estimations [34]. Therefore, objective
estimates of cognitive load, including secondary-task
performance [35], during the training program have been applied
in many medical education studies [34-36]. Secondary-task
performance is a task that assesses participants’ attention and
is limited by the storage capacity of visual short-term memory
[37]. Although secondary-task performance is a cognitive
function test, it frequently deteriorates from baseline to dual-task
among novices and is particularly useful for tracking changes
in cognitive load in the early phases of simulation-based skills
[35].

Autonomic Function Can Be Altered During VR
Immersion
VR immersion, especially containing stressful content, can
evoke acute stress reactions accompanied by autonomic
dysfunction [38]. Heart rate variability (HRV) is a sensitive
indicator of cardiac autonomic modulation [39] and responds

to any psychophysical changes immediately. Several
physiological or psychological changes, such as stress [40] and
anxiety [41], can change HRV. Reduced HRV indexes might
reflect loss of cognitive efficiency [36] and might predict
increased cognitive load [42] and poor cognitive performance
[43]. Nevertheless, immersive VR using the first-person
perspective can induce body ownership illusion in an
uncomfortable posture, reduced HRV indexes, and more
mistakes in a cognitive task [44]. Despite it being challenging
to assess associations between HRV and subjective cognitive
load due to sizeable interindividual variability [45], measuring
HRV during a learning task may help evaluate whether learning
materials impact learning outcomes through cardiac changes
autonomic function.

Aims and Hypotheses of the Study
This study aimed (1) to evaluate differences between two
learning materials (ie, 360° VR video and 2D video) in the
subjective and objective cognitive loads, autonomic function,
outcome, and learning experience while students were learning
H&P skills and (2) to study how learning materials (ie, 360°
VR or 2D video) impact learning outcomes through the changes
in cognitive load and HRV. The initial hypotheses were that (1)
subjective and objective cognitive loads and autonomic function
would be changed while using different learning materials and
(2) learners with higher learning outcomes and experience would
have different cognitive load and autonomic function during
the learning tasks than those with lower learning outcomes and
experience.

Therefore, we used cognitive questionnaires immediately after
completing a video learning module to assess subjective
cognitive load. We also used secondary-task reaction time and
HRV to objectively estimate the dynamic changes of cognitive
load and cardiac autonomic function during a video module for
providing ongoing feedback to improve video learning.
Subsequently, we used the Milestone report form to evaluate
the real-patient H&P. The Milestones have been designed
according to the grounding principles of CBME and have
become a significant formative component of the current
accreditation model of graduate medical education [46].
Although the Milestones were not designed to assess
undergraduate medical students, we considered that some
descriptors and targets of the Milestones were suitable for
evaluating learner performance of H&P as an undergraduate
medical student moves from entry into clerkship through
graduation. Furthermore, we applied the AttrakDiff2
questionnaire to assess the acceptance of technical innovations
[47]. The AttrakDiff2 questionnaire has been used to investigate
learners’ experience of many educational innovations, such as
mobile e-learning [48] and augmented reality [49]. Finally, we
used anonymous qualitative feedback to determine the learning
experience. We considered that the learning outcomes and the
learning experience could meet learners’needs and prompt their
use of learning through different video modules.
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Methods

Study Design
We conducted a prospective, randomized controlled, pilot
system–design study from June 1 to October 30, 2018, at an
academic teaching hospital (Department of ORL-HNS, Linkou
Chang Gung Memorial Hospital, Taoyuan, Taiwan). The

Institutional Review Board of the Chang Gung Medical
Foundation approved this study (No. 201601821B0), and we
conducted all procedures in compliance with the Declaration
of Helsinki 1975. We informed the participants about the aims
of the study and then obtained written informed consent from
them. We registered the entire study proposal at
ClinicalTrials.gov (NCT03501641). Figure 1 shows the study
flowchart following the CONSORT 2010 guidelines [50].

Figure 1. The CONSORT flow diagram. NASA: National Aeronautics and Space Administration.
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Setting

Overview
We used analysis, design, development, implementation, and
evaluation models [51] to design an effective instruction module
for H&P, including essential knowledge and competence
according to the guidelines of the American Board of
Otolaryngology [7]. We used different working samples [52],
including instructions for how to formulate problems, solution
steps, and final solutions, to demonstrate, step by step, how to
perform an H&P task in an outpatient setting. We also used
self-explanation prompts [53] to encourage the learner to
recognize links between the knowledge and skills they learned.
We recorded a 10-minute 360° video (4K resolution, 30
frames/s) with in-camera stitching, capturing 360° audio, and
spherical stabilization using a 360° camera (Garmin VIRB 360;
Garmin Ltd). We constructed the contents and scenario of this

video according to a real clinical setting. The first portion of
the video demonstrated skills of history taking under normal
conditions, and the second portion demonstrated skills of how
to quickly perform a physical examination (Table 1).
Subsequently, we produced two videos with different visual
angles (ie, 360° and 120°) using PowerDirector software
(version 16; CyberLink Corp). Two senior investigators
evaluated the videos and validated the learning materials. We
then developed courseware with the same user interface for the
360° VR and 2D videos using Unity Editor (version 2017.3.1;
Unity Technologies).

The 360° VR Video Module
This module was developed to arbitrarily review the immersive
3D 360° VR video through a head-mounted display (Figure 2).
The users were immersed in the 360° experience to learn the
H&P skills.

Figure 2. Example of 360° virtual reality video learning. Screenshot of the 360° virtual reality video (upper) demonstrating the learners watching a
highly immersive 360° video. They arbitrarily changed their field of view to watch the skills of history taking and physical examination from a first-person
perspective (lower).
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The 2D Video Module
The 2D video was played in a fixed 120° focused field of view

through the same head-mounted display (Figure 3). The users
reviewed the instructional video as in a theater environment.

Figure 3. Example of 2D video learning. Screenshot of the 2D video (upper) showing the learners watching a 2D video in a theater environment. They
watched the skills of history taking and physical examination in a fixed focus of view from a third-person perspective (lower).

Table 1. Summary of the models of 360° virtual reality video and 2D video.

2D video module360° virtual reality video moduleFeature

YesYesHead-mounted display

Statically filmedStatically filmedPart I: history taking

Dynamically filmedDynamically filmedPart II: physical examination

120°360°Visual angle

NoYesImmersion

Third personFirst personPerspective

Selection of Participants
A convenience sampling approach was used, and 32 consecutive
volunteers were recruited during the study period. The inclusion
criteria were as follows: (1) aged >20 years and (2) novices in

ORL-HNS (ie, undergraduate medical students). The exclusion
criteria were as follows: (1) contraindications for using VR,
such as pregnancy, hypertension, motion sickness, inner ear
infections, claustrophobia, recent surgery, pre-existing binocular
vision abnormalities, heart disorders, or epilepsy, and (2)
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declining to participate. All of the volunteers had at least a basic
level of computer literacy and could use VR headsets and
controllers after instruction. We used the 25-item Group
Embedded Figures Test (GEFT) (score range 0-18) to assess
the participants’cognitive style [54]. The GEFT has been shown
to have high reliability in medical education [55], and we have
previously validated its effectiveness of classifying learning
preference in millennial undergraduate medical students [56].
Field-independent learners prefer and have better performance
in computer-assisted learning. We stratified the students into
two subgroups: “field-dependent” (GEFT score ≤12) and
“field-independent” (GEFT score >12) [57].

Randomization and Blinding
The participants were blinded to the purpose of the study during
recruitment to minimize preparation bias. After the participants
had provided consent and completed the GEFT, we randomly
assigned them, with a 1:1 allocation, to the 360° VR video group
and the 2D video group, matched by age, sex, and cognitive
style (Figure 1). The Random Number Generators tool in SPSS
software (version 24; IBM Corp) was used to create a list of
random numbers for allocating the students, who were stratified
by center with a 1:1 allocation using a fixed block size of 8 in
both parallel subgroups. We concealed the allocation sequence
before implementing the video module, and the module adhered
to our computer-generated randomization protocol.

Intervention
After randomization, the participants reviewed their allocated
video through a head-mounted display in the same space for 10
minutes. To reduce the effect of the head-mounted display on
learning experience, both groups used the same VR device
(VIVE VR headset; HTC Corp). We explained the functionality
of the VR device to the participants before the intervention. In
the 360° VR video group, the learners arbitrarily reviewed the
instructor’s demonstrations and responses from standard patients
and other medical staff from a first-person perspective in an
immersive 360° environment (Figure 2). In the 2D video group,
the learners simply watched the instructor’s demonstrations
from a third-person perspective in a theater environment (Figure
3). During the learning course, the participants watched the
movie by themselves at a time of their choosing.

Methods of Measurement

Overview
We used five different face-to-face assessments, including the
Paas-CLS and the NASA-TLX for subjectively estimating the
cognitive load, the Milestone for assessing the learning
outcomes, and the AttrakDiff2 questionnaire and anonymous
qualitative feedback for determining the learning experience.
There was one objective estimate of cognitive load using the
secondary-task performance and one measurement of cardiac
autonomic function using HRV monitoring.

Paas Cognitive Load Scale
We used the Paas-CLS [28] to estimate the total cognitive load
of the learning task immediately after the intervention. The
Paas-CLS questionnaire is a single-item measure to rate the
perceived intensity of mental effort along a 9-point scale,

ranging from 1 (very, very low mental effort) to 9 (very, very
high mental effort). The Paas-CLS questionnaire has good
reliability (Cronbach α=.82-.90) in instructional research [58].

NASA Task Load Index
The NASA-TLX questionnaire is a subjective assessment of
cognitive load [29]. This instrument consists of six subscales:
mental demand, physical demand, temporal demand,
performance, effort, and frustration. Participants rate the level
of each dimension by making a mark on a visual analog scale
(range 0-20) immediately after the intervention. The
NASA-TLX questionnaire has good reliability (Cronbach α≥.80)
to assess cognitive load [59].

Secondary-Task Performance
Secondary-task performance has been shown to be sensitive in
estimating intrinsic cognitive load among novices engaged in
simulation-based learning [35]. As the primary task in this study,
the participants reviewed the video for 10 minutes. To ensure
the use of similar perceptual-cognitive resources for the primary
task [60], the participants were asked to respond to a visual cue
by pressing a button on a controller as soon as possible. The
visual cue appeared in their field of view and lasted for 10
seconds. For exploring the importance of monitoring
secondary-task reaction time, we measured the reaction time,
defined as the time from visual cue presentation to when the
button was pressed, at 0 minutes, 5 minutes, and 10 minutes
during the reviewing period. When the participants missed a
response, we considered the reaction time to be “11 seconds”
to avoid gaps in the performance results and inaccuracies in the
estimates of the reaction time.

Heart Rate Variability
HRV has been shown to be an objective estimation of learners’
cognitive load in a learning environment [61,62]. For controlling
preinterventional stress, the participants sat quietly for 20
minutes. We recorded 5-minute electrocardiogram signals of a
single lead (lead I) using a Holter-like NeXus-4 amplifier and
recording system (Mind Media BV) when the participant wore
a head-mounted display and breathed normally as baseline data.
During the 10-minute intervention, we recorded heart rates
simultaneously and continuously. Electrocardiogram data were
acquired with a sample rate of 1024 Hz, and the raw data were
saved. The power spectrum was quantified by a fast Fourier
transform [39]. In our preliminary results, the
energy-frequency-time distributions of the electrocardiogram
data were nonlinear and nonstationary. Therefore, we used the
empirical mode decomposition (EMD) method to decompose
complicated data into a finite number of intrinsic mode functions
that admitted well-behaved Hilbert transforms [63]. The EMD
method is an adaptive preprocessing technique for overcoming
the limitations of HRV spectral analysis when assessing
nonlinear and nonstationary system data [64]. We performed
HRV analysis using custom-developed MATLAB (version 7;
The MathWorks, Inc) codes that allowed us to determine HRV
parameters from sequences of 5-minute consecutive epochs of
electrocardiogram signals. The requirements for the quality of
HRV analysis were based on the European Society of
Cardiology and the North American Society of Pacing and
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Electrophysiology guidelines [65]. For the analysis, sequences
of R wave to R wave (RR) intervals were selected without
artifacts, ventricular excitations, or supraventricular excitations
[66]. We then calculated the RR interval, the SD of
normal-to-normal RR intervals (SDNN), and the root mean
square of successive heartbeat interval difference (RMSSD)
using time-domain analysis. HRV in the frequency domain was
described using spectral power values in the low-frequency (LF)
band (0.04-0.15 Hz), the high-frequency (HF) band (0.15-0.40
Hz), and the LF/HF ratio. To reflect the different instructional
content, we analyzed three time intervals: baseline, 0 to 5
minutes, and 5 to 10 minutes. These HRV indexes were chosen
because low SDNN was associated with higher intrinsic and
germane cognitive loads [67] and poor performance [68], low
RMSSD was related to higher intrinsic cognitive load [67] and
worse performance on executive tasks [69], and low LF/HF
ratio was associated with high cognitive load [70]. The HRV
variables were measured before and after the intervention.

Milestones
The Milestones have been used to assess the development of
resident physicians in key dimensions of the elements of
physician competency in otolaryngology since 2004 [7]. In this
study, we prospectively recruited participants to perform H&P
in real patients with sleep-disordered breathing (SDB) at our
teaching clinics. For evaluating learner performance of H&P
as an undergraduate medical student moves from entry into
clerkship through graduation, we selected the level that best
described that learner’s performance with the Milestone for care
for patients with SDB [6]. We used a brief 5-level Milestone
report form to rate learner performance of H&P, including (1)
obtaining general H&P, (2) recognizing signs and symptoms
of SDB and the differences between children and adults, (3)
performing detailed examinations with evaluations of upper
airway anatomy, (4) interpreting the examinations and advanced
diagnostic testing, and (5) teaching-focused H&P.

AttrakDiff2 Questionnaire
The AttrakDiff2 questionnaire was developed to reliably
evaluate the acceptance of technical innovations [47]. It assesses
qualities of pragmatism, hedonic stimulation, hedonic
identification, and attractiveness using 28 questions. The
participants were asked to respond to each question by making
a mark on a 7-point Likert-like scale, ranging from –3 to 3, with
a semantic differential design. Subsequently, the mean value
of each quality created a scale value for pragmatism, hedonic
stimulation, hedonic identification, and attractiveness. The
AttrakDiff2 questionnaire has been applied to evaluate learners’
experience [48,71].

Anonymous Qualitative Feedback
Each participant in this study provided anonymous feedback
about their experience of the module used.

Outcome Measures
The primary outcome measure of this study was the Milestone
level after completing the video learning module. The secondary
outcomes were the AttrakDiff2 questionnaire scales.

Sample Size
The sample size was estimated using primary outcome effects
(the Milestone) based on a priori study (360° VR video: mean
3.1, SD 0.7; 2D video: mean 2.3, SD 0.6). A two-tailed
Wilcoxon-Mann-Whitney U test was used to calculate a sample
size of 16 in each group (normal parent distribution; calculated
effect size, 1.23; type I error, 0.01; power, 70%). For a block
size of 8, we decided to enroll a total of 32 students to show the
difference in the Milestone level.

Statistical Analysis
The D’Agostino-Pearson omnibus normality test showed that
most of the continuous variables were nonnormally distributed,
and they were presented as median and IQR. Differences
between groups were analyzed using the Wilcoxon signed-rank
test, the Mann-Whitney U test, or the Fisher exact test as
appropriate. Effect sizes were calculated using the
Hodges-Lehmann method for the Mann-Whiney U test and the
Wilcoxon signed-rank test, or odds ratios for the Fisher exact
test. The Spearman correlation test was used to analyze
relationships between variables of interest. The Bonferroni
correction was used to adjust P values because of the increased
risk of a type I error when conducting multiple statistical tests
at the same time [72]. Continuous variables were dichotomized
using the median split. Variables of interest were analyzed for
multivariate logistic regression models. All P values were
two‐sided, and statistical significance was accepted at P<.01.
Statistical analyses were performed using G*Power software
(version 3.1.9.2; Heinrich-Heine-Universität Düsseldorf), Prism
for Windows (version 7.0; GraphPad Software Inc), and SPSS
Statistics for Windows (version 25; IBM Corp).

Results

Study Participants
A total of 32 volunteers were recruited, of which 20 (63%) were
males and 12 (38%) were females. The median age was 24 (IQR
23-25) years. There were 3 (9%) field-dependent and 29 (91%)
field-independent participants. Table 2 summarizes the variables
of interest for the overall study cohort. As expected, there were
no significant differences in age, sex, or cognitive style between
the 360° VR video and 2D video groups at baseline. After
randomization, all participants received the intended
intervention. There were no protocol deviations in this study.
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Table 2. Demographics and cognitive style.

P valuebEffect sizea (95% CI)2D video group
(n=16)

360° virtual reality video
group (n=16)

Overall
(N=32)

Variables

Demographics

.290 (–1 to 0)24 (23-25)24 (23-25)24 (23-25)Age (years), median (IQR)

>.991.0 (0.2 to 4.2)10 (63)10 (63)20 (63)Sex (male), n (%)

>.992.1 (0.2 to 26.3)2 (13)1 (6)3 (9)Cognitive style: field-dependent, n (%)

aEffect sizes were calculated using the Hodges-Lehmann method for the Mann-Whiney U test and Wilcoxon signed-rank test, or odds ratios for the
Fisher exact test.
bP values were calculated based on the Mann-Whiney U test for continuous variables (two-tailed) or the Fisher exact test for categorical variables
(two-tailed).

Estimates of Subjective and Objective Cognitive Load

Paas Cognitive Load Scale
The Paas-CLS showed that the participants had a significantly
higher total cognitive load than the reference value of “5” in
the overall cohort (P=.001) after 10 minutes of video instruction
(Table 3). Furthermore, the Paas-CLS score of the 360° VR
video group was comparable to that of the 2D video group.

NASA Task Load Index
The overall cohort had a significantly higher score for mental
demand (corrected P<.001) than the reference value of “10”
before and after the Bonferroni correction (Table 3). The
physical demand score of the 360° VR video group was higher
than that of the 2D video group; however, this difference did
not reach statistical significance after the Bonferroni correction
(Figure 4, upper).

Table 3. Subjective measures of cognitive load.

P valuebEffect sizea

(95% CI)

2D video group (n=16),
median (IQR)

360° virtual reality video
group (n=16), median (IQR)

Overall (N=32), median
(IQR)

Variables

.780 (–1 to 1)5 (5-7)6 (5-7)6 (5-7)cSubjective measurement: Paas Cognitive
Load Scale

National Aeronautics and Space Administration Task Load Index

.451 (–2 to 3)12 (10-16)14 (12-15)14 (11-15)cMental demand

.0474 (0 to 7)9 (4-12)12 (9-14)10 (7-14)Physical demand

.181 (–1 to 4)9 (6-10)10 (8-13)10 (7-11)Temporal demand

.930 (–4 to 4)13 (6-15)11 (6-15)12 (6-15)Performance

.451 (–2 to 5)12 (7-15)13 (11-15)12 (10-15)Effort

.292 (–2 to 6)7 (3-13)10 (5-13)8 (4-13)Frustration

aEffect sizes were calculated using the Hodges-Lehmann method for the Mann-Whiney U test and the Wilcoxon signed-rank test, or odds ratios for the
Fisher exact test.
bP values were calculated based on the Mann-Whiney U test (two-tailed).
cP<.01, compared with a reference value (score of “5” for the Paas Cognitive Load Scale or score of “10” for the National Aeronautics and Space
Administration Task Load Index subscale) and based on the Wilcoxon signed-rank test (two-tailed). P values were significant after the Bonferroni
correction.
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Figure 4. Comparisons of the physical demands and Milestone levels between the 360° virtual reality video group and the 2D video group. The 360°
virtual reality video group had a higher physical demand score (upper) and Milestone level (lower) than the 2D video group. However, these differences
did not reach statistical significance. P values were calculated using the Mann-Whiney U test (two-tailed).

Secondary-Task Performance
In the overall cohort (Table 4), the reaction time at the 10th
minute was significantly higher than the reaction time at the
5th minute (corrected P=.003) but comparable to the reaction
time at baseline. In contrast, the reaction time at the 5th minute
was equal to the reaction time at baseline after the Bonferroni
correction. In the 360° VR video group, the reaction time at the
10th minute was significantly higher than the reaction time at
the 5th minute (corrected P=.003) and the reaction time at

baseline (corrected P=.006). Still, the reaction time at the 5th
minute and the reaction time at baseline were comparable
(Figure 5, upper). In the 2D video group, differences in the
reaction time across various time points were not statistically
significant. Furthermore, the reaction time at the 10th minute
of the 360° VR video group was significantly higher than that
of the 2D video group (corrected P<.001), even though
differences in the reaction time at the 5th minute and reaction
time at baseline were not statistically significant.
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Figure 5. Comparisons of the secondary-task reaction time and SD of normal-to-normal RR intervals (SDNN) between the 360° virtual reality video
group and the 2D video group. Notably, the reaction time in the 360° virtual reality video group was significantly higher at the 10th minute compared
to the reaction times at baseline and at the 5th minute, whereas the reaction time in the 2D video group was lower at the 10th minute compared to that
at baseline. The 360° virtual reality video group had a significantly higher reaction time at the 10th minute (upper) than the 2D video group (upper).
The SDNN at 5 to 10 minutes in the 360° virtual reality video group was lower than the SDNN at baseline (lower). P values were calculated using the
Wilcoxon signed-rank test or Mann-Whitney U test as appropriate after the Bonferroni correction.

Heart Rate Variability
Differences across the RR at 5 to 10 minutes, RR at 0 to 5
minutes, and RR at baseline were not statistically significant in
the overall cohort, the 360° VR video group, and the 2D video
group, respectively. Furthermore, the RR at 5 to 10 minutes,
RR at 0 to 5 minutes, and RR at baseline were comparable

between both groups (Table 4). Differences in the SDNN index
were not statistically significant for either intragroup
comparisons or intergroup comparisons. Differences in the
RMSSD index were not statistically significant for either
intragroup comparisons or intergroup comparisons. Differences
in the LF/HF index were not statistically significant for either
intragroup comparisons or intergroup comparisons.
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Table 4. Objective estimates of cognitive load.

P valuebEffect sizea (95% CI)2D video group
(n=16), median
(IQR)

360° virtual reality
video group (n=16),
median (IQR)

Overall (N=32), medi-
an (IQR)

Variables

Secondary-task performance

.34–0.6 (–5.0 to 0.7)3.4 (1.6-10.2)2.5 (1.3-3.4)c,d2.6 (1.4-7.4)Reaction time–baseline (s)

.18–0.4 (–2.0 to 0.13)1.8 (1.0-8.2)1.3 (0.9-1.6)d,e1.6 (0.9-3.6)d,eReaction time–5th min (s)

<.0018.3 (3.6 to 9.8)d1.3 (1.0-3.1)d11.0 (7.5-11.0)c,d,e3.6 (1.3-11.0)d,eReaction time–10th min (s)

Heart rate variability

.6225 (–75 to 122)802 (721-891)825 (742-937)810 (741-918)RR–baseline (ms)

.3145 (–42 to 143)772 (724-884)833 (762-925)810 (730-908)RR–0 to 5 min (ms)

.7520 (–64 to 117)779 (709-866)794 (736-911)779 (722-889)RR–5 to 10 min (ms)

.1025.3 (–6.1 to 65.6)57.3 (42.7-135.6)88.3 (65.7-139.0)69.9 (48.7-135.1)SDNN–baseline (ms)

.1120.1 (–6.4 to 95.3)51.7 (39.2-107.7)72.0 (58.6-184.4)59.8 (45.5-151.3)SDNN–0 to 5 min (ms)

.2716.3 (–20.9 to 52.2)58.9 (35.8-91.7)71.2 (51.7-128.2)69.8 (42.3-121.9)SDNN–5 to 10 min (ms)

.1329.8 (–6.7 to 107.2)34.3 (28.6-175.1)106.3 (39.7-189.1)60.7 (31.7-179.4)RMSSD–baseline (ms)

.2924.8 (–12.9 to 129.0)37.4 (23.8-133.7)78.0 (34.5-252.4)63.0 (30.4-203.8)RMSSD–0 to 5 min (ms)

.518.7 (–17.9 to 71.5)39.4 (27.5-96.8)72.1 (31.9-158.5)54.9 (27.8-145.0)RMSSD–5 to 10 min (ms)

.59–0.13 (–0.63 to 0.39)1.21 (0.79-1.96)0.86 (0.77-1.96)1.02 (0.78-1.96)LF/HF ratio–baseline

.91–0.11 (–1.09 to 1.11)1.59 (0.77-2.34)0.93 (0.67-3.35)1.19 (0.72-2.83)LF/HF ratio–0 to 5 min

.81–0.04 (–0.84 to 0.79)1.43 (0.89-2.86)1.43 (0.74-2.89)1.43 (0.86-2.80)LF/HF ratio–5 to 10 min

aEffect sizes were calculated using the Hodges-Lehmann method for the Mann-Whiney U test.
bP values were calculated based on the Mann-Whiney U test (continuous variables).
cP<.01, compared with the baseline value, using the Wilcoxon signed-rank test (two-tailed).
dP values were significant after the Bonferroni correction.
eP<.01, compared with the 5th-minute value of reaction time or the 0-to-5–minute values of R wave to R wave (RR), standard deviation of normal-to-normal
RR intervals (SDNN), root mean square of successive heartbeat interval difference (RMSSD), low frequency (LF), high frequency (HF), or LF/HF
ratio, using the Wilcoxon signed-rank test (two-tailed).

Primary Outcome: Milestone Level
Overall, the participants had a significantly higher Milestone
level (median 3, IQR 2-4) than the reference value of “1”
(P<.001) after 10 minutes of video instruction. Although the
Milestone level of the 360° VR video group (median 3, IQR
3-4) was higher than that of the 2D video group (median 2, IQR
2-3), the difference did not reach statistical significance (effect
size=1, 95% CI 0-1; P=.02) (Figure 4, lower).

Secondary Outcomes: AttrakDiff2 Questionnaire
Scales
The overall cohort and the 360° VR and 2D video groups had
significantly positive learning experiences in terms of pragmatic
quality, hedonic stimulation, hedonic identification, and
attractiveness, compared with the reference value of “0” with
all corrected P<.01, after 10 minutes of video instruction (Table
5). There were no statistically significant differences in
pragmatic quality, hedonic stimulation, hedonic identification,
or attractiveness between the two groups.
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Table 5. Acceptance of technical innovations assessed by the AttrakDiff2 questionnaire.

P valuecEffect sizeb (95% CI)2D video group (n=16),

median (IQR)a
360° virtual reality video
group (n=16), median

(IQR)a

Overall (N=32), median

(IQR)a
Variables

.590.1 (–0.4 to 0.7)1.8 (1.2-2.3)2.0 (1.2-2.4)1.9 (1.2-2.3)Pragmatic quality

.420.1 (–0.4 to 0.7)2.0 (0.9-2.4)2.1 (1.2-2.6)2.0 (1.0-2.5)Hedonic stimulation

.900.1 (–0.6 to 0.9)2.1 (1.5-2.9)1.8 (1.5-2.4)1.9 (1.2-2.4)Hedonic identification

.84–0.1 (–0.9 to 0.7)1.6 (0.6-2.3)1.2 (1.1-1.9)1.3 (0.9-2.1)Attractiveness

aP<.01 for all variables, compared with a reference value of “0” for the AttrakDiff2 questionnaire using the Wilcoxon signed-rank test (two-tailed). P
values were significant after the Bonferroni correction.
bEffect sizes were calculated using the Hodges-Lehmann method for the Mann-Whiney U test.
cP values were calculated based on the Mann-Whiney U test for continuous variables (two-tailed).

Correlations Between the Learning Modules, Cognitive
Load Estimates, Learning Outcomes, and Technical
Acceptance
To investigate how learning materials impact learning outcomes
through the changes in cognitive load and HRV, we

dichotomized the Milestone level, AttrakDiff2 questionnaire
scales, cognitive load variables, and HRV indexes. Figure 6
demonstrates the associations between variables of interest.
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Figure 6. Associations between the video learning modules, cognitive load measures, heart rate variability, learning outcome, and learning experience.
Solid blue lines indicate an independent positive association between two variables after adjustment for video module using multivariate logistic
regression models. In contrast, dashed blue lines indicate a positive association, and a dashed red line shows an inverse association without statistical
significance after adjustment for the video module. HF: high frequency; LF: low frequency; Paas-CLS: Paas Cognitive Load Scale; RMSSD: root mean
square of successive heartbeat interval difference; RR: R wave to R wave; SDNN: SD of normal-to-normal RR intervals.

Qualitative Evaluation

Benefits
The 360° VR video group reported that the 360° VR video
module was “fun to learn” (3/16, 19%) and “good for physical
examinations” (1/16, 6%). Qualitative feedback from the 2D
video group emphasized that they found the 2D video module
“easy to follow” (2/16, 13%) and “highly efficient” (1/16, 6%).

Faults
Out of 16 participants in the 360° VR video group, 3 (19%)
reported that it caused “mild VR dizziness.” Notably, the 2D
video learners said that the module was “tedious” (3/16, 19%)
and that there was “no interaction” (1/16, 6%).

Discussion

Principal Findings
This study’s main findings highlighted the complexities of
cognitive load estimations and HRV indexes inherent in
developing and evaluating 360° VR and 2D video learning. Our
results showed that video learning resulted in a higher total
cognitive load and mental demand and prolonged the reaction
time at the 10th minute; however, video learning also enhanced
a Milestone level of H&P skills with positive learning
experiences. Using the same head-mounted display, both the
360° VR and 2D videos were efficient learning methods with
positive learning experiences for novice learners. Notably, the
360° VR video learners demonstrated a higher Milestone level
of H&P in actual patients with SDB than the 2D video learners.
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Although both video modules produced comparable total
cognitive load and subscales, the 360° VR video learners had
a more prolonged reaction time at the 10th minute than the 2D
video learners.

Interestingly, in the second portion of the video, the 360° VR
video learners had a longer reaction time than the baseline data.
These findings suggested that the immersive 360° VR video
could reduce secondary-task performance without increasing
subjective cognitive loads. Furthermore, the elevated LF/HF
ratio at 0 to 5 minutes correlated with a reduced hedonic
stimulation scale. Combined with qualitative feedback, we found
that the students seemed to consume more cognitive resources
to fit the immersive 360° VR video than the 2D video learning.
This preliminary study suggests that the immersive 360° VR
video might lead to a better Milestone level than the 2D video,
which seemed to be unrelated to cognitive load estimates and
HRV indexes in novice learners.

Limitations
This study used quantitative and qualitative measures and
methods to evaluate different video learning materials and
showed its potential clinical applicability for learning H&P
skills. However, several limitations should be addressed. First,
this study needs external validation due to the small sample
size. Although H&P is one of the essential training topics for
undergraduate medical students, our outcomes may not be
generalizable to junior residents who already have basic
knowledge, skills, and attitudes. Second, assessments of the
learner’s performance in the workplace, such as the Mini
Clinical Evaluation Exercise, were not included in this study.
Third, there were several significant associations between
variables of interest in this study. However, the potential
relationships between video module, cognitive load, and HRV
might be underestimated using such stringent criteria for
multiple tests [73]. Accordingly, further studies with a larger
sample size with the extended competence spectrum and
learning outcome assessments are warranted to confirm our
results and inferences.

Comparison With Prior Work
Our results indicate that both 360° VR and 2D video learning
modules can increase H&P competency. Traditionally, students
learn clinical skills, such as H&P, from clinical teachers.
Instructional videos offer an excellent pedagogical approach to
enhance medical students’ clinical competencies and
self-confidence levels [74,75]. Moreover, using videos as a
delivery format can improve the effects and attractiveness of
text-based e-learning [76]. Therefore, clinical teachers can use
videos as learning resources for students’ independent learning
[77]. Recently, many universities and teaching institutes have
promoted the use of instructional videos as a resource for
self-directed education and student-centered programs,
especially during the COVID-19 pandemic.

Immersive 360° VR videos allow for a virtual experience where
learners can improve their competencies by experiencing all of
the sights and sounds of teaching clinics and responses from
the patients, families, and medical staff from a first-person
perspective. When working memory and information processing

capacities are limited, 360° VR video learning can trigger a
higher cognitive load or stress than conventional 2D video
learning. In this study, 360° VR video learning might reduce
participants’ attention toward the secondary task without
changing subjective cognitive load estimates and HRV indexes
regardless of the learning outcome. Therefore, the quality of
360° VR video learning modules still needs to be improved
concerning reducing objective cognitive load.

Approximately 25% of our volunteers reported high vibration,
out-of-focus blur, eye fatigue, and motion sickness in the
preparation phase of the 360° VR video production. A literature
review revealed that immersive 360° VR video might induce
3D visual fatigue [78] and visually induced motion sickness
[79,80] and may interrupt autonomic balance [81]. Therefore,
we used spherical stabilization to smooth quick movements and
vibrations and dynamic depth of field to reduce visual
discomfort [82]. In addition, we chose a 10-minute instructional
course to reduce these known side effects. Although levels of
cardiac autonomic balance, as reflected by the LF/HF ratio,
were similar during the 360° VR video learning and equivalent
to those of the 2D video learning, our 360° VR video learners
still experienced a more prolonged secondary-task reaction time,
mainly in the second portion of the video.

In contrast, the 2D video learners did not report these problems
while using the same head-mounted display. Although the
participants might have an adequate cognitive function to
overcome the impaired attention for obtaining the H&P
competence, the instructors need to design a 360° VR video
with less distraction and lower cognitive load. A motion capture
unit to synchronize vestibular response and visual information
may reduce motion sickness [83], and further studies are
warranted to investigate this issue.

Interestingly, the elevated LF/HF ratio at 5 to 10 minutes seemed
to be associated with lower hedonic stimulation. Since these
cognitive load estimates were not related to Milestone level,
they could be used to improve the quality of video learning. For
example, the virtual environment sustained the increased LF/HF
ratio and acted as a stimulatory driver for cardiac autonomic
activity after mental stress [84]. Therefore, limited time to
immerse into the virtual environment could improve the
learners’ experience.

This study applied the adaptive EMD method and the
well-behaved Hilbert transform technique to process the
nonstationary electrocardiogram signals [63,64]. Importantly,
we found that all RR intervals at different time points
significantly and positively correlated with the total cognitive
load. Furthermore, the significant association between the RR
at 5 to 10 minutes and the Paas-CLS score was independent of
the video module. Using similar analytic technology, Ghaderyan
and Abbasi also observed that an increased RR interval was
associated with higher cognitive load estimations [85].
Moreover, prolonged reaction time at the 5th minute seemed to
be related to the RR at 5 to 10 minutes. These observations
reflected that novice learners need to improve their cognitive
efficiency when learning from dynamically filmed video from
a first-person perspective for dealing with elevated cognitive
load. These results also indicated that subjective and objective
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estimates of cognitive load and HRV monitoring have
considerable potential to help us better understand a learner’s
processing strategy to video learning modules, enhance our
comprehension of contextual information, and improve video
learning. Future studies are warranted to confirm the benefits
of cognitive load and HRV measures in video learning.

Conclusions
Our preliminary results suggested that 360° VR video learning
may result in a better H&P performance despite causing a more
prolonged secondary-task reaction time than 2D video learning.
Furthermore, the increased LF/HF ratio was associated with
lower acceptance of video learning. Qualitative evaluation

reflected varying benefits and faults between the 360° VR and
2D videos. Consequently, the students seemed to consume more
cognitive resources to fit the immersive 360° VR video than
2D video learning. Without cognitive overload, the
undergraduate medical students could adjust their mental
efficiency to handle the decreased cognitive reserve when
learning through the 360° VR video module. This study indicates
that the ubiquitous and diverse roles of multimodal cognitive
load estimations and HRV measures in video learning may
function as part of an integrated CBME curriculum. Further
research is necessary to assess their effects on other performance
outcomes.
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Abstract

Background: Childhood obesity is one of the most important public health problems. Active video games (AVGs) have been
proposed as an attractive alternative to increase energy expenditure and are being investigated to determine their effectiveness
against childhood obesity.

Objective: The aim of this study is to summarize the existing research and draw conclusions about the effects of AVGs on
health-related physical fitness and motor competence in children and adolescents with overweight and obesity.

Methods: The search strategy was applied to PubMed, MEDLINE, Web of Science, and SPORTDiscus, including randomized
and nonrandomized controlled trials investigating the effects of AVG programs on health-related physical fitness and motor
competence in children and adolescents with overweight and obesity. To measure the risk of bias in randomized and nonrandomized
controlled trials, 2 different quality assessment tools were used. In total, 15 articles met the inclusion criteria, and the variables
of interest were BMI, body fat percentage, cardiorespiratory fitness (CRF), waist circumference, fat-free mass, muscular fitness,
and motor competence. A meta-analysis was performed.

Results: Positive effects were found for BMI and body fat percentage, favoring the AVG group compared with a control group
with no intervention (mean difference −0.209; 95% CI −0.388 to −0.031 vs mean difference −0.879; 95% CI −1.138 to −0.602).
Positive effects seem to be observed for CRF. The effects of AVG interventions on muscular fitness, fat-free mass, waist
circumference, and motor competence are unclear.

Conclusions: AVG programs showed positive effects on BMI, body fat percentage, and CRF. AVG could be a good strategy
to combat childhood obesity.

(JMIR Serious Games 2021;9(4):e29981)   doi:10.2196/29981
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Introduction

Background
Childhood obesity is one of the most important public health
problems in the 21st century in high-income societies [1]. The
prevalence of overweight and obesity in childhood has acquired
the status of an epidemic. The global prevalence of overweight
and obesity among children and adolescents (aged 5-19 years)
has risen dramatically from 4% in 1975 to over 18% in 2016.
For instance, the prevalence of overweight was over 30%, and
the prevalence of obesity was over 10% in European children
and adolescents in 2016 [2]. Obesity has become a pandemic
owing to an obesogenic environment that causes cardiovascular
and cardiometabolic diseases and psychosocial problems [3,4].
Children with overweight and obesity are likely to remain obese
during adulthood and are more likely to develop many other
types of cardiovascular and metabolic pathologies [1]. Evidence
shows that cardiovascular risk is inversely related to physical
fitness [5] and the amount of physical activity (PA) [6]
performed by youth. The components of health-related physical
fitness are cardiorespiratory fitness (CRF), body composition,
muscular strength, muscular endurance, and flexibility [7].
Childhood obesity is related to poor health-related physical
fitness, such as CRF and muscular strength [8].

On the other hand, the recommendation of the World Health
Organization indicates that a daily average of 60 minutes of
moderate-to-vigorous PA provides any of the health benefits in
young people, although daily average of beyond 60 minutes of
moderate-to-vigorous PA provides additional benefits [9]. In
2016, a study including 1.6 million students aged 11-17 years
showed that 81% of them did not meet this recommendation
[10]. PA, especially at moderate-to-vigorous intensity, is
associated with better physical fitness, independent of sedentary
time [11,12].

In addition, one of the main sedentary behaviors of this
population is playing electronic games, such as computer or
console games [13]. The World Health Organization reported
that 40.2% of children and adolescents spend at least 2 hours
per day watching television or using electronic devices on
weekdays, and this percentage rises to 75.8% during weekends,
going further than the recommendations of maximum screen
time [14]. This inactivity and excessive sedentary screen time
are catastrophic for motor development in children and
adolescents [15]. A recent systematic review performed by Han
et al [16] showed that children and adolescents with overweight
and obesity have a lower motor competence level than children
and adolescents with healthy weight; therefore, low motor
competence needs to be taken into consideration in children
with overweight or obesity. Moreover, children with high actual
and perceived motor competence will probably show higher
PA and lower BMI status [17]. An improvement in motor
competence may promote better perceived motor competence,
which entails higher motivation and participation in
extracurricular PA and sports [18,19]. In addition, evidence
shows a relationship between motor competence and
health-related physical fitness during childhood and adolescence

[20]. Thus, improving motor skills in children with overweight
and obesity is one of the main objectives.

It is well known that exercise is an effective tool to fight obesity
[21], with all its associated benefits, such as improvements in
BMI status or adiposity, cardiorespiratory and muscular fitness,
or bone health [22]. However, the main challenge is to ensure
adherence to exercise in children with overweight and obesity
[23]. Therefore, the implementation of new types of exercise
that are more attractive and motivational to this population is
needed.

Active video games (AVGs) have been proposed as a suitable
alternative to exercise and are being investigated to determine
their effectiveness against childhood obesity. AVGs generally
require full-body movement and therefore increase energy
expenditure [24]. A systematic review showed that structured
AVG sessions had the potential to increase PA in children, but
there was no evidence of the benefits of conducting them in the
home setting [25]. PA and energy expenditure during AVGs
are a well-studied topic showing that AVGs elicit
light-to-moderate PA, and also elevate energy expenditure to
moderate-to-vigorous intensity, thus having a favorable
influence on energy balance [26-28]. Nevertheless, energy
expenditure has been found to be higher in structured programs
[29]. AVGs seem to be an interesting strategic tool to encourage
an active and healthy lifestyle as an alternative to sedentary
behaviors [30-32]. However, according to the overview
performed by Kari [33], additional high-quality research and
systematic reviews concerning exergaming are needed. In
addition, AVGs seem to be an effective tool for improving
self-concept, self-efficacy, situational interest and motivation,
enjoyment, and psychological and social well-being [34,35].
Specifically, AVGs may have positive effects on the
psychological aspects and mental health of children and
adolescents with overweight or obese [36,37].

Finally, AVGs may have a positive effect on motor competence
and health-related physical fitness. Some studies have shown
enhancements in children’s motor competence and perceived
competence [38-40] or improvements in health-related physical
fitness, such as cardiorespiratory and muscular fitness [41-43]
and body composition [44], after an AVG intervention.

Objective
Therefore, the main aim of this systematic review is to
summarize and critically appraise the existing research on the
effects of AVGs on health-related physical fitness and motor
competence in children and adolescents with overweight and
obesity and to extract conclusions from a fair comparison of
the studies included.

Methods

Data Sources and Search Strategy
This review was performed following the criteria and
methodology established by the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0) [45]. This
review was performed according to the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
2020 statement [46]. The PRISMA checklist is shown in
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Multimedia Appendix 1. The protocol was registered in the
International Prospective Register of Systematic Reviews,
PROSPERO (CRD42020189138).

Journal articles were identified by searching electronic
databases, scanning reference lists of articles, and examining
tables from previous systematic reviews. The search strategy
was applied to PubMed, MEDLINE, Web of Science, and
SPORTDiscus up to and including March 2021.

The search strategy used to identify the articles in PubMed and
MEDLINE was as follows: exergam* OR active video gam*
OR active videogam* OR active gam* OR interactive video
gam* OR interactive videogam* OR Wii OR Xbox OR Kinect
OR PlayStation, and Species: Humans and Language: English
filters were applied, along with Journal Article for MEDLINE.
The search strategy applied in SPORTDiscus was as follows:
TX=(exergam* OR active gam* OR active video gam* OR

active videogam* OR interactive video gam* OR interactive
videogam* OR Wii OR Xbox OR Kinect OR PlayStation) and
document type: article and language: English filters were
applied. The search strategy used in Web of Science was as
follows: TS=(exergam* OR active gam* OR active video gam*
OR active videogam* OR interactive video gam* OR interactive
videogam* OR Wii OR Xbox OR Kinect OR PlayStation) and
document type: article and language: English filters were
applied.

Two reviewers (CCC and AGA) independently evaluated all
studies. Titles and abstracts were examined, and relevant articles
were obtained and assessed using the inclusion and exclusion
criteria presented in Textbox 1. The inclusion criteria were used
following the PICOS (Population, Intervention, Comparison,
Outcomes and Study) format [47]. Interreviewer disagreements
were resolved by consensus. A third reviewer (JAC) resolved
these disagreements.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Types of participants were children and adolescents with overweight and obesity

• Trials studying the effects of active video game programs on health-related physical fitness and motor competence

• Control group with no intervention or with traditional exercise intervention

• Types of outcome measures included variables of health-related physical fitness, such as cardiorespiratory fitness, musculoskeletal fitness
(muscular strength and muscular endurance), and body composition and variables related to motor competence

• Types of studies were randomized and nonrandomized controlled trials

Exclusion criteria

• Studies were conducted in languages other than English or Spanish

• Data were unpublished

• Studies were conducted with animals

• Studies included participants aged ≥18 years

• Studies included participants with disabilities, diseases, or disorders other than obesity

• Studies were conducted without pre- and postassessments of the variables of interest

• Studies were dissertations or abstracts from society proceedings or congresses

• Studies included participants with normal weight

• Noncontrolled trials were considered in the discussion of the article with the consideration of the great limitation of the lack of a control group
in interpretation of the results

• Noncontrolled trials were not included in the risk of bias assessments or meta-analysis

• All the noncontrolled trials concerning the effects of active video games on motor competence and health-related physical fitness in children and
adolescents with overweight and obesity are summarized in Multimedia Appendix 2

Risk of Bias
For assessing risk of bias proposed in the PRISMA 2020
statement, 2 risk of bias assessment tools were used—the Risk
of Bias 2 in randomized controlled trials (RCTs) updated by
Sterne et al [48] and the ROBINS-I (Risk of Bias in
Nonrandomised Studies of Interventions) in nonrandomized
controlled trials developed by Sterne et al [49].

Data Extraction
The following information was extracted from each included
trial: name of first author, year of publication, sample size,
participant characteristics including number of participants, age
and sex, type of study, type of intervention, training
characteristics including intervention length and frequency,
variables and data sources, and outcomes. The reported variables
were weight, BMI, z-score of BMI, fat mass, body fat
percentage, CRF, waist circumference, fat-free mass, muscular
fitness, and motor competence.
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Meta-Analyses
Children and adolescents with overweight and obesity who
underwent an AVG intervention were compared with a control
group (ie, group with participants performing a PA intervention
and with nonintervention participants). Effect sizes were
calculated for each outcome (BMI, body fat percentage, CRF,
waist circumference, fat-free mass, muscular fitness, and motor
competence). Different meta-analyses were performed by
stratifying the studies by type of control group (no intervention
or exercise intervention without AVG). When the number of
articles made it possible, analyses by subgroups were performed
by dividing the studies by the length of the intervention. The
free cross-platform software OpenMeta[Analyst] for advanced
meta-analysis was used for data processing.

Mean differences (MD) between participants in AVG
interventions and controls and their 95% CIs were calculated
using a continuous random-effects model (DerSimonian-Laird
method). The heterogeneity of the studies was tested using the
I² statistic [48]. This statistic describes the variance between
studies as a proportion of the total variance and was interpreted

as follows: I2=0%-25% no heterogeneity; I2=25%-50% moderate

heterogeneity; I2=50%-75% high heterogeneity; and

I2=75%-100% very high heterogeneity. All analyses were
performed using the OpenMeta[Analyst] software.

Results

Search Summary
A total of 13,267 relevant articles were identified using the
abovementioned search strategies. Following a review of titles
and abstracts and excluding duplicates, the total number of
articles was reduced to 599. Of them, 15 articles met the
inclusion criteria and were selected for this review. Articles
were excluded for the following reasons: studies were
cross-sectional (n=160); only psychological, cognitive,
nutritional, and balance variables, PA, or energy expenditure
were measured (n=388); participants were children with normal
weight (n=31); and studies were noncontrolled trials (n=5;
Figure 1).

The characteristics of each study included in this systematic
review were summarized in different sections following the
PICOS format [47].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of articles that were selected.

Methodological Quality
Multimedia Appendix 3 summarizes the methodological quality
assessment of RCTs. The risk of bias in the RCT was low.

The quality assessment for the only nonrandomized controlled
trial shows a low risk of bias on preintervention, intervention
and postintervention, and therefore, a low overall risk of bias
[50].

AVG Interventions
There was a great deal of variety across the AVGs used.
Interventions mostly ran during physical education lessons,
during playtime or lunch time as extracurricular activities after
school or at home. The most commonly used devices in AVG
interventions were gaming consoles, such as Xbox 360 with
Kinect, Nintendo Wii, Sony PlayStation 2, dance mats, and

interactive video game cycling. Games included Just Dance,
Wii Fit, Wii Sports, Kinect Adventures, Kinect Sport, Dance
Central, Dance Dance Revolution (DDR), and EyeToy.

The length of AVG interventions ranged from 8 weeks to 6
months (mean 16.3, SD 6.7 weeks). The frequency of AVG
sessions ranged from 1 day to 5 days per week (mean 126.3,
SD 55.8 minutes per week). Sessions typically lasted between
30 and 90 minutes (mean 52.0, SD 11.1 minutes) and were
delivered by teachers and research assistants. It is therefore
complicated to establish a standard length, intensity, and
duration of sessions or type of the AVG intervention.

The different control groups either performed another
intervention without AVGs, such as physical education or
exercise sessions, access to sedentary video games, and learning
sessions or were only asked to continue their normal activities
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of daily life, the latter being the most used option for the control
group.

AVG Effects
All the studies concerning the effects of AVG on motor
competence and health-related physical fitness in children and
adolescents with overweight and obesity are summarized in
Multimedia Appendix 4.

A total of 15 randomized and nonrandomized controlled trials
showed effects of AVGs on health-related physical fitness
[42,44,51-62] and motor competence [50,61] in children and
adolescents with overweight and obesity.

BMI, fat mass, or body fat percentage were measured in 14
studies using dual-energy x-ray absorptiometry [52,54] or
bioelectrical impedance [51,58-60] to measure body fat. Waist
circumference was measured in 4 studies [42,51,52,58]. CRF

was evaluated in 8 studies using different tests, such as the 20-m
shuttle run test [42,51,59,61], the 3-minute step test [57], and
a submaximal test with a cycle ergometer [58,60]. Motor
competence was only measured by Van Biljon et al [50] using
the Bruininks-Oseretsky Test and by Bonney et al [61] using
the Movement Assessment Battery for Children Test-Second
Edition.

A quantitative analysis was performed for BMI, BMI z-score,
body fat percentage, fat mass, fat-free mass, and waist
circumference. Individual study results and global effects are
presented in Figures 2-6, whereas a summary of the global
results is presented in Table 1. Data from 2 studies [51,54] were
included, taking into consideration when interpreting the data
that the results obtained by these studies were adjusted for
baseline outcome measures, age, and sex. Before including
them, it was ascertained that the studies did not change the trend
of the results without them.

Figure 2. BMI effect sizes for active video games compared with those for control group. AVG: active video game.

Figure 3. BMI z-score effect sizes for active video games compared with those for control group. Analysis by length of the intervention: subgroup 1:
interventions lasting more than 12 weeks; subgroup 0: interventions lasting 12 weeks or less. AVG: active video game.
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Figure 4. Body fat percentage effect sizes for active video games compared with those for control group. AVG: active video game.

Figure 5. Waist circumference effect sizes for active video games compared with those for control group. AVG: active video game.

Figure 6. Fat-free mass effect sizes for active video games compared with those for control group. AVG: active video game.

Table 1. Effect sizes and heterogeneity of findings for studies comparing active video game intervention versus control group (N=15).

I² (%)P valueValue, 95% CIHedge g effect sizeStudies, n (%)Measures

0.70−0.388 to −0.031−0.2094 (27)BMI

97.55<.001−0.124 to −0.007−0.0666 (40)BMI z-score

64.59.06−0.819 to −0.105−0.4623 (20)Body fat percentage

0.52−0.594 to 0.8060.1063 (20)Fat-free mass

23.5.27−1.295 to 0.444−0.4263 (20)Waist circumference

A quantitative analysis was not performed for CRF because of
different measurement methods and articles with the same
sample and for motor competence or muscular fitness because
of the lack of articles. Some articles were excluded from the
quantitative analyses given that the effect sizes could not be

calculated from the information available in the papers [56,57],
the sample was the same between studies [44,59], or the number
of studies found was insufficient [50]. Another article was
excluded from the quantitative analyses because of the control
group exercised [58,60,61]. Noncontrolled trials [63-67] were
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considered in the discussion and are summarized in Multimedia
Appendix 1.

Weight, BMI, and Body Fat
A total of 13 studies evaluated changes in weight, BMI, fat
mass, or body fat percentage measured. Of the 13 studies, 9
reported positive effects of an AVG intervention on body
weight, BMI, or body fat in children with overweight and
obesity. The first study that investigated the effect of AVG on
BMI status and body composition in adolescents with
overweight and obesity was performed by Adamo et al [58],
and they compared a 10-week AVG cycling intervention with
a stationary bike music intervention. There were no significant
group or group by time effects on body weight, BMI, fat mass,
or fat-free mass, but a reduction in body fat percentage was
found when groups were combined and compared with baseline.
Nonsignificant results could be explained by the small sample
size of the study and the shortness of the intervention period.
The difference in effect sizes produced by the 2 types of training
on BMI or body fat could be explained by the different energy
expenditure, because AVG cycling intervention spent 576.2
kcal, whereas stationary bike music group spent 554.6 kcal.

Maddison et al [51] investigated the effect of the EyeToy of
PlayStation on the body composition of 322 children.
Participants in the intervention group were encouraged to meet
the recommendations of 60 minutes per day and to substitute
periods of traditional inactive video games, and they received
a PlayStation 2 and the EyeToy to play at home. Differences
between control and intervention groups were found for BMI
(0.24 kg/m²; 95% CI −0.44 to −0.04; P=.02), BMI z-score (0.06;
95% CI −0.12 to −0.03; P=.03), body weight (0.72 kg; 95% CI
−1.33 to −0.10; P=.02), fat mass (0.80 kg; 95% CI −1.36 to
−0.24; P=.005), and body fat percentage (0.83%; 95% CI −1.54
to −0.12; P=.02), favoring the AVG group. A year later, derived
from the previous study, the authors studied the mediating effect
of CRF on body composition and concluded that an AVG
intervention with EyeToy can have a positive effect on body
composition in children with overweight or obesity and that
this effect is most likely mediated through an improvement in
CRF [59]. Foley et al [44] divided the analyses of the previous
study by subgroups such as ethnicity, sex, and CRF level, and
the results showed that AVG can be used to improve body
composition regardless of ethnicity, sex, and CRF level.

Staiano et al [56] studied the effect of playing Nintendo Wii on
school days on the weight of adolescents and compared the
effects between co-operative and competitive AVGs versus a
control group. The results showed that the co-operative AVG
group lost more weight than the control group, whereas the
competitive AVG group did not differ from the co-operative
AVG group and control group. The authors studied the effect
of psychological variables on weight loss and, as expected,
those who had higher peer support at baseline lost marginally
more weight over time, but, unexpectedly, initial self-efficacy
did not affect weight change over time, nor did higher
self-esteem cause more weight loss over time. The 2 studies by
Staiano et al [52,54] investigated the effects of AVG
interventions using Xbox Kinect. In the first study [52], a
dancing AVG had no effects on or differences between the AVG

and control groups. The small sample size and the short length
of the intervention could explain the nonsignificant effects of
AVG. In the other study by Staiano et al [54], a home-based
AVG intervention led to a reduction in the BMI z-score (mean
−0.06, SD 0.03) and the weight z-score (mean −0.09, SD 0.05)
in the AVG group in comparison with the control group (mean
0.03, SD 0.03 and mean 0.07, SD 0.04 for BMI z-score and
weight z-score, respectively) when one control outlier was
excluded. There was a nonsignificant intervention effect for fat
mass or body fat percentage. This could be influenced by the
small sample size, in addition to the fact that the performance
in the sessions with AVG at home showed lower or no benefits.

Trost et al [55] compared the effects of a 16-week weight
management program with family-based theoretical sessions
focused on lifestyle and the effects of the same program with
AVG intervention. The overweight rate was reduced by 5.4%
in the weight management program without PA and 10.9% in
the AVG group, with significant pre-post and between-group
differences. Both groups exhibited reductions in BMI z-score,
but the AVG group showed greater reductions (mean −0.25,
SD 0.03 vs mean −0.11, SD 0.03).

The most recent study was conducted by Irandoust et al [62],
and the results showed reductions in weight and BMI in the
AVG and exercise groups from pretest to posttest, resulting in
lower weight and BMI at posttest measures in these groups in
comparison with the control group after a 6-week intervention
using Xbox Kinect and Nintendo Wii.

Of the 13 studies, 4 reported no positive effects of an AVG
intervention on BMI or body fat in children with overweight
and obesity [42,52,53,57]. Apart from Staiano et al [52], no
other authors found effects after an AVG intervention. Christison
et al [42] compared the effects of weight management didactic
sessions with an AVG intervention with Nintendo Wii and DDR.
The results showed a trend of reduction in the BMI z-score in
the AVG group, whereas the BMI z-score among the control
group was essentially unchanged (P=.07). Wagener et al [53]
showed no pre-post differences in BMI within or between
conditions after 10 weeks of an AVG intervention by playing
dance-based AVGs. Probably, no benefits of AVGs and even
nonsignificant worse results on BMI for the AVG group were
found because of the small sample size and the short length of
intervention. There were same limitations in the study performed
by Maloney et al [57], which showed that there were no changes
between pretest and posttest participant weight in the AVG
group or control group after 12 weeks of intervention with
AVGs.

Furthermore, 5 noncontrolled studies observed positive effects
of an AVG intervention on BMI or body fat in children with
overweight and obesity. The most recent study was performed
by Argarini et al [67], and the results showed a significant
decrease in weight, BMI, and body fat percentage after a 4-week
AVG intervention with Xbox Kinect. Christison et al [66]
evaluated the efficacy of an AVG intervention and the results
showed a significant decrease in BMI (mean −0.48, SD 0.93
kg/m²) and BMI z-score (mean −0.07, SD 0.14) after 10 weeks
of training (P=.002 and P<.001, respectively). Duman et al [64]
investigated the effects of a combination of music-accompanied
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aerobics, callisthenic exercises, and AVGs, and the results
showed decrease in BMI and triceps skinfold thickness. The
percentage of obese children decreased from 72% to 40%; those
children who were obese became children with overweight, so
the percentage of overweight children increased from 28% to
46%; the percentage of children with normal weight increased
from 0% to 14%. Calcaterra et al [65] demonstrated the
effectiveness of a combination of circuit-based aerobics and
strength and resistance exercises with AVGs, showing a
significant decrease in BMI (from 32.9 to 31.9 kg/m²; P=.002)
and body fat percentage (from 39.3% to 36.0%; P=.001). A
very interesting result of this study was that 27.2% of the
participants reported a previous negative experience with
exercise, so a reduced drop-out rate during activity may be
achieved with a playful aspect and adapted activities such as
AVGs. Finally, Huang et al [63] investigated the effect of AVGs
using Nintendo Wii and Xbox Kinect, with no effects on the
percentage of body fat, probably because of the short length of
the intervention and the reduced number of participants.

Systematic reviews have been performed on the effects of AVG
on BMI or body fat, but they are mostly not focused on children
or adolescents with overweight or obesity and including studies
with children with normal weight; some limitations can be found
in these studies, such as the inclusion of noncontrolled trials.
The results of these studies are in line with the results of this
study. The latest systematic review was performed by Gao et
al [68], who included noncontrolled trials and studies with
children with normal weight. Reduction in BMI after AVG
interventions was found in children and adolescents.
Hernández-Jimenez et al [69] performed a meta-analysis that
showed a significant effect in favor of AVGs on BMI in children
and adolescents, with better results achieved when the AVG
intervention was applied to children with overweight or obesity.
Another systematic review [70] included 4 RCTs, which are
also included in this systematic review, which reported decreases
in BMI or body fat after an AVG intervention. A previous
systematic review performed by Gao et al [31] concluded that
AVGs were a promising tool to promote PA and health as long
as the AVG intervention is not home based, but this review did
not focus on children with overweight or obesity. Two
systematic reviews [30,71] supported the findings, although
being among the first reviews on the effects of AVGs,
quantitative analyses were not conducted because of a lack of
articles. Lamboglia et al [30] found that AVG led to increased
PA and CRF and decreased body fat, with considerable potential
to fight obesity. Leblanc et al [71] found that AVG attenuated
weight gain in participants with overweight and obesity,
including 3 articles that are included in this systematic review.
The improvement of cardiometabolic health through AVG was
inconclusive because of the small number of articles at the time.

Quality Assessment of BMI, Body Fat Percentage, and
Fat Mass
As shown in Figure 2, positive effects of the interventions were
found for BMI, favoring the AVG group compared with the
control group with no intervention (MD −0.209; 95% CI −0.388
to −0.031). Heterogeneity among studies for BMI was low
(I²=0%; P=.70). AVG showed more positive effects on BMI
z-score than on BMI (MD −0.066; 95% CI −0.124 to −0.01),

but it also showed a very high heterogeneity (I²=97.55%;
P<.001; Figure 3). The results of the subgroup analysis by the
length of the intervention showed that the decrease in BMI
z-score was higher in the AVG interventions longer than 12
weeks.

As shown in Figure 4, positive effects of AVG interventions
were found for body fat percentage, favoring the AVG group
compared with the control group with no intervention (MD
−0.462; 95% CI −0.819 to −0.105). Heterogeneity among studies
for BMI was high (I²=64.59%; P=.06).

These results clearly showed the influence of AVG intervention
length on weight, BMI, and body fat percentage. Positive effects
were observed for AVG interventions longer than 12 weeks. It
seems that a combination of AVG with multicomponent
exercises could have more benefits on BMI and body fat
percentage in children and adolescents with overweight and
obesity, but RCTs are needed to confirm this.

Waist Circumference
Changes in waist circumference were evaluated by 4 RCTs
[42,51,52,58], and no effects were found. The first study was
performed by Adamo et al [58] and showed no effects or
differences between groups for waist circumference. Maddison
et al [51] reported no changes in waist circumference after a
24-week AVG intervention with EyeToy performed at the
participants’ homes. Christison et al [42] performed a 6-month
AVG intervention with Nintendo Wii and DDR; they also did
not report positive effects or differences between groups. The
most recent study on waist circumference in children and
adolescents with overweight and obesity was performed by
Staiano et al [52], who investigated the effects of Xbox Kinect
and found no effect on waist circumference or differences
between AVG and control groups.

The noncontrolled trial performed by Calcaterra et al [65]
demonstrated a decrease in waist circumference (-5.9 cm) and
waist circumference to height ratio (-0.08) after a 12-week
training program combining traditional exercise with AVGs.

Quality Assessment of Waist Circumference
As shown in Figure 5, no overall effects were found on waist
circumference after the AVG interventions (MD −0.426; 95%
CI −1.295 to 0.444). Heterogeneity among studies for waist
circumference was moderate (I²=23.5%; P=.27). AVGs seem
not to be effective in decreasing waist circumference in children
and adolescents with overweight and obesity. It is necessary to
look for a way to increase the demands of the activity.

Interventions with AVG do not seem to be effective in
decreasing waist circumference in children and adolescents with
overweight and obesity. This result may be because of the length
of the interventions in the included articles. A reduction in the
waist circumference in children with obesity seems to be
possible with a combination of AVG with multicomponent
exercise instead of AVG exclusively, but RCTs are needed to
confirm this. Waist circumference is as important as BMI or
body fat percentage because they are good predictors of
cardiovascular disease risk factors in children and adolescents,
even better than BMI [72]. Therefore, the main aim is to
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decrease waist circumference of children and adolescents with
overweight and obesity. However, the results suggest that AVG
interventions do not seem to be effective in decreasing waist
circumference in children and adolescents with overweight and
obesity.

Fat-Free Mass
The effects of AVG on fat-free mass were reported in 4 articles
[51,52,54,58]. To measure fat-free mass, bioelectrical impedance
[51,58] or dual-energy x-ray absorptiometry [52,54] were used.
Maddison et al [51] did not find any effects or differences
between groups for fat-free mass. Similar results were reported
by Adamo et al [58], with no changes or differences between
groups. In contrast, Staiano et al [52,54] reported no effects on
lean mass after an AVG intervention. Evidence on the effect of
AVGs on fat-free mass is limited, and no effects have been
shown.

Quality Assessment of Fat-Free Mass
As shown in Figure 6, no overall effects were found for fat-free
mass after the AVG interventions (MD 0.106; 95% CI −0.594
to 0.806). Heterogeneity among studies for waist circumference
was low (I²=0%; P=.52).

Cardiorespiratory Fitness
CRF assessments following their AVG interventions were
included by 5 studies, and 4 of them managed to find positive
results. In general, CRF was improved after an intervention
with AVG, such as Nintendo Wii, DDR, EyeToy, or a cycling
AVG.

The first study that reported the effects of AVG on CRF in
adolescents with overweight and obesity was the study by
Adamo et al [58], who observed a significant training effect
over time in both AVG cycling and stationary bike interventions.
Both interventions produced significant improvements in peak
heart rate, peak workload, and time to exhaustion, but no
significant differences were found between the exercise groups.
With this same intervention, Goldfield et al [60] observed that
the psychological benefits of aerobic exercises were related to
improved aerobic fitness. The abovementioned study by
Maddison et al [51] did not find significant increases in CRF
in the AVG group, but the positive effect of AVG on body
composition in children with overweight or obesity is most
likely mediated through improved aerobic fitness [59]. Maloney
et al [57] showed no improvements in CRF in either the AVG
or control group after playing DDR for 12 weeks. Christison et
al [42] showed that the number of shuttle runs did not change
after a 6-month AVG intervention. The most recent study was
conducted by Bonney et al [61], who investigated the effect of
Wii Fit in comparison with a task-oriented functional training
on the performance of the shuttle run test and positive effects
on CRF in both groups, but no differences were found between
the AVG and control groups performing the task-oriented
functional training.

The effects of AVG on CRF in children with overweight and
obesity have been studied by 2 noncontrolled trials [63,65].
Calcaterra et al [65] demonstrated in their study an improvement
in CRF (3.8 mL/kg/min; P<.001) measured by a walking test

on a treadmill reaching 85% of the maximal heart rate. Huang
et al [63] showed no effects of AVG using Nintendo Wii and
Xbox Kinect on CRF, but the heart rate demonstrated that most
participants were able to achieve moderate or vigorous intensity
of exercise during most AVG sessions.

The effect of AVG interventions on CRF remains unclear.
Probably, the limited effects of AVG interventions on CRF of
children with overweight and obesity might be because of
insufficient training volume in terms of either weekly frequency
or overall duration of the interventions. As mentioned earlier,
interventions performed at home could be ineffective for
improving health-related physical fitness, such as CRF. As it
occurs in children with normal weight, only Calcaterra et al
[65] used a submaximal or maximal incremental
cardiopulmonary exercise test with a gas analyzer, which is
widely recognized as the best single index of aerobic fitness
[73,74]. Once again, science-based evidence shows that a
combination of AVG with multicomponent exercise could
produce more benefits on CRF than AVG exclusively, probably
because of a higher volume of training. Therefore, these results
must be interpreted with caution because the studies that report
results from interventions using AVGs with multicomponent
exercise are noncontrolled trials. RCTs are needed to confirm
this finding.

A systematic review performed by Zeng and Gao [70] included
only 1 RCT, also included in this systematic review, which
reported positive effects of an AVG intervention in comparison
with the effects of an exercise group, but these results were
unclear because of the inclusion of only 1 article.

Muscular Fitness
Only 1 RCT [61] and 3 noncontrolled trials [63-65] investigated
the effects of an AVG intervention on the muscular fitness of
children and adolescents with overweight and obesity. The only
RCT about the effects of AVGs on muscle fitness showed that
both the AVG group trained with Wii Fit and the control group
that performed a task-oriented functional training for 14 weeks
improved knee extensors and ankle plantar flexors to maximal
isometric strength assessed with a handheld dynamometer.

Calcaterra et al [65] demonstrated an increase in muscular
strength, improving from a mean of 29.6 kg (SD 9.3 kg) to 32.3
kg (SD 9.8 kg; P=.003) in a handgrip test. Duman et al [64]
investigated the effects of an AVG intervention combined with
traditional exercise on several physical performance tests that
require muscle strength and endurance, such as time to ascend
and descend 20 stairs, number of squats they can perform in
120 seconds, time to run 50 m, and rope jumps in 30 seconds.
The results showed enhancements in all test performances.
Finally, Huang et al [63] investigated the effect of AVG using
Nintendo Wii and Xbox Kinect on the muscular strength of the
quadriceps and hamstrings that were assessed using a handheld
dynamometer and muscular endurance that were assessed by a
1-minute half-sit-up test consisting of completing as many
half-sit-ups as possible within a minute. Nonsignificant changes
in the muscular strength of the quadriceps or muscular endurance
were observed. Low frequency and program duration may
explain the lack of significant changes.
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A combination of AVG with multicomponent exercise could
enhance muscular fitness in children with overweight and
obesity, but RCTs are required to confirm these results. A
systematic review and meta-analysis [5] showed the importance
of muscular fitness for children and adolescents and found
associations between muscle fitness and bone health, total and
central adiposity, and cardiovascular diseases, metabolic risk
factors and self-esteem. In addition, according to Tomlinson et
al [75], children and adolescents with overweight and obesity
have a greater absolute maximum muscle strength than nonobese
persons because increased adiposity induces a chronic overload
stimulus on the antigravity muscles; however, when maximum
muscular strength is normalized to body mass, individuals with
obesity appear weaker, probably because of reduced mobility,
neural adaptations, and changes in muscle morphology.
Therefore, it is important to include exercises aimed at
improving muscular fitness in programs for children and
adolescents with overweight and obesity.

Motor Competence
Motor competence after an AVG intervention was reported in
2 articles. The first was performed by Van Biljon et al [50], and
motor competence was evaluated in 30 individuals with
overweight and obesity using the shorter version of the
Bruininks-Oseretsky test for motor proficiency. The intervention
group performed a 6-week AVG intervention for 3 days per
week and 30 minutes per session using Wii; there were 2 control
groups, one with access to traditional video games and the other
continued with their everyday life activities with no intervention.
The AVG group showed improvements in motor competence
compared with both control groups, specifically in terms of
agility and speed, co-ordination, and reaction time. Another
more recent study by Bonney et al [61] showed that both the
AVG group that trained with Wii Fit and the control group that
performed a task-oriented functional training for 14 weeks
improved motor co-ordination, as measured by the Movement
Assessment Battery for Children Test-Second Edition. A notable
difference between the controlled trials investigating the effect
of AVG on motor competence is the length of the intervention;
therefore, the study with the longest duration of the intervention
[61] (14 weeks) showed positive effects, whereas the one with
the shortest duration [50] (6 weeks) showed no effect after the
AVG intervention. Another study with no control group showed
an improvement in motor competence after 4 weeks of training
with Xbox Kinect [67]. This scarcity of studies investigating
the effect of AVG on the motor competence of children and
adolescents with overweight and obesity is of great importance,
given that evidence shows a relationship between motor
competence and health-related physical fitness during childhood
and adolescence [20], as mentioned earlier. Furthermore, low
motor competence, denominated as physical illiteracy, is a
component of the pediatric inactivity triad observed by
Faigenbaum et al [76], together with exercise deficit disorder
and pediatric dynapenia. These 3 components are closely related
to each other. Children and adolescents who perceive themselves
as having poor motor competence might feel less inclined to
participate in PA or sports, which in turn will reduce their ability
to improve their muscular fitness or motor competence. Motor
competence is particularly important in children and adolescents

with overweight and obesity, as they have a lower motor
competence level than children and adolescents with a healthy
weight [16]; this has health consequences because it is directly
related to PA. Improving motor competence could increase PA,
reduce sedentary behaviors, and positively impact health-related
physical fitness [16,77]. Improvements in motor competence
entail higher motivation and participation in extracurricular PA
and sports [18,19]. AVGs could be a tool for improving motor
competence, but randomized clinical trials are needed to
corroborate this.

Interventions with AVG appear to be more effective in
decreasing BMI and body fat in children and adolescents with
overweight or obesity than in children with normal weight, but
effectiveness in other health-related physical fitness parameters
such as waist circumference or CRF is still unclear. Children
and adolescents with overweight or obesity could benefit from
AVGs to improve their motor competence, which seems to be
a variable more susceptible to enhancement as improvements
have been observed with shorter interventions, but further
research is needed to confirm this hypothesis. Therefore, AVG
programs could be a good strategy to combat childhood obesity.

Discussion

Principal Findings
This paper provides knowledge about the effects of AVG on
health-related physical fitness and motor competence in children
and adolescents by gathering previous scientific evidence, and
it also provides the prospects for future studies.

Mental health can be considered as a major influencing variable
and can undoubtedly influence the effects of AVG interventions
on childhood obesity; however, this systematic review has
focused on the effects of AVG interventions on health-related
physical fitness and motor competence in children and
adolescents with overweight and obesity, discarding the
psychological aspects. However, a very recent overview [37]
and a systematic review [36] found a positive effect of AVG
on mental health, but it also showed the need for increasing
scientific research in this area.

In contrast, the participants in the studies included in this review
were from countries with a medium-to-high socioeconomic
status; this leads to the limitation that such AVG interventions
are difficult to implement or are not applicable in countries with
a low socioeconomic status because of the lack of resources
and lower purchasing power. It would be interesting to study
the feasibility and possibilities of such interventions in societies
with low socioeconomic status.

Furthermore, studies investigating the effects of AVG in children
with obesity with some information from geohash dashboards
related to the environment where the participants live and where
the school is located can be useful to increase the strength of
the hypothesis on how AVG affects the features addressed, as
there are several features where weak correlation has been found
with AVG use, as. As stated earlier, it is necessary to establish
the guidelines for an effective intervention using AVGs. It seems
that the most effective application of an AVG intervention is a
sufficient duration and the structuring and planning of that
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intervention. In addition, most of the scientific evidence that
has studied AVG interventions combined with traditional
exercise lacked a control group to compare the effects; these
AVG interventions seem to be promising, but RCTs are needed
to investigate the effects of these AVG interventions.

Finally, few studies have examined the effects of an AVG
intervention on muscular fitness and motor competence, which,
as mentioned earlier, are components of the pediatric inactivity
triad observed by Faigenbaum et al [76] together with exercise
deficit disorder. The importance of these 2 variables lies in their
close relationship with PA and sports participation, which can
improve the physical fitness and body composition of children
and adolescents, which is especially important in those who are
overweight or obese. By improving the muscle strength and
motor skill of these children and adolescents, we may make
them more active and therefore healthier.

RCTs are needed to investigate the effects of AVG interventions
on children's muscle strength and motor skills to learn about
the possibilities of AVG interventions in stopping the vicious
circle of pediatric inactivity triad.

Limitations
The limitations of this review should be acknowledged. A wide
variety of AVG interventions have been included, with different
devices and training interventions (duration, frequency, training
setting or training dynamic, and type of AVG), which makes it
difficult to analyze all the articles together and to obtain
generalized results. In addition, the potential risk of bias of some
studies was not considered when interpreting the results. Finally,
some subgroup analyses were not performed because of the

small number of controlled trials. Gender, demographics, or
race influence were not deeply addressed because the studies
did not show the results divided by these covariates. However,
it would be interesting to investigate whether such interventions
are more effective depending on them.

Strengths
This study also has several strengths. To the best of our
knowledge, this is the first meta-analysis to summarize the
existing research on the effects of AVG on health-related
physical fitness and motor competence in children and
adolescents with overweight and obesity. This analysis included
not only the effects of AVG on BMI, but also those on body
composition, CRF, muscular fitness, and motor competence.
This study allowed us to realize that more RCTs reporting motor
competence and muscular fitness results are needed.

Conclusions
AVGs could be a good strategy to fight childhood obesity. AVG
programs showed positive effects on BMI and body fat
percentage. Improvements in CRF have been observed after an
AVG intervention. Children and adolescents could benefit from
AVGs to improve motor competence, but further research is
needed to confirm these results. The effects of AVG programs
on muscular fitness or fat-free mass are also unclear.

In conclusion, AVGs seem to be an effective tool to improve
health-related physical fitness and is a promising tool for
improving motor competence in children and adolescents. AVGs
can even be considered as a prospective alternative to traditional
exercise for enhancing health status during childhood.
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Abstract

Background: Declines in physical and cognitive functions are recognized as important risk factors for falls in older adults.
Promising evidence suggests that interactive game-based systems that allow simultaneous physical and cognitive exercise are a
potential approach to enhance exercise adherence and reduce fall risk in older adults. However, a limited number of studies have
reported the development of a combined physical-cognitive game-based training system for fall risk reduction in older adults.

Objective: The aim of this study is to develop and evaluate the usability of an interactive physical-cognitive game-based training
system (game-based exercise) for older adults.

Methods: In the development phase (Part I), a game-based exercise prototype was created by integrating knowledge and a
literature review as well as brainstorming with experts on effective fall prevention exercise for older adults. The output was a
game-based exercise prototype that covers crucial physical and cognitive components related to falls. In the usability testing (Part
II), 5 games (ie, Fruits Hunter, Where Am I?, Whack a Mole, Sky Falls, and Crossing Poison River) with three difficulty levels
(ie, beginner, intermediate, and advanced levels) were tested in 5 older adults (mean age 70.40 years, SD 5.41 years). After
completing the games, participants rated their enjoyment level while engaging with the games using the Physical Activity
Enjoyment Scale (PACES) and commented on the games. Descriptive statistics were used to describe the participants’characteristics
and PACES scores.

Results: The results showed that the average PACES score was 123 out of 126 points overall and between 6.66 and 7.00 for
each item, indicating a high level of enjoyment. Positive feedback, such as praise for the well-designed interactions and user-friendly
interfaces, was also provided.

Conclusions: These findings suggest that it is promising to implement an interactive, physical-cognitive game-based exercise
in older adults. The effectiveness of a game-based exercise program for fall risk reduction has yet to be determined.

(JMIR Serious Games 2021;9(4):e27848)   doi:10.2196/27848

KEYWORDS

digital game; interactive game-based training; physical-cognitive training; exergaming; Kinect sensors; older adults; falls; PACES;
user-centered design; game-based exercise
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Introduction

Declines in multiple physiological systems with ageing
contribute to balance and gait deficits, leading to an increased
risk of fall [1]. Fall is a serious public health problem, and its
consequences have a marked adverse impact on physical and
psychological aspects such as injuries, activity restriction, fear
of falling, and loss of autonomy [2-4]. Given the substantial
impact of falls on health, as well as their medical and economic
burden, an effective strategy to prevent falls in older adults is
warranted.

Several investigators have consistently reported a strong positive
effect of physical exercise on fall prevention among older adults
[5-9]. Researchers have also identified a critical role of
cognition, especially executive function, attention, and memory,
on balance and gait control [10-13]. Many examiners have
demonstrated that cognitive training, which is an intervention
program aimed at improving, maintaining, or restoring cognitive
function via the repeated and structured practice of tasks, can
improve balance and gait and reduce fall risk [14-17]. Taken
together, incorporating a cognitive component into physical
exercise may augment its benefits in fall prevention
[11-13,18-20]. A growing number of investigators have
documented the effects of combined physical-cognitive exercise
training in a simultaneous form (dual-tasking) among older
adults. Combined physical-cognitive exercise training programs
have resulted in greater improvement in physical and cognitive
performance than either type of single training alone [21-25].

As technology advances, a new alternative of rehabilitation
approach targeting training of various physical and cognitive
components in the form of interactive game-based exercises
(exergames) is becoming available [26]. These interactive
game-based exercises use technology-driven platforms that
require users to move their body in order to complete assigned
tasks via video game interface elements [27]. The interactive
game-based exercises have advantages in terms of gamification
features. Researchers have demonstrated that exergames are
attractive because they provide real-time interaction and
feedback to users, which enhances motivation and training
adherence [28,29]. In addition, game-based exercises allow
users to be active with repetitive practice and track progression,
which is beneficial for training outcomes [30]. Another
advantage of exergames is that they can offer an experience for
daily-life task requirements based on concurrent training of
physical and cognitive components [31-33]. Moreover,
game-based exercises can be applied either in rehabilitation
centers or community and home settings [33,34]. Several
researchers have shown that game-based training using Nintendo
Wii Fit, and Microsoft Kinect sensors were effective in
improving physical abilities (eg, balance, gait performance),

improving cognitive abilities (eg, executive function, speed of
processing), and reducing the risk of falls among older adults
[35-42]. However, in most existing training programs available
for fall prevention, research concerning simultaneous training
of physical and cognitive functions (dual tasking) with the use
of exergames has remained scarce.

Among interactive game-based technology for training, the
Kinect motion sensor (Microsoft Corporation) has been
considered as a high-potential approach because it provides a
markerless full-body 3D motion tracker and enables users to
virtually interact hands-free with a computer system.
Additionally, several examiners have demonstrated that among
interactive game-based technology for exercising, Microsoft
Kinect has an advantage in that it allows individuals to interact
with games using their own body in a natural way [43,44]; this
enhances the natural form of human-computer interaction [45].
In addition, the Microsoft Kinect motion sensor is an accurate
input device; thus, it allows precise tracking and real-time
feedback of user performance [46]. The Microsoft Kinect sensor
is proposed to be a feasible and effective tool for training
concurrent physical and cognitive components in older adults,
with the aim of reducing the intrinsic causes (ie, physical and
cognitive) of falls [47-51].

Based on the usability challenges faced by older adults,
programmers should develop user interfaces that are
user-friendly for older adults and specific for training purposes.
A previous investigator has suggested that older adults accept
innovative technology when they recognize its benefit and find
it meaningful for their lives [52].

Therefore, this study focused on developing a prototype of a
game-based exercise that accounts for the target user’s
expectation and requirement (eg, enjoyment, attractiveness, user
skill-challenge balance, and benefit for training cognitive and
physical components). In particular, following a user-centered
design approach, acceptability and training adherence in future
empirical studies were established.

Methods

Study Design
The present study consists of two parts: (1) the development of
a game-based exercise prototype, and (2) evaluation of target
users’ feedback, response, and satisfaction regarding the
developed game-based exercise prototype. The concept of
development and evaluation of the target user’s experience for
producing a final prototype followed a user-centered design
(UCD) approach [27,46,53-62]. UCD is a user interface design
process in which designers focus on gaining a target user’s
perspective to create a product with a high degree of usability.
The UCD cycle is depicted in Figure 1.
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Figure 1. Schematic of the user-centered design cycle [27].

Part I: Development of a Game-Based Exercise
Prototype

Development Process
In this part, the 4-phase UCD process was applied [27,46,53-62].
The first phase, the design development process of a game-based
exercise prototype, was conducted in the brainstorming phase.
A total of 7 team members, including 3 physical therapists and
1 physician (3-20 years of experience in geriatric and cognitive
rehabilitation), 2 game programmers (5 years of experience in
the Unity 3D game engine), and 1 game designer (10 years of
experience in game design and game theory), participated in
the brainstorming session. This phase involved generating
potential core game ideas by integrating the knowledge and
literature review of previous physical and cognitive training
programs and interactive exergame interventions for fall
prevention in older adults [16,63-65]. In the present study, the
core game was composed of two training elements: (1) a
physical element, including stepping and balance training, and
(2) a cognitive element related to balance and falls in older
adults, including executive function, attention, and memory
[18,66,67]. To ensure that the difficulty of the games was
appropriate for each individual user, the progression of game
difficulty was considered. The game-based training program
underwent critical appraisal by the physical therapists and
physician. In the second phase, after consensus, proven game
ideas were used to create a game-based digital exercise game

prototype using the Unity 3D game engine software with Kinect
Sensor V2 for Windows. In the third phase, user feedback to
improve the game-based exercise prototype was provided by
end users using a think-aloud method [68]. Finally, the fourth
phase concentrated on assessing physical activity enjoyment
during game engagement. The Physical Activity Enjoyment
Scale (PACES) questionnaire [69,70], an 18-item scale
questionnaire, was used to analyze physical activity enjoyment.
Moreover, the usability of the game-based exercise prototype
was determined with a structured interview (feedback about the
game, themes, user interface, sound effect, graphics, and
interaction). Feedback from all participants was considered by
the research team to improve the game-based exercise prototype.

Characteristics of the Game-Based Exercise Prototype
The characteristics of the game-based exercise prototype are
presented in Table 1. The game can be described as individual
interactive game-based training using Kinect. The prototype of
the game-based exercise comprised 5 games, including (1) Fruits
Hunter, (2) Where Am I ?, (3) Whack a Mole, (4) Sky Falls,
and (5) Crossing Poison River. The games had three different
levels: beginner, intermediate, and advanced. The level of game
complexity progressed by increasing the difficulty of physical
demand (ie, movement speed, distance, duration, base of
support) and cognitive demand (ie, number of stimuli,
complexity of the game’s rules, and amount of cognitive load).
The estimated play time was 45 to 60 minutes.
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Table 1. Summary of the characteristics of the developed game-based exercise prototype.

DescriptionCharacteristic

Basic characteristics

A game-based exercise prototypeHealth topic

Older adults (age ≥65 years)Targeted age group

The game-based exercise is a virtual, interactive game-based training system using Microsoft
Kinect motion sensor technology. The game-based exercise comprises 5 games that include
physical and cognitive components associated with balance and falls in older adults.

Short description of the game idea

IndividualTarget player

A game-based exercise is used to enhance motivation and engagement in older adults.Behavior change procedure used

Physical therapist and geriatric physiciansClinical support needed

Data are saved and stored in the hard disk. However, reaction time, error, and score are given as
feedback on the display screen (ie, the rubber mat) at the end of each game.

Data shared with clinician

Physical, action, real-time strategyType of game

Game components

Player’s game goal/objective

Physical components • Improve static and dynamic balance
• Improve stepping reaction and response time
• Improve lower limb muscle strength

Cognitive components • Fruits Hunter: improves response ability and speed of processing via a stepping task.
• Where am I ?: improves semantic memory and visuospatial ability via visual sense
• Whack a Mole: improves selective attention ability, visual attention performance, speed of

processing, and inhibition ability
• Sky Falls: improves sequencing and planning ability
• Crossing Poison River: improve episodic memory via auditory sense

Rules • Fruits Hunter: step on the presented fruits as fast as possible within a limited time.
• Where am I ?: step to the presented objects and remember as many as of them possible. The

recall questions are provided at the end of the game.
• Whack a Mole: respond correctly to different rules of this game as follows:

• Mole or rabbit: steps on the target 1 time
• Mole or rabbit with helmet: steps on the target 2 times
• Bomb: do not step on the target

• Sky Falls: step with alternating feet to collect as many dropping objects in the basket as
possible

• Crossing Poison River: listen to a short story and remember the content of the story while
standing on one leg

The game-based exercise system allows users to interact with the virtual games by stepping on
the presented targets in different directions in pursuit of the game’s goals. The game-based exercise
also provides audio and visual feedback to the users while they are playing the games.

Game mechanics

A forest with fruits, animals, vegetables, and a riverVirtual environment

The game-based exercise can be set in a room environmentSetting

Personal computer/notebook/laptop with LED projectorDevice requirements

Microsoft Kinect Sensor V2Sensors used

45-60 minutesEstimated play time

Part II: Evaluation of Target User’s Experience

Recruitment and Participants
A total of 5 community-dwelling older adults were enrolled as
representative target users. The inclusion criteria were (1) age
65 years or older, (2) had normal cognitive function (determined
by a Mental State Examination T10 [71] score ≥24 points or

depending on the level of education), (3) ability to walk without
an assistive device for at least 10 m, and (4) ability to step in
all directions independently and safely. Exclusion criteria were
(1) depressive symptoms (determined by a Thai Geriatric
Depression Scale-15 [72] score >6 points), (2) orthopedic
deficits, neurological deficits, and/or other significant health
problems that precluded the participant from completing the
testing protocol, and (3) uncorrected visual and hearing
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impairment. The study protocol was approved by the Human
Ethical Review Board of the principal investigator’s institute
(AMSEC-61EX-078). All participants gave written informed
consent prior to participating in the study. The demographic
data of the participants, which consisted of age, height, weight,
medication use, and history of falls in the previous 12 months,
were recorded.

Hardware Configuration
To set up the system, the capture volume of the system was
configured using the three main devices: Kinect Sensor V2 [73],
LED projector, and laptop computer. In the present study, the
Kinect Sensor V2 was used because it provides greater precision
and more stable results compared to the Kinect Sensor V1 [74].

The Kinect Sensor V2 is a depth sensor camera manufactured
by Microsoft that provides information about the depth, color,
and skeleton of a user who is standing in front of the sensor.
The Kinect sensor and LED projector were set on a portable
metal storage rack at a height of 0.8 m and 2.0 m from the floor,
respectively. The laptop computer that contained the developed
game software was set near the Kinect sensor. The game was
projected on a rubber mat (2.0 m width × 1.2 m height) that was
placed on the floor; thus, the participants could virtually interact
by stepping. The center of the rubber mat was set 2.5 m from
the Microsoft Kinect sensor and LED projector. The
configuration of hardware for playing the game-based exercise
is illustrated in Figure 2.

Figure 2. Environment configuration of the game-based exercise system.

Protocol
The game-based exercise was connected with the Microsoft
Kinect sensor, an LED projector, and the laptop computer. After
that, the system was calibrated by moving four markers in the
game-based training system over the four corner marks on the
rubber mat. For individualized body position calibration, each
participant was asked to perform a T-pose stand for
approximately 5 seconds at the center of the rubber mat (Figure
2). After the calibration process, each participant received a
comprehensive description of the rules of the games, including
a demonstration, and was requested to play the game-based
exercise. The American College Sport of Medicine exercise
guidelines recommend that older adults should participate in
aerobic activities for a minimum of 30 minutes per session to
promote and maintain their health-related outcomes [75]. In
this study, the exercise duration ranged between 30 and 50
minutes, with a rest interval of between 10 and 15 minutes,
depending on the participant performance; this resulted in a
total time of 45 to 60 minutes.

After completing the game-based exercise, participants were
asked to rate their enjoyment using the PACES questionnaire
[69,70]. The PACES is an 18-item scale questionnaire that
assesses physical activity enjoyment during game engagement
with a 7-point Likert scale (1, strongly disagree, to 7, strongly
agree). A higher PACES score reflects a greater level of
enjoyment. Moreover, using a structured interview, participants
were interviewed about their impressions of the game-based
exercise features in terms of rules, mechanics, interfaces, and
scoring, as well as their physical and cognitive involvement
while playing the games.

Data Analysis
Descriptive statistics were used to describe both the participants’
characteristics and their scores on the 18-item PACES
questionnaire. All data were analyzed using SPSS 21.0 (IBM
Corporation).
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Results

Part I: Development of a Game-Based Exercise
Prototype
The framework of the game-based exercise comprised 6
components (Figure 3), including:

1. The Microsoft Kinect sensor: the depth sensor that was
used to track and monitor full-body movements in 3D
coordinates (ie, the x-, y-, and z-axes). The tracking data
were then converted to the 24 points of the Joint ID Map
(body skeleton model). In this study, 4 points of the Joint
ID Map [43] (ANKLE_RIGHT, FOOT_RIGHT,
ANKLE_LEFT and FOOT_LEFT) were used for the
interaction between the user and the game.

2. Game programmers: the specialists who generated the
digital game using the computer programming language
and game engine software (the Unity 3D game engine
software with Microsoft Kinect sensor V2 for Windows).

3. Domain knowledge: the experts having core knowledge
and experience of physical and cognitive training programs
for fall prevention in older adults.

4. Game-based training system: the digital game system, which
comprised 5 games (Games I-V) with 3 levels (levels 1-3)
and feedback (ie, score, response time, and error).

5. User and laptop computer: a system operator who was
responsible for controlling the game-based training system
while participants were playing the games.

6. Graphical user interface: a form of user interface that allows
participants to interact with the game-based exercise (Figure
4). An example of a participant training with the
game-based exercise prototype is displayed in Figure 5.
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Figure 3. Framework of the game-based exercise system. GUI: graphical user interface.
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Figure 4. Screenshots of the 5 games in the game-based exercise system: (A) Fruits Hunter, (B) Where Am I ?, (C) Whack a Mole, (D) Sky Falls, and
(E) Crossing Poison River.

Figure 5. Examples of a participant playing the game-based exercise: (A) Whack a Mole, (B) Sky Falls, and (C) Crossing Poison River.

Part II: Evaluation of the Target Users’ Experience

Participant Characteristics
A total of 5 community-dwelling older adults participated in
the usability testing phase. Their mean age was 70.40 (SD 5.41)

years (range 65-79 years). No participants had any experience
with using exergames. They had low incidence rate of falls in
the past 12 months, and they either did not take medication or
took only one type. The participants’ characteristics are
summarized in Table 2.

Table 2. Characteristics of the study participants.

RangeMedianValueCharacteristic

65-796870.40 (5.41)Age (years), mean (SD)

149-164156155.20 (6.06)Height (cm), mean (SD)

39-605553.40 (8.62)Weight (kg), mean (SD)

17.60-24.3022.2122.08 (2.63)BMI (kg/m2), mean (SD)

4-181614.40 (5.90)Education (years), mean (SD)

0-100.20 (0.45)Types of medication, mean (SD)

0-101Falls in the past year, n
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User Experience in Using the Game-Based Exercise
System
All 5 participants completed the game-based exercise and

answered the PACES questionnaire. The average score on each
item was between 6.66 and 7.00, which indicated greater levels
of enjoyment. The 18-item PACES scores are illustrated in
Table 3.

Table 3. Physical Activity Enjoyment Scale (PACES) rating scores (n=5). All items were rated on a 7-point scale from 1, strongly disagree, to 7,
strongly agree.

Response rating, mean (SD)ParticipantsQuestion

S05S04S03S02S01

6.80 (0.20)677671. I enjoy it; I hate it

7.00 (0.00)777672. I feel interested; I feel bored

7.00 (0.00)777773. I like it; I dislike it

6.66 (0.24)667774. I find it pleasurable; I find it unpleasurable

6.80 (0.20)777765. I am very absorbed in this activity; I am not at all absorbed in this
activity

7.00 (0.00)777776. It’s a lot of fun; it’s no fun at all

6.80 (0.20)777677. I find it energizing; I find it tiring

7.00 (0.00)777778. It makes me happy; it makes me depressed

6.80 (0.20)677779. It’s very pleasant; it’s very unpleasant

7.00 (0.00)7777710. I feel good physically while doing it; I feel bad physically while
doing it

6.80 (0.20)7677711. It’s very invigorating; it’s not at all invigorating

7.00 (0.00)7777712. I am not at all frustrated by it; I am very frustrated by it

6.66 (0.24)6677713. It’s very gratifying; it’s not at all gratifying

6.80 (0.20)6777714. It’s very exhilarating; it’s not at all exhilarating

6.80 (0.20)7677715. It’s very stimulating; it’s not at all stimulating

6.80 (0.20)7677716. It give me a strong sense of accomplishment; it does not give
me any sense of accomplishment

6.66 (0.24)7667717. It’s very refreshing; it’s not at all refreshing

6.80 (0.20)6777718. I felt as though there was nothing else I would rather be doing;
I felt as though I would rather be doing something else

123.00 (1.26)120120125123125Rating scale of all items (total points: 126)

User Feedback and Suggestions
The feedback and suggestions provided by the users are
presented in Table 4.
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Table 4. Feedback and suggestions provided by the study participants for the game prototype.

FeedbackType of feedback or suggestion

Feedback

Positive • “The games’ feature and appearance were very attractive and enhanced my motivation to complete the
games.”

• “The games provided my performance with visible outcomes and scores which motivated me to try
harder to get a better score in the next trial.”

• “The difficultly of each game was optimal; it was not too easy and not too difficult.”
• “The games had variety of forms and rules that challenged my physical and cognitive abilities.”
• “The games had a meaningful sound effect which helped me to identify my right or wrong responses.”
• “The games’ systems were quite simple to set up and easy to manage, thus it appeared to be feasible to

use in the community or home settings.”

Negative • “In the Whack a Mole, sometimes I did not step on the bomb, but it eventually blew up.”
• “In the Sky Falls, sometimes it was quite hard to control the movement of the bamboo basket even

though I tried to alternate my stepping rhythmically.”

Suggestions

Game rules • Clearly state the game instructions and rules at the beginning

Level design • Reduce the speed of dropping objects in the beginner level of Sky Falls
• Use different types of animals and vegetables for each difficulty level of Where Am I?

Graphics/look and feel • Adjust the distance of each presented object in Whack a Mole

Audio • Increase the display volume
• Use different background music for each game

Discussion

Principal Findings
In this study, we aimed to develop and test the usability of a
virtual, interactive game-based training system that is focused
on simultaneously training the physical and cognitive function
(dual-tasking) of community-dwelling older adults. The core
games were formulated by integrating the principal knowledge
and existing evidence from the literature related to effective fall
prevention exercise programs for older adults as well as by
subjecting the games to critical appraisal from experts. We also
assessed older adults’ experiences in terms of enjoyment and
game features using the PACES questionnaire and a structured
interview.

Several intervention studies have reported high dropout rates
and limited use of technology-supported platforms for delivering
exercise training programs [76-78]. Interactive game-based
training may be considered as a more efficient approach for
empowering user engagement, which contributes to positive
outcomes of an intervention. However, many older adults tend
to be less engaged with modern digital technology, and not all
are accepting of it. To overcome this limitation, the UCD
approach, which incorporates game design principles (ie, goals,
rules, feedback, points, time, reward structures, levels, and
aesthetics), was used in the process of designing and developing
a game-based exercise prototype with an aim to motivate and
engage older adults in exercising [54-60]. Researchers have
identified the potential benefits of using the UCD concept for
developing exergames for older adults with and without
health-related problems. For example, Hemingway et al [53]

used the UCD process to develop a mobile game to influence
the behavior of HIV service uptake among a key population.
Lange et al [27] established an interactive game-based program
constructed on a UCD design process for training the dynamic
balance of individuals who have previously experienced a stroke.
Howes et al [79] also used UCD to develop the bespoke Active
Computer Gaming system to deliver strength and balance
exercise programs for older adults. Together, the present and
previous findings consistently suggest that the UCD approach
is a core process that should be embedded in health games to
ensure usability and acceptability. Therefore, the target users
may benefit fully from exergames technology.

To our knowledge, our game-based exercise is the first game
prototype that was mainly designed to support older adults in
combined physical-cognitive exercising using the Microsoft
Kinect motion sensor. In particular, the game-based exercise
focused on the core impairment aspects that are related to falls
in older adults, including balance and stepping performance as
well as executive function, attention, and memory. Several
investigators have consistently reported that the most important
component of exercise programs for fall prevention is balance
training [6,7]. In addition, stepping training, a form of highly
specific balance training, has shown to be an effective fall
prevention strategy [80]. Thus, balance and stepping training
were included in the game-based exercise. Regarding cognition,
declined executive function, attention, and memory have been
identified as crucial contributors to falls [11-13,19]. Thus,
adding these cognitive components to physical training may
potentially enhance the efficacy of fall prevention programs for
older adults. In addition, age-related perception and sensation
decline in older adults were considered. Therefore, visual and
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audio presentations, such as the size and distance of target
objects as well as the level of sound volume, were included.
Findings from the study demonstrated that the target users
viewed the game-based exercise prototype as an enjoyable and
practical intervention approach for their physical and cognitive
training at home and in community settings. This may be
because the development of the game-based exercise prototype
incorporated the current knowledge regarding the key
contributing factors for training continuation by using exergames
among older adults. These factors gradually increase the level
of game difficulty, provide clearer feedback, and offer a simple
setup [81]. In this way, we expected that the newly developed
exergames would overcome the barrier to exercise in older
adults. This enjoyment (determined by PACES scores) and
positive feedback from the users may be, at least in part, due to
the fundamental elements of the game-based exercise, which
feature a real-time interface display and feedback. Consistent
with previous studies, our games system provides feedback,
including scores and performance outcomes (ie, response time,
error), which enhances the motivation of the users [82-84].
Moreover, the positive responses from older learners who are
unfamiliar with new technologies can be attributed to the design
features of the game-based exercise prototype, such as having
a user-friendly interface and providing optimal levels of task
difficulty [85]. Nevertheless, some comments indicated that
further refinements are required prior to implementation of the
game-based exercise among older adults in a realistic context.

Limitations
This study has certain limitations that need to be acknowledged.
This study is a preliminary study that involved a small number

of participants who were all female. Further, results on the
enjoyment and experiences of using the game-based exercise
prototype were obtained from a single training session. Thus,
the findings should be considered preliminary and interpreted
with caution. Future studies with larger sample sizes, a balanced
gender ratio, and data obtained from multiple training sessions
are warranted. Another limitation concerns the hardware
specification of the Microsoft Kinect sensor. In this study, the
capture volume of the Kinect sensor was restricted to 0.5 to 4.5
m, which partly limited the design of the configurations of the
games. Further studies should consider using multiple Kinect
sensors to cover a greater capture volume. Moreover, our game
system was designed for the individual player. Exergames
systems that allow group players should be considered for
promoting social interaction. Finally, this study investigated
the enjoyment during game engagement using the 18-item
PACES questionnaire. In future studies, the 8-item version of
PACES would be an appropriate questionnaire to reduce the
completion time.

Conclusions
This preliminary study demonstrated a prototype of a
game-based exercise for older adults using the Microsoft Kinect
sensor. The game-based exercise prototype contained combined
physical and cognitive training elements with different levels
of difficulty. The developed game-based exercise was well
accepted by the target users, with prominent enjoyment and
positive feedback. Thus, the game-based exercise appears to be
a promising tool for enhancing older adults’ motivation to
engage in physical-cognitive exercise with the aim to reduce
the risk of falls.
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Abstract

Background: In recent years, augmented reality (AR), especially markerless augmented reality (MAR), has been used more
prevalently to create training games in an attempt to improve humans' cognitive functions. This has been driven by studies claiming
that MAR provides users with more immersive experiences that are situated in the real world. Currently, no studies have
scientifically investigated the immersion experience of users in a MAR cognitive training game. Moreover, there is an observed
lack of instruments on measuring immersion in MAR cognitive training games.

Objective: This study, using two existing immersion questionnaires, investigates students’ immersion experiences in a novel
MAR n-back game.

Methods: The n-back task is a continuous performance task that taps working memory (WM) capacity. We compared two
versions of n-back training. One was presented in a traditional 2D format, while the second version used MAR. There were 2
experiments conducted in this study that coordinated with 2 types of immersion questionnaires: the modified Immersive Experiences
Questionnaire (IEQ) and the Augmented Reality Immersion (ARI) questionnaire. Two groups of students from two universities
in China joined the study, with 60 participants for the first experiment (a randomized controlled experiment) and 51 participants
for the second.

Results: Both groups of students experienced immersion in the MAR n-back game. However, the MAR n-back training group
did not experience stronger immersion than the traditional (2D) n-back control group in the first experiment. The results of the
second experiment showed that males felt deeply involved with the AR environment, which resulted in obtaining higher levels
of immersion than females in the MAR n-back game.

Conclusions: Both groups of students experienced immersion in the MAR n-back game. Moreover, both the modified IEQ and
ARI have the potential to be used as instruments to measure immersion in MAR game settings.
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Introduction

In the past decade, studies have reported significant
improvements in cognitive functions through game-based
cognitive training in different groups [1-3]. In recent years,
research shows that the application of augmented reality (AR)
technology in games is related to the user’s cognitive
functionality, as it has a positive impact on mental processes
and psychological reactions [4,5]. Many studies also started to
explore the affordances of using AR technology to create
cognitive training tasks. There is some evidence that AR-based
cognitive training is effective in improving users’ cognitive
functions, such as attention and memory [6-8]. Other research
shows that AR-based tasks play a significant role in increasing
students’ motivation and attention during the learning process
[9].

By overlapping computer-generated 3D graphics onto a
real-world environment, AR enables borderless interactions
between the digital and physical worlds [10]. AR has the
following key features: combination of virtual content and real
context, real-time interaction between virtual objects and real
contexts, and the registered 3D virtual object [11]. Through
mobile devices (eg, smartphones and tablets), AR apps capture
the real scene with the camera and then present the digital
contents to the real context surrounding the user. This means
of interaction creates a new mode of learning and training, which
can be easily conducted even by students who have no
experience using digital devices [12]. AR apps enable users to
have ubiquitous access to surrounding real contextual
environments while playing AR games on a mobile interface
[13].

According to how AR apps represent virtual graphics in a real
context through device camera screens, AR games are divided
into 2 types: markerless AR (MAR) games and marker-based
AR games [10]. Generally, marker-based AR requires a fiducial
or artificial marker placed in a real context to implement AR
experiences. These markers, such as printed barcodes and QR
codes on cards, generally have specific geometric or color
properties, which makes them easy to extract and identify in a
video frame. Marker-based AR uses an external marker to
calibrate the camera’s pose and then achieves a successful
projection of virtual content into the captured real environment
[14]. However, this approach has been shown to have many
drawbacks, such as virtual content being easily lost in the
tracking process if a live camera moves quickly and visual
markers have to remain in sight due to a limited range [13,15].
Moreover, AR with fiducial markers is not scalable for outdoor
scenes and mobile learning [16].

By contrast, the tracking system (based on a simultaneous
localization and mapping technique) of MAR can rely on natural
features instead of using external markers to trigger
augmentations in the real environment [17]. Through an eligible
mobile device, markerless tracking can manipulate any part of
a real location as a marker to place virtual objects [18,19]. MAR
games are similar to location-aware AR games [20], which are
geo-based augmented realities that do not need any special
markers for identifying where to place a virtual object in the

real environment. In this way, these games can provide more
realistic and interactive AR experiences for users, accurately
track the real context, and detect locations through smart devices
[21]. A MAR app brings a markedly different experience for
its users, which enhances interactive involvement with and
perception of the real surroundings without physical constrains
[5,18,22]. Thus, MAR apps have been argued to provide users
with more immersive and interactive experiences, which can
be beneficial for promoting enjoyment and engagement in
learning and training [21]. As AR technology can enable users
to experience a sense of immersion [23,24], MAR game playing
may provide users with a stronger sense of immersion
experience.

Immersion has been widely discussed in the context of AR
games [10,20], especially ones related to cognitive training
[6,25]. Immersion, a form of cognitive and emotional absorption,
has been used to promote enjoyment and engagement in tasks
and learning [26,27]. Immersion is widely considered as a
desired outcome of the gaming experience [27]. Performing and
training related to immersive digital experiences are assumed
to be reliant on the degree of achieved immersion, specifically
the degree to which users become cognitively and emotionally
engaged with a given digital app [28,29]. These statements
indicate that measuring the immersion in the context of an AR
game developed for cognitive training is a primary tool to
evaluate the effects of AR games. Hence, to discover the
potential of MAR games in the field of cognitive training, we
need to investigate users’ immersion experiences in MAR games
playing. However, there is an observed lack of studies
investigating immersion in MAR cognitive training games.

Immersion in the field of digital games has been widely
discussed in recent years [20,27,29-31]. The definition of
immersion was first proposed in the field of virtual
environments. The research by Georgiou and Kyza [20] argues
that immersion can be seen as a reliable dimension to objectively
access the properties of a virtual environment. On the other
hand, Witmer and Singer [32] described the concept of
immersion as a “psychological state characterized by perceiving
oneself to be enveloped by, included in and interacting with an
environment that provides a continuous stream of stimuli and
experiences.” In addition, Brooks [28] argued that an immersive
experience can not only occur in virtual reality (VR)
technologies but also appear when playing simple computer
games, such as video games. The definition of immersion also
considers the di erent degrees of cognitive and a ective
absorption when playing a digital game, as they are closely
related to task enjoyment and engagement [20,33]. Moreover,
many studies suggest that gender affects the immersion level
in digital games [34]. Specifically, men and women report
different levels of immersion when interacting with virtual
environments [35] and when playing video games [36].

However, the virtual environments described in the definitions
were generally created by VR technology. By wearing
head-mounted displays, users were immersed in virtual
environments, isolating completely from real contexts. While
AR games are played using mobile devices, the games can also
provide users with immersive experiences by interacting with
a continuous stream of digital-based stimuli situated in the real
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contexts. Hence, users may perceive a different immersive
experience when playing AR apps, compared with virtual or
other digital environments.

Previously, in the absence of valid immersion measurements,
some researchers discussed AR immersive experiments through
the evaluation of flow and presence [37,38]. Csikszentmihalyi
[39] defined flow as “the state in which individuals are so
involved in an activity that nothing else seems to matter.” As
for the immersion state, flow can be described as people so
absorbed in their activities that irrelevant thoughts and
perceptions are filtered out from their minds [27]. The definition
of presence is a psychological sense of being in a virtual
environment [40]. The degree to which the virtual environment
mimics real-world experiences is impacted by the degree of
participants’ presence in the virtual environment [32].

Some studies argued that the sense of flow and presence could
barely be created and maintained in AR games [38], as potential
external distractions exist in the context of an AR system. For
instance, many factors such as temperature, light and noise can
be easily controlled in the virtual environment, while these
parameters are hardly controlled by designers of AR apps in a
real context [41]. These potential and uncontrolled external
distractions may prevent users from giving their attention and
thus disrupt their immersive experiences in AR games [38,41].

In addition, Benyon [42] stated that immersion in AR
experiences is different from feelings of presence, in terms of
being in a virtual space. Yet, immersion in AR experiences is
the feeling of involvement in a blended space of real and digital
elements. Moreover, a good AR game should be able to immerse
its users into playing the game and decrease their focus on
external distractions situated in real contexts. Hence, the
evaluation of immersion provides a valuable option to describe
the user experiences in the context of AR (or MAR) games.

There are several previously developed validated instruments
for evaluating immersion in digital games [20,27,29,30].
Although these existing instruments are validated in some
games, they may be invalidated in other types of games (eg,

AR games) when measuring the immersion experience. As
described above, we can see MAR games are technically and
functionally different from other digital software (eg, 2D
games), as they can present 3D elements and software assets in
real environments without external markers.

It is uncertain which existing valid immersion questionnaire is
valid for measuring user immersion in emerging MAR apps.
As a potential benefit of MAR technology in developing
cognitive training games, identifying valid instruments for
evaluating immersion in MAR games is significant for the
researchers and developers in this field. Therefore, this study
aims to explore students’ immersion experiences in a novel
MAR cognitive training task by using 2 existing immersion
instruments for digital games.

Methods

Development of a MAR n-Back Task
An n-back task is used extensively in the literature as a working
memory (WM) training task [43,44]. Participants in an n-back
task are presented with a series of stimuli. They are required to
retain some aspects of each stimulus in WM (eg, the location
of the stimulus in a grid). During the n-back task, the trainee is
instructed to respond whenever a current stimulus is presented
on-screen that matches the one presented n positions back in
the sequence [43]. In this study, a MAR n-back game and a 2D
n-back game were developed (Figure 1) based on the same
principles of the n-back task described in previous studies
[45-47]. The MAR n-back game was developed using a
combination of the Unity game engine and Apple’s ARKit
database, based on the MAR game framework developed by
Chen et al [14] that could achieve real-time 3D context
reconstruction by using mobile devices. The main differences
between the 2 versions of the game were how the player
perceived the location of the stimuli: whether these stimuli were
more stimulating graphics and whether these stimuli were
perceived as being located on the screen of the device
(non-MAR) or as being in real-world surroundings (MAR).

Figure 1. Examples of (a) markerless augmented reality n-back game and (b) traditional (2D) n-back game.

Figure 2 shows 6 successive trials from the MAR n-back game.
Each trial consisted of a stimulus that was presented for 2

seconds (s), followed by an interstimulus interval of 2.5 s and
the next stimulus [43]. In this example, with n (n=1, 2, or 3) set
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to 2 (2-back), the correct responses would be to indicate a match
on trial (c) because the location matches the trial’s previous 2

steps (a), and to indicate a match on trial (f) because the location
matches the trial’s previous 2 steps (d).

Figure 2. Six successive trials from the augmented reality version of the n-back game.

Hence, by playing the MAR n-back game, participants can
interact with stimulus within the real context via smart devices.
We assume that MAR n-back games could provide users with
more immersive and interactive experiences, thereby being
potentially beneficial for promoting enjoyment and engagement
in cognitive training. As AR technology has been increasingly
applied to various domains, it is urgent to investigate the
essential theories and practices related to the key aspects of AR
experiences, such as immersive features. In this study, both
versions of the n-back games were created with 3 load levels

(1-back, 2-back, and 3-back). Figure 3 illustrates the app settings
of both versions of the n-back game, while Figure 4 displays
the flowchart of a full gaming session (spanning 3 minutes).
Hence, the motivation of n-back game training is based on the
participants responding to the correct targets as quickly and
accurately as possible, while the difficulty increases by raising
the value of n. Through this way, participants were motivated
to take the n-back game training seriously and perform
effectively, as their scores were cumulatively displayed against
other players.
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Figure 3. App settings of both versions of the n-back game. MAR: markerless augmented reality.
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Figure 4. Flowchart of a full gaming session with both versions of the n-back game. MAR: markerless augmented reality.

Immersion Measurements

Background
In this study, two existing validated immersion instruments: the
Immersive Experiences Questionnaire (IEQ) and the Augmented
Reality Immersion (ARI) questionnaire have been selected as
the measurements with some reasons.

In 2004, Brown and Cairn [30] created a famous model of
immersion with the 3 sequential levels of engagement,
engrossment, and total immersion to describe the degrees of
involvement with digital games. The level of engagement
includes access and investment, which means that the player
needs to invest time and effort in learning how to play the game
and get familiar with the game’s controls. From the engagement
level, participants may be able to become more interested in
and further involved with the game and then move into the
engrossment level. During this level, gamers’ attention spans
and emotions were directly affected by the game and game
controls became invisible because gamers became less aware
of their surroundings [27]. Total immersion occurred when

gamers reached a sense of presence, became lost in the game’s
world, and achieved a sense of feeling that the game was all
that mattered.

On the basis of immersion model [30], flow [39], cognitive
absorption [33] and presence [32], the IEQ was developed for
measuring immersion in digital games [27]. In particular, the
validity of the IEQ was proven through experiments with 2
different types of games: a video (2D) and a VR game. As
virtual environments, although AR differs from VR in displaying
digital content, both technologies are claimed to represent
effective immersive technology [48]. Moreover, the focus of
the IEQ covers 5 factors: cognitive involvement, emotional
involvement, real-world dissociation, challenge, and control
[27]. These factors are more related to the purpose of measuring
immersion in a cognitive training game (eg, n-back game).
Hence, using the IEQ, this study sets a similar experiment to
explore differences in students’ immersion experiences with 2
different types of games: a video (2D) game and a MAR game.

The ARI questionnaire, based on the immersion theory of Brown
and Cairns [30], was developed particularly for the purpose of
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measuring immersion in location-aware AR settings, which, as
explained earlier, is similar to MAR games. It has also been
used for measuring immersion in other types of AR apps used
for training [31]. Georgiou and Kyza [20] emphasize that
immersion in AR apps is not about getting disengaged from the
real world but shifting attention toward AR games, which in
turn results in a decreased focus on any potential distractors.
Hence, to investigate students’ immersion experiences in a MAR
game, the ARI questionnaire is necessary for this study.

Immersive Experiences Questionnaire
The IEQ includes 33 items; 32 questions (Q1-Q32) were all
designed on 5-point scales (1 = strongly disagree and 5 =
strongly agree). One question used a 10-point scale, asking
participants to indicate how immersed the felt overall (1 = not
at all and 10 = very much).

However, as discussed in the previous section, users perceive
a feeling of being surrounded by a blended world of real and
digital elements in AR games, unlike virtual environments in
which users can totally immerse themselves [36].

Therefore, to make the IEQ suitable for assessing immersion
in AR game settings, some questions were omitted:

• Q19: It was as if I could interact with the world of the game
as if I was in the real world.

• Q20: Interacting with the world of the game did not feel as
real to me as it would be in the real world.

• Q23: I felt detached from the outside world.
• Q30: I still felt as if I was in the real world while playing.

Moreover, certain potential external distractions, such as weather
and noises, exist in the context of an AR system. Therefore, the
Q21 “I was unaware of what was happening around me” should
also be removed from the IEQ [20]. Hence, a modified IEQ,
with 27 5-point scale questions (omitting questions Q19, Q20,
Q21, Q23, Q30) and one 10-point scale question, was used to
measure participant immersion experiences in this study.

ARI Questionnaire
The ARI questionnaire is a 21-item, 7-point Likert-type
instrument ranging from totally disagree (1) to totally agree (7)
[20]. The ARI questionnaire has a 3-level construct (with each

construct broken down further into 2 subcategories) according
to the following: engagement (interest and usability),
engrossment (emotional investment and focus of attention), and
total immersion (presence and flow). These factors measure the
immersion level of students while using AR apps.

First Experiment

Participants
Recruitment of participants began in October 2019. A total of
60 participants took part in the first experiment (average age
18.97 [SD 1.09] years; 42 females). They were a group of
undergraduate students from a university in China. No eligibility
criteria were specified. Written informed consent forms were
collected from these students before they began the WM
training. Participants were informed that they could drop out
of the study at any time. Prior to beginning the study, ethics
approval was obtained from the ethics committee at East China
Normal University (HR 055-2019). The trial was registered at
the University Hospital Medical Information Network Clinical
Trials Registry [UMIN000045314]. All participants were paid
US $15.

Procedure
At the beginning of the first experiment, participants were
randomly divided into 2 groups, with 30 participants in the
control group (who trained on the video n-back game) and 30
in the experimental group (who trained on the MAR n-back
game). Participants were not blinded. Random allocation was
based on random numbers generated in Microsoft Excel by BZ.
During the training, six 10.5-inch iPad Pro tablets (Apple Inc)
were used to present the n-back game (see Figure 5). The
instructions for the n-back task were demonstrated to the
participants prior to the WM training. Two groups of participants
then received separate WM training in 2 versions of n-back
tasks for 8 sessions (2 sessions a day, with each session lasting
3 minutes) within 4 days. All training sessions were conducted
in a laboratory. At this stage, the aim of the training was not to
investigate its effects on WM but to focus on comparing the
level of immersion between the 2 groups. After all the training
sessions were completed, each participant completed a modified
IEQ through a link to an online questionnaire using their mobile
phones.

Figure 5. Visual depictions of the first experiment.
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Second Experiment

Participants
A total of 51 participants took part in the second experiment
(average age 21.22 [SD 1.69] years; 30 females). Participants,
studying in the major of Educational Technology, were recruited
from another university in China. To complete the assignments
on the evaluation of an innovative software, these students need
to test an innovative app. All participants were fully debriefed
at the end of the experiment. Written informed consent forms
were also collected from these students before they completed
the survey.

Procedures and Materials
In this experiment, 51 participants practiced in a MAR n-back
game for once a day, 3 minutes each time, using 6 iPad tablets
for 1 week. Participants were allowed to take the tablets with
them outside of the classes and could play the MAR n-back
game at any location within the university’s campus. The
instructions for the WM training with MAR n-back game were
explained to the participants and several practice trials were
conducted before the initiation of the study. Some visuals
illustrating the practice process are presented in Figure 6.

Figure 6. Visuals demonstrating the second experiment.

After 1 week of playing, the ARI questionnaire was issued to
students to complete through an online link using mobile phones,
and data were collected. The practice process was given
separately to each participant and the data collection took place
over a 1-week period. As the ARI questionnaire is particularly
developed to measure immersion in AR settings, the second
experiment aims to further investigate students’ immersion
experiences in a MAR game based on the study of Georgiou
and Kyza (2016).

Results

First Experiment
Following the example of Jennett et al [27], we first examined
correlations between the 2 immersion measures of 27 5-point

scale questions and one 10-point scale question in the modified
IEQ. Taking both groups (control and experimental groups)
together, the 2 immersion measures were positively, significantly
correlated (Pearson r=0.466, P<.001). This finding appears
reliable, as variables such as participant age, gender, and
education level were all found to have nonsignificant
correlations with both immersion measures. Taking the groups
individually, the correlation was stronger in the MAR n-back
group (Pearson r=0.518, P=.003) than the 2D n-back group
(Pearson r=0.362, P=.049). Based on a total 28 items of the
modified IEQ, while the MAR n-back group had a higher mean
value on all immersion measures (see Table 1) than the 2D
n-back group, the differences between the 2 groups were not
significant on either measure.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e27036 | p.270https://games.jmir.org/2021/4/e27036
(page number not for citation purposes)

Zhang & RobbJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 1. Mean and standard deviation for the measures of immersion in the modified Immersive Experiences Questionnaire.

10-point scale (1 item)5-point scale (27 items)Characteristic

2D (n=30)MAR (n=30)2Db (n=30)MARa (n=30)

7.4337.93.4213.584Mean

1.5011.6680.5160.619Standard deviation

aMAR: markerless augmented reality n-back game.
b2D: n-back game.

Second Experiment
Cronbach alpha for the ARI scale was 0.783 overall and ranged
from 0.711 to 0.836 for the 6 subdimensions (ie, interest,
usability, emotional investment, focus of attention, presence
and flow), indicating acceptable reliability. The mean values

for engagement, engrossment, and total immersion with the
subdimensions of interest, usability, emotional investment, focus
of attention, presence, and flow (see Table 2) were similar to
the research by Georgiou and Kyza [20] using the ARI to
investigate immersion in AR experiences but noticeably lower
than that found in the research of Salar et al [31].

Table 2. Mean values for interest, usability, emotional investment, focus of attention, presence and flow.

Value, mean (SD)Factor

5.853 (0.156)Interest

3.995 (0.961)Usability

4.580 (1.697)Emotional investment

4.954 (0.300)Focus of attention

4.299 (0.388)Presence

4.848 (0.150)Flow

However, males reported higher mean values than females on
all 3 constructs of the immersion model (see Figure 7). These
differences were significant in the case of engagement (Student

t test P=.048, P<.05) and total immersion (Student t test P=.033,
P<.05; see Table 3 and Figure 7).

Figure 7. Mean values for engrossment, engagement, and total immersion for males and females. Significant differences (P<.05) are marked with an
asterisk (*).
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Table 3. Differences between males and females on mean values for engrossment, engagement and total immersion.

Student t testFemaleMaleConstruct

P valuedf atMean (SD)Mean (SD)

.04849–2.0295.108 (0.750)5.565 (0.849)Engagement

.2049–1.3014.622 (1.063)4.976 (0.775)Engrossment

.0349–2.1894.303 (0.950)4.994 (1.307)Total immersion

adf: degree of freedom.

Discussion

Principal Findings
Recently, many researchers have paid increasing attention to
the application of AR games for cognitive development.
However, with the lack of validated instruments for measuring
users’ immersion in AR apps, the scientific evaluation of
emerging AR games is still missing in the literature. Therefore,
this study aimed to investigate students’ immersion experiences
in a novel MAR n-back game for WM training by using 2
existing immersion questionnaires. As explained earlier, IEQ
has the potential to compare users’ immersion with 2 different
types of games [27], such as a traditional (2D) n-back and a
MAR game; therefore, we used the modified IEQ as the
immersion instrument in a randomized controlled experiment.
This aims to explore students’ immersion experience with both
versions of n-back games and investigate whether students can
obtain stronger immersion in the MAR n-back game than the
2D n-back game. However, as the ARI questionnaire has been
widely accepted as a valid tool for assessing immersion in the
context of AR apps [20], it was used to measure only a single
group of students, with the MAR n-back game in the second
experiment. The purpose of this experiment was to further
explore students’ immersion experiences with the MAR n-back
game.

The results show that the correlation between the 2 immersion
measures of 27 5-point scale questions and one 10-point scale
question of the modified IEQ was positive and significant. This
indicates that these 2 different sets of questions were still
strongly consistent and connected with each other, which proves
the reliability of the modified IEQ. The findings show that while
the MAR n-back group had a higher mean value on all
immersion measures (see Table 1) than the 2D n-back group,
there were no significant differences in the immersion measures
between groups on the modified IEQ (27 5-point scale items
and one 10-point scale item). The lack of significant differences
in immersion may imply that the 2 versions of the n-back games
used in this research, although being visually different in many
aspects, did not produce obvious different levels of immersion
in players. As Figure 1 shows, the traditional (2D) n-back game
was played on the screen of a device, and the MAR n-back game
was performed in the real environment. Although the MAR
n-back game has more simulating graphics, both games have
the same motivation rules. Moreover, the participants may be
influenced by real-world surroundings, such as sound and light,
during the MAR n-back game training in Figure 5 [38,41,42].
It may be that for MAR apps to be more immersive, more is
required than simply translating an existing 2D game into an

AR version, as we did in this study. On the other hand,
participants’ scores on the modified IEQ, in both the 2D and
MAR conditions, were similar to the scores in previous research
using immersive experiences [27]. This suggests that participants
were experiencing immersion in both versions of the n-back
training games.

Furthermore, Table 2 shows that the mean values of the second
experiment for 6 subdimensions with 51 students all showed
relatively higher results compared with the average of the
7-point (average 3.500). We can see participants paid attention
to the MAR n-back game and felt it was interesting. These
results illustrate that a good level of immersion within
participants has been established. However, there is still
potential for improvement, as the mean value of the 6
dimensions (see Table 2) are all slightly less than those
measured in the study by Salar et al [31]. At this stage, the
results of using the ARI questionnaire with participants in the
second experiment proved that a MAR n-back game can
establish participants’ immersion experiences.

Previous studies argue that immersion is a desired outcome of
the gaming experience and can promote participants’enjoyment
and engagement in tasks if their level of involvement increases
in the games [27]. Performing and training related to experiences
based on immersive technology are assumed to be reliant on
the degree of achieved immersion in the games [28,29]. MAR
apps bring a different experience for its users, which enhances
interactive involvement with the real surroundings without
physical constrains [5,18,22]. The findings show that the MAR
n-back game (WM training task) can provide users with an
immersive and interactive experience, which is beneficial for
promoting enjoyment and engagement in training [21]. As the
potential affordances of AR-based tasks can improve cognitive
functions, such as attention and memory [6-8], this study
indicates that the MAR games also have the potential to promote
cognition functions (eg, WM in this study), as all the participants
experienced immersion during the MAR n-back training.

Unexpectedly, the findings of the second experiment revealed
that males gained higher mean values than females on all 3
constructs of the immersion model (see Figure 7), with
significantly stronger values for engagement and total immersion
(see Table 3 and Figure 7). The immersion theory of Brown
and Cairn [30] defines that engagement is the first level of
immersion, which indicate that player is willing to invest time
and make effort in learning and controlling the game. With the
same assignment of manipulating the MAR n-back game, we
can see males were willing to make more efforts in controlling
the MAR games than females at the first learning stage.
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However, males and females experienced no significant
differences in the engrossment level, which involves more
emotional investment on the games. This result may be
influenced by the fact that all the students were required instead
of self-driven to play the MAR n-back game, hence the
emotional input process is short but directly enters the total
immersion level. The results also show that male students
researched significantly stronger sense of becoming lost in the
MAR games (total immersion level) than female students. These
results coincide with the finding that male players experienced
deeper involvement with the AR environment, which in turn
resulted in feeling higher levels of immersion than female
players [34].

In conclusion, by conducting 2 experiments by using the
modified IEQ and ARI questionnaire, we found that both groups
of students were experiencing immersion in the MAR n-back
game. As discussed in the Introduction section, MAR games
are very different from other digital games as they can present
3D elements and software assets in real environments without
external markers. However, there is an observed lack of studies
on investigating immersion in MAR games. This study shows
that the modified IEQ and ARI questionnaire have the potential
to be used as an instrument to measure immersion in MAR
settings. Also, as results show that MAR cognitive games can
provide users with an immersive and interactive experience,
this suggests the affordance of MAR games in improving users’
cognitive functions. However, the MAR n-back game did not
produce obvious different levels of immersion in players than
the traditional (2D) n-back game in this study, this may imply
that the design of the MAR games should have obvious
differences from 2D versions or other type of games in order
to increase immersion levels. Finally, we found that male players
experienced stronger immersion than female players in the MAR
n-back game, which further supports that males and females
perceive different levels of immersion when interacting with
virtual environments [36]. In the end, we believe these findings
can contribute to the development of MAR games in the field
of cognitive training for AR designers and also for the
researchers who are interested in exploring users’ immersion
in MAR settings.

Limitations and Future Study
Although this study has a number of practical implications,
there are a number of limitations that must be considered. First,
in both experiments, the immersion questionnaire was completed
by participants after the practice sessions were completed.
Although students finished immersion questionnaires
immediately after the game practices, their immersion
experiences may not be accurate, as immersion is an
instantaneous state that would disappear after the activity is
finished. Second, in the second experiment, only a single group
of students completed the ARI questionnaire to measure their
immersion with the MAR n-back game. Further, a randomized
controlled experiment needs to be considered to explore whether
the ARI questionnaire can be used to measure immersion within
the non-AR games. Third, an experiment with the modified IEQ
should be repeated with an app that really differs in an AR
version from its 2D version game to see whether still no obvious
different levels of immersion in players. It is important to further
investigate the affordances of AR technology in building games.
Finally, as only one MAR game has been tested using the
modified IEQ and ARI questionnaires in this study, more MAR
games need to be tested in the future to strengthen the findings
of this study.

Conclusion
In this study, we used two questionnaires, the IEQ and ARI, to
investigate immersion in an AR working memory game. In
addition, we compared immersion levels between the AR game
and a 2D version of the same game. We found that the AR
working memory game produced reasonable levels of immersion
in players (on both questionnaires), which may contribute to its
effectiveness as a cognitive training program. However, there
were no significant differences between immersion levels in
the AR game and the 2D version (on the IEQ). We also found
different levels of immersion experience in men and women on
two constructs of the ARI, with men showing significantly
higher levels of engagement and total immersion than women
in the AR game.
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AR: augmented reality
ARI: Augmented Reality Immersion
IEQ: Immersive Experiences Questionnaire
MAR: markerless augmented reality
VR: virtual reality
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Abstract

While there has been increasing interest in the use of gamification in mental health care, there is a lack of design knowledge on
how elements from games could be integrated into existing therapeutic treatment activities in a manner that is balanced and
effective. To help address this issue, we propose a design process framework to support the development of mental health
gamification. Based on the concept of experienced game versus therapy worlds, we highlight 4 different therapeutic components
that could be gamified to increase user engagement. By means of a Dual-Loop model, designers can balance the therapeutic and
game design components and design the core elements of a mental health care gamification. To support the proposed framework,
4 cases of game design in mental health care (eg, therapeutic protocols for addiction, anxiety, and low self-esteem) are presented.

(JMIR Serious Games 2021;9(4):e27953)   doi:10.2196/27953

KEYWORDS

design models; gamification; case studies; mental health; eHealth

Introduction

There has been growing interest in the use of gamification in
the field of health care. The concept of gamification proposes
that motivational elements drawn from the field of game design
could be applied to a positive effect in a nongame context such
as health care [1,2]. For example, this approach has been used
to help users manage symptoms related to diabetes [3] and allow
patients with cancer to better understand their condition [4].
The field of mental health care in particular has seen increasing
interest in the use of gamification, especially to enhance the

effectiveness of psychological therapies, often by improving
adherence and engagement in the therapeutic activities (see
[5,6]). It is often essential for clients in treatment to adhere to
their given therapeutic assignments [7], but in practice this is
quite difficult [8]. Therefore, various gamified therapeutic
activities have been developed and used for the treatment of
conditions such as attention deficit hyperactivity disorder [9].

Incorporating game elements into existing mental health
interventions can be difficult as designers must constantly take
into account the opportunities and restrictions in both the domain
of game design and mental health treatment [10]. For example,

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e27953 | p.277https://games.jmir.org/2021/4/e27953
(page number not for citation purposes)

Siriaraya et alJMIR SERIOUS GAMES

XSL•FO
RenderX

mailto:spanote@gmail.com
http://dx.doi.org/10.2196/27953
http://www.w3.org/Style/XSL
http://www.renderx.com/


when modifying an underlying treatment activity based on a
specific game design strategy, designers must determine in what
way this can be done to provide enough game value (ie, to
motivate or persuade clients to adopt specific healthy behaviors
or change maladaptive behaviors), while justifying the potential
impact on the therapeutic value (ie, the capacity to reduce
psychological symptoms). Adding more game elements to
improve engagement results in a more enjoyable game
experience; however, the underlying therapeutic aspect might
be negatively influenced [10]. Arbitrarily adding game elements
without careful consideration of the target therapeutic audience
risks creating a gamification which alienates players [11,12],
whereas introducing game mechanics without considering their
influence on the relationship with the underlying therapeutic
activity risks corroding the effectiveness of the therapeutic
mechanisms themselves [13]. As such, when creating a mental
health care gamification, it is extremely important to consider
the balance and relationship between the game and therapy
elements in gamification. Often, the very nature of such issues
means that there is no clear-cut guideline for the integration of
game design and therapy elements in gamified health
interventions [14].

This paper aims to address this issue by providing a design
framework to enhance both the conceptual and practical
knowledge of gamification in mental health care. It is based on
our reflections and practical experiences of designing and
evaluating 4 different gamifications. These gamifications cover
2 intervention protocols commonly used in mental health
treatment (ie, cognitive training and cognitive behavioral
therapy) and 2 categories of disorders (ie, externalizing and
internalizing disorders). More specifically, in this paper:

• We propose the concept of a “game world” versus “therapy
world” experience and identified 4 components of a
“therapy world” that could be gamified by design into a
“game world” experience with increased user engagement.
We then highlight 3 different strategies for how integrated
game therapy worlds could be created using the 4
components.

• We created a design process framework to help designers
analyze the procedures used in a therapeutic intervention
and design the core elements of a mental health care
gamification based on the concept of a core-game loop.

• To support our framework, we provide 4 case studies of
gamifications of mental health care therapies and analyzed
their design process in detail through our framework.

Previous Research on the Design of Digital Games and
Gamification in Mental Health Care

Overview
Previously, digital games that have been developed for mental
health care often embodied similar characteristics as those found
in fully functional entertainment games, although with a
health-related purpose at its core [14]. Such games usually
contain a carefully designed fully functioning “game space”
with their own gameplay mechanics and interactive aesthetics
(eg, [15-17]). In some cases the therapeutic tasks and activities
themselves are embedded in a game-level structure and players

would need to achieve various health-related objectives in order
to progress through the game [15,16]. For example, in the
SPARX game, users go through different levels that challenge
them to acquire core skills that would help them better cope
with depression [16]. In other cases, the game space itself is
designed to provide awareness (often by encouraging players
to reflect through gameplay) and persuades players to adopt and
maintain a behavior that improves well-being [4,17]. An
example of this could be seen in the Playsafety game where
players are shown various scenarios that depict dangerous
situations related to drug use and are shown the consequences
of making the wrong decision in those scenarios [17]. Overall,
the design process of these games generally resembles those
that are used to develop serious games in other application
domains, such as in education. To design such games, the
designer first defines “serious objective or outcome” and then
designs an engaging game space (including story flow, rules
and interaction–feedback system, etc.) around the desired
outcome (ie, the therapeutic goal) [18]. In these games, the
original “serious” nongame content generally remains
independent from the game space. As such, users might
experience a separation between the game content and the
nongame content when playing the game and could result in
players becoming immersed in the game space while not being
engaged with the serious content.

The more recent interests in gamification have led some
designers to further examine ways in which game methods and
design approaches can be integrated as part of a therapeutic
process. Instead of creating a full game space to help motivate
clients in mental health treatment to realize a therapeutic
objective (which tends to be costly and time consuming), recent
approaches in gamification suggest that perhaps discrete game
elements could instead be applied to enhance existing tasks
within the treatment process (see [19]). It is believed that this
would help transform the experience of doing an otherwise
mundane task into one which is more engaging for users [20].
A particular appeal of this approach is that it allows for various
commonly used game mechanics (such as point systems and
leaderboards) and game experience designs (challenge,
competition, etc.) to be viewed as “templates,” which could be
carefully tested and then used as a blueprint to provide gamelike
experiences to enhance different therapeutic tasks (see [19]).
In the health care field in particular, which values an
evidence-based approach when designing interventions, this
approach can be particularly appealing as the effect of different
game design decisions can be empirically tested and more
clearly understood (serious games employing a full-blown game
space have traditionally been difficult to validate and examine
[21]). Examples of such game mechanics and elements used
that have been transposed to a therapeutic task include in-game
reward systems (badges, tangible rewards, and social feedback),
a narrative driven quiz system [22], and a gamelike audio and
visual feedback system combined with a point-based reward
system [13,23].

However, many researchers caution against the difficulties and
pitfalls of this kind of “integrative” gamification approach.
Some researchers argue against the practice of employing
discrete game elements without carefully designing for the
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emerging player experience [18]. These researchers propose
that gamification should be viewed more as a way to create
emerging experience of playfulness instead of relying on
template game mechanics [24]. More specifically, these
researchers argue that focusing only on the mechanics
themselves (eg, only arbitrarily adding in elements such as
points, badges, and levels) risks striping the games from their
most engaging aspects, as the “engagingness” of a game comes
not only from a single mechanic, but also rather from a
well-designed and thought-out combination of the game
mechanics with other elements of the game (such as the rules
and narration) and with the serious content itself to create a
ludic system that allows users to experience meaningful play
and have fun [24,25]. Such researchers posit that to design such
a system, it is important to carefully consider the underlying
context and understand the goals of users within the serious
activity when integrating the game mechanics (possibly by
employing a user-centered design approach) [11,26]. Merely
adding game elements to a therapeutic activity without careful
consideration of the interests of the targeted audience and the
nature of the target activity risks the gamification becoming
less relevant to the user interests and thus becoming ineffective
in motivating users [11]. Overall, in the domain of mental health
care in particular, there have been few proposed design models
that show the process of how elements from game design could
be integrated effectively with the content of a therapeutic
activity.

Integrating Game Elements Into Therapeutic Activity
Through a Game Therapy Worlds Concept
A key essence in the process of mental health care gamification
is the question of how various elements from game design could
be incorporated into an existing therapeutic activity to create a
more engaging and (at least) equally effective treatment process.
Key issues such as which game elements can be added without
conflicting with the underlying therapeutic processes, which
parts of the treatment can be mixed with game elements, and
which parts of the therapeutic content should remain unchanged
for the gamified therapy to be effective would need to be
addressed. The difficulty of such a process is compounded
further by the fact that the therapeutic activities themselves are

often black boxes [21]. It is often unknown whether changing
the procedure, rules, or interactions of a certain therapeutic
activity (to make it more engaging) would also jeopardize the
therapeutic effect.

To provide a better understanding of how game elements could
be combined with existing therapeutic activities, we draw upon
the notion of “worlds,” which represent the changing
experiences of a person as we examine gamification design in
past studies. This notion suggests that when playing an
immersive game, players gradually leave their world of daily
life and move toward a fun and engaging game world [27]. Their
experience changes and they feel “transported” [28] into a world
of play. Huizinga [27] described this process as “creating a
temporary “game” world within the ordinary world” for which
he proposed the metaphor of a “magic circle” having its own
time and space boundaries and absorbing the player “intensely
and utterly.” It is exactly this absorbing and engaging quality
of game experiences that can be used to enrich mental health
care therapies. As such, in our “game therapy worlds” concept,
we view games developed for mental health care as similarly
consisting of 2 worlds: the game world, which denotes how
users experience, interact, and are affected by the designed game
experience; and the therapy world, which denotes the
experiences, interactions, and effect of the designed therapeutic
process within the mental health care game.

Therapy Games Formed From Separated Game and
Therapy Worlds
Two strategies have been commonly used in previous studies
when designing games for mental health care. The first involves
creating a discrete game world (with its own rules, narration,
and interaction mechanics), where the performance and actions
of users in a therapeutic activity are used to drive their progress
in the game world (Figure 1A). An example of such strategy is
the Changamoto game, which was developed to encourage youth
to fill in a diary for their triggers in cannabis addiction. In the
Changamoto game, a separate turn-based strategy game world
was created in which players would need to command their own
robot team to defeat an opposing team. Progression in the game
is dependent on players successfully filling in entries in their
diary [29].
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Figure 1. Strategies for incorporating a separate game world experience into the therapy world.

The second strategy is to create a discrete game world to provide
users with the knowledge and awareness to improve the outcome
of an existing treatment (Figure 1B). An example of this is the
Re-mission game, which was designed to provide children with
knowledge related to their treatment and in doing so improve
their adherence to the treatment [4]. The game itself was
designed as a third-person action game with the interactions
inside the game (ie, destroying cancer cells with weapons such
as chemotherapy) designed to make players more aware and
understand the importance of complying with their treatment
regime.

In both strategies, the game world itself is usually not built upon
an existing therapeutic activity but as a separate game space
with its own rules and mechanics. The advantage of such a
strategy is that there is only a limited relationship between the
therapy world and the game world, and therefore there is much
less potential for the game world to impact the targeted
therapeutic activity. In addition, the engagement potential of
the newly created game world is not hindered by the therapy
rules, thus allowing for more flexibility when designing the
game. These discrete game worlds often function as fully
fledged games, containing their own mechanics, rules, and
interactions, which are separate from the therapy. Players
experience first the game world and then the therapy world.
However, the disadvantage of this strategy is that the
effectiveness of such games often depends on the entertainment
quality of the game world itself and it could be quite costly to
develop fully fledged games that are entertaining enough to be
effective [14].

Therapeutic Games Formed From Integrated Game and
Therapy Worlds

The Elemental Tetrad

Instead of creating a discrete game world to encourage users to
achieve a specific therapeutic outcome, different aspects within
the therapeutic activity itself could be transformed to become
more engaging by using specific elements and approaches drawn
from the field of game design [26]. Although there have been
different suggestions of what components exist in a game (such
as [30,31]), the concept of the elemental tetrad proposed by
Schell [32] provides a useful distinction of the broad elements
found in a game system. This tetrad proposes 4 interconnected
game elements: the mechanics (the procedures, rules, and
possible interaction space in the game), the aesthetics (the visual
and audio qualities of the game), the technology (the medium
in which a game has been implemented), and storyline (the
prescripted events that emerge from the user interaction) [32].
While there are serious games in mental health care that have
used technology (eg, virtual reality to create a more engaging
experience [33]), aesthetics (eg, visualizing the consequence of
how different bodily organs are affected by drugs [34]), or the
storyline (eg, a game where users play the role of an investigator
to learn about the consequences of drug overdoses [35]) as the
core element, most gamifications focus on the use of the game
mechanics to enhance the underlining experience (such as
adding a point base system to create a sense of challenge) with
the technology, aesthetics, and storyline being designed around
the game mechanic elements [36]. Therefore, we focus on this
aspect in our design framework as we analyze the components
of an integrated therapy and game world.
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The Components of an Integrated Therapy and Game
Worlds

To allow us to better understand how a specific game element
can be combined with the different aspects of the therapeutic
procedure, we look at the components of a therapeutic activity
from a game systems perspective from the viewpoint of the
game mechanics element proposed by Schell [32]. When viewed
from this perspective, there are many aspects of a therapeutic
task that are similar in nature to the mechanics of a game system.
For example, in a therapeutic activity, clients are generally
presented with a list of tasks with different content (referred to
as content samples) that they would need to resolve to achieve
success in the therapy (eg, in the form of homework and
out-of-session activities, which are common tasks in
psychotherapy and cognitive behavioral treatment procedures
[37,38]). These tasks are usually presented in a structured format
(eg, Clark’s model [39] proposes that the situations that clients
would confront as part of their social phobia treatment be
presented in a hierarchical manner based on difficulty). In each
task, users are presented with a meaningful choice where they
can decide to take action to complete the task, after which

feedback is provided by the therapist to help clients evaluate
their performance (referred to as the performance space). An
example could be seen from an Interpretation Bias Modification
training procedure for social anxiety, where clients would choose
whether a word representing a threat or benign interpretation is
related to an ambiguous situation and would receive positive
feedback when they relate benign interpretations toward
ambiguous sentences [40]. Whether or not the user is successful
in his/her task is determined by the rules of the therapeutic
activity. For example, the retraining exercises which are used
to change maladaptive cognitive biases based on the
Dual-Process model of addiction often have specific rules that
would need to be followed to be effective (such as to make
avoidance actions in response to alcoholic stimulus within a set
period) [41]. The cumulative completion of each therapeutic
task is expected to result in a better health-related outcome.
Overall, Table 1 provides an overview of the similarities
between the components in the game world and the therapy
procedures and provides examples of several treatment
approaches and therapeutic activities where these components
could be identified.

Table 1. Components of a therapeutic activity when viewed from a game systems perspective.

In a therapeutic worldIn a game worldComponent to be
balanced

The actions and choices are presented to the clients in a therapeutic activity, which can be
acted upon to achieve success in the therapy. Feedback is conveyed to clients to report the
results of their actions and is generally aimed at providing guidance in future choices.

Example: In contingency management programs, clients are presented with a task to abstain
from drug use within a set period. They are presented with 2 choices of potential actions
that could be taken: either choose to use drugs or not to use drugs within the set period.
If clients choose not to use drugs, they would be presented with monetary rewards as a
form of feedback to reinforce their positive behavior [42].

The actions or meaningful choices
available to players to act upon.
Feedback is given to users as indi-
cators to convey the results of their
actions in the game.

Performance space

A structured organization of tasks presented to guide clients to progress through the therapy.

Example: As part of weekly homework assignments in the cue exposure therapy to treat
social phobia, clients are exposed to different social situations that they normally avoid.
These situations are presented in a hierarchal structure based on their difficulty to help
clients build their confidence, with easier tasks being presented before more difficult ones
[39].

Referred to as the “steps of play,”
the structure component highlights
the progression of players in the
game [31].

Structure

The rules or principles set by the therapy procedure that relate to the success or failure in
achieving the health-related outcome.

Example: In the selective response inhibition training module used as part of the cognitive
bias modification training to treat alcohol addiction, clients are presented with images
representing alcoholic and nonalcoholic beverages. Clients would need to respond when
shown images of nonalcoholic beverages in a timely manner by pressing a key and withhold
their response when shown images of alcoholic beverages. Responding to alcoholic bever-
ages or not responding in time results in a failure [43].

The principles that govern the
consequences of user actions and
results within the game.

Rules

The different content samples drawn from a therapeutic activity framework that are pre-
sented to the clients, who need to resolve them to achieve success in the therapeutic activ-
ity.

Example: In the interpretation bias modification training used to treat anxiety, clients are
presented with ambiguous scenarios representing anxiety-related situations. Each scenario
ends with a word fragment which clients need to solve toward a positive solution. Clients
need to go through a series of multiple different scenarios (ie, content sample) representing
different anxiety-related situations and complete the word fragment in each one, reinforcing
a beneficial interpretation of ambiguous information [44].

The different events given to
players through the game that they
must overcome to achieve success.
Referred to as a pulse [31].

Content Sample
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Strategies for Creating an Integrated Therapy and Game
World

Based on game and therapy world components, we have
identified 3 different strategies that have been generally used
to create an integrated game world that overlaps with an existing
therapeutic activity (Figure 2). One strategy, the reward systems

strategy (Figure 2A), is built around enhancing motivation by
creating a reward system based on the performance of users in
the therapeutic activity. For instance, if social competition is
thought to be particularly appealing toward a target audience,
simple mechanics such as a “leader board” could be used to
create a feeling of competition based on how well users perform
in the therapeutic activity in relation to others (see [45]).

Figure 2. Three examples of strategies to integrate game worlds from existing therapeutic activities: (A) Creating a reward system based on the results.
(B) Restructuring the rules and performance space. (C) Restructuring the content and structure.

Alternatively, another strategy is to restructure the rules and
performance space (Figure 2B) of the target therapeutic activity
to provide a more engaging experience. For example, in our
gamification of the goal setting activity used in cognitive
behavioral therapy, we added a time constraint rule and
wager-based mechanism to the performance space to provide
users with an experience of challenge when completing their
goals. Users would set a self-imposed time limit for each goal
(with less time receiving more points) and place a wager to
reflect how confident they are in their ability to accomplish the
task [10]. In the third strategy (Figure 2C), the content and
structure within the therapeutic activity could be enhanced
through a narrative guidance framework. This example could
be seen in a gamified therapeutic activity used in cognitive
behavioral therapy for burnout [22]. In this example, clients are
asked to choose positive thoughts in response to stress-inducing
work scenarios. In the gamified version, the therapeutic process
is presented through the narrative guidance of a fictional
character, with metaphors such as monsters representing
negative statements, which players need to “shoot down,” and
the cognitive state of players represented as an overloaded file
cabinet that players need to clean up and fill instead with
compliments. The whole therapy procedure is segmented into
different levels, with players being guided through the levels
as they complete each aspect of the therapy (ie, first recognizing
negative thoughts, then identifying alternative positive ones and
finally practicing with real-life situations) [22].

Overall, integrating a game world directly into an existing
therapeutic activity provides several distinct advantages. First,
interactions within the game world can be linked more directly
to the interactions within the therapeutic activity, thus making
them more meaningful and relevant to the therapeutic outcome.
This is opposed to a nonintegrated approach with a separate

game world (eg, Figure 1), where core player actions in the
game space (such as going through various scenarios to learn
about the dangers of drugs) play a more supportive role toward
the outcome of the therapeutic activities [17]. In the integrated
game therapy world used in the burnout gamification for
instance, the actions of players in the game world (shooting
down negative statements to earn points) are shared with those
of the therapy world (rejecting negative thoughts as part of the
therapy process) [22]. In addition, as the integrated game world
also contains many elements that are shared with an original
therapeutic activity, the intrinsic motivation of clients within
the therapy world would more likely remain in the integrated
game world as well. As such, users are likely to ascribe more
value toward their actions in the integrated game world, as they
feel it would lead them to a serious therapeutic outcome that
helps improve their well-being. This is opposed to the
effectiveness of discrete game worlds, which often depend on
the entertainment quality of the game world itself. However,
there is also the risk that altering different aspects of the therapy
when integrating it with the game world could (negatively)
influence the potential value of the therapy. For example, in
gamifying a cognitive bias modification (CBM) task used to
treat alcohol addiction, the authors cautioned that adjustments
made to the original CBM paradigm as part of the gamification
process (eg, changing the way in which the stimuli is presented,
ie, the speed or frequency in which the alcohol image is shown,
to make the training more challenging or changing the control
paradigm, ie, requiring users to use different keyboard buttons
or control devices to respond to the stimulus) could risk making
the original training ineffective [46]. Cognitive training tasks
in this domain (such as the Go/No-go task) require the stimuli
and feedback to be presented at a specific time interval (1500
and 500 ms, respectively) [43], and it is unclear whether
changing this original mechanism (eg, shortening the response
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time to create different challenge levels) would impact the
therapeutic effectiveness.

Our Proposed Method: Designing Gamified
Therapeutic Interventions Through a Dual-Loop
Design Model
During the design of the gamifications, we noticed how the core
interaction process within a therapeutic activity shares many
similarities with the concept of the core-game loop [47]. In
game design, the core-game loop represents the fundamental
action–feedback loop of a game, where players complete a
specific task fulfilling an in-game objective and receive feedback
based on their action. Players then use this feedback to improve
their understanding of the game rules, update their strategies,
and move on to complete the next task. The process then repeats
itself throughout the game with the tasks becoming progressively
difficult. Similarly, a therapeutic intervention or activity could
also be viewed as taking place within a recurrent loop (ie, the

therapy activity loop), as it generally consists of repeated tasks
(although with different content) that clients must undertake to
achieve the cognitive or behavioral change that leads to the
desired health goal. After completing a task they would receive
feedback on their performance and progress onto the next task
with a different content but governed by the same rules and
principles.

This observation led us to conceptualize the Dual-Loop Design
model in which we propose that a core-game loop could be
designed around the therapeutic activity loop, thereby enhancing
the user experience of each of the therapy components. An
earlier example of a gamified therapeutic activity being designed
around this concept can be found in our previous studies, where
we designed a goal setting gamification around the core-game
loop of selecting different tasks leading to desirable therapeutic
outcomes [10]. Based on our Dual-Loop Design model, the 3
components of a therapeutic activity which form the main part
of a therapeutic loop are presented in Textbox 1.

Textbox 1. Components of a therapeutic activity.

Sample

The sample refers to a specific task presented to the client, which is drawn from a list of possible tasks. For example, in the cue-specific response
inhibition training task [43], clients are presented with a specific alcohol stimulus image (an image of a full or empty bottle of beer, etc.) which they
would need to respond to.

User action

The user actions refer to the actions required of clients after being presented with the sample. This could occur both in the digital domain and in the
physical world. For example, in the cue-specific response inhibition training task used in the treatment of alcohol addiction, clients can either choose
to respond to the image of the stimulus in the task by pressing a button on the keyboard or choose not to respond by withholding their action.

Therapy principle

The principles refer to the logic within the therapeutic task that determines whether the actions of the user constitute a correct or appropriate response,
which when carried out should progressively lead to the desired positive cognitive or behavioral change. For example, in the cue-specific response
inhibition training task, clients must respond by making a correct action based on the stimulus presented within a specific time limit to be successful
(ie, the desired response would be to press a key on the keyboard when shown a nonalcoholic image and withhold their response when an alcoholic
image appears and letting it disappear).

These components as well as the intended cognitive/behavioral
change and the overall well-being/health objective are what
constitutes the therapeutic activity loop (Figure 3). More
specifically, in each iteration of the therapeutic activity loop,
the client is given a sample task. They would attempt to carry
out the actions required to complete the task based on the
governing therapy principles. After completing the task, the
client is then presented with the next sample task to complete
and the process would repeat itself. The tasks presented to clients

could cascade in difficulty or be used to represent a wide range
of situations in the therapy (eg, in the CBM training for alcohol
addiction, clients are presented with stimuli depicting different
types of alcoholic beverages to better cover the large variety of
alcohol drinks they may encounter in daily life [44]). By
repeating this process, clients are able to change their cognitive
state or behavior in a way which leads to a better health
outcome.

Figure 3. The therapeutic activity loop.
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The main gamification process starts by formulating a core-game
loop upon the therapeutic activity loop. More specifically, the
gamification designer decides on the following 3 aspects (Figure
4).

• Can “presentation design” make the therapy more “gamey”
and motivating and what are the implications toward the
existing “sample” and “actions” of the therapy? For
example, when a narrative metaphor is used to represent
negative thoughts or maladaptive characteristic traits as
enemy creatures [29], would this make the “sample” and
“action” (eg, the task of recording the various triggers of
addiction) more interesting?

• Can “game logic design” make the therapy more fun and
what are the implications toward the existing “action” and
“principles” of the therapy? For example, in our
gamification of the approach bias training for alcohol
addiction, we added a game logic in which players would
need to push alcoholic and pull nonalcoholic pictures based

on the beat of the music, instead of at a set time interval as
in the original version of the training. This was done to
enhance the underlying “action” (ie, the task of pushing
away alcohol-related stimuli and pulling closer
nonalcohol-related stimuli) and “principles” (ie, players
must complete the tasks correctly within a set time limit)
of the original therapy.

• Can “feedback design” make the therapy more fun and what
are the implications toward the existing “principles” and
“sample” of the therapy? For example, when a chain bonus
system is added to the cue-specific response inhibition task
(ie, users get an increasing number of points for consecutive
correct actions, which resets when they make a mistake),
would this influence the “principles” and “sample” of the
therapy in a positive manner? More specifically, when
players are presented with the next “sample” (ie, the task
to inhibit their response toward an alcohol-related stimulus),
would they put more effort in avoiding mistakes, as they
would lose their chain bonus?

Figure 4. A core-game loop encompassing the therapeutic activity loop.

After deciding on the 3 aspects, the designer could then choose
to add structural game elements to further enhance the
core-game loop experience and encourage sustained engagement
across the loops [48]. For instance, a “level progression system”
could be added where players would be provided with
experience points upon successful accomplishment of each task
in the gameplay loop, which they then could use to “level up”
their in-game characters, providing them with a sense of
progression. Players could also be ranked based on their
performance on a “leaderboard” to create a sense of competition.
Another example is a “game-level system,” where completion
of the tasks could be used to unlock different portions of the
narrative experience, encouraging players to complete more
tasks in the loop to complete the story.

When viewed from the Dual-Loop Design model, the
components in the therapy world concept discussed in the
“Strategies for Creating an Integrated Therapy and Game
World” section serve to highlight how the different aspects of
the original therapy could be affected through the gamification

design process. Figure 5 provides a summary of the relationship
between the therapy game world model and the dual-core–game
loop. More specifically, the “performance space” in the therapy
is affected mainly by the “feedback” design choice and the “user
action” within the original therapeutic activity loop. The “rules”
of the therapy are affected mainly by the “game logic” design
choice and the “therapy principles” within the original
therapeutic activity loop. The “content sample” is affected
mainly by the “presentation” design choice and the “sample”
within the original therapeutic activity loop. Finally, the
structure of the game and therapy world is influenced mainly
by the structural game elements, which the designers choose to
use in their game design as this affects the nature of how each
sample in the loop is drawn and presented to players (eg, a
game-level system could be implemented which would mean
that in each game loop, the sample that users interact with would
be progressively more challenging). To balance the game and
therapy world experience, players would need to take into
account how their choices in designing the core-game loop
influence the elements of the therapy game world.
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Figure 5. Effect of the core-game loop on the therapy game world.

The Case Studies

Designing of The Case Study Gamifications
To provide more knowledge regarding the principles that can
be used in the gamification of mental health care treatments,
we designed and developed 4 different gamifications of existing
therapeutic interventions. These gamifications are presented as
case studies in the manuscript to show the result of how our
proposed model could be used in the practical design and
analysis of gamifications for mental health care. The
gamifications were designed in collaboration with experts from
serious games design as well as researchers and clinicians in
the domain of psychological interventions. To ensure the generic
applicability of the principles, the gamifications covered 2 main
classes of intervention types (ie, cognitive training and cognitive
behavioral therapy) and 2 main categories of mental disorders
(ie, externalizing and internalizing disorders). In addition, 2 of
the gamifications were of computerized cognitive training
modules that are mostly implemented without the interference
of a therapist, and the other 2 were designed to be used as part
of a blended therapy program through face-to-face sessions with
a therapist. The 4 gamifications include the ReadySetGoals
mobile app (cognitive behavioral therapy, blended therapy,
externalizing disorder), the Addiction Beater computer
application (cognitive training, computer based, externalizing
disorder), the Zen Garden mobile app (cognitive behavioral
therapy, blended therapy, internalization disorder), and the Één
klein probleempje (Small problems) computer application
(cognitive training, computer based, internalizing disorder).

The ReadySetGoals Design

Purpose

The ReadySetGoals is a gamification of the goal setting activity
commonly used as part of a treatment plan at the beginning of
therapy in mental health care. In addiction treatment, this activity
plays a key role in addressing not only substance use problems,
but also anxiety and depression symptoms. The goals tend to
focus on encouraging clients to change their typical behaviors
or aspects of daily life, in order to improve mood and decrease
substance consumption. However, it is generally difficult for
them to adhere to such goals and clients tend to experience
difficulty in putting therapeutic insights into practice. Therefore,
the ReadySetGoals was created as a gamified mobile app based
on a risk-taking mechanism to encourage users to set and
complete goals that are beneficial to their treatment. Players set
goals to achieve various therapy-related tasks and then place a
wager on how likely they feel they are able to achieve those
goals. Structural game elements such as a progression-based
reward system (eg, users would progress along a path for each
goal set) were implemented. As part of a blended therapy
program, the app was used during the face-to-face session
between the client and the therapists. During each session, the
client would decide together with the therapist on what
long-term goals and tasks would be appropriate. In addition,
the level of difficulty (and thus the reward which would be
received) of each task was decided in collaboration with the
therapist. In the following session, the therapist would review
the tasks and credit points to the client for each task that was
completed satisfactorily, evaluate the overall progress of the
long-term goals, and set new tasks for the following week
through the ReadySetGoals app. Figure 6 shows screenshots of
the gamification (see [10] for in-depth details of the gamification
design process).
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Figure 6. Screenshots of the ReadySetGoals gamification.

The Gamification Strategy and Dual-Loop Design of the
ReadySetGoals App

In the gamification of the ReadySetGoals app, the desired
behavioral change was defined as encouraging users to persist
and succeed in tasks that are essential in therapy. Users are
encouraged to set goals to complete the various therapeutic
activities that are given to them in different domains (eg, find
and carry out alternative rewarding activities such as pleasant

hobbies, as a way to become less dependent on drugs). In the
original therapeutic goal setting activity, clients discuss with
the therapist and decide on a goal which they would need to
complete to achieve a better outcome in their treatment. They
are then required to break down the goal into smaller tasks
(sample), decide on a time limit, and then carry out the actions
required to complete the tasks (action). Clients are successful
if they complete the tasks within the agreed time limit
(principles; see Figure 7A).
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Figure 7. The core-game loop and gamification design of ReadysetGoals.

To determine what game elements could be used to increase
user engagement in the therapy loop, we carried out multiple
sessions including a discussion session; brainstorming session;
and survey study with therapists, care managers, domain experts,
and clients of an addiction center (see [10]). The results showed
that personality traits such as sensation seeking and impulsivity
are very prevalent among clients with addiction problems [49]
and thus we determined that a risk-taking game mechanic would
be appropriate in engaging these clients. Therefore, we decided
to add a wager rule as the main game mechanic in the
gamification (game logic). Based on this mechanic, players
receive points (in the form of diamonds) that they could use to
“bet” on themselves based on how likely they feel they can
complete a specific task. Players are then rewarded in proportion
to the risk taken (the amount of wager placed and time limit
they set themselves). In addition, we represented the small steps
that users are taking to progress within the therapy through the
metaphor of climbing a mountain (presentation). As users
complete tasks, they move further up the mountain until they
reach the destination on the top. Users are rewarded with points
for successfully completing tasks and they are also able to view
pictures taken as proof when they complete their tasks on the
mountain (feedback; Figure 7B).

The Therapy Game World of the ReadySetGoals App

When designing the ReadySetGoals gamification, we determined
that the structure and rules of the therapy were flexible enough

to be adapted without severely impacting the therapeutic effect.
By using the mountain metaphor and presenting the smaller
steps to obtain the goals on a progression map, we restructured
the way tasks are presented to users. For example, in the initial
version of ReadySetGoals, users need to complete easy tasks
at the beginning before moving on to more difficult ones and
they were limited in the number of tasks they could challenge
themselves at one time. Adding the wager mechanic also created
a rule where players are rewarded more for achieving tasks in
a shorter period, thus changing the original rule where players
are provided with a fixed deadline. We expected the design of
the gamification to have a minimal impact on the original
content and performance space of the therapy (Figure 8). The
goals that users need to complete were the same as those given
in the original therapeutic setting and the actions that users
would need to take also stayed the same. Similar to the original
activity, the therapist and client would collaborate together to
set the long-term goals and task difficulty during each therapy
session (eg, the therapist and client would first select the relevant
area in life which they would like to work on and set the goals
and tasks together). The client would also set a specific date
and time deadline they feel they could accomplish the task and
in the following week, the therapist would review the progress
of the goals and tasks and provide feedback to the client.
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Figure 8. The therapy game world of the ReadySetGoals gamification.

The Addiction Beater

Purpose

The Addiction Beater is a gamification of the therapeutic
activities included in different CBM training modules based on
a music rhythm game concept and was designed to support the
treatment of alcohol addiction. Such CBM modules have been
used in digital cognitive training programs as an add-on therapy
for addiction disorders, by helping clients to retrain maladaptive
cognitive processes in substance abuse (see [50,51]). In the
original training, people’s motivation to engage and persist in
the training was quite low due to the repetitive nature of the
task. To address this problem, the Addiction Beater gamification
was developed based on a music rhythm game concept to

provide a more engaging training experience. Two modules
used in CBM training were gamified: the cue-specific response
inhibition training and the approach bias training. In the
gamification, users are challenged to respond to the alcoholic
stimulus based on the beat of the music. For instance, in the
approach bias training module, users are challenged to “push
away” images of alcoholic drinks using the “up” arrow key and
“pull closer” images of nonalcoholic drinks using the “down”
arrow key on their keyboard based on the musical beat of
different songs. When carrying out the training tasks, users can
select from a list of different songs to use as part of their
training. The current version has over 20 songs in more than 4
different genres (Rock, Electronic, Classic, International, etc.).
As users continue to train, they would be able to gain experience
points, which will unlock more difficult songs (Figure 9).

Figure 9. Screenshots of the Addiction Beater game.

The Gamification Strategy and Core-Game Loop Design of
the Addiction Beater

When viewed from the Dual-Loop Design model, in the original
cognitive training clients are presented with an image of either
an alcoholic or nonalcoholic beverage (sample). In the
cue-specific response inhibition training task for example, clients
need to withhold their response when an image of an alcoholic
beverage is presented and respond when the image displays

nonalcoholic beverages by pressing the spacebar key (action).
In both training tasks, clients would need to respond with the
correct action based on the image shown within a specific time
limit to be successful (principle). The repeated actions of clients
in both training tasks enable them to learn to inhibit their
automatic responses toward alcohol and reduce their automatic
tendency to approach alcohol, which in turn allow them to better
respond toward alcohol-related cues in real life (Figure 10A).
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Figure 10. The core-game loop and gamification design of Addiction Beater.

The gamification process for the Addiction Beater started with
an initial analysis of the digital training modules. Initial
brainstorming sessions were carried out to generate ideas on
how the original sample, action, and principle of the cognitive
training could be enhanced through gamification. Through a
discussion with addiction researchers and clinical experts,
different concepts were generated and refined into playable
prototypes. In the concept that was later selected by the domain
experts, the alcohol-related and nonalcohol-related images were
presented to players based on the beat of the music. A beat
detection algorithm was developed to ensure that the images
would slide into the center of the screen based on the beat of
the songs (presentation). Players would then need to respond
in a timely and correct manner based on the rhythm of the music
(similar to rhythm games where players tap keys or hit drums
during different musical beats in the song), according to the
original therapeutic principles (game logic). Players would
receive points for each correct response, which was afterward
upgraded into a “combo system” in which players would receive
an increasing amount of bonus points for providing multiple
correct response consecutively (+1 for the second correct
response, +2 for the third correct response, etc.; feedback).
Afterward, the feasibility of our music rhythm game concept
was further examined in a preliminary evaluation session with
heavy drinkers of different age groups. The results of the
evaluation prompted us to add structural game elements, such
as a level progression system in which players would earn
experience points and level up for each training round
completed. In addition, as the target audience of this
gamification were people who were suffering from alcohol

addiction, we avoided taking design choices (such as adding
structural game play elements) that would result in our
gamification sharing key characteristics found in addictive
games (eg, 24-hour online games with an extensive in-game
social network footprint, containing role-playing elements that
strongly appeal to the sense of escapism) [52]. Furthermore,
when implementing the gamification, we ensured that Addiction
Beater was played under the supervision of the therapy staff,
thus making it difficult for excessive gameplay.

The Therapy Game World of Addiction Beater

Early discussions carried out during the design of the CBM
gamification revealed concerns about whether modifying the
performance space and content of the original training modules
might reduce the therapeutic effectiveness (Figure 11).
Therefore, these 2 elements were kept constant in the
gamification. The type and number of alcohol-related and
nonalcohol-related images shown to the players (content), the
actions players need to perform (pushing away alcohol-related
images and pulling in nonalcohol-related images), and the
feedback received (text feedback indicating they responded
correctly or not; performance space) were kept the same as in
the original training. While we kept most of the principles the
same (eg, the time given to users to respond to each stimulus),
we added an additional rule that players would need to time
their response based on the beat of the music as a way to provide
players with an experience of challenge and immersion. Finally,
the structure of the therapy was modified in that the number of
stimuli presented to the users in each training round was based
on the length of the song played (and not based on a fixed
amount as in the original therapy).
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Figure 11. Therapy game world analysis of the Addiction Beater Gamification.

The Zen Garden App

Purpose

The Zen Garden is a gamification of the Competitive Memory
Training (COMET) therapy used in the treatment of low
self-esteem problems [53]. Low self-esteem has been found to
be a factor in the development of a range of disorders, such as
anxiety, depression, and eating disorders [54], leading also to
self-harming and suicidal behaviors. The COMET therapy was

developed to teach clients to retrieve positive and functional
self-referent instead of negative information in situations that
normally trigger negative thoughts and emotions linked to low
self-esteem. The current Zen Garden was developed based on
this therapy as a mobile app and adopts the aspects of playful
interaction and progression. In this gamification, users are
encouraged to plant, grow, and collect positive self-referent
resources of themselves (eg, stories, photos, songs) and revisit
the plants to strengthen memories of their positive qualities
(Figure 12).

Figure 12. Screenshots of the Zen Garden.
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The Gamification Strategy and Core-Game Loop Design of
the Zen Garden

In the original therapy, clients are asked to adjust dysfunctional
negative self-views that impact their self-esteem (eg, clients
thinking “I am worthless”; sample). They first identify positive
personal characteristics that are inconsistent with their negative
self-images (being honest, helpful, etc.) and describe examples
of actions or situations in their daily life that are illustrative for
those characteristics (eg, I helped a friend yesterday). These
new positive characteristics of themselves are made more
emotionally salient by imagining them repeatedly. In a
step-by-step fashion, these positive images are further supported
by adding a self-confident body posture and facial expression,
positive self-statements, and self-selected positive music
(action). Overall, the COMET training is congruent with
Brewin’s [55] competitive memory retrieval account of the
working mechanism of cognitive behavioral therapy [55]. By
making functional positive self-opinions more emotionally
salient, clients will be able to better retrieve them from long-term
memory, overruling the retrievability of the original
dysfunctional negative self-opinions (principles), which would
result in the improvement of self-esteem.

During the gamification of the COMET therapy, early game
concept testing with a group of clients who completed the

original therapy revealed that they tended to react negatively to
game experiences related to challenge and competence, as failure
in game tasks tended to reinforce the negative self-belief about
themselves instead of motivating them to retry and complete
the task. Therefore, in the gamification of the COMET therapy,
we focused on more passive playful experiences, such as playful
interaction and narration. The rationale for this design was to
provide players with a sense of achievement without evoking
fear of failure. We eventually adopted the concept of a virtual
garden, deployed on a mobile device, where counteracting
positive characteristics are represented as virtual plants in a 3D
garden. The visual style of the garden was based on a peaceful
Zen garden concept, with nature sounds such as that of water
flowing incorporated into the garden to provide players with a
feeling of serenity to help reduce anxiety (presentation). The
garden is divided into different areas, each representing a
negative self-belief, and users plant and grow flowers in each
area by adding positive information about themselves.
Text-based stories, images, and music representing real-life
examples of those positive beliefs are added to each plant to
help them grow (game logic). As users add more positive beliefs,
the garden becomes more visually beautiful (feedback). Figure
13 summarizes the core-game loop and gamification design of
the COMET application.

Figure 13. The core-game loop and gamification design of Comet Garden.
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The Therapy Game World of the Zen Garden App

The gamification process of the COMET therapy relies on
elements of playful interaction and the feeling of achievement
from collecting and growing positive memories. The rules,
content, and structure of the original therapy remain largely
unchanged (Figure 14). Similar to the original therapy, players
are asked to identify negative self-beliefs and then come up
with alternative positive representations about themselves.
Afterward, they add evidence for such new self-beliefs in their
daily life and reflect on such evidence to strengthen their
alternative positive self-beliefs (rules and content). The task
given to participants each week was consistent with the original
therapy (structure). More specifically, when used as part of a
blended therapy activity, players would collaborate with the
therapist during the first week to identify negative self-images,

plant their first flower (representing a contradicting positive
self-image/personal characteristics), and add self-referencing
stories. In the following 4 weeks, players would add more stories
(week 2), photos (week 3), and songs (week 4), which represent
real-life examples that contradict their negative self-belief and
review them daily through the Zen Garden app (similar
assignments are given to clients during each week in the original
therapy). Afterward, clients would share their garden with the
therapist who would provide feedback about the evidence added
and later clients would further review their contradicting positive
self-images to strengthen them (week 5). However, due to the
garden metaphor and technological limitations, the amount of
resources that could be added for each flower was fixed (up to
a maximum of 5), limiting the number of positive self-beliefs
players could add, thus impacting the performance space of the
therapy.

Figure 14. Therapy game world analysis of the Zen Garden gamification.

Één Klein Probleempje (A Tiny Problem): Social Anxiety
Gamification

Purpose

The Één klein probleempje app is a narrative-based gamification
of the cognitive bias modification of interpretations (CBM-I)
training to address anxiety problems [56]. People with anxiety
problems are generally inclined to interpret ambiguous
information in a negative and threatening way, which in turn
reinforces and exacerbates their anxiety symptoms.
Interpretation bias training interventions have been designed to
change this maladaptive information processing mechanism by

training individuals to make more benign interpretations of
ambiguous situations. However, this type of intervention is
generally perceived as repetitive and tedious as clients are
requested to complete multiple training sessions [57]. The Één
klein probleempje was developed as a gamification of the
CBM-I training by adopting the element of narration to enhance
training. In this gamification, the fragmented scenarios in the
original training are transformed into an engaging and connected
story. Branching sections were added to the story which allowed
users to decide on how the story unfolds. As users navigate
through the story, they are encouraged to interpret the various
ambiguous situations in a more positive way. Figure 15 shows
a screenshot of the gamification.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e27953 | p.292https://games.jmir.org/2021/4/e27953
(page number not for citation purposes)

Siriaraya et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 15. Screenshots of the “A Tiny Problem” gamification.

The Gamification Strategy and Core-Game Loop Design of
the Één Klein Probleempje

In the original CBM-I training, clients are first presented with
an ambiguous scenario ending with a word fragment, which
can be solved with either a positive or negative outcome. Clients
need to read the text and resolve the word fragment in a
meaningful fashion (action). An example scenario is the
following: You’ve finished writing the answer to the second
question in your exam. You take a small break, looking at what’s
left. You then realize that the questions left are more difficult

than you had anticipated. Checking the watch, you decide you’ve
planned your time w_ll [well]. A subsequent question relating
to the interpretation (eg, Will you have time to complete the
exam?) is then presented, and users need to provide an answer
(yes or no; Scenario). To be successful, the client would need
to resolve the word fragment and related scenario in a positive
manner and within a time limit (rules) [58]. Repeated training
helps clients learn to interpret ambiguous situations in daily life
in a more benevolent manner, thus breaking the dysfunctional
thinking patterns underlying anxiety (Figure 16A).
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Figure 16. The core-game loop and gamification design of the small problems.

Because of the key role of text-based scenarios in the original
training, we decided to use the element of narration to gamify
the CBM-I training task. The different scenarios in the original
therapy were tied together and presented to users as an adventure
story (presentation). The aim was to engross users through the
narration of the story, as they would be motivated to complete
the training task and resolve ambiguous situations to find out
how the story ends. To progress along the story, users need to
provide a positive interpretation of each story scenario by
selecting the correct option from a multiple choice list presented
in a timely manner (game logic). A negative interpretation will
lead users back to the same choice point and users would need
to make the correct choice (ie, the positive interpretation) to
continue with the story (feedback; Figure 16B).

The Therapy Game World of Één Klein Probleempje

In Één klein probleempje, the scenarios from the original CBM-I
training were converted into a storyline, thus changing the

original content of the training. In addition, the structure of the
original training was modified (Figure 17). Instead of each
scenario being presented in a random, unrelated order, they are
presented in a logical order based on how the story unfolds.
Through discussions with cognitive training experts, we decided
that the content and structure of the scenarios were flexible
enough to be adapted without severely impacting the
effectiveness of the targeted training. In addition, instead of
filling in a word fragment to complete the scenario, users would
choose how the scenario unfolds by selecting 1 of 4 optional
outcomes. This was done to provide a more natural user
experience as users go through the story, thus impacting the
performance space of the original therapy. The overall rules of
the therapy were kept the same, as users are still forced to choose
a positive outcome for the scenario to succeed in the therapy.

Table 2 provides a summary of the therapy loop of the 4
gamification case studies and Table 3 provides a summary of
the overall gamification design of the 4 case studies.
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Figure 17. Therapy game world analysis of the Small Problems gamification.

Table 2. A summary of the therapy loop of the four gamification case studies.

Desired overall well-
being objective

Desired specific
behavioral or
cognitive
change

Therapeutic activity loopChallenge of
existing activity

Existing thera-
peutic activity

Gamification

PrinciplesActionSample

Accomplishing goals
(abstinence goals,
skill attainment goals,
etc.) leads to better
therapeutic outcome.

Behavioral
change: Users
are able to set
and accomplish
goals that are
beneficial to
their therapy.

The task must
be completed
successfully
and within the
set time limit.

Users carry out
the actions re-
quired to com-
plete the tasks.

Users presented
with a task benefi-
cial to their thera-
py to carry out in
daily practice.

It is difficult to
motivate clients
to set and ac-
complish goals
related to cogni-
tive behavioral
therapy.

Goal setting
within cognitive
behavioral thera-
py.

ReadySet-
Goals

Lower relapse rate or
reduced alcohol use.

Cognitive
change: Users
learn to avoid
and inhibit auto-
matic responses
toward alcohol.

Users must re-
spond in time
and accurately.

Users decide to
“push”/“pull” or
inhibit their re-
sponse toward a
target stimulus
which is explicit-
ly alcohol related
or associated
with alcohol.

Users are present-
ed with target
stimuli (alcohol
related or nonal-
cohol related).

High dropout
rate. Boredom
due to repetitive-
ness, particular-
ly with youth in
prevention stud-
ies.

Cognitive bias
modification
training used in
alcohol addic-
tion treatment.

Addiction
Beater

Improvements in self-
esteem.

Cognitive
change:
Strengthens
positive self-im-
ages as opposed
to negative
ones.

Users must be
able to recall
positive self-im-
ages.

Users identify al-
ternative positive
self-images and
rehearses them.

Users identify a
negative self-im-
age.

The e-training
version has
problems relat-
ed to low reten-
tion.

Competitive
Memory Train-
ing used in the
treatment of
low self-esteem.

Zen Garden

Reduce social anxiety.Cognitive
change: Learns
to interpret am-
biguous infor-
mation in a
benevolent
manner.

Users interpret
the scenario
positively and
within the time
limit.

Users read
through the sce-
nario and fill in a
word fragment,
which can end
positively or neg-
atively.

Users presented
with an ambigu-
ous scenario.

Boredom dur-
ing training,
repetitiveness,
and fragmenta-
tion of scenar-
ios.

Cognitive bias
modification of
interpretations
training for anx-
iety.

Één klein
probleempje
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Table 3. A summary of the overall gamification design of the 4 gamification case studies.

Structural game elementsCore-game loop elementsGame conceptGamification

Feedback designGame logic designPresentation design

Player progression (the
number of points accumu-
lated increases player lev-
els); gameplay progression
(easy goals are placed at
the bottom of the mountain
and more difficult goals
are placed at the top).

Successful task comple-
tion and risk taking are
rewarded with points.
Pictures of accomplished
tasks are placed on the
mountain path to provide
a sense of achievement.

Players receive points
proportionate to the risk
taken (the amount of wa-
ger placed and the set
time limit) and the diffi-
culty of the task. Players
progress further up the
mountain for each accom-
plished goal.

Goal setting is presented
through the metaphor of
climbing a mountain.

A risk-taking con-
cept where users
place wagers on
their set goals.

ReadySetGoals

Player progression (players
accumulate experience
points for each correct re-
sponse and level up);
gameplay progression
(players unlock more diffi-
cult songs after completing
easier ones); social compe-
tition (players see their
performance [response
time, accuracy] in relation
to others).

Users receive points for
each correct response and
more points for consecu-
tive correct responses
(combos).

Users have to react to the
stimuli (to the content or
other features) as close as
possible on the beat of
the music.

Alcohol- and nonalcohol-
related stimuli are pre-
sented based on the beat
rhythm of the music.

A music rhythm
game concept
where users must
respond based on
the beat of the mu-
sic.

Addiction Beater

Narrative guidance (an
avatar is used to guide the
participants throughout the
therapy and give them
tasks).

The more flowers are
planted, the more the
garden grows.

Users need to plant flow-
ers to grow their garden
and their positive self-
images.

Players’ “self” is repre-
sented through a garden
metaphor: negative self-
beliefs are represented
with zones within the
garden and positive self-
images are symbolized
through flowers planted
in the garden.

A playful Zen gar-
den where users
can plant positive
memories into
flowers.

Zen Garden

Story progression (the sto-
ry progresses as players
interpret the ambiguous
scenarios).

The results of the player
interpretations are shown
through narrative feed-
back.

Users interpret the am-
biguous scenarios and the
narrative story responds
to the players’ interpreta-
tions.

Each ambiguous scenario
is presented as an ele-
ment of a larger narrative
story.

An adventure sto-
ry–based gamifica-
tion.

Één klein prob-
leempje

Discussion

Overall, the 4 case studies were presented to help illustrate how
our proposed Dual-Loop model and the game therapy world
concept could be put into practice when designing gamification
for mental health care. In each of the gamifications, different
design elements in the core-game loop (presentation, game

logic, etc.) were selected to correspond with the inherent
characteristics of the components in therapeutic activity as
analyzed through the Dual-Game Loop model. The therapy
game world was then used to analyze the impact of the selected
game design elements on the underlining therapeutic activity.
The key reflections and observations from our use of the
framework to design the gamification in the case studies are
highlighted in Textbox 2.
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Textbox 2. Key reflections and observations.

Presentation design

In gamifications designed based on computerized cognitive training therapies, such as Addiction Beater and Één klein probleempje, the presentation
was generally designed based on the limitations and characteristic of the stimulus used in the original computerized training as they tended to be
predetermined. For instance, in Addiction Beater, it was unclear whether changing the visual size or color in which the alcoholic/nonalcoholic images
were presented would impact the therapy effectiveness [43] and thus the presentation was enhanced mainly through audio. In Één klein probleempje,
a narrative element fitted well as this allowed the text-based scenarios to be presented in an engaging manner without severely effecting the original
content of the scenarios used for the cognitive bias modification training. Such considerations to presentation design are reflected in cognitive training
gamifications developed in previous studies as well [22,46]. For cognitive behavioral therapies that were deployed as blended therapies (The
ReadySetGoals and the Zen Garden), however, the presentation tended to be more abstract and dependent on the user (ie, goals to set or positive
self-images). In such cases, a metaphor system was used to highlight the achievements of the user in the therapeutic activity (ie, presenting completed
goals as steps on a mountain and positive self-beliefs that users added as gardens), acting as a form of virtual trophy, a commonly used gamification
strategy to reinforce progress or good behavior from users [59].

Game logic design

In the Addiction Beater and Één klein probleempje gamifications, the therapy principles generally contained user interaction rules which were fixed
(ie, respond to the stimulus within 500 ms) [43,44] and it is unknown whether modifying them would have an impact on the therapeutic effectiveness.
In such cases, similar to the presentation design, rather than risk changing the original principles in the therapy, we added a simple game play mechanism
upon the original user action in the therapy to enhance the gamified user experience (ie, while users still had to respond within 500 ms to the stimulus,
this was matched to the beat of the music in Addiction Beater to create challenge). For cognitive behavioral therapies deployed in a blended format,
completely new game logic and interaction mechanism were devised (the wager mechanism for the ReadySetGoals, etc.). The rules involved in these
therapies were often more subjective and flexible (ie, in the goal setting activity, users set their own deadline and the success and failure of the goal
are decided in collaboration with the therapist), giving more freedom in the game logic design. In a sense, the game logic design constraints and
strategies employed for these gamifications are similar to those found on other gamifications where user interaction is primarily driven by the behavior
of users in the real world (such as those designed to encourage behavioral change [60] or facilitate the self-management of a disease [61]).

Feedback

The feedback was generally designed as a way to quantify the achievements of the users within the therapeutic activities, with points or experience
points being awarded for performance in ReadySetGoals and Addiction Beater. This numerical quantification was necessary to allow challenge-based
structural game element, such as competition or player progression, to be employed (which coincided well with gamification strategies designed to
treat explicit mental health disorders such as addiction [62]). For gamifications designed to treat implicit disorders, such as Één klein probleempje
and Zen Garden, we generally used a more abstract representation of player achievement, such as the growth of flowers in the garden or narrative
progression in the story, as our design strategy in these gamifications had less emphasis on challenge.

Structural game elements

The structural game elements used in the design tended to be strongly influenced by the nature of disorder that the therapy seeks to address. Overall,
the element of progression was commonly used as the structural game element in most of the gamifications which were cited as case studies. We felt
that this element was appropriate as it helped emphasize the achievements and success of players in their therapeutic activity, replicating a commonly
used strategy of highlighting past successes [60]. The game leveling system in ReadySetGoals and Addiction Beater was designed to enhance the
experience of challenge which we felt appealed to people having substance abuse problems, who tended to favor sensation-seeking experiences, as
such users also tended to be sensitive toward rewards (see [10]). The player leveling system was also used to increase the feeling of achievement from
their successes in the activities. In Zen Garden, however, we felt that progression could add pressure for users to perform, especially for people with
low self-esteem who were the main target audience of this gamification. Therefore, no performance-based progression element was used in this
gamification.

To our knowledge this is the first paper in which the demands,
restrictions, and possibilities of interdisciplinary health/game
research are combined in a framework aimed to help designers
integrate game design elements with therapeutic content in the
mental health care context. Previous practice-based gamification
approaches that have been proposed in the literature tend not
to focus on a specific domain [63,64], or are designed for use
in other areas such as business and education [65]. However,
our method was developed specifically to support the design
process of mental health care gamification, with the key
processes used in a therapeutic activity forming the foundation
of the concepts and models proposed in our framework. The
Dual-Loop model serves as a practical tool to help designers
deconstruct the processes used within a therapeutic activity and
allow them to best determine the appropriate design strategy to
create engaging experiences around each therapeutic component.
The game therapy world concept provides a basic way for
designers to analyze the potential impact of their gamification
design on the therapeutic activity, an essential process which

can be difficult to carry out in mental health gamification [21].
Moreover, our proposed method highlights how the game and
therapeutic elements could be balanced in the development of
a gamified intervention.

Conclusion
In this paper, we propose a framework for the gamification of
mental health care therapies. First, we analyzed existing mental
health care gamifications and propose the concept of the game
therapy world to illustrate how game elements could be
integrated into therapeutic activities. We highlighted 4 different
components of a game therapy world: the performance space,
rules, content, and structure, which form a key part of a
therapeutic activity that can be enhanced using game elements.

In addition, to aid developers in the process of designing the
gamifications and allow them to better analyze the effect of
their design choice on the 4 aforementioned components, we
proposed the Dual-Loop Design model. This model consists of
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a core-game loop encompassing a therapeutic activity loop. The
role of the designer is to consider how “presentation design,”
“game logic design,” and “feedback design” could be used to
enhance the “sample”, “user action,” and “therapy principle”
components in the therapeutic activity loop. Further structural
game elements such as player progression could then be added
to encourage sustained engagement across the loops.

To illustrate how our framework could be used in practice, we
provided 4 case studies of gamifications we developed and
analyzed their design process through our proposed framework.

It should be noted, however, that there are several limitations
to the framework proposed in this study. First, the framework
itself was developed based on a limited class of intervention
types and mental disorders. Whether the framework would be
generalizable to other types of mental health intervention
activities (eg, preventative health care or posttreatment
activities) or psychological disorders remains unclear. In
addition, the framework aims to support the design process of
mental health gamifications formed from integrated therapy

game worlds and not those formed from separated game and
therapy worlds (such as in the “Integrating Game Elements Into
Therapeutic Activity Through a Game Therapy Worlds Concept”
section). Finally, the framework is conceptual in nature and
specifying the tools and methods (prototype testing approaches,
etc.) used in the design and development of the gamification
elements (presentation, game logic, etc.) is beyond the scope
of our framework.

In our future work, we would further investigate the general
applicability of our models and framework toward gamifications
in other domains, starting from the more general areas of health
care (eg, gamification in preventative and posttreatment care).
In addition, we would examine the tools and methods which
could be used to support the design of gamifications based on
our proposed Dual-Loop model and evaluate their effectiveness.
In particular, we would investigate the various formative and
summative evaluation approaches which could be effective in
evaluating the gamification prototypes generated during different
stages of design and conceptualization.
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Abstract

Serious games show a lot of potential for use in movement rehabilitation (eg, after a stroke, injury to the spinal cord, or limb
loss). However, the nature of this research leads to diversity both in the background of the researchers and in the approaches of
their investigation. Our close examination and categorization of virtual training software for upper limb prosthetic rehabilitation
found that researchers typically followed one of two broad approaches: (1) focusing on the game design aspects to increase
engagement and muscle training and (2) concentrating on an accurate representation of prosthetic training tasks, to induce
task-specific skill transfer. Previous studies indicate muscle training alone does not lead to improved prosthetic control without
a transfer-enabling task structure. However, the literature shows a recent surge in the number of game-based prosthetic training
tools, which focus on engagement without heeding the importance of skill transfer. This influx appears to have been strongly
influenced by the availability of both software and hardware, specifically the launch of a commercially available acquisition
device and freely available high-profile game development engines. In this Viewpoint, we share our perspective on the current
trends and progress of serious games for prosthetic training.

(JMIR Serious Games 2021;9(4):e28079)   doi:10.2196/28079
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rehabilitation; serious games; engagement; transfer; upper limb; arm prosthesis; virtual training; virtual games

Background

Adherence of patients to interventions (eg, home exercises)
remains a key challenge in rehabilitation medicine [1]. Patients
complain that exercises often feel tedious and tiring and that
progress, if any, is slow and incremental [1]. Delivering virtual
training in the form of games can help overcome issues related
to nonadherence (or noncompliance) of patients to their exercise
regimen [1]. The use of serious games has been recommended
to motivate patients in performing their prescribed exercises
consistently and completely [2-4].

The stroke rehabilitation literature includes a large number of
publications that use serious games. Koutisiana et al [5]

identified 96 publications between the years 1999 and 2019.
The serious games used in stroke rehabilitation are showing
significant benefits for the users, most notably an increased
number of repetitions performed, which is a prime goal for this
kind of rehabilitation [6]. Supported by this academic evidence,
rehabilitation programs like Rehability (Imaginary srl), which
has grown out of the Rehab@Home project [7], are being
incorporated in clinical practice.

Although serious games have found their way into a multitude
of areas of everyday life, industry, and research, including
prosthetic training [8], academic results supporting the efficacy
of serious games in myoelectric prosthetic training are scarce,
if not nonexistent. Using games in virtual rehabilitation has
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been a part of research for 30 years [9], but they have only
gained proper traction in the field in the last decade. This rise
coincided with the commercialization of a range of game-related
technologies (eg, motion tracking cameras and game controllers
with inertial measurement sensors [6]). In this paper, we will
offer our perspective on the efficacy of virtual training in general
and serious games specifically for myoelectric prosthetics
training.

Current research claims that the use of serious games in
myoelectric prosthetics training has promise to improve training.
Examples include faster learning [10], reduction of fatigue and
irritation while training [11], and increased muscle control [12].
In addition, serious games can offer a faster route to myoelectric
training after limb loss [11], as a game would likely not rely on
socket fitting or full wound closure. Furthermore, it can make
the training more enjoyable and engaging [11], as well as
affordable and accessible for the home environment [10]. It also
has the potential to assist the user with their body image [11],
decrease phantom limb pain [11], and let the user feel more in
charge of their own rehabilitation [8,10], while at the same time
make it feel less like rehabilitation [8].

The prevailing view is that this combination of positive effects
has the potential to significantly add to the existing prosthetic
training and lead to a reduction in prosthesis abandonment,
which has been linked to a lack of motivation and engagement
[13] and poor training [10]. The performance of virtual
prosthetic training at home can also offer benefits to the
therapists. As a supplement to existing training regimes, it can
offer an objective measure of how diligently the patient is doing

their exercises at home and of their improvements [10]. It also
has the potential to decrease rehabilitation times and the time
necessary for each patient, thereby reducing the workload for
therapists [8].

We investigated papers that included any virtual training or
assessment for upper limb prosthesis control using myoelectric
signals as input. The included papers were identified during
investigation of the literature and has been augmented with
systematic searches in multiple databases, including PubMed,
Web of Science, and Google Scholar. This led to the inclusion
of 55 journal articles and conference papers, with a total of 59
different virtual training programs. CAG classified these
programs into two categories, namely serious games and
simulators (Table 1), according to Narayanasamy et al [14].
Both training simulators and serious games are interactive
simulations in a virtual environment with the purpose of skill
development. Simulators often duplicate real-world scenarios,
require standard operational procedures, are not designed for
entertainment, have no secondary purpose, and usually do not
have an obvious final state. Conversely, a serious game is set
in a fictitious scenario, provides various challenges, allows for
entertainment, and allows the user to develop gameplay patterns
while trying to achieve game-specific goals. This can include
an end state. Therefore, some of the programs are classified as
“simulators,” even when the authors identified them as “games.”
The programs were further classified by the type of task the
user was given, the type of control scheme the program used,
and the input and output devices that were used. This more
detailed table can be found in Multimedia Appendix 1.
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Table 1. Categorization of the virtual training programs.

PublicationsNames

Serious games

[15]Air-Guitar Hero (rhythm game)

[16]WiiEMG (sports game)

[17]Sonic Racing (racing game)

[18,19]MyoBox (dexterity game)

[20]Flappy Bird (sidescroller)a

[20]Space Invaders (fixed shooter)a

[21]MyoBeatz (rhythm game)b

[22-25]Falling of Momo (vertical scroller)b

[10]Volcanic Crush (reaction game)a,b

[10]Dino Sprint (endless runner)a,b

[10]Dino Feast (dexterity game)a,b

[11]Space ARMada (fixed shooter)

[2,12,26,27]SuperTuxKart (racing game)

[2,12,26,27]Step Mania 5 (rhythm game)

[2,12,26,27]Pospos (dexterity game)

[28,29]Who nose?/Nose Picker (simple game)a

[28,29]Smash Bro/Bash and Debris (sidescroller)a

[28,29]Sushi Slap (action game)a

[28,29]Crazy Meteor (multidirectional shooter)a

[28,29]Dog Jump/Beeline Border Collie (sidescroller)

[30]Breakout-EMG (arcade game)

[31]Training Game Prototypea

[10]Dino Claw (dexterity game)a,b

[32]Training, TACc test, and Crossbow Gamea

[4]UpBeat (rhythm game)a,b

[13]Rhythm Gamea,b

[33]Crate Whacker (tech demo)b

[33]Race the Sun (endless runner)b

[33]Fruit Ninja (dexterity game)b

[33]Kaiju Carnage (action game)b

Simulators

[34,35]UVa Neuromuscular Training System

[36]Commercial software PAULA

[36]Virtual training

[37]Virtual training environment

[38]Mixed reality trainingb

[39]Virtual box and beans testb

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e28079 | p.304https://games.jmir.org/2021/4/e28079
(page number not for citation purposes)

Garske et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


PublicationsNames

[40]Virtual box and blocks testa,b

[41]Virtual rehabilitation training toola,b

[42]VITA: Virtual Therapy Arma,b

[43]Explorationa,b

[44]AR prosthesis simulator

[45-47]Virtual training system

[48]Training system

[49]Catching simulator

[50]Performance assessment

[19]Catching simulator Prosthesis Gripper

[51,52]MSMS (Musculoskeletal Modelling Software)

[53]Prosthesis simulator

[54]VRd testing environment

[55]Virtual simulation

[56]VR evaluation environment

[57]Virtual reality environment System

[58,59]ARe training systema

[60]Myoelectric training tool

[61]Training environment

[62]Virtual prosthesis

[63]Virtual model

[64]Training platform

[65]Manus VR Training Platform

[66]Dual-arm EMGf signal control training system

[67]Myoelectric Control Evaluation and Trainer System

aDeveloped using the Unity engine.
bUses the Myo Gesture Control Armband.
cTAC: Target Achievement Control.
dVR: Virtual Reality.
eAR: Augmented Reality.
fEMG: electromyography.

Different Approaches

The categorization of the publications in this field and the
software presented therein has shown a significant split of the
approaches of researchers into roughly two groups, as can be
seen in Figure 1. This divide is most noticeable with regard to
whether the software is classified as a game or a simulator and
which type of tasks are implemented. The first approach focuses
on the engagement and motivation of the user and seems to
have grown in popularity in recent years. Researchers develop
serious games that often have an explicit or implicit focus on
game design elements to keep the user engaged in the game and

therefore in the rehabilitation or training. The majority of these
myogames (21/30) incorporate abstract tasks not resembling a
real-life scenario. These games attempt to train the user in the
use of a myoelectric prosthesis by focusing on different aspects
of muscle control, including proportional control, independent
control, and others. Only two games feature a task that is
somewhat activities of daily living–related, both consisting of
variants of a pick-and-place task, one stationary [10] and one
moving in a 3D environment [31]. In a further seven games,
the user is tasked with reproducing specific postures in two
rhythm games [4,13], a virtual reality crossbow game [32], and
four open-source games [33].
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Figure 1. Heatmap of the authors’ software classification against the performed tasks: serious games using abstract tasks [2,10-12,15-30], tasks related
to ADL [10,31], and posture reproduction tasks [4,13,32,33]; as well as simulators using abstract tasks [34-36], ADL-related tasks [19,37-54], and
posture reproduction tasks [56-67]. ADL: activities of daily living.

Publications introducing and assessing these games show that
they are engaging and enjoyable to the participants. Some
studies involving people with limb difference showed their
willingness to use them in a home environment [8,21,27]. With
regard to skill acquisition, a general increase in in-game
performance is shown for a number of these games [12,25,26].
However, it was rarely tested whether these myogames increase
prosthetic ability or speed up the learning process of acquiring
that skill. The one research group that tested for an increase in
prosthetic ability did not find evidence of a significant increase
following the playing of a myogame for different control
schemes [19,30].

The second approach focuses on skill transfer and therefore
involves the development and investigation of simulators that
mostly show the user a representation of the real world and
require the performance of activities of daily living–related or
posture reproduction tasks. Only two training programs that
were classified as simulators used abstract tasks; these tasks
were embedded in a sterile software environment and lacked
distinctive game traits. In this type of research, the focus is on
the effectiveness of the skill transfer from the virtual training
to actual prosthetic ability. The prescribed tasks can involve
recreations or tasks inspired by tests used in the assessment of
prosthetic ability, like the Southampton Hand Assessment
Procedure (SHAP) test [68], the Target Achievement Control
(TAC) test [69], and others. The focus on task specificity for
learning prosthetic skills seems like a promising approach as
the results of one study indicated that skill transfer occurred.
Performing a virtual task resembling the control of a prosthetic
hand led to an increase in prosthetic ability [49] as opposed to
when the task was to play a classic arcade game [30]. The task

specificity therefore seems to have an influence on the
effectiveness of virtual training; however, further research must
be done to substantiate this.

The effectiveness of virtual training in increasing prosthetic
ability is without doubt one of the necessary requirements for
any adoption into clinical rehabilitation; however, consensus
on a universal measure of effectiveness is not available. A
criticism of the myogames in the game-focused group is that
they work on the implied assumption that an improvement in
skill performing any myoelectric task will lead to an
improvement in prosthetic skill [49]. Although it has been shown
that the user increases their skill in different aspects on the
muscular level [10,25], it is not clear whether that influences
the way or speed at which a person might acquire prosthetic
skill.

Other Influences

Figure 2 shows another interesting development regarding the
first research approach. It clearly features a joint spike in more
recent years in the development of serious games incorporating
an abstract task and presented in a nonimmersive environment
using traditional media. The development of simulators and
software using other task types and environment experiences
has remained comparatively steady over the same time frame.
The start of this spike in publications coincides with the release
of the Myo Gesture Control Armband (Thalmic Labs), a dry
surface electrode armband, on the commercial market in the
year 2015 [70]. The spike in publications started to decrease
when the company stopped selling this product in 2018.
However, even though it is no longer sold, the Myo armband
is still in widespread use in research as there is currently no
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commercial alternative available. In total, 30% of the programs
analyzed use the Myo armband and the most recent work using
it was published in 2021 [61]. The uptake in development has
likely been further boosted due to a few professional commercial
game development engines being free for personal and
low-profit use alongside the provision of an application

programming interface (API) for the Myo Armband; there are
numerous open-source examples of the use of this API in these
engines. The main example of one of these engines is the Unity
game engine (Unity Technologies) made freely available in the
year 2009 [71]; this game engine has been used in at least
one-third of the published programs.

Figure 2. Number of training software introduced by task, software, and environment type. ADL: activities of daily living; AR: augmented reality;
VR: virtual reality.

These two factors indicate that the development of serious games
intended for prosthetic training was strongly influenced by the
emergence of readily available software and hardware
technology. However, the enthusiastic embrace of the newly
available technology tended toward research exploring the
engagement aspects of game design. This is likely due to the
low barrier to entry of this approach as there are a multitude of
resources for game development available and the study of
engagement does not require the involvement of people with
limb difference. Investigation of these serious games confirmed
that people are more willing to engage in learning a task if it is
an intrinsically enjoyable and motivating experience [2]. Such
research has also shown that with these games, participants are
able to quickly master fine control of their muscles [10,25].
However, this research often tacitly assumed an efficacy in skill
transfer by this virtual muscle training, which has yet to be
substantiated. As such, it is not clear whether this increase in
motor control would lead to enhanced prosthesis control and
which types of games might be more conducive to learning how
to use a prosthetic device. Therefore, at this point in time,
serious games are not serious enough to train upper limb
prosthesis use effectively.

Where Do We Go From Here?

In the research targeting other conditions, such as stroke
rehabilitation, the main target is to get the user to move their
respective body part more to regain a substantial degree of
control over it. The reason for the strong focus on the

engagement and motivation of users to increase repetitions of
a movement is therefore clear. However, using a myoelectric
upper limb prosthesis requires the user to acquire a completely
new set of skills. This can mean to either retrain or newly train
muscles and their associated uses, depending on whether the
limb difference is acquired or congenital. Therefore, a necessary
requirement for a serious game in this field to be considered for
clinical adoption would be evidence of a benefit to prosthetic
ability (ie, evidence that the skill learned in the game transfers
to the use of an actual myoelectric prosthesis). So far this kind
of skill transfer has only been shown for software that we
classified as simulators. It is hypothesized that the task
specificity of the actions performed virtually allows the transfer
to the real world to occur [49].

Research in this field needs to establish viable paths for transfer
to occur before focusing on the topic of engaging and motivating
the target user group. Serious games intended for prosthetic
training need to show their benefit for prosthetic ability, be it
direct or indirect. Hence, a sensible approach for the
development of such a serious game could be to first
demonstrate which types of tasks allow transfer at all and then
to develop the engaging and motivating game structure around
it. As with other conditions, researchers employ the
attractiveness of games to actively engage users; however, the
clinical benefit cannot be neglected or compromised. The two
different approaches in this field encourage separate habit loops
when they should merge and form a single loop more beneficial
for the user, as shown in Figure 3. Engagement should not be
viewed separately but in conjunction with transfer-enabling
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training to enhance the habit formation of the user to adhere to
the training.

Therefore, the research should establish one or multiple tasks
that either directly enable skill transfer to prosthetic use or show
evidence of supporting the acquisition of prosthetic skill. Built
on these tasks, an engaging and motivating platform should be

implemented, which should enable users to increase their
prosthetic skill while having fun. The positive reinforcement
of the skill increase combined with the fun experienced while
training should have a positive effect on adherence to the
training and therefore on the long-term success of the
intervention.

Figure 3. Diagram of the existent and recommended habit loops.

Furthermore, the effect of the introduction of myogames on
therapists’ workloads should be determined; this is highly
dependent on the nature of the training and whether there is a
need for the direct involvement of the therapist, which could
potentially result in a similar or even larger workload [72]. As
this factor depends strongly on the design of the program, it
emphasizes the importance of smart development including the
input and feedback of all parties involved, including clinicians
and therapists, to lead to a product that benefits everyone.

In conclusion, research on prosthetic training has confirmed
that myoelectric skills can be acquired with serious games.
However, for the development of a viable serious game intended
for prosthetic training, it is necessary to validate the “serious”
part of the game, namely the tasks that would allow for skill
transfer. Serious games for prosthetic training can only be
expected to yield fruitful results beyond engagement when they
incorporate tasks that are found to facilitate prosthetic skill. We
recommend that the research community investigates which
types of myogame tasks might facilitate transfer, as the only
existing results at the time of writing this paper indicate a lack

of effectiveness [19,30,73]. This lack does not necessarily hold
true for all tasks that are not related to activities of daily living,
however, and ignoring abstract tasks entirely would exclude a
wide range of possible avenues for prosthetic game
development.

It would be beneficial to be more accurate regarding the
terminology used in the field and, if the term “game” is used,
to specify the incorporated game design elements explicitly.
More long-term and ideally home-based experiments are needed
to conclusively test for any prosthetic skill transfer that might
occur with the consistent use of prosthetic gaming devices. Even
though previous studies indicate that no change in prosthetic
ability occurs after training with a myogame [19,30,73], these
only tested the effect of comparatively short training sessions
with able-bodied people or very small groups of prosthesis users.
It should also be tested whether prosthetic gaming has the
potential to support traditional prosthetic training by allowing
for supplementary practice sessions between visits to the
prosthetist.
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EMG: electromyography
SHAP: Southampton Hand Assessment Procedure
TAC: Target Achievement Control
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Abstract

Background: A serious game–based cellphone augmented reality system (CARS) was developed for rehabilitation of stroke
survivors, which is portable, convenient, and suitable for self-training.

Objective: This study aims to examine the effectiveness of CARS in improving upper limb motor function and cognitive function
of stroke survivors via conducting a long-term randomized controlled trial and analyze the patient’s acceptance of the proposed
system.

Methods: A double-blind randomized controlled trial was performed with 30 poststroke, subacute phase patients. All patients
in both the experimental group (n=15) and the control group (n=15) performed a 1-hour session of therapy each day, 5 days per
week for 2 weeks. Patients in the experimental group received 30 minutes of rehabilitation training with CARS and 30 minutes
of conventional occupational therapy (OT) each session, while patients in the control group received conventional OT for the
full 1 hour each session. The Fugl-Meyer Assessment of Upper Extremity (FMA-UE) subscale, Action Research Arm Test
(ARAT), manual muscle test and Brunnstrom stage were used to assess motor function; the Mini-Mental State Examination, Add
VS Sub, and Stroop Game were used to assess cognitive function; and the Barthel index was used to assess activities of daily
living before and after the 2-week treatment period. In addition, the User Satisfaction Evaluation Questionnaire was used to reflect
the patients’ adoption of the system in the experimental group after the final intervention.

Results: All the assessment scores of the experimental group and control group were significantly improved after intervention.
After the intervention. The experimental group’s FMA-UE and ARAT scores increased by 11.47 and 5.86, respectively, and were
both significantly higher than the increase of the control group. Similarly, the score of the Add VS Sub and Stroop Game in the
experimental group increased by 7.53 and 6.83, respectively, after the intervention, which also represented a higher increase than
that in the control group. The evaluation of the adoption of this system had 3 sub-dimensions. In terms of accessibility, the patients
reported a mean score of 4.27 (SD 0.704) for the enjoyment of their experience with the system, a mean 4.33 (SD 0.816) for
success in using the system, and a mean 4.67 (SD 0.617) for the ability to control the system. In terms of comfort, the patients
reported a mean 4.40 (SD 0.737) for the clarity of information provided by the system and a mean 4.40 (SD 0.632) for comfort.
In terms of acceptability, the patients reported a mean 4.27 (SD 0.884) for usefulness in their rehabilitation and a mean 4.67
(0.617) in agreeing that CARS is a suitable tool for home-based rehabilitation.
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Conclusions: The rehabilitation based on combined CARS and conventional OT was more effective in improving both upper
limb motor function and cognitive function than was conventional OT. Due to the low cost and ease of use, CARS is also potentially
suitable for home-based rehabilitation.

Trial Registration: Chinese Clinical Trial Registry ChiCTR1800017568; https://tinyurl.com/xbkkyfyz

(JMIR Serious Games 2021;9(4):e30184)   doi:10.2196/30184

KEYWORDS

stroke; augmented reality; serious game; upper limb motor function; cognitive function; home-based rehabilitation

Introduction

Stroke is the leading cause of mortality and permanent disability
in adults worldwide [1,2]. Upper limb impairment is one of the
common consequences after stroke, with up to 80% of survivors
experiencing upper limb paresis after stroke onset [3,4].
Furthermore, the decline of cognitive state is present in more
than 60% of stroke survivors, typically relevant to degradation
of concentration, executive function, and comprehension [5].
Upper limb impairment and decreased cognitive state after a
stroke can hamper the activities of the upper limb, which leads
to greater dependence in the performance of activities of daily
living (ADLs) [6].

The primary mechanism of functional recovery after stroke is
synaptic reorganization and neurological functional recovery
[7,8], and the bimodal balance-recovery model that links
interhemispheric balancing of the brain is the foundation for
upper limb function [9]. Studies indicate that high-intensity,
repeatable, task-oriented, and feedback rehabilitation training
can promote brain remodeling and functional restoration, and
enhance the normal bimodal balance-recovery model [10-13].
Clinically, the improvement of upper limb function and
cognitive state mainly depends on the treatment of occupational
therapists. However, issues such as cost and access may limit
the dose of one-on-one rehabilitation exercise with an
occupational therapist [14,15]. In addition, patients may have
difficulties in keeping concentration when they are doing
intensive and repetitive training. Furthermore, stroke survivors
still need long-term rehabilitation after being discharged from
the hospital. At present, home-based rehabilitation for stroke
survivors is mainly based on the exercise prescription provided
by therapists. However, patients often abandon rehabilitation
because of the boring and repetitive training mode. Additionally,
in the progress of rehabilitation, patients can obtain better
rehabilitation effects only if they have a high degree of
participation. However, treatment methods for self-oriented or
home-based rehabilitation are rare. Therefore, convenient
rehabilitation systems that can enhance stoke survivors’
enthusiasm and allow them to perform self-guided home-based
rehabilitation are needed.

To address these issues, augmented reality (AR) technology
has been introduced to the field of stroke rehabilitation. The
AR system is a useful new technology that blends virtual objects
with real scenes in real time [16]. An increasing number of
studies report promising results of its application to stroke
rehabilitation [17-19]. At present, the AR systems commonly
used in stroke rehabilitation can be divided into conventional
AR systems, mirror-based AR systems, and cellphone-based

AR systems. However, existing AR systems are not suitable for
self-oriented or home-based rehabilitation. Conventional AR
systems can enhance patients' motivation, but such systems
usually need guidance from therapists [20,21]. Mirror-based
AR systems combine AR technology with mirror therapy.
Patients can use AR technology for 3D mirror-image treatment,
which can effectively promote the recovery of upper limb
function. However, this kind of system often requires the patient
to wear a head-mounted display or a large device, so patients
experience discomfort or difficulty when using it [22]. AR
systems based on cellphones have only been used in stroke
rehabilitation in recent years. This kind of system is cheaper
and more convenient than are other AR technology systems,
but few articles have reported on this kind of system for
self-guided or home-based rehabilitation. Therefore, AR
rehabilitation systems that are suitable for self-oriented
home-based treatment are rare and needed.

Based on a review of the relevant literature, we have developed
a serious game-based cellphone augmented reality rehabilitation
system (CARS). In a previous pilot study performed in a clinical
setting, we found that CARS motivated individuals with stroke
to perform task-oriented games (eg, Pyramid Reach) during a
30-minute intervention. Most patients who used CARS also
reported that the exercise was more motivating than
conventional occupational therapy (OT) [23]. An important
question is whether or not self-guided exercise with CARS is
feasible and improves upper limb function and cognitive state
compared with conventional OT in a long-term intervention. In
addition, whether this system is suitable for home-based
rehabilitation is unknown.

To study these questions, a double-blind randomized controlled
trial that compared combined CARS and conventional OT
rehabilitation with conventional OT alone was performed. The
objective of this paper is twofold: first, to study the long-term
effectiveness of the system in improving upper limb function
and cognitive state in survivors of subacute stroke; and second,
to determine the acceptance of this intervention for home-based
rehabilitation of poststroke survivors. We hypothesized that the
participants using the combined CARS and conventional OT
rehabilitation would receive at least equivalent results to those
using conventional OT. We also hypothesized that CARS would
be a suitable option for home-based rehabilitation.

Methods

Study Design
This was a multicenter, double-blind, 2-group randomized
controlled trial comparing combined CARS and conventional
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OT rehabilitation with matched control conventional OT in
patients with upper limb dysfunction in the subacute phase of
stroke. The study protocol was approved by the Institutional
Review Board of Huashan Hospital, Fudan University (no.
KY2018-248) and registered at the Chinese Clinical Trial
Registry (ChiCTR1800017568) (Multimedia Appendix 1).

Serious Game-Based CARS
CARS was developed based on the ARKit toolbox run on an
iPhone XR cellphone (Apple Inc) with an iOS 13 operating
system. Stroke survivors may not be able to pick up the phone
due to the weakness of their affected side. Therefore, a fingerless
glove cellphone case was designed, which could easily fix the
cellphone to the patient’s affected hand. Patients could move
their affected upper limb to use the cellphone and interact with
3D virtual targets generated on the cellphone screen (Figure 1).

Figure 1. Hardware for the cellphone augmented reality rehabilitation system. (Left) Phone: iPhone XR, iOS 13. (Center) Cellphone cases and gloves.
(Right) Method of wearing.

Three serious games were developed based on CARS for
improving both motor function and cognition function of stroke
survivors (Figure 2) [23]. The first game is Pyramid Reach,
which was designed to enhance upper limb function and
concentration of stroke survivors. In this game, patients are
expected to move the cellphone to touch the virtual pyramid
targets. This is the basis of an engaging game to help patients
reach out for virtual targets in a certain period of time. The
second game is Add VS Sub (AVS), which was intended to
strengthen both physical and cognitive ability. In this game,

patients need to calculate the formula generated in the center
of the screen and touch the correct answer in the set of numbers
that appear around the formula. The third game, Stroop Game
(SG), aims to train both motor and cognitive function. SG is
based on the Stroop effect which is our tendency to experience
difficulty naming a physical color when it is used to spell the
name of a different color. These 3 serious games have the
potential to keep patients engaged and motivated even though
they are performing continuous and repetitive movements.

Figure 2. Three augmented reality–based serious games for rehabilitation of upper limb motor function and cognitive function. (Left) Pyramid Reach.
(Center) Add VS Sub. (Right) Stroop Game.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e30184 | p.316https://games.jmir.org/2021/4/e30184
(page number not for citation purposes)

Li et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


The proposed system can record the scores of each round and
the trajectory of user’s upper limb distal during the training,
which enables clinicians to track the change in the range of
motion of the patient’s affected side and the progress of the
patient’s recovery. This function can help clinicians give further
diagnosis and rehabilitation guidance to outpatients.

Participants
Thirty participants were recruited in the study between August
2020 and March 2021. The inclusion criteria were the following:
age ≥20 and <70 years; first incidence of a stroke with unilateral
hemiparesis; chronicity ≥ 7 and＜180 days, Mini-Mental State
Examination (MMSE) score ≥20, Brunnstrom stage for upper
limb ≥3, ability to give informed consent and operate a mobile
phone, and the visual and mental ability to actively participate
in the protocol. Exclusion criteria were the following: history
of epilepsy orthopedic alteration or pain syndrome of the upper
limb, severe aphasia or other psychiatric illnesses that limit the
ability to participate or give consent, visual disturbance such
as visuospatial neglect, and poor sitting balance.

PASS software (NCSS Statistical Software) was used to
calculate the required sample size. The Fugl-Meyer Assessment
for Upper Extremity (FMA-UE) subscale was considered
significant when the change value was more than 5 points [24].
To satisfy an α level of .05 and a power of 0.95, a minimum of
12 patients was required in each of the 2 groups. Assuming a
dropout rate of 20%, we aimed to include 15 patients in each
of the 2 groups.

Study Procedures and Interventions
All participants were invited for an initial assessment to confirm
that they met the inclusion criteria. An independent researcher
not involved in the study created a blocked randomization
sequence using a computerized program (Microsoft Excel).
Block randomization ensured equal numbers of participants for
the experimental and the control group. Allocation assignments
were placed in sequentially numbered, opaque, and sealed
envelopes by an offsite officer not involved in the study. Patients
were not blind regarding the intervention received. Once the

participant passed the screening process and completed the
baseline assessment, an independent researcher would open an
envelope and reveal the group allocation. In addition, outcome
evaluators were blinded to the group assignment.

After giving informed consent, eligible participants were
allocated to 1 of 2 groups. A previous study by Saposnik et al
[25] had shown that eight 60-minute sessions of Wii gaming
over 2 weeks in a group of subacute stroke survivors resulted
in significant improvements. Therefore, participants were
instructed to train for 10 hours, divided into 5 days per week
for 2 weeks. In both groups, the total treatment dose was
matched at 1 hour per day. Patients allocated to the experimental
group were treated for 30 minutes using CARS and 30 minutes
of conventional OT per day. The 30 minutes CARS therapy
consisted of 15 trails, 5 trials per game. The patients were
monitored by therapists or their caretakers when they were using
the system. If there was an adverse event, the therapist or
clinician would examine the patient and deal with it promptly.
In addition, the therapists or clinicians would record the adverse
event. Patients in the control group received conventional OT
for 1 hour each day. Conventional OT consisted of passive and
active range of motion exercises, muscle strengthening, and
functional tasks that matched CARS therapy. The occupational
therapists selected relevant motor and cognitive training
according to the patient's functional status.

For the experimental group, we provided 2 methods for patients
to use the system (Figure 3). We encouraged patients to use
their affected hand to play serious games. However, if the
patients had upper limb motor function, they could use the
unaffected side to assist the affected side to perform movements
and interact with the targets generated from the serious games.
Before the intervention, patients in the experimental group were
instructed on how to use the serious game–based cellphone AR
system. Patients moved their hands back and forth in front of
them for 5 seconds to initialize the system and allow the
cellphone to familiarize itself with the surrounding environment;
they then performed a practice trial for each game to become
familiar with the game function and operation.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e30184 | p.317https://games.jmir.org/2021/4/e30184
(page number not for citation purposes)

Li et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 3. Two training methods. (Left) The participant training individually with the affected side. (Right) The participant using the unaffected side
to assist the affected side for training.

Outcome Measures

Motor Function Assessment
Four effective clinical-based assessments were selected and
performed to evaluate the upper limb motor function of patients
in both groups before and after the intervention. Primary
outcomes were the FMA-UE and the Action Research Arm Test
(ARAT). The FMA-UE can objectively measure arm impairment
and the degree of muscle synergies present. Performance is
rated on a 3-point ordinal scale from 0 to 2 with a maximum
score of 66. A higher score indicates minimal or no impairment
[26-28]. The internal consistency and validity are excellent
[29,30]. The ARAT can objectively assess arm and hand
function using observational methods. The ARAT is divided
into 4 subtests of grasp, grip, pinch, and gross arm movement.
Performance on each item is rated on a 4-point ordinal scale
from 0 to 3 with a maximum score of 57, with a higher score
indicating a better level of function [31]. The reliability and
validity are excellent [32,33].

In addition, the manual muscle test (MMT) and Brunnstrom
stage (BS) were selected as second motor outcomes. The MMT
is a procedure for the evaluation of muscle strength, based on
the effective performance of a movement in relation to the forces
of gravity or manual resistance through the available range of
motion. The grading of MMT ranges from 0 (no visible or
palpable contraction) to 5 (full range of motion against gravity,
maximal resistance) [34]. The observational cohort studies
indicated good internal and external validity of the MMT [35].
BS is used by therapists to assess how well their patients are

recovering. The stages of BS range from 1 (flaccid paralysis)
to 6 (normal function) [36,37].

Cognition Function Assessment
To assess the change of cognitive function for patients in both
the experimental and control groups, 1 clinical-based assessment
and 2 cognition evaluations designed based on the proposed
serious games were performed additionally before and after the
intervention.

MMSE is a widely used test of cognitive function for stroke
survivors and includes tests of orientation, attention, memory,
language, and visual-spatial skills [38]. A higher score indicates
a better level of cognitive function, with a maximum score of
30. The reliability and validity are excellent [39-41].

Game 2 (AVS) and game 3 (SG) can train the patient's ability
of calculation and comprehension. The scores of the 2 games
trained by patients each day were recorded by CARS, and these
scores were derived and analyzed. We further designed a paper
version of AVS and SG to test the change of cognitive ability
in patients. The patients were asked to answer the questions
from the paper version as quickly as possible within 1 minute.
The number of correct answers was the score of the patients.

ADL Assessment
The Barthel index (BI) is used to measure performance in ADLs.
Ten variables describing ADL and mobility are scored, with a
higher number being a reflection of greater ability to function
independently following hospital discharge. Scores of 0 to 20
indicate “total” dependency, 21 to 60 indicate “severe”
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dependency, 61 to 90 indicate “moderate” dependency, and 91
to 99 indicate “slight” dependency [42-44]. The reliability and
validity are good [45].

Questionnaire
Referring to the User Satisfaction Evaluation Questionnaire
[46], we provided a 7-question questionnaire that assayed the
patient’s perceived engagement and the acceptability of their
experience at the end of therapy. This questionnaire assessed
the patient’s feelings regarding the gaming experience, their
perception of comfort, and their enjoyment of the game (1,
strongly disagree, 2, disagree; 3, neutral; 4, agree; 5, strongly
agree). We also asked an additional 2 questions about their
previous experience and their suggestions about the system: (1)
Do you experience any negative symptoms during or after
gameplay? (2) What are some suggestions you have that you
think could improve the system?

Statistical Analysis
Statistical analysis was performed in SPSS version 26 (IBM
Corp). Data were confirmed to have a normal distribution
according to the Shapiro-Wilk normality test since the sample
size was small. Two-tailed t tests (for continuous variables) and

the chi-square test (for categorical variables) were used to
compare baseline measures between the 2 treatment groups.
Nonparametric tests were used if the data seemed to be
nonnormally distributed. The Wilcoxon signed rank test was
used for within-group analyses, and the Mann-Whitney test was
used for between-group analyses. The level of statistical
significance was set at a P value <.05. Intention to treat was
applied, and missing data were replaced by the mean of the
previous outcomes of the given patient.

Results

Participant Characteristics
The flowchart for participants is presented in Figure 4. Initially,
248 hospitalized patients in Huashan Hospital, Nanshi Hospital
affiliated to Henan University, and The Third Rehabilitation
Hospital of Shanghai were assessed for eligibility, but 218
patients did not meet the inclusion criteria. Finally, 30 patients
were enrolled and randomly divided into 2 groups: 15 patients
were allocated to the experimental group and 15 patients were
allocated to the control group. None of the participants withdrew
from the study.

Figure 4. Flowchart for participant selection and assignment. AR: augmented reality.

The patients’ baseline demographic and clinical characteristics
are shown in Table 1. The time from onset ranged from 9 to
160 days, with an average of 73.3 days. Furthermore, 63%
(19/30) of the patients were men, and their age ranged from 26
to 75 years, with an average age of 53.07 years. No significant
differences were observed between the groups regarding gender,
age, duration after stroke onset, stroke type, or affected side.

There were no significant differences in the baseline values of
the motor outcomes between the 2 groups (FMA-UE: P=.56;
ARAT: P=.68; MMT shoulder: P=.81; MMT elbow: P=.53;
MMT wrist: P=.20). The baseline values of the cognitive
outcomes (MMSE: P=.87; AVS: P=41; SG: P=.53) were well
distributed with no significant between-group differences.
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Table 1. Baseline demographic and clinical characteristics of the patients.

P valuet or z valueControl group (N=15)Experimental group (N=15)Variable

.960.062a57 (32)62 (24)Age (years), median (IQR)

.700.144bGender, n (%)

9 (60)10 (66)Male

6 (40)5 (33)Female

0.600.530c69.2 (51)78.2 (40)Time from onset (days), mean (SD)

.710.133bAffected side, n (%)

7 (46)8 (53)Left

8 (53)7 (46)Right

.870.168a25 (3)26 (4)MMSEd, median (IQR)

.560.583a25 (23)30 (18)FMA-UEe, median (IQR)

.680.417a12 (22)14 (17)ARATf, median (IQR)

.990.024a3 (1)3 (1)BS-Ug, median (IQR)

.930.085a4 (3)3 (2)BS-Hg, median (IQR)

.810.338a3 (0)3 (0)MMTh shoulder, median (IQR)

.530.898a3 (1)3 (0)MMT elbow, median (IQR)

.201.346a3 (1)1 (3)MMT (wrist), median (IQR)

.720.354c63 (13)64.67 (12)BIi, mean (SD)

.410.841c19.47 (6)17.8 (4)AVSj, mean (SD)

.530.625c13 (6)11.67 (5)SGk, mean (SD)

aWilcoxon rank sum test.
bChi-square test.
cTwo-tailed t test.
dMMSE: Mini-Mental State Examination.
eFMA-UE: Fugl-Meyer Assessment of the Upper Extremity.
fARAT: Action Research Arm Test.
gBS: Brunnstrom stage (U: upper extremity; H: hand).
hMMT: manual muscle test.
iBI: Barthel index.
jAVS: Add VS Sub.
kSG: Stroop Game.

Comparison of Motor Function
After the intervention, both groups showed significant
improvement in the FMA-UE, ARAT, BS, and MMT scores
over time (Table 2). The experimental group’s score of FMA-UE
and ARAT increased by 11.47 and 5.86, respectively, after
intervention, and were both significantly higher than the

corresponding increase ih the control group (Figure 5).
Additionally, a considerable change in Brunnstrom stage-hand
(mean 0.60) and MMT wrist (mean 1.07) in the experimental
group was found compared to the control group. Other than
this, there were no between-group differences in terms of
Brunnstrom stage-upper extremity, MMT shoulder, MMT
elbow, or BI.
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Table 2. Comparison of outcomes in the experimental group and control group.

Control group (N=15)Experimental group (N=15)Outcomes

P valuePosttestPretestP valuePosttestPretest

.00133 (26)25 (23).00141 (21)30 (18)FMA-UEa, median (IQR)

.00116 (24)12 (22).00121 (23)14 (17)ARATb, median (IQR)

.00425 (4)25 (5).00527 (2)26 (4)MMSEc, median (IQR)

.0084 (2)3 (1)﹤.0014 (1)3 (1)BS-Ud, median (IQR)

.0344 (3)4 (3).0074 (3)3 (2)BS-Hd, median (IQR)

.0024 (0)3 (0).0014 (1)3 (0)MMTe shoulder, median (IQR)

.0054 (0)3 (1)﹤.0014 (0)3 (0)MMT elbow, median (IQR)

.0143 (2)3 (1).0013 (2)1 (3)MMT wrist, median (IQR)

.0165 (20)60 (25).00275 (15)65 (25)BIf, median (IQR)

.00123 (10)18 (10).00125 (5)17 (4)AVSg, median (IQR)

.00115 (8)12 (7).00118 (10)10 (6)SGh, median (IQR)

aFMA-UE: Fugl-Meyer Assessment of the Upper Extremity.
bARAT: Action Research Arm Test.
cMMSE: Mini-Mental State Examination.
dBS: Brunnstrom stage (U: upper extremity; H: hand).
eMMT: manual muscle test.
fBI: Barthel index.
gAVS: Add VS Sub.
hSG: Stroop Game.

Figure 5. Longitudinal changes in motor outcomes with the experimental group showing significantly greater improvements than the control group in
FMA-UE and ARAT. ARAT: Action Research Arm Test; BI: Barthel index; BS: Brunnstrom stage (U: upper extremity; H: hand); FMA-UE: Fugl-Meyer
Assessment of the Upper Extremity; MMT: manual muscle test (S: shoulder; E: elbow; W: wrist).

Comparison of Cognitive Function
Significant group interaction effects were observed for AVS
and SG scores (Table 2). The average AVS and SG score in the
experimental group increased to 7.53 and 6.83, respectively,

after intervention, which was statistically significant compared
to the increase in the control group (Figure 6). However, no
significant between-group difference was observed in the
MMSE.
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Figure 6. Longitudinal changes in Add VS Sub (AVS), Stroop Game (SG), and Mini-Mental State Examination (MMSE) with the experimental group
showing significantly greater improvements than the control group in AVS and SG. AVS: Add VS Sub; MMSE: Mini-Mental State Examination; SG:
Stroop Game.

We derived all patients’ training scores recorded on the mobile
phone. After processing and analyzing the scores, we created a
line chart of each patient (Figure 7). Overall, the final mean

score of 3 serious games for each patient improved to some
extent compared to the first mean score.

Figure 7. Line charts of 15 patients’ daily scores for 3 serious games. The average score of 5 trails represents a session, and each color represents a
patient.

Clinical Acceptability
A user satisfaction questionnaire was administered for patients
at the end of their final intervention in the experimental group.
The 5-point rating was used to assess responses to the questions
(1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly
agree). In terms of accessibility, the patients reported a mean
score of 4.27 (SD 0.704) for the enjoyment of their experience
with the system, a mean 4.33 (SD 0.816) for success in using
the system, and a mean 4.67 (SD 0.617) for the ability to control
the system. In terms of comfort, the patients reported a mean

4.40 (SD 0.737) for the clarity of information provided by the
system and a mean 4.40 (SD 0.632) for comfort. In terms of
acceptability, the patients reported a mean 4.27 (SD 0.884) for
usefulness in their rehabilitation (Table 3). All patients in the
experimental group thought that CARS can be a good option
for self-oriented or home-based rehabilitation.

Here, we report patients’ suggestions for the system. Some
patients felt that the cellphone screen was too small to see
clearly. Some patients thought these 3 AR serious games should
be set to a different level, so that they can be applied to patients
in different stages.
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Table 3. Results of the acceptability questionnairea.

Score, mean (SD)Questions

4.27 (0.704)Q1. Did you enjoy your experience with the system?

4.33 (0.816)Q2. Were you successful using the system?

4.67 (0.617)Q3. Were you able to control the system?

4.40 (0.737)Q4. Is the information provided by the system clear?

4.40 (0.632)Q5. Did you feel comfortable during your experience with the system?

4.27 (0.884)Q6. Do you think that this system will be helpful for your rehabilitation?

4.67 (0.617)Q7. Do you think this system can be used for home-based rehabilitation?

aThe questionnaire includes 7 questions, each with a score of 1 to 5 (1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly agree).

Safety
No significant adverse events related to CARS occurred during
the clinical research. Reported adverse events were pain and
fatigue in the shoulder (n=3) and elbow (n=2), which were
foreseen and already mentioned to the patients before therapy
began. The use of this cellphone game-based AR system was
safe and acceptable for all participants in the study.

Discussion

Principal Results
We have developed a serious game–based cellphone augmented
reality rehabilitation system for upper limb recovery and
improving cognitive function after stroke. Compared with
conventional OT, combined CARS and conventional OT
rehabilitation proved to be more effective in improving both
upper limb function and cognitive function. As a new
rehabilitation technique, CARS can replace part of traditional
OT and be used as a supplementary treatment method in the
hospital to decrease the consumption of medical resources and
reduce the burden of patients. In addition, this system can be a
suitable option for self-oriented or home-based rehabilitation.

Our findings showed that CARS effectively enhanced upper
extremity recovery in patients with stroke. In the comparison
between CARS and conventional OT, intervention using CARS
showed greater improvement in the FMA-UE and ARAT scores.
Comparable improvements between groups were shown in the
BS, MMT, and BI. Our results showed that compared with the
control group, the experiment group using CARS experienced
effectively improved calculation and color-matching ability. In
addition, patients in the experimental group completed the
2-week intervention using CARS without severe adverse effects,
and they were satisfied with this system for self-oriented or
home-based rehabilitation. We speculated that the therapeutic
effectiveness of combined CARS and conventional OT
rehabilitation would be equal to or greater than that of
conventional OT alone, and the results confirmed our
hypothesis. The results that CARS can effectively improve the
upper limb function and cognitive state of patients may be
related to the following factors. Studies conclude that serious
games seem to be a safe rehabilitation modality for patients
recovering from stroke [47]. The 3 AR serious games we
designed can provide immediate feedback, enjoyment, high

engagement, and task-oriented movement. Additionally, the
AVS game and SG were specially designed for training
calculation and color-matching ability. Moreover, visual and
haptic feedback can enhance the patients’desire for interaction.
Therefore, CARS can facilitate motor learning, improve
cognition function, and increase rehabilitation motivation.

Although some studies have attempted to use AR-based
rehabilitation systems for patients with stroke, few studies have
included a control group. Assis et al [48] developed a system
based on AR for upper-limb motor rehabilitation of stroke
survivors. Two case studies were conducted to determine the
clinical feasibility. Hoermann et al [49] presented a novel AR
system in combination with a validated mirror therapy for stroke
survivors. The study examined the therapeutic intervention in
5 patients. Kaneko et al [50] developed a novel approach using
AR that could improve self-body cognition in stroke survivors.
The study clarified the effect of the system by treating 11
patients. However, none of these studies included a control
group. Additionally, most studies that compared AR therapy
with conventional therapy allowed more therapy time in the
experimental group [51,52]. Consequently, we are not sure
whether these results indicate the AR system’s greater
effectiveness or are rather due to the effect of excess treatment
time. Moreover, few studies have determined the acceptance
for self-oriented home-based rehabilitation, and many studies
have focused on only a single motor aspect rather than on
multiple aspects. Therefore, we tried to design a multiaspect
(motor function, cognitive function, and acceptance) randomized
controlled trial with a matched intervention dose.

Compared with other systems, the proposed CARS we
developed has the following advantages. First, our system
requires the least amount of equipment and is also the cheapest
and most convenient. CARS was developed for users with a
mobile phone because almost everyone has one. The system is
portable and very easy to use regardless of a person’s location.
Other AR systems often require independent 3D tracking
systems, monitors, and interactive systems, and we integrate
all 3 into a single cellphone [53,54]. Second, we use dual-task
training to simultaneously train patients' motor and cognitive
abilities. In addition, we adopted the training theory involving
central-peripheral-central closed-loop training [55]. Patients
start task training by activating the central nervous system of
consciousness. When the patient completes the task, the
peripheral cellphone gives the patient a short vibration stimulus,
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which uploads and then strengthens the central control function
of the patient.

Limitations
There are a few limitations in this study. First, although
compensatory movements were restricted during the
intervention, they were not controlled during the assessment,
which could have influenced the performance in the scales and
tests. Second, although the physical therapist who assessed the
participants’ condition did not know the protocol, the therapists
who administered and controlled the intervention were not blind.
Third, we use gloves of uniform size, but each patient had a
different hand size, and thus it might have been difficult for
some patients to wear the gloves. Fourth, none of the patients
who participated in the study had any experience with AR
rehabilitation. Therefore, they could not compare our games
with other similar games. Finally, the sample of the study
(N=30) can be considered small, which may limit the degree to
which the results can be extrapolated.

Future Studies
In future research, we will further improve our devices, which
will involve developing an Android version to reduce installation
costs, preparing different specifications of gloves for patients

with different hand sizes, and increasing the variety and
difficulty settings of the game. In addition, future work will
include more engaging serious games to increase the variety of
therapy solutions and adaptability to patient abilities so that a
therapist or patient can match the degree of challenge necessary
to keep the rehabilitation advancing. In the trial design,
large-sample, controlled, follow-up clinical studies will be
conducted in the future to verify the long-term efficacy of the
system for home-based rehabilitation.

Conclusions
At the behavioral level, there was additional benefit received
from CARS. Combined CARS and conventional OT
rehabilitation was more effective in improving both upper limb
function and cognitive function compared with conventional
OT alone. The results of our study indicated that the proposed
CARS can replace the one-on-one conventional OT delivered
by an occupational therapist and that the system can be used as
an assistant therapeutic tool in the hospital. In addition, CARS
is convenient, low-cost, and user-friendly, which indicates that
this system is also suitable for home-based rehabilitation. Future
studies with a longer intervention time and a follow-up of
patients for home-based rehabilitation are needed to explore the
effectiveness of the system.
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Abstract

Background: Augmented reality (AR) is a rapidly expanding technology; it comprises the generation of new images from
digital information in the real physical environment of a person, which simulates an environment where the artificial and real are
mixed. The use of AR in physiotherapy has shown benefits in certain areas of patient health. However, these benefits have not
been studied as a whole.

Objective: This study aims to ascertain the current scientific evidence on AR therapy as a complement to physiotherapy and
to determine the areas in which it has been used the most and which variables and methods have been most effective.

Methods: A systematic review registered in PROSPERO (International Prospective Register of Systematic Reviews) was
conducted following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta‐Analyses) recommendations. The
search was conducted from July to August 2021 in the PubMed, PEDro, Web of Science, Scopus, and Cochrane Library scientific
databases using the keywords augmented reality, physiotherapy, physical therapy, exercise therapy, rehabilitation, physical
medicine, fitness, and occupational therapy. The methodological quality was evaluated using the PEDro scale and the Scottish
Intercollegiate Guidelines Network scale to determine the degree of recommendation. The Cochrane Collaboration tool was used
to evaluate the risk of bias.

Results: In total, 11 articles were included in the systematic review. Of the 11 articles, 4 (36%) contributed information to the
meta-analysis. Overall, 64% (7/11) obtained a good level of evidence, and most had a B degree of recommendation of evidence.
A total of 308 participants were analyzed. Favorable results were found for the Berg Balance Scale (standardized mean change
0.473, 95% CI −0.0877 to 1.0338; z=1.65; P=.10) and the Timed Up and Go test (standardized mean change −1.211, 95% CI
−3.2005 to 0.7768; z=−1.194; P=.23).

Conclusions: AR, in combination with conventional therapy, has been used for the treatment of balance and fall prevention in
geriatrics, lower and upper limb functionality in stroke, pain in phantom pain syndrome, and turning in place in patients with
Parkinson disease with freezing of gait. AR is effective for the improvement of balance; however, given the small size of the
samples and the high heterogeneity of the studies, the results were not conclusive. Future studies using larger sample sizes and
with greater homogeneity in terms of the devices used and the frequency and intensity of the interventions are needed.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020180766;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=180766

(JMIR Serious Games 2021;9(4):e30985)   doi:10.2196/30985
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Introduction

Background
New technologies are rapidly emerging in our society to
streamline, optimize, and perfect some of the activities we
perform in our day-to-day lives [1]. Among them is augmented
reality (AR), which comprises generating new images from
digital information in the real physical environment of a person,
simulating an environment where the artificial and real are
mixed [2]. AR must be differentiated from virtual reality (VR),
in which additional data such as sound, text, or video are
introduced, giving rise to multimedia virtual environments. AR
is derived from VR but blends these virtual environments with
real ones, enhancing the interaction with real life [3].

AR is currently being used in different fields such as advertising
[4], psychology [5], medicine [6,7], and physiotherapy [8]. In
physiotherapy, it has been developed mainly for motor and
cognitive rehabilitation, which is considered a new method of
intervention. AR can be used as a working tool and to
complement the treatment conducted by the physiotherapist, as
it generates safe environments that are similar to the patient’s
real environment [9]. Rehabilitation using AR has shown better
results than repetitive movements practiced alone as AR allows
better orientation of the exercises toward objectives with greater
patient motivation and is enjoyable to use [10].

AR technologies have significant advantages: they provide new
experiences to patients during physiotherapy sessions, increasing
engagement and improving physical outcomes [11]; they can
create interesting opportunities to provide low-cost
physiotherapy at home [12,13]; and the physiotherapist can
perform and evaluate different outcomes using these tools with
data analysis [14]. Although lack of technological maturity and
access to devices are their weaknesses [15], various types of
interfaces are emerging to ensure user interaction with the AR
rehabilitation environment, including wearable smart sensors,
sensors embedded in the environment, and mobile devices that
improve accessibility to this type of technology [16]. Despite
these possible benefits, there are few studies on AR used in
physiotherapy, unlike VR, which has been studied in more
pathologies, mostly of the neurological type, such as stroke
[17-19], cerebral palsy [20], multiple sclerosis [21,22],
Parkinson disease [23,24], spinal cord injury [25,26], and
chronic pain [27].

Of the few investigations that have been conducted on AR, most
were performed on healthy people with the aim of determining
strategies that could later be used in the clinic [28]. Interest in
studying AR has also grown in certain areas, such as the
kinematic analysis of gait parameters [28,29], the functionality
of the upper limb [30,31], or the early diagnosis of breast
cancer–related lymphedema [32]. Positive results on balance
and mobility have also been achieved when using dance with
AR devices, with high adherence [33]. However, no
improvement was found in the use of AR for the performance
of daily living tasks in patients with Alzheimer disease [4].

Recently, a protocol for interactive AR-based telerehabilitation
in patients with adhesive capsulitis was published [34] and
another was published about people with hereditary spastic
paraplegia, in which gait adaptability training was treated with
a treadmill equipped with AR [35]; however, their results have
not yet been published. In 2010, a review was conducted [36]
in which most of the AR studies analyzed were in the prototype
development phase and not yet ready for general practice,
although they did show promising results.

Objective
In the given context and taking into account all the advantages
that the use of this kind of tool could have in physiotherapy,
this review aims to determine how progress has been made in
this regard, with the objective of ascertaining the current
scientific evidence on AR therapy as a complement to
physiotherapy, determining in which areas it has been used the
most and which variables and methods have been most effective.

Methods

A systematic review and meta-analysis was conducted and
registered in PROSPERO (International Prospective Register
of Systematic Reviews; CRD42020180766) using the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta‐Analyses) guidelines [37].

Search Strategy
A search of scientific evidence published from 2011 to August
2021 was conducted between July and August 2021 in the
following scientific databases: PubMed, PEDro, Web of Science,
Scopus, and Cochrane Library. In addition, gray literature (the
TESEO database of doctoral theses in Spain, OpenGrey, and
Grey Literature Database) and AR conference proceedings were
searched. The keywords augmented reality, physiotherapy,
physical therapy, exercise therapy, rehabilitation, physical
medicine, fitness, and occupational therapy were used,
combining them by means of the Boolean operators AND and
OR in the different searches in English or Spanish.

Criteria for Considering Studies
The criterion that was taken into account for selecting the
articles was clinical trials published in indexed scientific
databases. The selected intervention was AR used with patients
aged >18 years with some pathology of the musculoskeletal
system of neurological or physical origin that was subsidiary
to improvement in any physical measure analyzed in an
objective and standardized way. Duplicate studies, qualitative
trials, case reports, single-subject studies, reviews,
meta-analyses, studies conducted on healthy individuals, and
studies using VR were excluded.

Study Selection and Data Extraction Process
After performing the search, potentially relevant articles were
identified after reading the title and abstract and eliminating
duplicates. All studies identified in the searches were assessed
for inclusion by 2 independent reviewers (MJVG and GGM).
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Any disagreements were resolved through discussions to reach
a consensus. The following information was extracted from
each included article: authors, year of publication, study
population, type of intervention, number of participants, mean
age, frequency of sessions per week, time of each session, total
duration of the intervention, outcome measures, measurement
instrument, and results obtained.

Assessment of the Methodological Quality
To assess the quality of the trials used for the review, we used
the PEDro scale [38], which comprises 11 items related to the
domains of selection, performance, attribution bases, and
information. A study with a PEDro score of ≥6 was considered
as evidence level 1 (6-8: good and 9-10: excellent), and a study
with a score of ≤5 was considered as evidence level 2 (4-5:
acceptable and <4: poor) [39]. The recommendation grades of
the different studies were presented using the Scottish
Intercollegiate Guidelines Network scale [40].

Risk of Bias Analysis
The risk of bias was calculated for each study using the
Cochrane Collaboration tool [41], referring to the following
types of bias: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias. The risk of bias and
study quality were calculated by 2 reviewers. In cases of doubt,
the final decision was determined through discussion by
including a third reviewer.

Statistical Analysis
The effect size measure was the difference in the standardized
mean change with raw standardization (SMCR) between the
intervention (AR) and control groups [42,43] for 2 dependent
end points: standardized mean change of the Berg Balance Scale
(BBS) and the Timed Up and Go (TUG) test, with improvement
after treatment indicated by positive values in the BBS and
negative values in the TUG. The difference in SMCR was
estimated in such a way that a greater difference in the
intervention group was indicated by positive values in the BBS
and negative values in the TUG. Standardized mean differences,
sampling variances, and covariances were estimated according
to Gleser and Olkin [44]. A multivariate random effects model
with restricted maximum likelihood estimation was used,
allowing for a different effect depending on the outcome and
adding random effects to each outcome within each study. The
goodness of fit was evaluated using sensitivity analyses [45]
and likelihood profile plots. Publication bias was evaluated
using contour-enhanced funnel plots [46]. The analyses were
performed using the metafor package (GNU General Public
License Version 2) [47] of the R software (R Foundation for
Statistical Computing) [48].

Results

Selection of Studies
The entire selection process during the corresponding phases
is detailed in Figure 1.
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Figure 1. Flow diagram. Graphical representation of the process of search and selection of studies.

Evaluation Outcomes
The sample size was variable, with the largest sample (75
patients) being in the study by Rothgangel et al [49] and the
smallest (10 people) being in the study by Jung et al [50]. The
included studies contained information on a total of 308 patients,
of whom 89 (28.9%) had a stroke [50-52], 89 (28.9%) had
amputations [49,53], 114 (37%) were geriatric patients [54-57],

and 16 (5.2%) had Parkinson disease [58]. In terms of the age
of the participants, the highest average was 76.4 in the study
by Lee et al [55], and the lowest was 47.4 in the study by Kim
et al [52]. It should be noted that of the 11 studies, 6 (55%)
analyzed the effects of AR on the lower limb
[49,50,52,54-56,58,59], and 2 (18%) did so for the upper limb
[51,53]. The main characteristics of these studies are listed in
Table 1.
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Table 1. Main characteristics of the study interventions.

ResultsOutcomeMeasure-
ment instru-
ment

Total time
of the inter-
vention

Session
time
(min-
utes)

Frequency
of treat-
ment
(times/week)

InterventionStudy
popula-
tion

Age
(years),
mean
(SD)

SampleStudy

Elbow flex-
ion and ex-

Wolf motor
function test,

12 weeks453-5IGa: reverse
study—A-B-

Stroke58.3
(10.1)

30Colomer
et al [51]

• Significant
improve-
ment in armtension,box andA; A: con-
function andwrist flexionblock test, 9-ventional
finger dex-and exten-hole plugphysical
teritysion, fingertest, and In-therapy pro-

flexion andtrinsic Moti- • High levels
of interest,

gram; B:

ARb extension,
and grabbing

vation Inven-
tory motivation,

and enjoy-different ob-
jects ment

Gait, bal-
ance, and

TUGd,

BBSe, spa-

CG: 4
weeks; IG:
8 weeks

30CG: 5; IG:
3

CG: general
physical
therapy pro-
gram; IG:

StrokeNot speci-
fied

21; CGc:
11; IG:
11

Lee et al
[52]

• Improve-
ments in
walking
speed, bal-

muscle
strengthtial-temporal

parameters ance and ca-general
(GAITRite),physical dence, stride
and dy-
namometer

therapy pro-
gram+AR-

length, and
stride length

based postu- of paretic
ral control
program

and non-
paretic sides

Muscle acti-
vation, ankle

Surface

EMGg ma-

4 weeks203CG: FESf;
IG: AR-
based FES

StrokeCG:
57.80
(10.23);
IG: 58.40
(8.26)

10; CG:
5; IG: 15

Jung et al
[50]

• Improved
muscle acti-
vation in

GCMhand

TSAi

range of mo-
tion, and
muscle
strength

chine, elec-
tronic go-
niometer,
and manual
muscle tester

• Improved
muscle
strength in
dorsiflexion
and plantar
flexion

Muscle
strength, bal-

BBS and
TUG

8 weeks203Group 1:
treadmill
walking with

StrokeGroup 1:
47.4
(8.4);

28; group
1: 9;
group 2:

Kim et al
[59]

• Muscle
strength in-
creased sig-ance, and

gait nificantly in
groups 1

EFSj and AR
therapy;

group 2:
51.5
(12.9);

10; group
3: 9

and 2.group 2:
group 3:
49.1 (11)

• Balance and
gait showed
significant

treadmill
walking with
EFS therapy;

improve-group 3: gait
ments in allon treadmill

walking groups.
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ResultsOutcomeMeasure-
ment instru-
ment

Total time
of the inter-
vention

Session
time
(min-
utes)

Frequency
of treat-
ment
(times/week)

InterventionStudy
popula-
tion

Age
(years),
mean
(SD)

SampleStudy

• AR had no
additional
effects com-
pared with
the other
groups.

Intensity,
frequency,
and duration
of phantom
pain

NRSk inven-
tory of neuro-
pathic pain
symptoms,
Patient-spe-
cific Func-
tional Scale,
EuroQol 5
Dimensions,
Overall Per-
ceived Effect
Scale, and
pain Self-Ef-
ficacy Ques-
tionnaire

Group 1:
10 weeks;
group 2: 10
weeks;
CG: 10
weeks

30Not speci-
fied

Group 1:
mirror thera-
py+ AR
teleprocess-
ing; group 2:
mirror thera-
py+self-ad-
ministered
mirror thera-
py; CG: sen-
sory-motor
exercises

Lower
limb am-
putation

61.1
(14.2)

75; group
1: 25;
group 2:
26; CG:
24

Rothgan-
gel et al
[49]

• Clinical and
statistical
improve-
ments in all
phantom
limb pain
metrics

Intensity,
frequency,
duration, and
quality of
phantom
limb pain
(upper)

NRS pain
rating index,
Weighted
Scale of Pain
Distribution,
and study-
specific fre-
quency scale
for each ses-
sion

12 sessions1202IG: motor
execution in
AR, game
series; use of
a virtual
member in
different
tasks

Upper
limb am-
putation

50.3
(13.9)

14Ortiz-
Catalán et
al [53]

• Group 1,
group 2, and
group 3 had
improved
strength.

• The AR
group im-
proved sig-
nificantly in
balance and
in the fall
scale.

Muscle
strength, bal-
ance, and
risk of
falling

Strength of
knee flexor,
extensor,
and ankle
flexor mus-
cles; foot-
print; static
and dynamic
load distribu-
tion; and

MFSm

12 weeks603Group 1:

AR+Otagol;
group 2: yo-
ga; group 3:
exercises at
home

Older
adults

Women;
group 1:
72.6
(2.67);
group 2:
75.8
(5.47);
group 3:
76.4
(5.54)

30; group
1: 10;
group 2:
10; group
3: 10

Lee et al
[55]

• Group 1 had
significant
differences
in gait and
balance pa-
rameters
greater than
group 2.

• Group 1 had
significant
differences
in fall pre-
vention.

Gait function-
ality, bal-
ance, and
risk of
falling

Gait parame-
ters, BBS,

and FES-In

12 weeks503Group 1: AR
+Otago exer-
cises; group
2: Otago ex-
ercises

Older
adults

Women;
group 1:
72.9
(3.41);
group 2:
75.6
(5.57)

21; group
1: 10;
group 2:
11

Yoo et al
[56]

Lower limb
balance and
lower limb
mobility

4 weeks303CG: physical
fitness pro-
gram; IG:
training with
3D-AR sys-
tem

Older
adults

CG: 65
(4.77);
IG: 64.7
(7.27)

36; CG:
18; IG:
18

Ku et al
[54]
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ResultsOutcomeMeasure-
ment instru-
ment

Total time
of the inter-
vention

Session
time
(min-
utes)

Frequency
of treat-
ment
(times/week)

InterventionStudy
popula-
tion

Age
(years),
mean
(SD)

SampleStudy

• Improved
stability in-
dex with in-
teraction be-
tween BBS
and TUG

• Improve-
ment in fall
risk

• Improve-
ment of the
posturo-
graphic in-
dex

• Improved
weight distri-
bution index

BBS, TUG,

FACo,

MBIp, Fugl-
Meyer lower
limb sub-
scale, Fugl-
Meyer motor
coordination,
Fugl-Meyer
motor score,
and balance
(Tetrax pos-
turography)

• Improved

ASMt,

SMIu, gait
speed, SFT
in chair
stand test,

2MSTv, and
self-efficacy

Muscle
mass, mus-
cle function,
physical per-
formance,
and exercise
self-efficacy

Stadiometer,

BIAq, hand
dynamome-

ter, SFTr,

and ESEs

12 weeks303CG: no exer-
cise; IG:
AR-based
exercise

Older
adults

CG:
72.71
(3.64);
IG: 72.77
(3.79)

27; CG:
13; IG:
14

Jeon et al
[57]

FOG parame-
ters, axial
kinematics,
scaling, and
timing of
turning

PTFx, mean
number, and
duration of

FOGy

episodes;
maximum
medial

COMz devia-
tion, maxi-
mum head-
pelvis separa-
tion, and
time to maxi-
mum head-
pelvis separa-
tion; ca-
dence, peak
angular ve-
locity, stride
time, coeffi-
cient of varia-
tion, step
height, and
turn time

1 sessionN/Aw1 sessionExperimen-
tal condition:
series of
180° turns
with AR vi-
sual cues dis-
played
through a
HoloLens; 2
control condi-
tions: with
auditory
cues and
without any
cues

Parkinson
disease

Median:
69

16Janssen et
al [58]
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ResultsOutcomeMeasure-
ment instru-
ment

Total time
of the inter-
vention

Session
time
(min-
utes)

Frequency
of treat-
ment
(times/week)

InterventionStudy
popula-
tion

Age
(years),
mean
(SD)

SampleStudy

• AR visual
cues did not
reduce the
PTF (P=.73)
or the num-
ber (P=.73)
and duration
(P=.78) of
FOG
episodes,
the peak an-
gular veloci-
ty (visual vs
uncued,
P=.03; visu-
al vs audito-
ry, P=.02)
and step
height, and
they in-
creased the
step height
coefficient
of variation
and time to
maximum
head-pelvis
separation.

• All FOG pa-
rameters
were higher
with AR vi-
sual cues
than with
auditory
cues (PTF,
P=.01; num-
ber, P=.02;
and dura-
tion, P=.007
of FOG
episodes).

aIG: intervention group.
bAR: augmented reality.
cCG: control group.
dTUG: Timed Up and Go.
eBBS: Berg Balance Scale.
fFES: functional electric stimulation.
gEMG: electromyogram.
hGCM: medial and lateral gastrocnemius.
iTSA: tibialis anterior.
jEFS: electrical functional stimulation.
kNRS: Numerical Pain Rating Scale.
lOtago: Strength and Balance Training Program for Seniors.
mMFS: Morse Fall Scale.
nFES-I: Short Falls Efficacy Scale–International.
oFAC: functional ambulation category.
pMBI: Modified Barthel Index.
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qBIA: Bioelectrical Impedance Analysis (Inbody 720, Biospace).
rSFT: senior fitness test.
sESE: exercise self-efficacy.
tASM: appendicular skeletal muscle mass.
uSMI: skeletal muscle index.
v2MST: 2-minute step test.
wN/A: not applicable.
xPTF: percentage time frozen.
yFOG: freezing of gait.
zCOM: center of mass.

The AR systems used varied widely: projectors connected to
computers with webcams where images were shown [51], virtual
upper limbs [53], training videos [50,55], teletreatment using
AR with tablets [49], projections with AR on treadmills
[55,56,59] or on the ground [55,56], a head-mounted AR device
used for holographic display of AR visual cues [58], and an
AR-based exercise rehabilitation system [57] or a newer system
such as the 3D-AR system, in which the participant’s body
movement was tracked, creating an AR environment that
generated real images captured in videos with virtual images
[54].

The intervention time ranged from 20 minutes [59] to 2 hours
[53], although the most repeated chosen time was 30 minutes
[49,52,54]. The most used frequency in the studies was 3 times
per week [51,52,54,55,59] and 12 sessions [52-55].

The most widely used measurement scale in the selected studies
was the BBS, used both for stroke [52,59] and in older adults
[54,55]. Scales were also used to assess falls; in 1 trial, the Short
Falls Efficacy Scale–International was used [56], and the Morse
Fall Scale was used in another [55]. In both investigations, the
target population was older adults. Another scale repeated in 3
of the selected articles was the TUG [52,54,59], which was
applied to people with stroke and older adults. Regarding the

studied population with amputations, many scales were used to
assess pain; however, the only one in which both studies
coincided was the Numerical Pain Rating Scale [49,53].

The results found regarding the interventions conducted in the
field of physiotherapy were diverse in the different plots. In
stroke, intensive and repetitive task-oriented exercises were
used for upper limb functionality [51], postural control exercises
[52], functional electrical stimulation [50], and treadmill [59].
Mirror therapy and sensorimotor exercises were used in the
treatment of phantom limb pain [49]. In Parkinson disease, turns
around the patient’s axis were used [58]. Finally, in geriatrics,
exercises from the Otago protocol were used [55,56], as well
as yoga [55] and physical conditioning with strengthening and
balance training [54,57].

Methodological Quality of the Included Studies
The results of the methodological quality assessment can be
found in Table 2. After assessing the studies using the PEDro
scale, it stands out that, of the 11 studies included in the review,
7 (64%) had high methodological quality (≥6 points), and the
rest were acceptable. The scores obtained and the detailed
characteristics of each study are shown in Table 2. Regarding
the Scottish Intercollegiate Guidelines Network scale, most
studies had a grade of B (Table 3).
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Table 2. Evaluation of the methodological quality according to the PEDro scalea.

Score
(out
of
10)

Item 11lItem 10kItem 9jItem 8iItem 7hItem 6gItem 5fItem 4eItem 3dItem 2cItem 1bStudy

410110001001Colomer et al [51]

711111001010Lee et al [52]

601010001111Jung et al [50]

411000001011Kim et al [59]

811111001111Rothgangel et al [49]

710111111001Ortiz-Catalán et al [53]

411000001011Lee et al [55]

511010001010Yoo et al [56]

711011001111Ku et al [54]

611010001111Jeon et al [57]

711011001101Janssen et al [58]

a1=yes and 0=no.
bChoice criteria specified; did not add up in the final computation.
cRandom assignment.
dCovert assignment.
eBaseline similarity.
fSubject blinding.
gTherapist blinding.
hEvaluator blinding.
iGreater than 85% follow-up for at least 1 key outcome.
jIntention-to-treat analysis.
kStatistical comparison between groups for at least 1 key outcome.
lPoint measures and variability for at least 1 key outcome.

Table 3. Grades of recommendation according to the Scottish Intercollegiate Guidelines Network scale.

Grade of recommendationStudy

BColomer et al [51]

ALee et al [52]

BJung et al [50]

BKim et al [59]

ARothgangel et al [49]

BOrtiz-Catalán et al [53]

BLee et al [55]

BYoo et al [56]

AKu et al [54]

BJeon et al [57]

BJanssen et al [58]

Risk of Bias
The results of the risk of bias can be observed in Table 4. It
should be noted that 36% (4/11) of articles presented a low risk
of selection bias, as they were randomized [49,52-54], although

only 25% (1/4) of them also presented allocation concealment
[54]. With respect to performance bias, none were at low risk.
Regarding detection bias, 45% (5/11) of the articles included
in the review were at low risk. In relation to dissertation bias,
all of them were at low risk.
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Table 4. Risk of bias.

Criteria (risk)Author

7g6f5e4d3c2b1a

UnclearUnclearLowHighHighHighHighColomer et al [51]

UnclearUnclearLowLowHighHighLowLee et al [52]

UnclearUnclearLowHighHighUnclearLowJung et al [50]

UnclearUnclearLowHighHighHighUnclearKim et al [59]

UnclearUnclearLowLowHighHighLowRothgangel et al [49]

UnclearUnclearLowLowHighHighLowOrtiz-Catalán et al [53]

UnclearUnclearLowUnclearHighHighUnclearLee et al [55]

UnclearUnclearLowLowHighHighUnclearYoo et al [56]

UnclearUnclearLowLowHighLowLowKu et al [54]

UnclearUnclearLowHighHighUnclearLowJeon et al [57]

UnclearUnclearLowHighHighHighHighJanssen et al [58]

aRandom sequence generation (selection bias).
bAllocation concealment (selection bias).
cBlinding of participants and personnel (performance bias).
dBlinding of outcome assessment (detection bias).
eIncomplete outcome data (attrition bias).
fSelective reporting (reporting bias).
gOther bias.

Study Groups Included in the Meta-analysis
In this meta-analysis, 36% (4/11) of studies were selected to
evaluate the differences in mean changes in BBS and TUG
scores. The power for detecting differences was low because
of the reduced number of studies and small sample sizes. The
data used for the meta-analysis are shown in Table 5. Descriptive
data extracted from the selected studies are included in
Multimedia Appendix 1 [49,51-56,59]. The (pooled) difference
in standardized mean change was 0.473 (95% CI −0.0877 to
1.0338; z=1.65; P=.10) for the BBS and −1.211 (95% CI
−3.2005 to 0.7768; z=−1.194; P=.23) for the TUG, both
differences favoring the intervention group, although the null
hypothesis cannot be rejected. The forest plot (Figure 2 [49-59])
showing the individual and pooled SMCR (with 95% CI),

weights, and sample sizes of each study is shown in Figure 3
[49-59]. Substantial heterogeneity (test for residual
heterogeneity: Q5=45.82; P<.001) was present among the
studies, with estimated variance components of 0.148 (95% CI
0.0001-2.2727; τ2BBS) and 3.098 (95% CI 0.5818-36.1115;
τ2TUG). No identifiability problems for the variance
components were found (Figure 4). The 2 outcomes showed a
very high correlation (ρ=−0.99). The individual effect size was
significant for both outcomes in the study by Ku et al [54], the
study with the greater sample size. Nonetheless, sensitivity
analysis showed that this study had higher standardized residuals
and Cook distance values for the outcome TUG. The
contour-enhanced funnel plot (Figure 5) seems to indicate the
absence of publication bias (results should be considered with
caution because of the small sample size).
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Table 5. Data used for the meta-analysis.

Sampling
covariance

Sampling
variance

Differences
in SMC

Pooled cor-
relations
between
the 2 out-
comes

Sample sizesSD predic-
tion inter-
val

Correlations between
pre- and postinterven-
tion means

SMCaStudy and
outcome

Interven-
tion

ControlInterven-
tion

ControlInterven-
tion

Control

Lee et al [52]

0.12350.19290.28790.648211101.36790.83182190.53470750.66910.2752BBSb

0.12350.1911−0.07920.648211102.38170.70235360.4264936−0.3870−0.1982TUGc

Kim and Lee [59]

0.14520.2244−0.27680.6482991.71630.89786240.95584090.91711.3922BBS

0.14520.2258−0.35940.6482991.64900.91618900.7852951−1.1695−0.5768TUG

Ku et al [54]

0.05480.13551.08950.706916180.21800.90784900.72991320.58470.3472BBS

0.05480.3060−3.57450.706916180.11870.90503660.5644717−0.6736−0.2495TUG

Yoo et al [56]

0.19400.19400.35930.706910110.93510.95607100.89192251.05010.7142BBS

aSMC: standardized mean test.
bBBS: Berg Balance Scale.
cTUG: Timed Up and Go.

Figure 2. Forest plot. AR: augmented reality; SMCR: standardized mean change with raw standardization; BBS: Berg Balance Scale; TUG: Timed
Up and Go.
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Figure 3. Weights and sample size of each study. SMC: standardized mean change; AR: augmented reality; BBS: Berg Balance Scale; TUG: Timed
Up and Go.

Figure 4. Variance components.
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Figure 5. Funnel plot of the standardized mean change versus the standard error.

Discussion

Principal Findings
In this systematic review and meta-analysis of clinical trials,
we wanted to determine the use of AR in conjunction with
conventional therapy in the different fields of physiotherapy.
In our study, favorable results were obtained in balance and gait
[54,59], upper limb functionality [51], muscle mass, physical
performance, and exercise self-efficacy [57] and in reducing
the risk of falls [54-56] and pain in phantom pain syndrome
[53]. In addition, significant differences were found with respect
to conventional therapy. This intervention was implemented
for stroke, amputations, older adults, and Parkinson disease
[49,51-56,59]. These findings are consistent with those of other
studies in healthy participants, such as the study by Bennour et
al [28], which showed promising results for retraining the lower
limb in gait through footprint modifications using AR, or the
upper limb in the trial by Cavalcanti et al [30] using the AR
device ARkanoidAR, which improved and corrected movement
with the use of auditory, textual, or imaging feedback.

The aspects related to AR interventions and their positive results
are as follows. Regarding their use in patients with amputations,
the 2 articles found conflicting results on AR in phantom limb
pain. In the trial by Ortiz-Catalán et al [53], pain was
significantly reduced using AR; however, Rothgangel et al [49]
found no additional effect compared with the other groups. As

a possible cause, Rothgangel et al [49] argued that an
inconsistency during teleprocessing with the representation of
the amputated limb could have led to a lack of integration.

In patients who had a stroke, we found improvement in the
functionality of the upper limb [51], with high motivation among
participants and improvements in the strength of the lower limb,
balance, and gait. Protocol studies on these last 2 variables have
also been found in stroke, with the AR therapy C-Mill [60] and
the Gait Adaptation for Stroke Patients with AR system [61],
which have not yet yielded results. AR also appears promising
for the rehabilitation of hand-eye coordination and finger
dexterity [62].

Regarding geriatrics, favorable results were found in lower limb
strength, balance, muscle mass, physical performance, exercise
self-efficacy, and fall prevention. It is in this area that we have
seen greater consistency in the findings. In this sense, for older
adults who normally depend on visual information to achieve
balance, AR training could effectively improve proprioception
of the lower limbs, favoring static balance. It would be even
better if the used system provides visual feedback [54].

There are other areas within physiotherapy where AR could be
used to improve these parameters, such as Parkinson disease,
where VR has been used to improve balance [63]. Experiments
are also being conducted with a platform based on AR and the
Microsoft Kinect v1 sensor, where various exercises are
implemented with linear or circular movement patterns that
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allow the physiotherapist to adjust them to the patient’s abilities,
although there are still no results [64]. However, AR visual cues
did not improve freezing of gait, impaired axial kinematics, or
turn scaling and timing [58].

It was possible to conduct the meta-analysis by taking into
account the BBS and TUG. The BBS comprises 14 items where
the patient is asked to perform several specific tasks to check
their balance. Total scores range from 0 (severely affected
balance) to 56 (excellent balance) [65]. Individuals with values
≤45 are at greater risk of falling [66]. With respect to the TUG,
it is a scale that serves to check a patient’s balance and risk of
falling [67]. A duration of ≥13.5 seconds on the TUG is
associated with a greater risk of falling in older adults and in
people with vestibular dysfunction [68]. With the results
obtained in both subgroups—BBS [52,54,56,59] and TUG
[52,54,59]—the global result of the meta-analysis was favorable
so that the intervention using AR is effective for the
improvement of balance. However, given the small size of the
samples, the heterogeneity of the populations studied, measuring
instruments, methods used, times of application, and frequency
and duration of the treatments, the results were not conclusive.

Advantageous aspects of AR use have also been described
[51-56,59]. However, the procedures used were different in
each study [49,51-56,59]. This may lead to uncertainty in the
choice of a system for AR and physiotherapy development.
Regarding the systems used, although in the past decade they
were much more complex [36], they should be simpler in the
future. With the present advances in AR systems, such as the
HoloLens, its application in clinical settings could be expected
to increase [69].

Displays used in AR can be classified into the following
categories: head-worn, handheld, and projective [36]. In our
research, most of them were projective, except in 2 of the studies
[50,58], where head-mounted devices were used. Regarding the
classification of the AR system by levels [70], all the systems
used in our review were level 3, in which AR is displayed on
screens and transformed into augmented vision through
projectors that allow the real environment to become an
immersive virtual world. The exception was the study by
Ortiz-Catalán et al [53], in which a level 1 was used through
markers, from which the 3D information contained was
extracted, showing it through a device screen. In relation to the
type of feedback used, our findings were the same as those of
Hussain Al-Issa [36], where it was of a visual type, although in
one of the studies in our paper, there was also auditory feedback
[59].

There are some obstacles that limit the generalized use of AR,
such as technological and user interface limitations [71]. Other
negative aspects such as eye fatigue or human factors related
to the effects of long-term use, such as latency and the user’s
adaptation to the equipment, could also reduce task performance.
In addition, depth perception can make objects appear farther
away than they really are [72]. It also seems that AR has not
been used because, for the same objective, other technologies
with easier approaches could be used, such as VR [10,69].

However, it should be considered that AR has certain advantages
that VR does not have. For example, VR cannot recognize the

real dangers that can cause injury, whereas, in AR, the patient
is aware of the possible risks [73]. In addition, the participant
can interact with the application, the environment, and tangible
objects [36], as AR has greater proprioceptive feedback [74].
Game-based rehabilitation would also be of interest to create
an interface (means) suitable for AR, encouraging the use of
personalized games, which could improve motivation by taking
into account whether the game is meaningful and motivating,
the type of feedback obtained, the usability, and the interaction
technique used with the environment [69].

Furthermore, the benefits of AR in the use of telerehabilitation
demonstrate its effectiveness in the remote monitoring of the
patient and can even modify according to their progress,
providing high-quality attention with reduced costs [75,76].
Thus, the development of an AR system on mobile devices
could be a good alternative for patients [77]. It seems that
physiotherapy has not yet discovered all the potential promised
by AR. What does appear to have been a common approach to
the use of AR is lower limb recovery for fall prevention and
improved balance.

This study may serve as an aid in clinical practice through the
use of AR systems. It may also serve as a preliminary step
toward further research with a more homogeneous methodology
and the ability to experiment with these technological systems
in other areas of physiotherapy where pain, functionality,
balance, and fall prevention may be an objective to be pursued.

Limitations
In terms of the limitations found, we must mention the limited
number of studies with low quality and the wide variety of AR
interventions with respect to the system used, number of
sessions, and frequency and duration of the treatment sessions.
There was no homogeneity with respect to the instruments used
to measure the variables studied or the variables themselves.
Similarly, the need for authors to use the same measuring
instruments stands out as, in some cases, it was not possible to
compare studies statistically because different versions of the
same scale or different units of measurement were used.

Comparison With Prior Work
After 10 years of the review by Hussain Al-Issa [36] and with
results in promising pilot studies where a great future is always
foreseen, our search shows the opposite. We found few studies
with considerable heterogeneity and few physiotherapy plots.
A difference found with respect to this previous review is that
AR is now being used in telerehabilitation [8,34,76,78], although
more research is needed.

Conclusions
According to the results obtained, we can say that AR, in
combination with conventional therapy, has been used for
physical performance, treatment of balance and prevention of
falls in geriatrics, functionality of the lower limb and upper limb
in stroke, and pain in phantom pain syndrome. However, no
positive results were obtained with turning and timing in the
freezing of gait in Parkinson disease. Owing to the diversity of
the interventions and the variables measured, no consensus can
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be reached on the best AR system in each area studied, although
the most commonly used were the level 3 projectives.

Future clinical trials are needed using larger sample sizes and
with greater homogeneity in terms of the devices used and the
frequency and intensity of the interventions.
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Abstract

Background: Mild cognitive impairment (MCI), the intermediate cognitive status between normal cognitive decline and
pathological decline, is an important clinical construct for signaling possible prodromes of dementia. However, this condition is
underdiagnosed. To assist monitoring and screening, digital biomarkers derived from commercial off-the-shelf video games may
be of interest. These games maintain player engagement over a longer period of time and support longitudinal measurements of
cognitive performance.

Objective: This paper aims to explore how the player actions of Klondike Solitaire relate to cognitive functions and to what
extent the digital biomarkers derived from these player actions are indicative of MCI.

Methods: First, 11 experts in the domain of cognitive impairments were asked to correlate 21 player actions to 11 cognitive
functions. Expert agreement was verified through intraclass correlation, based on a 2-way, fully crossed design with type
consistency. On the basis of these player actions, 23 potential digital biomarkers of performance for Klondike Solitaire were
defined. Next, 23 healthy participants and 23 participants living with MCI were asked to play 3 rounds of Klondike Solitaire,
which took 17 minutes on average to complete. A generalized linear mixed model analysis was conducted to explore the differences
in digital biomarkers between the healthy participants and those living with MCI, while controlling for age, tablet experience,
and Klondike Solitaire experience.

Results: All intraclass correlations for player actions and cognitive functions scored higher than 0.75, indicating good to excellent
reliability. Furthermore, all player actions had, according to the experts, at least one cognitive function that was on average
moderately to strongly correlated to a cognitive function. Of the 23 potential digital biomarkers, 12 (52%) were revealed by the
generalized linear mixed model analysis to have sizeable effects and significance levels. The analysis indicates sensitivity of the
derived digital biomarkers to MCI.
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Conclusions: Commercial off-the-shelf games such as digital card games show potential as a complementary tool for screening
and monitoring cognition.

Trial Registration: ClinicalTrials.gov NCT02971124; https://clinicaltrials.gov/ct2/show/NCT02971124

(JMIR Serious Games 2021;9(4):e18359)   doi:10.2196/18359

KEYWORDS

mild cognitive impairment; Klondike Solitaire; card games; generalized linear mixed effects analysis; expert study; monitoring;
screening; cognition; dementia; older adults; mobile phone

Introduction

Assessing Cognitive Performance
Mild cognitive impairment (MCI) is a clinical entity defined as
a transitional state between normal and pathological aging,
where one or more cognitive domains are significantly impaired,
yet activities of daily living are still preserved [1]. Early
detection of MCI is important for signaling possible prodromes
of dementia, monitoring the progression of possible decline,
taking supportive measures, and detecting any possible
underlying causes. However, cognitive impairment is still
underdiagnosed [2-4]. In response, governmental bodies have
called for novel, scalable, and longitudinal tools to assist in the
early screening and monitoring of dementia [5-7]. To answer
this call, researchers have explored the use of digital games as
a suitable medium for assessing cognitive impairment [8-11].
Games are autotelic in nature, tapping into the intrinsic
motivation to play [12,13], hence captivating a player’s
attention. Furthermore, digital games are a natural source of
information on player behavior, cognitive performance, motor
skills, social conduct, and affective experiences [14].

As such, digital games may help by providing digital biomarkers
of cognitive performance. Biomarkers, defined as “objectively
measured and evaluated indicators of normal biological
processes, pathogenic processes, or pharmacologic responses
to a therapeutic intervention [15]” have a longstanding tradition
in dementia research [16,17]. Complementary to their biological
counterparts, digital biomarkers are “user-generated
physiological and behavioral measures collected through
connected digital devices to explain, influence and/or predict
health-related outcomes [18].” User interaction with digital
games produces dense and detailed behavioral traces that may
inform on the users’ social health, praxis, and cognition.

Today, the focal point of research assessing cognitive
performance is serious games, that is, games intentionally
designed and built for a serious purpose and not solely to
entertain [19]. Although serious gaming interventions show
potential, they are typified by less funding, shorter development
cycles, and missing know-how compared with traditional video
games, which affect the in-game hallmarks of quality, such as
graphics, music, and storytelling [20,21]. This may lead to
frustrating player experiences, a lack of engagement, and less
attention being paid during gameplay, which may lower the
reliability and validity of any findings and possibly cause
attrition in longitudinal studies [22-24]. Therefore, most
recently, the study by Mandryk and Birk [14] argued in favor
of turning to commercial off-the-shelf (COTS) video games

instead [14]. Instead of spending limited resources on building
a serious game, researchers can devote themselves to
investigating existing games already enjoyed by the target
population. Although not designed to measure cognition, COTS
games are woven into the fabric of everyday life and may be
able to provide digital biomarkers of cognitive performance
that are reflective of cognitive status [14,25].

This study aims to explore the possibility of using COTS card
games to screen cognition among patients living with MCI. This
study involved 11 experts in the domain of MCI coming together
to craft 23 candidate digital biomarkers from the digital card
game Klondike Solitaire. Subsequently, a data acquisition
campaign was set up involving 46 participants: 23 (50%) healthy
older adults and 23 (50%) older adults with MCI. The
participants were asked to play 3 games on a tablet. We
examined the game data for differences at a group level for the
candidate digital biomarkers using a generalized linear mixed
model (GLMM) analysis. The results show that of the 23
candidate digital biomarkers, 12 (52%) differed significantly
between both groups, taking age, tablet experience, and
Klondike Solitaire experience into account. By providing a
methodological approach and an exploratory study for crafting
digital biomarkers, as well as articulating the rationale and the
different steps taken, we hope to inform future researchers who
aim to leverage the use of COTS video games to yield digital
biomarkers.

MCI Classification
Persons diagnosed with MCI show a deficit in cognition in at
least one cognitive domain that cannot be attributed to age or
any other disease; yet, they do not fulfill the diagnosis of
dementia [26]. Persons with MCI, however, have a higher risk
of progressing to a form of dementia such as Lewy body
dementia [27], vascular dementia [28], or the most common
form of dementia, Alzheimer disease [29]. Depending on the
early symptoms, persons with MCI can be classified into 2
groups: amnestic MCI (aMCI) and nonamnestic MCI (naMCI).
Persons in the aMCI group show a significant memory deficit,
whereas in persons with naMCI, mainly a nonmemory
impairment (eg, language) is present [30]. For both aMCI and
naMCI, a further distinction can be made between persons with
1 cognitive domain impaired (single domain MCI) and those
with multiple cognitive domains impaired (multiple-domain
MCI). Although no treatments exist with the current state of
modern medicine to cure the neuronal damage of these
progressive forms of dementia [31,32], early diagnosis matters
[33] because there are several measures that can be taken to
slow down disease progression [34], including starting
nonpharmacological treatment for delaying symptoms
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[31,32,34], or support patients and families with the appropriate
counseling [35].

Detecting MCI
Typically, the process leading to a diagnosis of MCI is set into
motion by a cognitive complaint from the older adult, relative,
or (informal) caregiver, followed by a presumptive identification
through a screening test. The cognitive screening tests used
most often to detect MCI are the Montreal Cognitive Assessment
(MoCA) [36] and the Mini-Mental State Examination (MMSE)
[37]. These cognitive screening tests primarily focus on
evaluating language, visual skills, memory, orientation,
attention, and executive functions [38]. Despite their widespread
use, the psychometric properties of the screening tests by
themselves are insufficient to draw firm conclusions regarding
an MCI diagnosis [39].

Therefore, this presumptive identification is in turn followed
by an elaborate neuropsychological assessment (ie, a cognitive
test battery) and possibly a biomarker scan or a neuroimaging
scan [26,30]. This neuropsychological assessment assesses
cognitive skills and level of impairment more thoroughly. In
addition, the assessment may include a semiguided interview
with a relative or caregiver to evaluate the change in symptoms
over time, such as in the Clinical Dementia Rating (CDR) Scale
[40]. However, this neuropsychological assessment is laborious
and time-intensive, requiring skilled test administrators, who,
despite their training, are still subject to interassessor variability
[41]. In addition, from a patient perspective, the process has
been described as bewildering, highly stressful, and even
humiliating [42,43], contributing to malperformance. This in
turn can make patients self-aware of impairment, leading to
feelings of distress or helplessness, possibly spiraling into even
worse performance [44,45]. Although biological and imaging
biomarkers are becoming more common to support diagnosis,
they remain expensive and invasive, making them equally unfit
for high-frequency measurements [41]. As a result, health
professionals and policy makers welcome additional tools that
support the monitoring of cognition [1,46-49] while reducing
patient-level barriers and are more considerate of patients’
experiences [44].

Serious Games for the Assessment of Cognitive
Functions
Serious (digital) games are “games that do not have
entertainment, enjoyment, or fun as their primary purpose [19].”
An early and longstanding tradition [50] is the use of serious
games for cognitive evaluation [51]. Space Fortress [19,50] is
perhaps the first research game to measure and train cognitive
control and related cognitive functions. Ever since, the
popularity of creating serious games and game-based
interventions to measure, detect, and train cognition has only
increased, as indicated by systematic reviews on this topic by
Ferreira-Brito et al [52], Lumsden et al [53], and
Valladares-Rodriguez et al [51].

Serious games may provide certain advantages for the
assessment of cognitive performance compared with standard
cognitive assessment tests. First, by offering an interactive and
immersive audiovisual experience, serious games can be

considered to be more engaging than classical tests [23,51,53].
As ensuring the full attention of the participant is paramount in
neuropsychological testing, such increased engagement may
also result in more reliable research results; previous research
has linked effort to cognitive test performance in healthy
undergraduate students [54]. Second, games allow for
embedding of cognitive tasks in a virtual, audiovisual world,
which more closely mimics the actual lived-in world, allowing
for better transfer of task results and providing higher ecological
validity [55]. However, it has to be noted that the skills learned
through serious games might still be difficult to generalize to
the skills needed in a real-life context [55]. Third, serious games
can be designed in such a manner that they minimize the need
for the presence of a trained administrator. Setting a pace,
reading out loud, or cueing can be integrated into the game
itself. In this manner, test administration bias is reduced, and
white-coat effects can be minimized [56,57]. If assessments are
possible with less supervision and manual effort, they also
become more scalable because testing becomes less resource
intensive [55]. However, this lack of supervision while
performing measurements has an important caveat. When
measurements are performed in a personal environment, it
becomes more difficult to prevent distractions that influence
gameplay behavior.

Although serious games show promising results and have merit
for both patient and physician, serious games are at risk of being
dismissed as “chocolate-covered broccoli”: neuropsychological
tests embellished with a thin layer of gameplay [58-60]. This
can lead to games that are suboptimal in terms of esthetic quality
and game mechanics [20], negatively affecting gameplay [58].
A meta-analysis of serious games [22] shows that although they
can be more effective and improve retention compared with
conventional methods, they are not found to be more motivating.
Similar signs of lack of motivation have been noted in
game-based interventions designed to train cognitive functions
[23,24].

This lack of sustained engagement contrasts with surveys on
gameplay among older adults. A large-scale (N=3737) survey
of older adults’attitude toward video games, conducted in 2019
by the American Association of Retired Persons [61], highlights
that older adults enjoy playing digital games. Of the nine reasons
to play, to have fun was indicated to be the top reason (78%) to
play video games, with to help stay mentally sharp coming in
second (69%). In the 70-years-or-older age category, this
difference became marginal, with 73% indicating to have fun
and 72% indicating to stay mentally sharp as the reasons to
play. Therefore, to increase engagement and to tap into intrinsic
motivation, popular COTS video games may present an
interesting alternative. These games are already woven into the
daily life of the older adult, providing meaningful play [62,63].

COTS Video Games for Mental Health
COTS games may have the ability to retain players over a longer
period and to support continuous measurements of cognitive
performance. As frequent measurements are more sensitive to
detecting small deviations in the cognitive performance of older
adults [64], this could lead to a better interpretation of the
patient’s cognitive trajectory. Furthermore, fluctuations in
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cognitive performance [65], a common feature of dementia,
may be more easily detected. In addition, this continuous
monitoring enables establishing an intraindividual cognitive
baseline [66]. This cognitive baseline can be used to compare
patients with themselves, as opposed to comparisons with
normed references. In turn, this can lead to improved
management and care [1]. Nevertheless, a prominent
disadvantage of COTS games is that researchers have less
control over which cognitive functions are measured in the game
[60].

Recent studies on using COTS games to measure cognitive
impairment have generated promising results. The study by
Jimison et al [8] used FreeCell, a Solitaire variant, to compare
cognitive performance between a group of people living with
MCI and a healthy control group by means of an optimized
solver. The results indicated that based on gameplay, the group
with MCI could be discerned from the healthy control group
[8]. In the case of sudoku, another popular game among older
adults, the study by Grabbe [67] showed that performance in
the game was significantly related to measures of working
memory. Using a set of smartphone-based puzzle games, which
also contained sudoku, the study by Thompson et al [68]
explored smartphone-based games as a means of portable
cognitive assessment and monitoring. The participants’
performance in these games correlated to several measures of
cognition, among which were visual memory, verbal learning,
and reasoning. Finally, the study by Wallace et al [11] developed
a word search game and sudoku that incorporated hints to reduce
frustration among patients living with MCI. Their first study
with 2 patients indicated that cognitive performance could be
measured with COTS gameplay, comparing game performance
with the MoCA and the Repeatable Battery for the Assessment
of Neuropsychological Status [69]. Synthesizing these results,
these studies suggest that COTS games yield promise for the
assessment of cognitive impairment but that further research is
warranted.

Across the aforementioned studies, different lines of reasoning
have been given to justify the game of choice as suitable for
neuropsychological evaluation. The study by Grabbe [67]
analyzed the components of sudoku and linked them to working
memory based on a subjective analysis. The study by Jimison
et al [8] chose FreeCell because it was the most popular game
in their focus group. The study by Wallace et al [11] chose a
word search game and sudoku above other games because of
certain properties such as the percentage of successful deals.
Finally, the study by Thompson et al [68] chose games based
on face validity with regard to targeting cognitive functions.
Although these reasons are valid arguments for choosing a game,
it should be noted that these studies have no arguments rooted
in empirical evidence for their game of choice.

Klondike Solitaire
One of the most popular card games among older adults is
Klondike Solitaire, also known as Patience, Fascination, or even
just Solitaire [70]. The popularity of Klondike Solitaire among
older adult gamers was recently noted in the study by Boot et
al [71]. For 1 year, participants had access to a computer where
11 games were installed, among which were sudoku, Klondike
Solitaire, and crossword puzzles. The study noted that “There
was a strong, clear preference for Solitaire […]. After Solitaire,
there was no clear second choice, and on average participants
infrequently played the other games.” In addition, the results
showed that of all 11 games, 1 (9%)—Solitaire—was being
played most consistently.

This popular card game is played with a standard 52-card deck,
with 28 (54%) cards dealt in 7 build stacks and the other 24
(46%) cards placed in a pile, as can be seen in Figure 1. The
goal of the game is to order all cards from the ace to the king
on the 4 corresponding suit stacks. Cards can be moved on top
of other build stacks if their rank is one lower than the current
top card and of the opposite color. Cards can be requested from
the pile to be placed on the talon (Figure 1).

Figure 1. Klondike Solitaire. The seven build stacks can be seen at the bottom, the suit stacks are at the top left. The pile of undealt cards can be seen
in the top right.
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Study Objective
Given the popularity of Klondike Solitaire among the older
population, and given the need for engaging, ecologically valid,
scalable tools to assist in the screening and monitoring of MCI,
this paper aims to investigate the feasibility of Klondike Solitaire
game sessions to yield digital biomarkers of MCI. To this end,
the study comprised the following investigations:
1. an exploration of the digital biomarkers of cognitive

performance, based on the player actions (PAs) of Klondike
Solitaire and

2. an evaluation of the candidate digital biomarkers captured
in Klondike Solitaire to measure the differences between
healthy older adults and older adults living with MCI.

Methods

Crafting Candidate Digital Biomarkers in Klondike
Solitaire
To explore the potential digital biomarkers of cognitive
performance in Klondike Solitaire, we first conducted an expert
consensus study, involving 11 experts. In this first part of the
paper, we discuss the 3 steps taken to compile a final list of 23
candidate digital biomarkers.

Step 1: Defining PAs
To transform gameplay into PAs, a methodical approach was
applied. In all, 4 researchers in the field of human-computer

interaction carried out the following tasks. First, the literature
on Klondike Solitaire was studied, ranging from scientific work
[72-78] to more general sources [79-81]. Afterward, the game
was played for a minimum of 10 sessions of 30 minutes by each
of the researchers. Combining the theoretical background with
this practical experience, the experts independently drafted a
list of game events, which was then reviewed as a team. This
list was iterated 3 times until no more game events were found.
The game events included, but were not limited to, game
outcomes (eg, the game was won or lost), correct player moves
(eg, the player moves a card among the build stacks), and
erroneous player moves (eg, the player places cards on other
cards such that they are not in descending order on the build
stack).

These game events were then converted to PAs; they were
described as an action of the player rather than as an event of
the game. Next, all these PAs were transformed into their
negative equivalents, for example, The player takes little time
to think of a move was reworded as The player takes a lot of
time to think of a move. The reason for this was 2-fold. It enabled
inverse PAs (the positive and negative equivalents, eg, moving
cards fast or moving them slowly) to be combined, reducing
the rating complexity for the professionals. Furthermore, the
negative equivalent aimed to facilitate the rating process because
impaired cognition leads to reduced performance in gameplay.
After this step was completed, 21 PAs (Table 1) were defined
for evaluation.
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Table 1. Average of the experts’ ratings for each player action and cognitive function.

Process-
ing
speed,
mean
(SD)

Cognitive
planning,
mean
(SD)

Apraxia,
mean
(SD)

Object
recogni-
tion,
mean
(SD)

Visuospa-
tial ability,
mean (SD)

Selec-
tive at-
tention,
mean
(SD)

Working
memory,
mean
(SD)

Inhibitory
control,
mean
(SD)

Mental
flexibility,
mean (SD)

Player actions

2.55
(0.82)

2.45b

(0.52)

0.27
(0.47)

1.27
(0.79)

1.18 (0.98)1.55
(0.82)

1.82 (0.4)0.73
(1.01)

1.64 (1.12)PAa 1. Player takes a lot of time to think
of a move.

2.09
(1.04)

0.91
(0.83)

1.64
(0.92)

0.64
(0.67)

1.45 (1.04)0.64
(0.67)

0.64 (0.5)0.73 (1.1)0.73 (1.01)PA 2. Player takes a lot of time to move
the card.

0.91
(1.04)

2.18
(0.75)

0.73
(1.01)

1.64
(0.67)

1.45 (0.93)2.55
(0.69)

2 (0.77)0.73 (0.9)2.27 (0.79)PA 3. Player does not move a suitable
card from the talon to the suit stack.

1 (1)1.73
(0.79)

0.27
(0.47)

1.36
(0.92)

1.36 (0.92)2.36
(0.67)

1.82
(0.75)

0.91
(0.83)

1.82 (0.98)PA 4. Player does not move a suitable
card from the build stack to the suit
stack.

0.82
(1.08)

2.09
(0.94)

0.18 (0.4)1.73
(0.79)

1.55 (1.04)2.64
(0.67)

1.91 (0.7)1.27 (0.9)2.18 (0.75)PA 5. Player does not move a suitable
card from the talon to the build stack.

0.73
(1.01)

2.18
(0.98)

0.18 (0.4)1.64
(0.92)

1.45 (0.93)2.45
(0.69)

2 (0.77)1.09
(0.94)

2.36 (0.81)PA 6. Player does not move a suitable
card from 1 build stack to another build
stack.

1.09
(1.04)

2.09 (0.7)0.45
(0.69)

1.18
(1.17)

1 (0.77)2.36
(0.92)

2.18 (0.4)0.73
(1.01)

1.27 (1.01)PA 7. Player does not place an ace imme-
diately on an empty suit stack.

1 (0.89)2.09 (0.7)0.36
(0.67)

1.55
(1.13)

1 (0.77)2.27
(0.9)

2 (0.77)0.73 (0.9)1.45 (1.13)PA 8. Player does not place a king on an
empty build stack.

0.45
(0.52)

2.27
(1.01)

0.18 (0.4)1.45
(1.21)

0.82 (0.75)1.64
(1.03)

2.18
(1.17)

1.82
(0.98)

1.45 (1.04)PA 9. Player moves cards without benefit
(eg, moving a jack from 1 queen to an-
other).

0.91
(0.7)

2.09
(1.04)

1 (1)1.45
(1.13)

1 (0.89)1.82
(1.08)

1.73
(1.01)

2.55
(0.69)

2 (0.89)PA 10. Player flips a lot through the pile.

0.45
(0.69)

1.36
(0.81)

0.27
(0.65)

1.82
(1.17)

1 (1)2.18
(0.98)

2.18
(0.98)

2.55
(0.52)

1.73 (1.1)PA 11. Player moves a card onto a card
with the same color.

0.36
(0.5)

1.45
(0.93)

0.45
(0.69)

2.09
(0.94)

1.09 (1.04)1.91
(0.94)

2.27 (0.9)2 (1)1.18 (1.08)PA 12. Player moves a card to another
card with the wrong number (eg, placing
a 5 on a 10).

0.45
(0.69)

0.45
(0.82)

2.27
(0.79)

0.82
(0.75)

2.27 (0.9)0.64
(0.81)

0.27
(0.47)

0.73
(0.79)

0.45 (0.69)PA 13. Player selects the cards with a
very bad precision (taps on edge of card
or next to the card).

0.73
(0.9)

0.91
(1.04)

1.55
(1.29)

0.45
(0.52)

0.73 (0.9)0.82
(0.87)

0.27
(0.47)

2.27
(1.01)

0.73 (0.79)PA 14. Player starts tapping on the
playfield with no apparent target (with
short intervals, fidget tapping).

1.27
(1.1)

2.27
(1.01)

0.73
(1.01)

0.64
(0.67)

0.64 (0.67)1.36
(1.12)

1.73 (1.1)2.45
(0.69)

1.82 (0.6)PA 15. Player presses the undo button a
lot.

1.18
(0.75)

2.27
(1.01)

0.45
(0.69)

1 (0.77)0.64 (0.81)1.45
(0.93)

2 (1)1.73
(1.01)

1.91 (1.04)PA 16. Player requests a lot of hints.

2.91
(0.3)

2.64 (0.5)0.91
(0.83)

1.18
(0.98)

1.09 (0.83)1.64
(1.21)

2.18
(0.75)

1 (1.34)2.18 (1.25)PA 17. Player takes a very long time to
finish games.

1.55
(1.04)

2.27 (0.9)0.91
(0.94)

1.36
(0.92)

1.45 (0.93)1.91
(1.04)

2.36
(1.03)

2 (1)2.18 (0.98)PA 18. Player does not have a high score
in the game.

1.64
(0.81)

2.82 (0.4)1 (0.89)1.18
(0.87)

1.36 (0.92)2 (1)2.64 (0.5)1.82
(1.08)

2.36 (0.67)PA 19. Player does not win a lot of
games (low win ratio).

1.82
(1.08)

2.18
(1.08)

0.64
(0.92)

0.73 (0.9)0.73 (0.9)2.36
(1.12)

2.27
(0.79)

1.64
(1.12)

2.27 (1.1)PA 20. Player’s scores in different games
vary greatly.

1.64
(1.03)

2.64
(0.81)

0.82
(0.87)

1.09
(0.94)

1.18 (0.87)2.18
(0.87)

2.64
(0.67)

1.91
(0.94)

2.36 (0.67)PA 21. Player’s win ratio decreases
rapidly as the game’s level of difficulty
increases.
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aPA: player action.
bValues scoring moderately strong are in italics.

Step 2: Defining Cognitive Functions
A set of cognitive functions was drafted in 5 phases (Figure 2).
A first draft was prepared (phase 1), beginning with the
cognitive functions measured using the screening tests used
most often for MCI [36,37,82]. In phase 2, during a trial with
a psychologist, we replaced abstraction with object recognition
to more clearly indicate the problems with finding suitable cards,
based on key articles on cognitive aging and cognition [83-87].
Next (phase 3), to better delineate attention, it was specified as
selective attention. In phase 4, a pilot study was conducted with

an expert on memory and age-related disorders (with 23 years
of clinical and research experience). On the basis of this pilot
testing, it was decided to split executive functioning into
inhibitory control, cognitive planning, and mental flexibility.
Memory was further specified as working memory and lack of
motor skills as apraxia. In the final iteration, cognitive functions
ostensibly not present in Klondike Solitaire, that is, orientation
in time and space, as well as language, were removed to reduce
the rating complexity. This resulted in a set of 9 cognitive
functions (Figure 2, phase 5).

Figure 2. The 5 phases through which the cognitive functions were defined. CDR: Clinical Dementia Rating, MoCA: Montreal Cognitive Assessment,
MMSE: Mini-Mental State Examination.

Protocol for Rating Functions and Actions

Overview
In the next step, the experts were asked to rate the extent to
which each PA was related to a specific cognitive function.

These experts were recruited from 2 leading memory clinics in
Belgium using a snowball sampling method. Of the 11 experts,
3 (27%) held Doctor of Medicine degrees and were experienced
in treating cognitive decline, whereas the other 8 (73%) were
neuropsychologists; 7 (64%) were women; and 4 (36%) were
men. The average age of the experts was 45 (SD 13.3) years,
and their average working experience was 20 (SD 14) years. In
all, 3 coauthors of this paper (LVA, PD, and FFB) also

participated as experts. None of the experts were compensated
for participating in the study.

Before they began the rating process, the experts received a
standardized introduction comprising a video that explained all
concepts of the game [88], a video that visualized all 21 PAs
[89], and a document that provided explanatory notes for all 9
cognitive functions. The aim of providing this introduction was
to prevent confusion regarding game terminology, interpretation
of PAs, and cognitive functions. The introduction also included
a delineation of the target group to persons living with
multiple-domain aMCI. The experts could revisit the videos
and document at any time.
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Next, each expert received a coding sheet in which they could
map the 21 PAs to the 9 cognitive functions. Each cell had to
be filled in according to the following 4-point scale:

0: This cognitive function has no significant correlation to the
PA. 1: This cognitive function correlates weakly to the PA. 2:
This cognitive function correlates moderately to the PA. 3: This
cognitive function correlates strongly to the PA.

Finally, they were also given the choice to explain their train
of thought in an optional clarification column.

Expert Agreement on PAs and Cognitive Functions
The intraclass correlation (ICC) for each PA as variables of
interest with cognitive functions was computed. In addition, we
computed ICCs for each of the cognitive functions as variables
of interest, with all PAs considered as observations [90]. All
calculations were executed using SPSS software (version 23.0;
IBM Corp) [91]. The ICC was calculated to verify the rater
agreement [92] on PAs and cognitive functions based on a
2-way, random, fully crossed design with type consistency [93].
According to the criteria described in the study by Koo et al
[94], ICCs below 0.5 are indicative of low reliability, ICCs
between 0.5 and 0.75 are indicative of moderate reliability,
ICCs between 0.75 and 0.9 are indicative of good reliability,
and ICCs above 0.9 are indicative of excellent reliability.

We found that the ICCs for all PAs scored higher than 0.75,
suggesting good to excellent reliability according to the study
by Koo et al [94]. With the exception of 4 cognitive functions
(ie, mental flexibility, visuospatial ability, object recognition,
and apraxia with scores of 0.68, 0.42, 0.66, and 0.71,
respectively), the ICCs of the cognitive functions scored higher
than 0.75, suggesting good to excellent reliability.

Cognitive Functions Present in Klondike Solitaire
An overview of the associations between individual PAs and
cognitive functions, according to the expert mapping, is
presented in Table 1. In addition, an overview of all ICCs with

95% CIs is presented in Multimedia Appendix 1. Each PA was
related by the experts to one or more cognitive functions with
an average association above two, which indicated a moderate
to strong relationship with the cognitive functions. Similarly,
each cognitive function was associated with at least one PA,
with an average association of more than two.

Step 3: Defining Candidate Digital Biomarkers
These PAs were captured through the game as potential digital
biomarkers, that is, measurable factors of the game, such as
score, duration of the game, and detailed moves. These candidate
digital biomarkers were enriched with additional information
about the game. This contextualization is important to ensure
an unambiguous interpretation of the cognitive information
derived from the gameplay. For example, whereas a game played
with many moves on the pile may indicate that a player
progressed in the game, it may indicate equally that the player
did not realize that they were stuck. By calculating the
percentage of pile moves by dividing the number of pile moves
by the total number of moves, a more informative metric can
be obtained. In this manner, 23 potential digital biomarkers
were defined that we further classified into 1 of 6 categories:
time-based, performance-based, error-based, execution-based,
auxiliary-based, and result-based. Time-based digital biomarkers
are biomarkers related to the speed of PAs. Performance-based
digital biomarkers are biomarkers related to optimal gameplay
(ie, if the game was played according to strategies that ensure
optimal performance). Error-based digital biomarkers relate to
making incorrect moves according to the rules of Klondike
Solitaire. Auxiliary-based digital biomarkers are interactions
that are not part of the core gameplay (ie, requesting undo moves
and hints). Execution-based digital biomarkers relate to the
accuracy in moving cards and the presence of accidental taps.
Finally, result-based digital biomarkers are biomarkers that
evaluate the final outcome of the game (eg, how far did the
participant get in the game). An overview of all digital
biomarkers and their contextualizations is presented in Table
2.
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Table 2. Digital biomarkers related to the player actions in Klondike Solitairea.

ValueContextualizationDescriptionDigital biomarkerRelated PAb

Time-based

Number (ms)Average (SD)Time spent thinking of a move.
Defined as the time necessary to
find and touch a suitable card

Think timePA 1

Number (ms)Average (SD)Time spent moving cards. Defined
as the time necessary to move a
suitable card to the destination

Move timePA 2

Number (ms)Average (SD)Total time to make a move. De-
fined as the combination of think
time and move time

Total timePA 1, PA 2

Performance-based

BooleanNoneWhether there were still moves
possible when quitting a game

Final β errorPA 3

0%-100%PercentageNumber of pile moves made with
moves remaining on the board di-

β errorPA 3, PA 4, PA 5, PA 6

vided by the total number of pile
moves

0%-100%PercentageNumber of missed opportunities
to place an ace on the suit stacks

Ace β errorPA 7

divided by the total number of
game moves

0%-100%PercentageNumber of missed opportunities
to place a king on an empty spot

King β errorPA 8

divided by the total number of
game moves

0%-100%PercentageNumber of pile moves divided by
the total number of board moves

Pile movePA 10

Error-based

0%-100%PercentageNumber of successful moves divid-
ed by the total number of board
moves

Successful movePA 11, PA 12

0%-100%PercentageNumber of erroneous moves divid-
ed by the total number of board
moves

Erroneous movePA 11, PA 12

Execution-based

0%-100%Average (SD)Accurateness of selecting a card,
defined by how close to the center
a card was touched

AccuracyPA 13

NumberNoneNumber of actuations on nonuser
interface elements

TapsPA 14

Auxiliary-based

0%-100%PercentageNumber of undo moves requested.Undo movePA 15

0%-100%PercentageNumber of hints requestedHint movePA 16

Result-based

Number (ms)NoneTotal time spent playing a gameGame timePA 17

NumberNoneFinal score of a gameScorePA 18

BooleanNoneWhether the game was completed.
Indicator of how successfully the
game was played

SolvedPA 19
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ValueContextualizationDescriptionDigital biomarkerRelated PAb

NumberAverage (SD)Number of cards selected for each
move. An additional indicator of
how successfully the game was
played; as games of Klondike
Solitaire progress, longer stacks of
cards are moved

Cards movedPA 19

aPlayer actions (PAs) 20 and 21 were not captured because the single-point-in-time setup would not allow a comparison of scores and win ratios with
ranging difficulty over time. In addition, PA 9 was not tested because the current software would not allow for detection of these moves.
bPA: player action.

Evaluating Digital Biomarkers
The aim of this second study is to explore the potential of these
candidate digital biomarkers of cognitive performance. Relying
on 46 participants, we captured data and performed a GLMM
analysis to examine the differences between healthy participants
and those diagnosed with MCI.

Participants
In total, 46 participants—23 (50%) healthy participants and 23
(50%) with MCI—were enrolled. The older adults with MCI
were recruited by 2 leading memory clinics in Belgium. Healthy
participants were recruited from multiple senior citizen
organizations, using a snowball sampling method. All healthy
participants were aged 65 years or older, were fluent in written
and verbal Dutch, had 20/20 (corrected) vision, no motor
impairments, and lived independently or semi-independently
at home, in a service flat, or at a care home. The exclusion
criteria for healthy participants were subjective-memory
concerns expressed by the participant, caretaker, or clinician.

In addition, they were screened using the MMSE, MoCA, and
CDR Scale. To minimize the risk of including potential
individuals with MCI among the healthy participants, cutoff
scores of 27 on the MMSE, 26 on the MoCA, and 0 on the CDR
Scale were enforced. The participants living with MCI had been
formally diagnosed with multiple-domain aMCI by 1 of the 2
collaborating memory clinics, based on the diagnostic criteria
described in the study by Petersen [95]. Participants with MCI
were excluded if they scored lower than 23 on the MMSE to
avoid including participants who could be on the borderline
between the diagnosis of MCI and dementia. All recruited
participants had prior experience with Klondike Solitaire. This
familiarity with the rules was imperative because participants
with MCI may have problems with memorizing and recalling
new game rules because of short-term memory issues. Moreover,
the rationale underlying this study is that it is imperative to draw
from games already played and enjoyed by participants and
where the rules are crystallized in their memory. Demographic
and basic neuropsychological data of both groups are presented
in Table 3.
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Table 3. Demographic and neuropsychological data (N=46).

Participants diagnosed with

MCIa (n=23)

Healthy participants (n=23)

80 (5.2)70 (5.4)Age (years), mean (SD)

Education (ISCEDb level) [96], n (%)

4 (17)5 (22)Levels 1-2

13 (57)7 (30)Levels 3-4

6 (26)11 (48)Levels 5-6

Sex, n (%)

13 (57)11 (47)Female

10 (43)12 (53)Male

Tablet proficiency, n (%)

3 (13)12 (52)Daily

2 (9)2 (9)Weekly

2 (9)0 (0)Monthly

1 (4)2 (9)Yearly or less

15 (65)7 (30)Never

Klondike Solitaire proficiency, n (%)

7 (30)3 (13)Daily

8 (35)6 (26)Weekly

2 (9)3 (13)Monthly

6 (26)11 (47)Yearly or less

0 (0)0 (0)Never

26.17 (1.75)29.61 (0.65)MMSEc score, mean (SD)

N/Ae28.09 (1.28)MoCAd score, mean (SD)

N/A0 (0)CDRf Scale score, mean (SD)

aMCI: mild cognitive impairment.
bISCED: International Standard Classification of Education.
cMMSE: Mini-Mental State Examination.
dMoCA: Montreal Cognitive Assessment.
eN/A: not applicable.
fCDR: Clinical Dementia Rating.

Data Collection Tools
All game sessions were completed on a Lenovo Tab3 10
Business tablet (Lenovo Group Ltd) running Android 6.0
(Google LLC). A Solitaire app created by Bielefeld [97] under
the Lesser General Public License 3 was modified to capture
and store game metrics that served as building blocks for the
digital biomarkers of cognitive performance.

Data Collection Procedure
Each observation was made between 9 AM and 5 PM in the
home environment of the participant to ensure a familiar and
comfortable environment. Each observation took between 2 and
3 hours and consisted of 2 main parts:
1. a game session where game-based digital biomarkers of

Klondike Solitaire were collected on a tablet and

2. a neuropsychological examination where cognitive
information was collected.

Each game session started with a standardized 5-minute
introduction during which the tablet, the game mechanics, and
possible touch interactions were explained. This was followed
by a practice game, identical for all participants, where questions
to the researcher were allowed and the participant could get
used to the touch controls. Data from this practice game were
not used for analysis. After this practice game, each participant
played 3 games in succession. The order and games were
identical across all participants. All games were purposefully
chosen through prior playtesting, in that they were solvable and
varied in difficulty level. During these 3 games, no questions
were allowed, and gameplay continued until the participants
either finished the game or indicated that they deemed further
progress impossible. All game sessions and cognitive

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e18359 | p.358https://games.jmir.org/2021/4/e18359
(page number not for citation purposes)

Gielis et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


evaluations were conducted by the same researcher to avoid
differences arising from researcher bias.

Ethical Statement
This study is in accordance with the declaration of Helsinki and
General Data Protection Regulation compliant. Ethical approval
was provided by the ethics committee of UZ/KU Leuven,
Belgium (CTC S59650). Because of the fragile nature of our
participants’ health, utmost care was taken when providing
information to them about the game sessions. The tests were
conducted only after we received written informed consent.

Statistical Analysis
To assess the difference between the healthy participants and
those diagnosed with MCI, a GLMM analysis was performed
using R software (The R Foundation for Statistical Computing)
[98] with the lme4 library [99]. Concerning the design of our
GLMM, the fixed effects consisted of MCI, age, tablet
proficiency, and Klondike Solitaire proficiency. The random
effects were modeled as random intercepts for game seed and
participant. In addition, by-participant random slopes for the
effect of MCI were modeled.

Continuous digital biomarkers (eg, think time average) were
modeled using a GLMM with the identity link function. Binary
outcomes (eg, solved or not solved) were modeled using a
GLMM with the logit link function. The significance of the
effect of MCI was determined using the likelihood ratio test,
which compares the model with a model without the effect of
MCI, both estimated without restricted maximum likelihood
[100,101]. Assumptions of homoscedasticity and normality
were visually inspected using residual plots. To provide
supplemental information on the fit of the models, the marginal
R² and the conditional R² were given as specified in the study
by Nakagawa and Schielzeth [102]. Given the exploratory nature
of this study, we did not correct for family-wise inflation error
[103].

Results

Overview
The results of the GLMM analysis on the effect of MCI are
presented below. A visualization of digital biomarker
performance for all groups across all games is presented in
Figures 3-8. A summary is presented in Table 4.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e18359 | p.359https://games.jmir.org/2021/4/e18359
(page number not for citation purposes)

Gielis et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 3. Performance on time-based digital biomarkers for both groups. MCI: mild cognitive impairment.
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Table 4. Generalized linear mixed model analysis results for each digital biomarker.

Value, R²m (R²c)P value (χ2)Value, β (SD)Value, constant (SD)Digital biomarker

Time-based

0.416 (0.904).0061119.947 (405.815)–1371.778 (1415.444)Think time average

0.211 (0.655).021112.533 (490.53)–814.527 (1720.073)Think time SD

0.257 (0.579).1156 (95.547)–508.575 (373.89)Move time average

0.137 (0.419).1323.599 (202.032)–856.605 (847.852)Move time SD

0.318 (0.870).021278.263 (573.839)–912.419 (2149.177)Total time average

0.176 (0.715).041315.598 (673.665)206.569 (2676.062)Total time SD

Performance-based

0.096 (0.068).650.435 (0.922)–7.233 (4.131)Final β error

0.089 (0.371).366.108 (6.879)–7.203 (33.849)β error percentage

0.023 (0.209).730.051 (0.137)–0.132 (0.629)Ace β error percentage

0.028 (0.230).480.907 (1.323)–3.682 (5.918)King β error percentage

0.097 (0.513).00613.333 (4.88)71.759 (24.052)Pile move percentage

Error-based

0.104 (0.795).02–8.913 (3.595)87.486 (9.443)Successful move percent-
age

0.081 (0.466).033.624 (1.651)9.486 (6.529)Erroneous move percent-
age

Execution-based

0.246 (0.805).04–3.817 (1.903)92.134 (9.167)Accuracy average

0.056 (0.196).850.137 (0.772)4.519 (3.746)Accuracy SD

0.098 (0.500).055.334 (2.762)–5.113 (10.704)Taps

Auxiliary-based

0.008 (0.151).490.135 (0.205)0.228 (0.955)Undo move percentage

0.046 (0.491).12–0.311 (0.204)–0.58 (0.87)Hint move percentage

Result-based

0.198 (0.690).0893211.27 (53699.25)–167427.7 (187325.5)Gametime

0.105 (0.612).009–744.433 (286.576)29.03 (1389.752)Score

0.186 (0.152).008–2.63 (1.007)–2.954 (4.578)Solved

0.061 (0.093).03–0.119 (0.054)1.111 (0.262)Cards moved average

0.072 (0.152).009–0.38 (0.147)0.135 (0.705)Cards moved SD

Time-Based Digital Biomarkers
For time-based digital biomarkers (Figure 3), MCI significantly

affected think time average (χ2
1=7.7; P=.006), increasing it by

1119.947 ms (SD 405.81). Equally significantly, MCI affected

think time SD (χ2
1=5.1; P=.02), increasing it by 1112.533 ms

(SD 490.53). However, MCI did not significantly affect move

time average (χ2
1=2.7; P=.10) or move time SD (χ2

1=2.6;

P=.10). MCI significantly affected total time average (χ2
1=5.2;

P=.02), increasing it by 1278.263 ms (SD 573.84), and total

time SD (χ2
1=4.1; P=.04), increasing it by 1315.598 ms (SD

673.67).

Performance-Based Digital Biomarkers
For performance-based digital biomarkers (Figure 4), MCI did

not significantly affect final β error percentage (χ2
1=0.2; P=.65).

Equally, MCI did not significantly affect β error percentage

(χ2
1=0.8; P=.36), ace β error percentage (χ2

1=0.1; P=.73), or

king β error percentage (χ2
1=0.5; P=.48). MCI significantly

affected pile move percentage (χ2
1=7.5; P=.006), increasing it

by 13.333% (4.88).
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Figure 4. Performance on performance-based digital biomarkers for both groups. MCI: mild cognitive impairment.

Error-Based Digital Biomarkers
For error-based digital biomarkers (Figure 5), MCI significantly

affected successful move percentage, (χ2
1=5.9; P=.02), lowering

it by 8.913% (SD 3.6). MCI also significantly affected erroneous

move percentage, (χ2
1=4.8; P=.03), increasing it by 3.624%

(SD 1.65).
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Figure 5. Performance on error-based digital biomarkers for both groups. MCI: mild cognitive impairment.

Execution-Based Digital Biomarkers
For execution-based digital biomarkers (Figure 6), MCI

significantly affected accuracy average (χ2
1=4.1; P=.04),

lowering it by 3.817% (SD 1.9). MCI did not significantly affect

accuracy SD (χ2
1=0.04; P=.85) or taps (χ2

1=3.8; P=.05).

Figure 6. Performance on execution-based digital biomarkers for both groups. MCI: mild cognitive impairment.

Result-Based Digital Biomarkers
For result-based digital biomarkers (Figure 7), MCI did not

significantly affect gametime (χ2
1=3.1; P=.08). MCI

significantly affected solved (χ2
1=6.9; P=.008), lowering it by

2.63 (SD 1.01). MCI also significantly affected cards moved

average (χ2
1=4.9; P=.03), lowering it by 0.119 cards (SD 0.05),
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and cards moved SD (χ2
1=6.7; P=.009), lowering it by 0.38 cards (SD 0.15).

Figure 7. Performance on result-based digital biomarkers for both groups. MCI: mild cognitive impairment.

Auxiliary-Based Digital Biomarkers
With regard to auxiliary-based digital biomarkers (Figure 8),
none of these candidate biomarkers reached significance: undo

move percentage (χ2
1=0.4; P=.49) and hint move percentage

(χ2
1=2.4; P=.12).
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Figure 8. Performance on auxiliary-based digital biomarkers for both groups. MCI: mild cognitive impairment.

Discussion

Overview
MCI is a neurological disorder that is linked to an increased
risk of developing dementia. As such, early detection of
cognitive deterioration is essential for timely diagnosis and for
allowing tailored care and treatment. Collecting digital
biomarkers through COTS games may help by providing
cognitive information through behavior traces of activities
already integrated into the daily life of older adults. In this study,
we investigated in particular whether Klondike Solitaire game
sessions could yield digital biomarkers. In the paragraphs below,
we discuss our findings and reflect on the different potential
digital biomarkers, their relationship with cognitive functions,
and the ethical implications of their use for cognitive assessment
purposes.

Dissecting Digital Biomarkers
Of the 23 candidate digital biomarkers, 12 (52%) differed
significantly between older adults with MCI and a healthy
control group. This supports the use of digital card games for
monitoring cognitive performance and possibly detecting
differences in cognitive performance caused by MCI.

Although the overall findings are promising, not all candidate
biomarkers performed equally. In the case of time-based digital
biomarkers, the biomarkers related to coming up with a
move—think time average and think time SD—were
significantly affected by MCI. In contrast, the biomarkers related
to the actual physical movement of cards—move time average
and move time SD—were not significantly affected. Total time
average (P=.02), which consists of move time as well as think
time, was significantly affected; yet, it was less significant than
think time average (P=.006). These results indicate that
segmenting in-game actions can be beneficial because they can
more accurately isolate cognitive functions such as praxis and
cognitive planning.

In the case of performance-based digital biomarkers, in contrast
with expectations, none of the biomarkers related to β errors
were proven to differ significantly. Upon rewatching gameplay,
it became clear that there were two different types of β errors:

strategic and unintentional. However, because of the current
configuration of the app, it was impossible to discriminate
between the two types. This is discussed further in the
Limitations section. In contrast, pile move percentage was
proven to differ significantly. This may indicate that older adults
with MCI may not recognize the same cards being returned as
quickly as their healthy counterparts.

Equally, the results indicated that participants with MCI made
more mistakes because both error-based digital biomarkers (ie,
successful move percentage and erroneous move percentage)
were significant. In contrast, none of the auxiliary-based digital
biomarkers differed significantly. Upon inspecting the data, it
was noted that neither group consistently used these
functionalities, which may have contributed to the lack of
significance.

Finally, of the 5 digital biomarkers in the result-based category,
4 (80%) were significant, 3 (60%) with P<.01 (ie, score, solved,
and cards moved SD). The outcome of these measures is the
result of a series of consequent moves, each of them being
potentially crucial to complete the game. For example, a lapse
in attention or executive functioning can cause important moves
to be overlooked, in turn making the game unsolvable. Although
overall gametime was not significant, this can be explained by
the fact that time spent in the game by itself does not indicate
a lesser performance. Time-based digital biomarkers, which are
equally measures of time but contextualized with the number
of moves made, show more significant results (ie, think time
average, think time SD, total time average, and total time SD),
stressing the importance of contextualization.

In sum, our findings are in accordance with those of the study
by Jimison et al [8], which used FreeCell, a Solitaire variant,
to compare cognitive performance between a group of people
living with MCI and a healthy control group. Using card
gameplay, we can discern older adults with MCI from a healthy
control group. Moreover, the results gathered from this study
are in line with those of previous studies by Bankiqued et al
[60] and Ángeles Quiroga et al [104]. The study by Bankiqued
et al [60] found that casual games that tap working memory and
reasoning can be robustly related to performance on working
memory and fluid intelligence. Similar research on commercial
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video games by Ángeles Quiroga et al [104] found a strong
relationship between performance in video games and general
intelligence test performance. Our results confirm these findings
at a finer granularity and show that when scrutinizing PAs,
time-based, error-based, and result-based biomarkers yield
promise in particular.

Future Work
In this study, the participants with MCI were diagnosed with
multiple-domain aMCI based on the diagnostic criteria described
in the study by Petersen [95]. As MCI is a multidimensional
clinical entity, it would be interesting to explore whether
Klondike Solitaire game sessions are suitable for monitoring
the cognitive status of participants with non-aMCI as well. The
focus on executive functioning can be useful for identifying
both MCI subtypes because it has been shown that both have a
similar decrease in executive functioning [105]. Although we
acknowledge that the evaluation of other cognitive functions
such as anterograde memory, retrograde memory, orientation,
and language is paramount to obtain a complete overview of
the patient’s cognitive profile, these cognitive functions were
not identified by the experts and were thus not included in our
analysis.

Reflections on the Use of COTS Games to Assess
Cognitive Performance
COTS games also have their limitations. First,
neuropsychological assessments are typically designed to assess
a broad yet targeted spectrum of cognitive functions. Moreover,
different tests are devised to measure 1 cognitive function in
particular. COTS games, and more particularly digital card
games, were found to be more limited in terms of the cognitive
functions that they can specifically assess. When using COTS
games, it may be hard to separate the evaluations of specific
cognitive functions. In this study, experts judged every single
PA to be moderately to strongly related to at least one cognitive
function.

Second, using COTS games as an instrument to measure
cognitive performance and possibly flag MCI necessitates ethical
reflection. We envisioned that COTS games would be used only
in accordance with the informed consent of the patient, with
the positive aspiration that this could aid in the longitudinal
monitoring of cognitive deterioration, more accurately
measuring cognitive performance and variance. This project
grew out of an ambition to escape the limitations of serious
games and provide meaningful play to older adults. Nonetheless,
we have to acknowledge that we may have transformed an
activity previously considered enjoyable and innocent into an
instrumental activity that may even trigger a sense of being
under health surveillance [106]. Observational notes taken
during this study did not reveal any verbal remarks of stress
from the participants diagnosed with MCI. However, such
remarks were made by some of the healthy participants because
they felt pressure to outperform the participants living with
MCI. Further research is needed to understand how the
instrumentalization of COTS games affects the playing
experience of patients.

Third, it has to be noted that deriving digital biomarkers from
digital games may not be relevant for all older adults. Not
everyone is an avid gamer, and even avid gamers may have
preferences for different game genres. In addition, these
preferences might change over time [14]. Although digital card
games such as Klondike Solitaire are in general a popular
pastime for the population susceptible to MCI [61,71,107-109],
they might not be so for the coming generations. Therefore, it
is important to identify other accessible games suitable for
cognitive monitoring with a broad appeal.

Finally, the interaction between health care professional and
patient, often stimulating and motivating in and of itself, is
crucial for full assessment. Hence, we argue that COTS games
for screening and monitoring of MCI should not be used as a
replacement for current neuropsychological examination but
rather as a source of additional information.

Limitations

Fine-Tuning β Errors
In contrast with expectations, β error–related digital biomarkers
proved to be insignificant. Upon inspecting the games of both
groups, it became clear that there are two types of β errors: build
stack β errors and suit stack β errors. The former represents
missed moves among the build stacks. These errors were rarely
made on purpose and occurred fewer times in the healthy
participants’ group, based on observation. In contrast, the latter
represent missed moves between build stacks and suit stacks.
We observed that this latter category was used strategically to
prevent the inability to place future cards. Our observations
suggest that these occurred more often in the healthy
participants’ group. However, because of the current
configuration of the app, it was impossible to discriminate
between these two types of β errors. Hence, this points to the
importance of further contextualization and refinement of the
measurement of β errors, and biomarkers in general, which
should be addressed in future work.

Limited Sample Size
An a priori power analysis [110] estimated an adequate sample
size to be between 32 and 88 participants (assuming comparable
effect sizes as cognitive screening instruments to detect MCI
[111]). Because of the strict inclusion criteria, only 46
participants were eligible. Although this strict protocol was
designed with data quality in mind, the sample size may have
affected the effects estimated in this study. It could be that our
study was underpowered, leading to some digital biomarkers
to be wrongly found insignificant. Future studies should
therefore critically inspect the different digital biomarkers and
the results obtained.

In addition, because of the average age difference between the
2 groups, we chose a GLMM for our statistical analysis because
it can factor in confounding effects. A side exploration included
using trained machine learning models on the same data set to
predict age instead of MCI. These models were found to be less
performant than the ones modeling MCI, underscoring that the
effect of MCI was greater than the effect of age in our data set.
Nevertheless, it is a limitation that we have to acknowledge and
take into account while interpreting the results.
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Conclusions
This study provides insight into the cognitive functions
addressed while playing digital card games and assesses the
potential of digital card game sessions for screening for MCI.
To this end, 11 experts in neuropsychology or geriatrics mapped
the associations of PAs in Klondike Solitaire with cognitive
functions. On the basis of this exercise, which showed that the
experts agreed that PAs were related to cognitive functions, 23
potential digital biomarkers of cognitive performance were

crafted. A GLMM analysis, taking the effects of age, tablet
experience, and Klondike Solitaire experience into account,
compared digital biomarker performance between a group
consisting of people living with MCI and a healthy control
group. We found that of the 23 digital biomarkers, 12 (52%)
had a significant and sizeable effect, despite the strict inclusion
criteria and natural variations in human cognition. These
exploratory results support the notion of detecting MCI through
Klondike Solitaire game sessions.
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Abstract

Background: In neuropsychology, fully immersive virtual reality (VR) has been spotlighted as a promising tool. It is considered
that VR not only overcomes the existing limitation of neuropsychological tests but is also appropriate for treating executive
functions (EFs) within activities of daily living (ADL) due to its high ecological validity. While fully immersive VR offers new
possibilities of neuropsychological tests, there are few studies that overview the intellectual landscape and academic trends in
the research related to mainly targeted EFs with fully immersive VR.

Objective: The objective of this study is to get an overview of the research trends that use VR in neuropsychological tests and
to analyze the research trends using fully immersive VR neuropsychological tests with experimental articles.

Methods: This review was carried out according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Articles were searched in three web databases using keywords related to VR, EFs, and cognitive abilities.
The study was conducted in two steps, keyword analysis and in-depth systematic review. In the web database search from 2000
to 2019, 1167 articles were initially collected, of which 234 articles in the eligibility phase were used to conduct keyword analysis
and a total of 47 articles were included for systematic review.

Results: In keyword analysis, the number of articles focused on dementia including the keywords “MCI,” “SCD,” and “dementia”
were highlighted over the period, rather than other symptoms. In addition, we identified that the use of behavioral and physiological
data in virtual environments (VEs) has dramatically increased in recent studies. In the systematic review, we focused on the
purpose of study, assessment, treatment, and validation of usability and structure. We found that treatment studies and uncategorized
studies including presence and cybersickness issues have emerged in the recent period. In addition, the target symptoms and
range of participants were diversified.

Conclusions: There has been a continuously increasing interest in dealing with neuropsychology by using fully immersive VR.
Target cognitive abilities have been diversified, as well as target symptoms. Moreover, the concept of embodied cognition was
transplanted in this research area.

(JMIR Serious Games 2021;9(4):e30249)   doi:10.2196/30249
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Introduction

Virtual reality (VR) is a state-of-the-art technology at present.
With this technology, we can create realistic worlds from the
real world and generate artificial experiences in real time [1].
For the past decade, technological progress has enabled VR to
become more popular through decreasing costs and increasing
convenience.

With regard to defining mixed reality, Milgram and Kishino
[2] suggested the concept of the reality-virtuality continuum. It
is powerful to overview the dimension of reality. Considering
the scope of our research, we partly adopted their perspective
and focused on “immersion” to classify VR. Immersion in VR
can be explained as the perception that is created by various
stimuli that provide an absorbing environment so that users
think they are physically in a virtual world [3]. The VR system
can be divided into fully immersive and semi- or non-immersive,
depending on the degree of immersion [4]. Fully immersive VR
provides 3D displays (eg, head-mounted display [HMD]) that
effectively make the user feel they are existing inside the virtual
environment (VE) for the highest level of immersion.
Non-immersive VR is based on a desktop with a flat-screen
monitor with low interaction (eg, personal computer, tablet).
With a large, curved monitor or projector, semi-immersive VR
offers moderate immersion and interaction (eg, Kinect). Thomas
et al [5], who studied the impact of immersion with a virtual
avatar, said that the degree of immersion significantly influences
the virtual body ownership and the feeling of presence. In
addition, an enhanced effect of fully immersive VR on presence
was reported by Waltemate et al [6]. In this study, we define
fully immersive VR as a cover with up to a 360° screen-like
Cave Automatic Virtual Environment (CAVE), dome-shaped
screens, and HMDs [7].

Neuropsychological assessment is one way of examining the
brain by its behavioral product [8]. Neuropsychological tests
are typically used to assess/treat one’s cognitive abilities and
further diagnose mental illness. By using neuropsychological
tests, findable neuropsychological domains are extensive, for
example, attention/concentration, language, visuospatial
abilities, motor coordination, and executive functions (EFs) [9].

There are some popular traditional neuropsychological tests
such as the Stroop test and the trail-making task [10,11]. These
tests are widely accepted in professional society. Nevertheless,
there are a few questionable limitations. One of the most critical
limitations that is commonly pointed out is the lack of ecological
validity. It is difficult to exactly measure the cognitive demands
of real-world activities of daily living (ADL) with existing
traditional neuropsychological tests [12,13].

As mentioned, the progress in VR technology gives rise to the
possibility of applying existing neuropsychological tests in VR
as an advanced model of the tests [9]. Pen-and-paper tests and
computerized tests are widely used in neuropsychology, and
they are composed of a set of predefined stimuli that exist in a

controlled environment [14]. It is still necessary to increase
ecological validity in measuring real-world performance or
cognitive impairment [15-18]. However, VR environments can
provide a realistic experience by multisensory stimulation and
interactive factors as in daily life [19,20], with a strong sense
of presence (“being there”) [21]; the means to test multitasking
ability [22]; the influence of distractors that may not be used in
a real-world laboratory [22]; and a good level of motivation of
participants [23]. By using VR neuropsychological tests, it is
possible to measure and evaluate cognitive abilities and EFs in
a daily-living situation, even the instrumental activities of daily
living (IADL) [24], and also, collecting behavioral data is
enabled. IADL indicate activities using instruments that allow
an individual to improve their quality of life, such as cooking,
cleaning, and managing finance. There are many previous
studies that have reported the specific connection between IADL
and EFs [25-28]. These support that VR neuropsychological
tests are significant, in that the IADL situation can be
experimentally implemented through VR to measure or manage
related cognitive functions. Therefore, VR can be considered
an alternative or complementary innovative neuropsychological
tool [29].

The term “executive function” was first defined by Muriel
Deutsch Lezak in 1982 [30]. She said that “executive functions
comprise those mental capacities necessary for formulating
goals, planning how to achieve them, and carrying out the plans
effectively” and proposed four classes as capacities of (1)
formulating goals, (2) planning, (3) carrying out the plan, (4)
and performing effectively [30]. However, the definition and
functional categories of EFs are prescribed slightly differently
by other researchers. Anderson [31] described EFs as “a
collection of inter-related processes responsible for purposeful,
goal-directed behavior” such as “anticipation, goal selection,
planning, initiation of activity, self-regulation, mental flexibility,
deployment of attention, and utilization of feedback.” Similarly,
Hughes [32] described an EF as “a complex cognitive construct
that encompasses the set of processes that underlie flexible
goal-directed behavior (e.g., planning, inhibitory control,
attentional flexibility and working memory).”

Therefore, there is a common agreement for categorizing three
core EFs in general [33,34]: inhibition, working memory, and
shifting (also called cognitive flexibility). Higher-order EFs,
such as decision making (also called reasoning), problem
solving, and planning, are usually established by extending from
the core EFs [35,36]. Moreover, one of the core EFs, working
memory, can be divided into more detail, such as general
working memory, which holds information in the mind, and
updating, which conducts translating instructions into action
plans and involving new information into thinking or action
plans [37].

In this paper, with advice from experts in neuropsychology
based on the theoretical background, we categorized the EFs
into seven sub-abilities:
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• Inhibition: The ability to control impulsive and automatic
responses and generate responses using attention and
reasoning

• Working memory: The ability to temporarily store and
handle information in order to do complex cognitive tasks

• Shifting: The ability to adapt your thoughts and behaviors
to new, changing, and unexpected situations

• Decision making: The ability to efficiently and thoughtfully
choose an option among different alternatives

• Problem solving: The ability to come to a logical conclusion
when considering an unknown

• Planning: The ability to think about future events and
mentally anticipate the correct way to carry out a task or
reach a specific goal

• Updating: The ability to supervise behavior and ensure that
you are properly carrying out the established plan of action

These days, fully immersive VR has been in the spotlight
because it is considered an innovative tool to exceed the existing
limitations of neuropsychological tests. Consequently,
researchers who are studying in related areas have worked to
improve the quality of VR and optimally apply it to
neuropsychological tests. Many earlier studies have been
conducted in the neuropsychological area with VR technology.
However, there are only few studies that use fully immersive
VR to mainly target EFs.

This systematic review article aims (1) to get an overview of
the research trends using VR (including non-immersive) to
conduct neuropsychological tests targeting EFs from 2000 to
2019 by keyword analysis and (2) to analyze the specific
research trends using fully immersive VR with experimental
articles.

Methods

Registration
This systematic review was conducted using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [38]. In this study, we present a systematic
review to summarize the past studies in the neuropsychological
area with VR. Because there were few studies before 2000, the
range of publishing years was limited from 2000 to 2019. The
earlier studies were also significant and important. However,
we assumed most of the concepts and topics in those studies
could reflect on future studies, since there were a negligible
number of studies that were related to VR and
neuropsychological tests.

Search Strategy
Initial articles were searched in three web databases: Scopus,
Web of Science, and PubMed. These engines are adequate to
cover the wide spectrum of topics in the target area. The articles
were searched in March 2020, and the search query string was
as follows: (“virtual reality” OR “VR” OR “virtual
environment”) AND (“executive function(s)” OR “EF(s)” OR
“cognitive function(s)” OR “cognition”). The publishing years
were limited from 2000 to 2019.

Inclusion Criteria
Journal articles and conference (proceeding) papers written in
English were chosen, and other forms of publication, such as
short reports, chapters of books, and dissertations, were
excluded. To aim more deeply at EFs among the cognitive
abilities, we included articles that were only related to
“executive function” and “virtual reality” were used to see the
effectiveness of neuropsychological tests in VR.

Exclusion Criteria
After duplicates were removed, all studies were checked by
using keywords and abstracts in the screening process. Review
and protocol articles and chapters of books were all excluded.
Moreover, articles not mainly focusing on EFs were excluded.
At the end of the screening process, 234 studies were left.

Evaluation of full-text articles was conducted during the
eligibility process. In this phase, we excluded theoretical articles,
reporting articles, and non-experimental articles. The term
“virtual reality” commonly corresponds not only to articles
about immersive environments but also to articles about
non-immersive environments, such as the use of a flat-screen
monitor, so this study excluded them as not fully immersive
VR articles. A few records where we could not find the full text
were also excluded.

Study Selection
The overall procedure of the study and the number of selected
articles are shown in Figure 1. After searching the web database,
1167 articles were collected (Scopus 868, PubMed 102, and
Web of Science 197). After removing duplicates and outliers,
the remaining articles were used in the next phase. As a result
of the screening phase, 702 articles were excluded by titles,
keywords, and abstract review. With abstracts of 234 papers
(data set 1), keyword analysis was conducted to examine the
research trends. Then, we conducted a full-text review in the
eligibility phase, and 187 papers were excluded based on the
exclusion criteria. Finally, 47 papers (data set 2) were selected
for the descriptive analysis.
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Figure 1. Flowchart of the process of selecting studies. EF, executive function; VR, virtual reality.

Data Analysis
Data analysis was conducted by two sub-analysis methods.

First, a keyword analysis was conducted with data set 1. It was
important to specify keywords for the analysis, so we conducted
keyword extraction with Python NLTK. The Natural Language
Toolkit (NLTK) is a Python package that has been developed
for natural language processing and document analysis. The
NLTK extracted top 200 keywords based on their frequency
from each article’s title, keywords, and abstract. Among the
results of the extraction, we selected significant keywords in
line with the study’s purpose and categorized them according
to measuring targets, names of mental disorders, and behavioral
and physiological measures. Moreover, some keywords were
added from the 47 full-text descriptive analysis.

Second, a descriptive analysis was conducted in detail with data
set 2. The analysis was conducted with almost the same
categories as the keyword analysis, but we also added some
other elements: purpose of article, measuring targets, age of
participants, names of mental disorders, real-time walking, and
environment of VR.

All the analyses were conducted within a certain timescale.
Considering the evolution of yearly publication frequencies,
the time periods were divided into 4 stages of 5-year blocks:
period 1, 2000-2004; period 2, 2005-2009; period 3, 2010-2014;
and period 4, 2015-2019.
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Results

Evolution of the Publication Frequency
In this section, we give an overview of the study of virtual
neuropsychological tests in connection with EFs. There was a
change of pace of the publication frequency from 2000 to 2019,

with an exponential curve, as shown in Figure 2, with 936
articles after removing duplicates and outliers. Studies
maintained a certain level all through the 2000s. The publication
frequency began to increase conspicuously in 2009 and has
rapidly increased in the past 10 years. It expresses the high
interest in VR for dealing with mental disorders.

Figure 2. The evolution of publication frequency.

Keyword Analysis
A keyword analysis was applied to data set 1 that mainly focused
on EFs. For the keyword analysis, we segmented the total period
(2000-2019) into four periods: 2000-2004, 2005-2009,
2010-2014, and 2015-2019. A significant increase in the
publications in Figure 2 was the main rationale to classify the
periods. In the keyword analysis, we examined the trends in
VR applying to neuropsychology.

Target Cognitive Abilities
Cognitive ability includes various information-handling
processes that occur in the human brain [39]. Target EFs brought
from the theoretical background were complemented with
“memory,” “attention,” and “spatial” since these frequently
appeared with keyword extraction. Memory and attention are
wide and basic concepts when assessing cognitive abilities
[39,40]. They had a high proportion through all periods (Figure
3) because they occurred when measuring specific cognitive
abilities together.
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Figure 3. The evolution of cognitive abilities targeted in the 234 screened studies.

In the early 2000s, period 1, all studies tried measuring basic
abilities, memory, and attention, but researchers began to try to
measure other targets, including higher-order EFs. It seems that
the diversification accelerated in line with the popularization
of VR in the late 2000s.

Target Symptoms
Our mental disorder list was formed by the result of keyword
extraction, and we manually added several mental disorders
from the 47 articles we reviewed for full-text descriptive
analysis. There was a transition stage from the late 1990s to the
early 2000s, when traditional pen-and-paper tests turned into
computerized tests [41]. As shown in Figure 4, only a few
studies conducted experimental attempts to apply VR to
neuropsychology. Period 1 was the beginning stage of using
VR technology for neuropsychological assessment, and this
was ongoing through period 2. After that, from the early 2010s,
studies expanded to treat various types of mental disorders.

Until period 3, brain injury (stroke is included in brain injury
in a broad view) was the most common mental disorder in this
research area, maybe due to its high incidence and fatal
long-term consequences [42]. However, in period 4, studies
gradually spread to other brain disorders.

Through period 4, research on the topics mild cognitive
impairment (MCI), subjective cognitive decline (SCD),
dementia, Alzheimer’s disease (AD), attention deficit
hyperactivity disorder (ADHD), and schizophrenia increased.
Among them, MCI, SCD, AD, and dementia are age-related
symptoms that increased from period 3 (36.4%) to period 4
(43.8%). In this article, we view SCD, MCI, AD, and dementia
as one continuous process and call it “age-related cognitive
decline.” In addition, studies on ADHD increased from period
3 (6.1%) to period 4 (11.2%), and studies on schizophrenia
increased from 3.0% to 9.0%. Despite a high prevalence
compared with schizophrenia, autism, ADHD, and depression
remained less investigated.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e30249 | p.378https://games.jmir.org/2021/4/e30249
(page number not for citation purposes)

Kim et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 4. The evolution of symptoms targeted in the 234 screened studies. AD: Alzheimer’s disease; ADHD, attention deficit hyperactivity disorder;
MCI: mild cognitive impairment; SCD: subjective cognitive decline.

Use of Behavioral and Physiological Data
Attempts to obtain a subject’s behavior data continuously
increased from the early 2000s, while attempts to obtain
physiological data rapidly increased in period 4 (Figure 5). In
terms of content, there were attempts to use head tracking, gaze

(eye) tracking, body tracking, hand tracking, and gait (leg)
tracking, as shown in Figure 5. In the graph for physiological
data, there were studies completed in EDA, HRV, NIRS, and
respiration measurement, but EDA was the only attempt before
period 4, and the others were conducted in period 4.

Figure 5. (Left) The use of behavioral data over each period. (Right) The use of physiological data over each period. EDA: electrodermal activity;
HRV: heart rate variability; NIRS: near-infrared spectroscopy.

Descriptive Analysis
The final 47 articles included through PRISMA were
experimental studies that conducted neuropsychological tests
using fully immersive VR. The article set was divided into the

same four periods as the keyword analysis. Studies on fully
immersive VR were encouraged in the early 2010s, and most
of the research was done within the past 5 years (period 4) with
every year. Table 1 represents a summary of the 47 studies.
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Table 1. Summary of the characteristics of the 47 studies.

BEbVEaSubject statusTarget cognitive functionsPurpose of
study

Journal/conferenceStudy

—ClassroomADHDe

Age 6-16 years

Attention

Inhibition
Asc

Val.Sd

PLoS ONEAreces et al
(2018) [43]

—Other(s)Normal only

Age 4-6 years

InhibitionUnfJournal of Applied Developmental
Psychology

Bailey et al
(2019) [44]

OiClassroomADHD

Age 6-10 years

Attention

Inhibition

Working memory

Trg

Val.Uh

TrialsBlume et al
(2017) [45]

—Other(s)Normal only

Mean age 30.14 years

Attention

Decision making

Inhibition

Planning

Shifting

Val.UApplied Neuropsychology: AdultChicchi et al
(2019) [46]

OKitchenNormal only

Age 18-48 years

Attention

Planning

Shifting

UnFrontiers in PsychologyChicchi et al
(2019) [47]

—AquariumNormative study

Age 16-90 years

Attention

Working memory

UnApplied Neuropsychology: AdultCliment et al
(2019) [48]

—ClassroomADHD

Age 6-13 years

Attention

Working memory

TrFrontiers in PsychologyColeman et al
(2019) [49]

—Apartment

Classroom
Stroke, TBIj

Mean age 40.3 years

InhibitionTr

Val.U

NeurorehabilitationDahdah et al
(2017) [50]

—Parking lot

Laboratory

Normal only

Age 19-24, 66-77 years

Planning

Working memory

Motor

Val.S

Val.U

Acta NeuropsychiatricaDavison et al
(2018) [51]

—Other(s)Normal only

Age 18-36 years

Working memoryUnAmerican Journal of PrimatologyDe Lillo et al
(2014) [52]

OA number of VEsTBI

Age 15 years

Inhibition

Planning

Problem solving

Updating

Working memory

Motor

Spatial

TrApplied Neuropsychology: ChildDe Luca et al
(2020) [42]

—ClassroomADHD

Age 6-16 years

Attention

Inhibition

As

Val.U

Child NeuropsychologyDíaz-Orueta et
al (2014) [53]

—ClassroomADHD

Age 6-17 years

Attention

Inhibition

As

Un

Cyberpsychology, Behavior and
Social Networking

Eom et al
(2019) [54]

—MarketEpilepsy

Age 25-47 years

Working memory

Spatial

Val.SJournal of NeuroEngineering and
Rehabilitation

Grewe et al
(2013) [55]

—MarketEpilepsy

Age>18 years

Working memory

Spatial

As

Val.S

Epilepsy and BehaviorGrewe et al
(2014) [56]

—ApartmentNormal only

Age 19-58 years

Attention

Inhibition

Motor

Val.UJournal of Neuroscience MethodsHenry et al
(2012) [57]
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BEbVEaSubject statusTarget cognitive functionsPurpose of
study

Journal/conferenceStudy

—Other(s)Normal only

Age>50 years

Inhibition

Shifting

Working memory

Tr

Un

Cyberpsychology Behavior and
Social Networking

Huang (2020)
[58]

OGoogle Street ViewNormal only

Mean age 73.22 years

Working memory

Spatial

As

Val.S

Journal of Medical Internet Re-
search

Ijaz et al
(2019) [59]

—ClassroomNormative study

Age 6-16 years

Attention

Inhibition

UnJournal of Attention DisorderIriarte et al
(2012) [60]

—MarketStroke

Mean age 55.4 years

Attention

Planning

Working memory

AsCyberpsychology and BehaviorKang et al
(2008) [61]

—ClassroomNormal only

Age 13-17 years

InhibitionVal.UJournal of Neuroscience MethodsLalonde et al
(2013) [29]

OA number of VEsMCIk

Age>65 years

Attention

Inhibition

Planning

Shifting

Working memory

Motor

Tr

Val.U

Frontiers in Aging NeuroscienceLiao et al
(2019) [62]

OMarketNormal only

Young age

Attention

Planning

Shifting

UnCyberpsychology and BehaviorLo Priore et al
(2003) [63]

—MarketNormal only

Age<40 years

Working memoryTr2018 IEEE 6th International Con-
ference on Serious Games and
Appli cations for Health, SeGAH
2018

Mondellini et
al (2018) [64]

—ClassroomADHD

Age 7-13 years

Attention

Inhibition

As

Val.S

Val.U

Child NeuropsychologyNegut et al
(2017) [65]

—ClassroomTBI

Age 8-12 years

Attention

Inhibition

Val.UAnnual Review of CyberTherapy
and Telemedicine

Nolin et al
(2009) [66]

—ClassroomNormal only

Age 7-16 years

Attention

Inhibition

Val.S

Un

Computers in Human BehaviorNolin et al
(2016) [67]

—MarketSCDl

Mean age 67.2 years

Working memoryVal.S

Un

Journal of Neuroscience MethodsOuellet et al
(2018) [68]

OIn a carNormal only

Age 18-28 years

Attention

Inhibition

Val.UJournal of Clinical and Experimen-
tal Neuropsy chology

Parsons et al
(2013) [69]

—ClassroomAutism

Age 18-34 years

InhibitionAs

Val.U

Journal of Autism and Develop-
mental Disorder

Parsons et al
(2016) [70]

—MarketNormal only

Age>17 years

Working memoryAs

Val.S

Journal of Neuroscience MethodsParsons et al
(2017) [71]

OIn a carNormal only

Age 18-28 years

Attention

Inhibition

AsIEEE Transactions on Affective
Computing

Parsons et al
(2018) [72]

—ApartmentNormal only

Age 18-30 years

InhibitionVal.UJournal of Neuroscience MethodsParsons et al
(2018) [73]

—ApartmentNormal only

Older adults and under-
graduate young adults

Attention

Inhibition

AsApplied Neuropsychology: AdultParsons et al
(2019) [74]
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BEbVEaSubject statusTarget cognitive functionsPurpose of
study

Journal/conferenceStudy

—MarketNormal only

Age 19-39, 60-91 years

Decision making

Shifting

Working memory

As

Un

Frontiers in PsychologyPlechatá et al
(2019) [75]

OOther(s)Normal only

Mean age 37.1 years

Attention

Planning

Val.SInternational Conference on Virtu-
al Rehabilitation (ICVR)

Plotnik et al
(2017) [76]

—Laboratory

Tent

Normal only

Age 20-60 years

Attention

Inhibition

Working memory

UnAnnual Review of CyberTherapy
and Teleme dicine

Proulx et al
(2018) [77]

—ClassroomADHD

Age 8-12 years

Attention

Inhibition

AsCyberpsychology and BehaviorRizzo et al
(2000) [78]

OMiddle-east VillageTBI

Mean age 30.3 years

Attention

Motor

AsDisability and Rehabili tation:
Assistive Technology

Robitaille et al
(2017) [79]

—Other(s)ADm

Age>65 years

Working memory

Spatial

AsSensors (Switzerland)Serino et al
(2018) [80]

OApartmentMCI

Age >60 years

Inhibition

Planning

Working memory

Motor

As

Un

International Conference on Virtu-
al Re habilitation, ICVR 2013

Tarnanas et al
(2013) [81]

OApartmentMCI, AD

Age>65 years

Inhibition

Shifting

Updating

As

Val.S

Journal of Medical Internet Re-
search Serious Game

Tarnanas et al
(2013) [82]

OApartmentMCI

Mean age 71.6 years

Inhibition

Shifting

Updating

AsAlzheimer’s and DementiaTarnanas et al
(2014) [83]

—AquariumNormal only

Age 23-51 years

Attention

Inhibition

Val.S

Val.U

26th IEEE Conference on Virtual
Reality and 3D User Interfaces,
VR 2019 – Proceeding

Voinescu et al
(2019) [84]

—Other(s)Stroke

Age 45-85 years

SpatialTr

Val.S

Topics in Stroke RehabilitationYasuda et al
(2017) [85]

OClassroomADHD

Age 7-13 years

Attention

Decision making

Shifting

Working memory

As2012 IEEE-EMBS Conference on
Biomedical Engineering and Scien
ces, IECBES 2012

Yeh et al
(2012) [86]

OMarketDementia

Age 60-90 years

Planning

Working memory

As2012 IEEE-EMBS Conference on
Biomedical Engineering and Scien
ces, IECBES 2012

Yeh et al
(2012) [87]

aVE: virtual environment.
bBE: behavior or ecological measures.
cAs: assessment.
dVal.S: structure validation.
eADHD: attention deficit hyperactivity disorder.
fUn: uncategorized.
gTr: treatment.
hVal.U: usability validation.
iO: includes BE measures.
jTBI: traumatic brain injury.
kMCI: mild cognitive impairment.
lSCD: subjective cognitive decline.
mAD: Alzheimer’s disease.
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Analysis of Purpose of the Studies
This study identified that the purpose of the 47 articles is mainly
clustered into four groups, and some additional purposes also
existed. Thus, in this study, we divided the articles into five
groups: assessment, treatment, usability validation, structure
validation, and, for additional purposes, uncategorized: (1)
assessment: to assess, diagnose, or evaluate a
neuropsychological condition of the subject; (2) treatment: to
treat or rehabilitate the patient; (3) usability validation: to
validate the efficiency of a VR application by comparing it with
an existing traditional neuropsychological test; (4) structure
validation: to attempt to test the construct integrity and
ecological and temporal stability of the VR itself; and (5)
uncategorized: to evaluate presence, cybersickness, aging, and

normative studies. Since there could be multiple purposes in
one article, we checked all articles for all purposes.

As shown in Figure 6, the majority of the studies were conducted
for assessment and validation. The number of validation studies
was nearly steady through all periods. The number of studies
dramatically increased as we moved to period 3. In period 3, 7
studies (41.2%) reported the results of assessing EF(s), 7 studies
(41.2%) tried to validate their VR neuropsychological tests, but
there were no studies for applying a VR test to treatment until
period 4. Treatment studies first appeared in 2017, and the
tendency began to expand. In period 4, 10 (21.7%), 8 (17.4%),
and 18 (39.2%) studies were conducted on assessment,
treatment, and validation, respectively.

Figure 6. The evolution of the objective of the final 47 studies.

Meanwhile, the proportion of uncategorized studies increased
rapidly in period 4. Before period 4, there were just 4 studies,
but 10 studies corresponded to the uncategorized type. Of the
four studies, one was a study for the sense of presence that was
conducted early in VR history, and the others were conducted
in period 3 to obtain information about certain cognitive
functions associated with functional impairment in ADL.
However, the uncategorized studies in period 4 were slightly
different: 7 (70%) of the 10 studies were conducted to evaluate
the sense of presence and cybersickness of users in the VE, and
the remainder were studies on age-specific differences.

Cognitive Abilities and VEs
The VEs used to target EF(s) are shown in Table 2. In addition
to the cognitive abilities selected in the Target Cognitive
Abilities section, we added spatial (navigation, spatial
perception, etc) and motor (psychomotor, motion, movement,
etc) abilities, because these are significant features within fully
immersive VR tests. In general, most articles not only target a
certain cognitive ability but also treat several abilities, so we
allowed for multiple checking.
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Table 2. Frequency of VEsa by EFsb.

Number of papers that studied the
specific cognitive ability (n)

ReferenceVEsCognitive ability

7[50,57,73,74,81-83]ApartmentInhibition (n=27)

12[29,43,45,50,53,54,60,65-67,70,78]Classroom

1[84]Aquarium

1[77]Laboratory

1[77]Tent outdoors

2[69,72]In a car

5[42,44,46,58,62]Othersc

2[51,77]LaboratoryWorking memory (n=21)

1[51]Parking lot

8[55,56,61,64,68,71,75,87]Market

3[45,49,86]Classroom

1[77]Tent outdoors

1[59]Google Street View

1[48]Aquarium

5[42,52,58,62,80]Others

2[82,83]ApartmentShifting (n=9)

2[63,75]Market

1[86]Classroom

1[47]Kitchen

3[46,58,62]Others

1[86]ClassroomDecision making (n=3)

1[75]Market

1[46]Others

1[42]OthersProblem solving (n=1)

1[51]Parking lotPlanning (n=10)

1[51]Laboratory

3[61,63,87]Market

1[81]Apartment

1[47]Kitchen

4[42,46,62,76]Others

2[82,83]ApartmentUpdating (n=3)

1[42]Others
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Number of papers that studied the
specific cognitive ability (n)

ReferenceVEsCognitive ability

11[43,45,49,53,54,60,65-67,78,86]ClassroomAttention (n=24)

2[61,63]Market

2[48,84]Aquarium

2[69,72]In a car

1[47]Kitchen

1[77]Laboratory

1[77]Tent outdoors

1[57]Apartment

1[79]Middle-east village

3[46,62,76]Others

2[55,56]MarketSpatial (n=6)

1[59]Google Street View

3[42,80,85]Others

1[51]Parking lotMotor (n=6)

1[51]Laboratory

2[57,81]Apartment

1[79]Middle-east village

2[42,62]Others

aVE: virtual environment.
bEF: executive function.
cOthers: does not use specific environments, uses multiple environments as a minigame with multiple scenarios, or uses a certain unrealistic environment
that could not be experienced in real life.

Since the study of fully immersive VR began, numerous VEs
have been designed. In the initial stage, until 2012, only
classrooms and supermarkets were studied, classrooms four
times [60,66,78,86] and supermarkets three times [61,63,87],
but VEs began to diversify as research progressed.

Inhibition and attention were targeted the most, as they are
deeply related functionally and conceptually. They were studied
27 and 24 times, respectively. For inhibition and attention,
virtual classroom environments were mostly used, and virtual
apartments were the next most common type of environment.
The next most targeted EF was working memory, which was
studied 21 times. For working memory, various VEs were used,

but markets were the most common, with eight studies. Next,
planning was studied 10 times, shifting was studied 9 times,
spatial and motor were examined 6 times each, and decision
making, updating, and problem solving were studied 3, 2, and
1 times, respectively.

Description of Participants
An overall distribution of the participants’ age is presented in
Figure 7. For age sorting, the United Nations’ age classification
guideline for health, health services, and nutrition was applied
[88]. Some articles that did not perfectly fit the guideline were
checked multiple times according to their range of participants.
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Figure 7. Research based on the age of the participant and symptoms of two age groups, under 14 and over 65 years. AD: Alzheimer’s disease; ADHD:
attention deficit hyperactivity disorder; MCI: mild cognitive impairment; SCD: subjective cognitive decline; TBI: traumatic brain injury.

The age distribution of participants in all the articles was similar
in all periods. The proportion of 15-24-year-olds was the highest,
and the proportion of those 65 years and was the third. In the
under-14 age group, there is just one article that studied
traumatic brain injury (TBI), and the others examined ADHD.
Among those above 65 years, the age-related cognitive decline
corresponded to nearly 80% of all articles. In addition, there
were many studies with only a healthy group.

The Emphasis on Real-Time Walking
The use of a multidirectional treadmill to allow a subject the
possibility of walking by themselves first appeared in period 3.
Research using treadmills usually targeted patients with TBI
and MCI to rehabilitate their gate and motor ability. Entering
period 4, some VR applications began to provide real-time
walking without any equipment. In fully immersive VR,
supermarkets, kitchens, laboratories, and small squares were
used as VEs, but supermarkets corresponded to half of all
environments.

Fully immersive VR provides a sense of reality and of presence
in virtual spaces with a special apparatus, such as an HMD [21].
Furthermore, another merit of fully immersive VR is that it has
a high level of ecological validity by allowing free movement
in a certain space. The real-time walking studies can be
separated into two categories, real-time walking and walking
on a treadmill. In the case of a treadmill, fully immersive
environments are built with a 180°/360° or a dome-shaped

screen [42,76,83]. For real-time walking, VR can function as a
tool allowing ADL.

Discussion

Expansion of Research: From Assessment to Treatment
and From Simple Tasks to ADL
The most noticeable phenomenon is the appearance of treatment
studies in period 4. In the early periods, when VR was first used
in neuropsychological tests, it was only used for assessing
cognitive states. However, high ecological validity,
reproducibility of daily life, and the possibility of measuring
behavior responses that were not available with traditional
neuropsychological tests opened a new venue for cognitive
rehabilitation [42,64,89,90]. Therefore, the research trend
changed from being assessment oriented toward an additional
interest for treatments. The possibility of treatment of cognitive
problems using VR seems to expand continuously. In these
studies, researchers have tried to train or rehabilitate the
participants’ cognitive abilities (mainly inhibition and working
memory) through regular and repetitive VR tasks that consisted
of daily-living scenarios or game-like applications [42,58,62,64].
Some research argues that the biomarker and the degree of brain
activation obtained as kinematic outcomes are indicators of
treatment response [91,92].

From the perspective of changes in validation, it seems that
there are two main streams. The first perspective is about
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transplanting existing traditional tests into VR, such as the
Stroop test [29,50,57,67,69,70,73] and the trail-making task
[76]. This includes most of the usability validation studies in
data set 2. Because the Stroop test is a simple and ocular task,
it has been considered suitable to convert into a VE. In addition,
there is one study that brings the trail-making test into the VE.
Second, an interesting thing is that most of the structure
validation studies were conducted in supermarket environments
based on the multiple-errand test [55,56,68,71]. Supermarket
environments are popular due to their deep relation with daily
living. Researchers have also tried to design various scenarios
that are related to daily living, such as parking simulation [51]
and pathfinding with Google Street View [59]. However,
continuing to adapt parameters or structural properties to suit
VR neuropsychological tests remains a challenge.

The increase in uncategorized studies in period 4 could also be
seen in the same context. Most of the uncategorized studies
examined the sense of presence and cybersickness
[44,47,54,58,63,67,75,77]. These are indeed the two major
problems for wider acceptance of VR for more age groups and
for obtaining more ecological validity. The increase in studies
to solve these problems aims for participants to feel more
comfortable, which could further lead to the development of
daily-living contents and expand the area of treatment.
Therefore, solving these problems seems a key point to improve
fully immersive neuropsychological testing in VR, but there is
still a long way to go.

Diversification of Targeted EFs and VEs
As shown in Figure 3, diversification started in line with the
popularization of VR in the late 2000s, and the research has
grown quantitatively and qualitatively ever since. Initially,
studies mostly targeted low-order EFs, such as inhibition,
attention, and working memory [61,66,78]. However, in recent
years, VR technology has evolved to overcome the problem of
presence and cybersickness. This enabled researchers to
implement higher ecological ADL with various practical
scenarios and VEs. Consequently, it has led to studies that deal
with higher-order EFs, such as decision making, planning, and
problem solving.

Inhibition and attention are functions deeply related to ADHD.
Because most subjects with ADHD are children and youth, it
seems that researchers have actively used classroom and
apartment (more accurately, the living room) environments that
those ages are familiar with [43,45,53,54,65,78]. As the Stroop
test is famous for assessing one’s inhibition, many studies on
inhibition and attention have translated it into VR. Especially,
most studies conducted under virtual apartment environments
have developed their application based on the Stroop test
[50,57,73,74]. Since familiarity with the participants’
daily-living situation induces psychological comfortability,
application can sophisticatedly measure the natural state of
cognitive abilities.

The supermarket environment is most frequently used for
measuring working memory. Planning [61,63,87] and decision
making [75] are also associated with the supermarket
environment. For higher-order EFs, various other environments
and daily-living scenarios have been tried, such as laboratories

[51,77], kitchens [47], and parking simulation [51]. It is
unrealistic to precisely measure one isolated EF due to its
interdependent property. Higher-order EFs should be
comprehensively measured. Only one case measured planning
alone, a study that was the first attempt to apply the trail-making
test to immersive VR [76]. Lastly, studies on spatial and motor
abilities were tried after 2012 using a treadmill or
motion-tracking systems.

Since one of the EFs closely connected to other EFs we defined,
EFs in ADL tend to be treated comprehensively rather than
alone. These deal with specific situations, the emergence of
distractors, and well-organized scenarios that assist the original
task.

Diversification of Target Symptoms and Expansion of
the Age Group
As shown in Figure 4, target symptoms began to diversify after
period 2. Stroke and brain injury accounted for the largest
percentage until period 3, but in period 4, this changed. This
indicates that VR studies on neuropsychology are being
conducted in a wide variety of conditions. The thing to keep an
eye on is the conspicuous increase of age-related cognitive
decline and a relatively high proportion of ADHD.

The many VR studies have focused on ADHD, which is a
popular symptom of young age in the early stage of VR research.
In Figure 7, the under-14 age group is composed of TBI and
ADHD, and ADHD represents the majority of these studies. It
is not surprising as almost 5% of children are diagnosed with
ADHD [86]. Many previous studies have reported the positive
effect of VR on children who have a mental disorder [93-95]
and surely on ADHD [43,78,86]. In addition, the ease of
converting the Stroop test into immersive VR would have played
a role, since the Stroop test is a neuropsychological assessment
to measure attention and inhibition, which are major deficit
features of ADHD [43]. If we regard under 25 years as one
unique group, the activeness of related research can be seen as
familiarity and accessibility to VR and resistance to
cybersickness of adolescents. Young people are more adaptable
to VR, even immersive VR [96].

As VR technology advances and related research accumulates,
obstacles that blocked the application of VR neuropsychological
tests to the elderly are being resolved [97]. Figure 7 also shows
the expansion of the research to the elderly. In the 65+ age
group, about 80% of papers are related to age-related cognitive
decline. As mentioned before, we consider SCD, MCI, AD, and
dementia together as age-related cognitive decline. MCI is a
symptom that decreases one’s memory, attention, and cognitive
function, and it could lead to dementia or AD [98]. SCD is an
early state when someone’s cognitive ability is beginning to
decline [99]. In other words, SCD may indicate a pre-MCI
condition, even an early marker for the symptomatic
manifestation of dementia. Age-related cognitive decline
symptoms are common in the elderly. In addition, depression
is a quite under-investigated area despite a huge impact on
daily-living executive dysfunction in 60% of depressive states
in the elderly, with an exponential growth of prevalence with
age, a poorer response to antidepressants, and more evolution
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toward dementia compared to depression without dysexecutive
syndrome [100-102].

Investigating VR as a neuropsychological tool for the elderly
seems increasingly realistic since VR has become more familiar
even for seniors. As we have seen before, there has been a lot
of research on and technological advancement in presence and
cybersickness in VR, and it is possible that the public and even
the elderly could comfortably access it [103-105], which enables
expansion to the elderly and causes rapid growth of the research
that targets age-related cognitive decline symptoms after period
4.

Overall, immersive VR offers a high number of possibilities to
deal with neuropsychological symptoms in various age groups.
It shows the versatility of VR, which is applicable from youth
with ADHD to the elderly with age-related cognitive decline.

Combining Behavioral and Physiological Data
Measurement
It seems that measuring behavioral data and physiological data
is becoming increasingly important. These kinds of data are
used to extend the concept of embodied cognition to measure
the neuropsychological status and to overcome the weaknesses
of VR.

Embodied cognition is a broad notion from embodiment thesis
in philosophy, and it states that an agent’s cognition is
powerfully affected by aspects of their body beyond the brain
itself. This means that sensorimotor experiences and actions
are crucial to cognitive processing [106]. These aspects are
thought to be crucial for cognitive performances in the elderly
[107]. In this context, measuring behavioral and physiological
variables in immersive VR would be a key method of assessing
the neuropsychological status. Thus, the growth of associated
research seems to be increasing because of the ecological
characteristics of VR environments. In addition, when we looked
deeper into gait or walking, there was a large difference in the
appearance of walking on a treadmill and real-time walking in
periods 3 and 4. With real walking in a VR neuropsychological
test, researchers were able to apply the concept of embodied
cognition and measure it in ADL.

Furthermore, an increase in physiological data measurements
should be considered as these can provide auxiliary ways to
assess the neuropsychological status of a patient. In addition,

it is also considered to be a helpful way to overcome
cybersickness [108-110]. Cybersickness is a major obstacle in
applying VR to older people and people who have difficulties
adapting to VR because they feel dizzy. In addition, research
on emotion recognition and presence in VR uses physiological
data [111-114]. With these efforts added, VR
neuropsychological tests’ versatility for all ages continues to
improve.

Overall, by using behavioral and physiological data
measurement, VR neuropsychological tests are not only getting
over existing drawbacks but also expanding to the concept of
embodied cognition to improve its measurement capability.

Limitations
This review had a few limitations. First, keyword analysis was
conducted by only using titles and abstracts of the articles. This
means that there is a possibility of a difference with the articles’
main texts. Second, we only included articles that described
research conducted with real participants, so conceptual and
theoretical trends in the area were not covered. Finally, not
every article markedly described the target EFs. Likewise, there
were some ambiguities in clearly assigning the purpose of each
article to assessment, treatment, structure validation, or usability
validation. Even though we attempted to judge based on the
description of what EFs the articles targeted, and what their
intended purpose was, there was still room for error. Future
research could include broader studies in the area and use more
rigorous methods to analyze the trends.

Conclusion
This review will assist researchers in understanding the trends
in VR neuropsychological tests over the past 20 years.
Associated research has been on the rise and has sharply
increased in recent years. In this process, the advancements in
technology and various approaches have led to diversified target
cognitive abilities, including EFs, as well as target symptoms.
Moreover, collecting behavioral and physiological data enables
a wide understanding about treating EFs by using the concept
of embodied cognition. As a result, VR neuropsychological
tests now cover a wide range of age groups and extend beyond
assessment tools to treatment tools. This review shows that there
is a continuously increased interest in dealing with
neuropsychology by using fully immersive VR, and it is
expected that this will help advance research in this area.
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Abstract

Background: Mild cognitive impairment (MCI) is often a precursor of dementia, and patients with MCI develop dementia at
a higher rate than healthy older adults. Early detection of cognitive decline at the MCI stage supports better planning of care and
interventions. At present, the use of virtual reality (VR) in screening for MCI in older adults is promising, but there is little
evidence regarding the use of virtual supermarkets to screen for MCI.

Objective: The objectives of this study are to validate a VR game–based test, namely, the Virtual Supermarket Program (VSP),
for differentiating patients with MCI and healthy controls and to identify cutoff scores for different age levels.

Methods: Subjects were recruited from several nursing homes and communities in Changchun, China. They were divided into
a healthy control group (n=64) and an MCI group (n=62). All subjects were administered the VSP and a series of neuropsychological
examinations. The study determined the optimal cutoff, discriminating validity, concurrent validity, and retest reliability of the
VSP. We used the area under the receiver operating characteristic curve (AUC) to evaluate the discriminating validity and obtain
the optimal cutoff values. Pearson correlation analysis and the intraclass correlation coefficient were used to evaluate the concurrent
validity and retest reliability, respectively.

Results: A cutoff score of 46.4 was optimal for the entire sample, yielding a sensitivity of 85.9% and specificity of 79.0% for
differentiating individuals with MCI and healthy controls, and the AUC was 0.870 (95% CI 0.799-0.924). The median index of
VSP score was 51.1 (range 42.6-60.0). There was a moderate positive correlation between the VSP total score and Mini-Mental
State Examination score (r=0.429, P<.001). There was a strong positive correlation between VSP total score and Montreal
Cognitive Assessment score (r=0.645, P<.001). The retest reliability of the VSP was feasible (r=0.588, P=.048).

Conclusions: The VSP is interesting and feasible for subjects. It shows high sensitivity and specificity for the identification of
MCI in older adults, which makes it a promising screening method. The VSP may be generalized to older adults in other countries,
although some cultural adaptation may be necessary.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000040074; https://www.chictr.org.cn/showprojen.aspx?proj=64639

(JMIR Serious Games 2021;9(4):e30919)   doi:10.2196/30919

KEYWORDS

virtual reality; mild cognitive impairment; dementia; ambient intelligence; digital health; elderly population; aging

Introduction

Dementia is becoming more prevalent worldwide. According
to the “World Alzheimer Report 2018” [1], 50 million people

worldwide had dementia in 2018. As the most populous country,
China has experienced the greatest burden of dementia. The
total number of people with dementia in China will reach 23.3
million by 2030 [2], and in 2020, the burden of dementia-related
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disability and care in China reached US $250 billion, accounting
for nearly one-fifth of the global dementia-related costs [3].
However, there is no effective treatment for dementia; therefore,
increasing attention has been given to the precursors of
dementia. Mild cognitive impairment (MCI) is often a precursor
of dementia, but it can also be due to other pathologies (such
as Parkinson disease and tumors) [4,5]. Although not all forms
of MCI lead to dementia, the mean annual conversion rate of
MCI to dementia is approximately 10%, which is far higher
than the annual incidence (1%-2%) in healthy older adults [6,7].
Relevant studies have shown that interventions for MCI can
effectively delay or even reverse cognitive decline [8].
Therefore, early detection of cognitive decline at the MCI stage
is vital for better planning of care and interventions.

The commonly used cognitive screening methods are
paper-and-pencil neuropsychological testing [9] and
computerized cognitive testing [10,11]. Compared to
neuropsychological testing, the advantages of computerized
cognitive testing include standardized administration procedures
and presentation of stimuli and accurate measurement of
response time [12,13]. Virtual reality (VR) is widely used in
research with computerized cognitive testing for MCI [14,15].
VR is an ecologically valid and informative evaluation
instrument and provides an opportunity to improve cognitive
screening [16-18]. Studies have shown that VR is recommended
for the screening of older adults with MCI or dementia [15,19].
Among older adults with cognitive impairment screened through
VR, virtual supermarket has been accepted [20] and could be
used to detect cognitive impairment in older adults [21,22].

Virtual supermarkets are a novel method for screening for MCI
and assessing cognition through shopping-related activities.
Related research using virtual supermarkets is effective in
screening for MCI [20,22,23]. Atkins et al [24] developed the
Virtual Reality Functional Capacity Assessment Tool, which
assesses functional abilities related to shopping, and found a
significant relationship between task performance and cognitive
performance. Werner et al [22] developed the Virtual Action
Planning-Supermarket, which allows subjects to navigate the
store, purchase 7 items, and then pay for them, and they
distinguished healthy older adults and MCI patients. Significant
differences were found between healthy older adults and patients
with MCI in the Virtual Action Planning-Supermarket measures.
However, they assessed few cognitive domains and screened
for cognitive impairment by assessing only executive function.
Zygouris et al [20] developed a screening tool called the Virtual
Supermarket Test to detect MCI and assessed 4 cognitive
abilities in older adults through four shopping-related tasks.
The program can operate on Android-based tablet devices or
computers. The discriminative validity of the program was good
in older adults over 70 years of age. However, Zygouris et al
[20] developed virtual supermarket as a cognitive training
application that does not specifically screen for MCI, and it
screens few cognitive domains. Nevertheless, the literature
supports virtual supermarket in screening for MCI [23].
However, the virtual supermarkets developed in other countries
may not be suitable screens for older Chinese adults, and there
is no virtual supermarket software to screen for MCI in China.

The Virtual Supermarket Program (VSP) developed in this study
screened subjects with MCI by assessing their ability to shop
in conditions relevant to daily life. Subjects could actively
explore the VSP environment while performing the task.
Compared with other versions of the virtual supermarket, VSP
provides a more comprehensive screening, involves a rich
environment with VR technology, and is more in line with the
living and cultural habits of older adults in China. Therefore,
we aimed to verify the feasibility of VSP for screening for MCI
in older adults in China.

Methods

Study Design
We evaluated the feasibility of VSP for screening patients with
MCI (diagnosed in accordance with Petersen criteria) [25] over
60 years of age in China. The study followed the STARD
checklist for the reporting of studies of diagnostic test accuracy
[26]. This study was conducted between December 2020 and
February 2021. The study protocol was approved by the School
of Nursing (approval 2020082805), Jilin University, and it has
been registered in the Chinese Clinical Trial Registry
(registration ChiCTR2000040074). All subjects were informed
about the purpose of the study before providing their verbal
consent. The VSP used in this study was a new tool developed
by the authors' team at the School of Nursing, Jilin University,
China, and a company was entrusted to provide technical
support.

Population
Subjects were from several nursing homes and communities in
Changchun, China. The inclusion criteria of the subjects with
MCI were as follows: (1) MCI diagnosis in accordance with
the Petersen criteria [25]; (2) age≥60 years; (3) a Montreal
Cognitive Assessment (MoCA) scale [27] score of <26; (4) a
Mini-Mental State Examination (MMSE) [28] score of ≥24; (5)
no impairment in functional daily living activities (Activities
of Daily Living [ADL] scale [29] score of ≤26); (6) absence of
psychiatric illnesses, with particular reference to depressive
symptoms (15-item Geriatric Depression Scale [GDS-15] [30]
score of ≤8); and (7) absence of severe auditory/visual loss that
can prevent the use of technological devices and from executing
the VSP. The inclusion criteria of subjects in the healthy control
group were inclusion criteria (2) and (4)-(7) from the
aforementioned list and an MoCA score of ≥26.

Sample Size

We calculated the sample size using equation 1 [31] , and
we set the confidence level (1-α) at 95% and the allowable error
(δ) of sensitivity and specificity at 10%. We estimated the
sample size required for sensitivity (the sample size for the MCI
group) and the sample size required for specificity (the sample
size for the healthy control group).

The sensitivity and specificity of the tools developed by
Zygouris et al [21] were 82.35% and 95.24%, respectively,
which were used to calculate the sample size for the MCI group
and healthy control group in this study. We predicted a dropout
rate of 10%. The sample size of the MCI group was 62, and that
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of the healthy control group was 20 in this study. Therefore, we
needed to enroll a minimum of 82 subjects.

Study Design
This study recruited subjects over the age of 60 years in nursing
homes and communities. The subjects who volunteered for the
study were first administered a neuropsychological test to screen
for MCI in accordance with the Peterson criteria [25]. The test
took place in a quiet and bright room. First, baseline
characteristics (age, education level, height and weight, and
previous computer use before VSP) and past medical history
were collected. Older adults with depression were excluded
using the GDS-15. Then, the Clinical Dementia Rating (CDR)
and MMSE were used to exclude patients with dementia.

Thereafter, MoCA and functional status (ADL scale) measures
were collected. Last, VSP tests were performed for all subjects.
Prior to each task in the VSP, the subjects were repeatedly
instructed on the task, and operation instructions were available
throughout the test through the user interface. The VSP was
managed by independent researchers, who were blinded to the
subjects' cognitive status. All subjects used the VSP application
under the same circumstances.

All data were obtained directly from the subjects and included
neuropsychological test scores, VSP scores, and general
information. The assessors were blinded to the cognitive status
or grouping of the subjects. Figure 1 shows a flowchart of
subject recruitment and testing.

Figure 1. Flowchart of subject recruitment and testing. MCI: mild cognitive impairment; VSP: Virtual Supermarket Program.

Neuropsychological Assessments
Subjects were administered a battery of neuropsychological
tests, including the CDR, MMSE, GDS-15, ADL, and MoCA.
The reference standard results were available to the testers. The
neuropsychological tests used in this study were as follows.

CDR
The CDR assesses 6 abilities on a 5-point scale [32]: no
dementia (CDR=0), questionable dementia (CDR=0.5), mild
dementia (CDR=1.0), moderate dementia (CDR=2.0), and severe
dementia (CDR=3.0). Finally, the results of the 6 ability ratings
are combined into one rating on the basis of the scoring standard,
and there is no dementia when the CDR was zero [33].

MMSE
The MMSE has 30 questions, and the highest potential score is
30. The optimal cutoff values differ for subjects with different
educational levels. Subjects who are illiterate and scored ≤17
points, those with a primary school education who scored ≤20

points, and those with a high school education or above who
scored ≤24 points are classified as having dementia [34].

GDS-15
The GDS-15 comprises 15 questions to which subjects are asked
to respond with “yes” or “no.” The total score can range from
0 to 15, and a total score of >8 is associated with depressive
symptoms [30].

MoCA Scale
The MoCA scale comprises 32 questions, and the highest
potential score is 30. If the number of years of education is ≤12
years, 1 point is added to the actual total score, and a final total
score of >26 is considered normal [27].

ADL Scale
The ADL scale comprises 14 items that are scored at 4 levels.
The total score can range from 14 to 56, and a total ADL score
of >26 points indicate an impaired ability to perform activities
of daily living [29].
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Virtual Supermarket Program
We developed the VSP to be in line with Chinese cultural habits
and with reference to the virtual supermarket of Zygouris et al
[20,21]. We mimicked the MoCA and designed the VSP with
VR technology. For instance, for the assessment of temporal
orientation, the MoCA scale asks the subjects to identify the
current date. In the VSP, we designed the link to input the
payment password, and the password was the current date. All
the tasks in the VSP were designed in this manner.
Shopping-related tasks were used to assess learning and
memory, executive functions, language, time orientation, and
complex attention of older adults and to explore the feasibility
of the VSP for screening MCI in older Chinese adults. There
were 9 tasks in the VSP, and it was run on a computer (CPU,
i5 or higher; memory, ≥16 GB; independent video memory, ≥2
GB; storage capacity, ≥200 GB) for which subjects did not need
VR glasses and a handle to operate. The VSP was operated with
a computer mouse and a keyboard (Multimedia Appendix 1).
The following tasks were included in the VSP: task 1: memorize
shopping list; task 2: look at the map to get directions to the
supermarket and make purchases on the list; task 3: recall the
sales announced by voice in the supermarket; task 4: label the
item that have lost their labels; task 5: determine whether the
correct items were purchased; task 6: calculate the amount for
the purchased items; task 7: enter the correct payment code
(current date); task 8: compare lucky draw numbers at the
service center; and task 9: choose the correct bus route home.

The VSP assessed five cognitive domains [35]: learning and
memory (tasks 1 and 3), executive functions (tasks 2, 6, and 9),
language (tasks 4 and 5), time orientation (task 7), and complex
attention (task 8). The VSP score ranges from 0 to 60
(Multimedia Appendix 2). The technician devised a fixed
algorithm to calculate the score for each task and the total VSP
score on the basis of the accuracy with which the subject
completed the task. There was no time limit for subjects to
perform each VR task.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics
(version 23.0, IBM Corp) and MedCalc (version 19.2, MedCalc
Software Ltd). The normality of data distributions was assessed
using the Shapiro–Wilk test. Mean (SD) values were used to

describe continuous variables that were normally distributed,
and median (IQR) values were used to describe the continuous
variables that were not normally distributed. Descriptive
statistics included n (%) values for categorical variables.
Independent samples t tests were used to compare continuous
variables that were normally distributed between the two groups,
nonparametric Mann-Whitney U rank sum tests were used to
compare continuous variables that were not normally distributed
between the two groups, and chi-square tests were used for the
categorical variables. The feasibility of VSP screening for MCI
was verified by measures of optimal cutoff, discriminating
validity, concurrent validity and test-retest reliability for the
VSP. Discriminating validity was examined through receiver
operating characteristic (ROC) analysis of VSP total scores.
The area under the receiver operating characteristic curve (AUC)
can range between 0 and 1. The closer the AUC to 1, the better
the diagnosis [36]. Concurrent validity was examined through
Pearson correlation analyses of VSP total scores against MMSE
scores [34] and MoCA scores [27]. Test-retest reliability was
assessed with an intraclass correlation coefficient (ICC). A
2-sided P value of <.05 indicated statistical significance.

Results

Demographics and Characteristics by Cognitive Status
The demographics and cognitive characteristics of the subjects
are presented in Table 1. In the actual process of recruitment,
the healthy control group collected more than the minimum
sample size we previously calculated. Considering that a large
number of samples can improve the test efficiency, we expanded
the sample size. Initially, 181 participants were recruited (Figure
1). No adverse events occurred during the study. Finally, the
study included 126 older adults (45 male and 91 female). The
mean age was 77.12 years (range 61-94 years), and years of
education ranged from 0 to 16 years. In total, 62 older adults
were enrolled in the MCI group and 64 were enrolled in the
healthy control group. There was a significant difference in age
between the 2 groups (P=.02). No between-group differences
in sex distribution (P=.06), years of education, or computer
experience (having used a computer at least once) were found
(P=.08). As expected, the 2 groups had significantly different
MMSE scores and MoCA scores (P<.001).
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Table 1. Demographics and cognitive characteristics of subjects (N=126).

P value
T, z, or chi-
square test

Patients with mild cogni-
tive impairment (n=62)

Healthy controls
(n=64)Characteristics

.01–2.486a82.00 (15.50)73.5 (16.0)Age (years), mean (SD)

.063.613bSex, n (%)

22.0 (35.5)13.0 (20.3)Female

40.0 (64.5)51.0 (79.7)Male

.086.875bYears of education, n (%)

4.0 (6.5)10.0 (15.6)Primary school

19.0 (30.6)13.0 (20.3)Middle school

20.0 (32.3)13.0 (20.3)High school

19.0 (30.6)28.0 (43.8)University

.092.873bComputer experience ( having used a computer at least once), n (%)

19.0 (30.6)29.0 (45.3)Yes

43.0 (64.9)35.0 (54.7)No

Cognitive assessment score, mean (SD)

<.0015.668c27.0 (1.6)28.5 (1.3)Mini-Mental State Examination score (maximum score=30)

<.00116.106c20.8 (2.7)26.6 (1.0)Montreal Cognitive Assessment score (maximum score=30)

aMann-Whitney U test.
bChi-square test.
cIndependent samples t tests.

Performance in the VSP Between Patients With MCI
and Healthy Controls
The performance scores for the individual tasks on the VSP are
summarized in Table 2. The mean scores in each VSP task in

the healthy control group were higher than those in the MCI
group. With the exception of the difference for task 6, these
differences were significant. The total VSP score in the MCI
group was significantly lower than that in the healthy control
group (P<.001).

Table 2. Performance scores in the Virtual Supermarket Program.

P valuet test (independent samples)

Patients with mild cognitive
impairment (n=62), mean
(SD)

Healthy controls (n=64),
mean (SD)Task score

.0481.9999.6 (1.0)9.9 (0.5)Task 1

<.0014.2652.3 (2.5)4.0 (2.0)Task 2

.0042.9404.1 (3.8)6.0 (3.5)Task 3

.042.0875.6 (1.2)6.0 (0.5)Task 4

<.0014.3794.5 (2.0)5.6 (0.8)Task 5

.830.2135.8 (1.1)5.8 (0.9)Task 6

.022.3284.7 (2.5)5.5 (1.6)Task 7

<.0017.4072.0 (1.6)4.0 (1.4)Task 8

<.0015.7082.8 (2.5)4.8 (1.1)Task 9

<.0018.89441.3 (7.7)51.4 (4.8)Total

Potential of the VSP to Distinguish Between Patients
With MCI and Healthy Controls
An ROC curve analysis was performed with the total VSP scores
that were used to distinguish between patients with MCI and
healthy controls (Figure 2). The AUC was found to be 0.870

(95% CI 0.799-0.924, P<.001). An optimal statistical cutoff
was achieved at a cutoff score of 46.4 points (85.9% sensitivity,
79.0% specificity).

Among subjects aged under 85 years, the optimal cutoff was
46.5 points, and the sensitivity and specificity were 72.73% and
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86.79%, respectively (AUC=0.840, P<.001). Among the subjects
aged over 85 years, the optimal cutoff was 47.3 points, yielding
a sensitivity of 94.4% and specificity of 80.0% (AUC=0.936,

P<.001). The ROC curve stratified by age is shown in Figure
3, and the discriminative validity is shown in Table 3.

Figure 2. Receiver operating characteristic curve analysis for the total score in the Virtual Supermarket Program.

Figure 3. Receiver operating characteristic curve analysis for the total score in the Virtual Supermarket Program among different age groups.
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Table 3. The total score in the Virtual Supermarket Program and the discriminant results of age stratification.

Youden in-
dex J

P value95% CIArea under the re-
ceiver operation
characteristic curve

Specificity, %Sensitivity, %Optimal cutoff

0.650<.0010.799-0.9240.87079.0085.9046.4Entire sample

Age (years)

0.600<.0010.752-0.9070.84086.7972.7346.5≤85

0.744<.0010.775-0.9930.93680.0094.4447.3>85

Correlations Between the VSP and Routine Cognitive
Screening Assessments
There was a moderate positive correlation between the total
VSP scores and MMSE scores (r=0.429, P<.001). There was a

strong positive correlation between the total VSP scores and
MoCA scores (r=0.645, P<.001). In addition, we found a
negative correlation of the total VSP scores with age (r=–0.308,
P<.001). Table 4 shows the correlation matrix between the
different variables.

Table 4. Correlation matrix demonstrating the degree of associations among the Mini-Mental State Examination score, Montreal Cognitive Assessment
score, age, education, and total performance scores.

Score in the Virtual Su-
permarket Program

Montreal Cognitive Assessment
scoreMini-Mental State Examination ScoreEducationAgeVariable

Age

–0.308–0.247–0.342–0.119—ar

<.001.005<.0010.186—P value

Education

0.0980.1100.269—–0.119r

.27.22.002—.19P value

Mini-Mental State Examination score

0.4290.592—0.269–0.342r

<.001<.001—.002<.001P value

Montreal Cognitive Assessment score

0.645—0.5920.110–0.247r

<.001—<.0010.22.005P value

Score in the Virtual Supermarket Program

—0.6450.4290.098–0.308r

—<.001<.0010.27<.001P value

a—: not determined.

Retest Reliability of the VSP
A month after the first test, 9 healthy controls were randomly
selected to receive the VSP again, and the results showed that
the ICC between total VSP scores was feasible (r=0.588,
P=.048).

Discussion

Principal Findings
To our knowledge, this is the first study to use a locally
developed virtual supermarket task to screen for MCI among
older adults in China. The VSP we designed in this study was
a computerized application running on a computer to screen for
MCI. Through verification of its screening effectiveness, the
VSP had the highest sensitivity and specificity when the optimal

cutoff was 46.4. The VSP can effectively distinguish older adults
with MCI from healthy controls, and it was more suitable for
older adults aged 85 years and above. Performance in the VSP
had a strong positive correlation with MoCA scores but a
moderate positive correlation with MMSE scores. The retest
reliability of the VSP scores was feasible.

Comparing Performance Between Patients With MCI
and Healthy Controls
We found that the overall scores and scores for each task were
significantly higher in the healthy control group, but task 6 did
not show a significant difference between the 2 groups. In task
6, the subjects were asked to calculate the total cost of the items
they had purchased. Given the situation of older adults, the
settings related to the task list in the system were set to be
relatively simple, which is probably why task 6 did not show a
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significant difference between the MCI subjects and healthy
controls. This is a solvable problem. In the future, we will adjust
the difficulty of task 6 by increasing the number of items
purchased or adjusting the price of items.

Compared to the healthy controls, the subjects in the MCI group
performed worse on tasks (tasks 1, 2, 3, 5, and 9) that involved
learning and memory and executive function. The MCI subjects
were more likely to forget or buy the wrong item on their
shopping list, and they could not perform the shopping tasks
very well. This is evidence that these tasks were better at
distinguishing between the 2 groups. Task 5 and task 8 represent
the ingenuity in our task design. Task 5 involved an assessment
of learning and memory, executive function and language that
comprehensively evaluated the subjects’ cognition. Task 8
evaluated the subjects’ complex attention. The subjects needed
to use their attention, hearing, and finger reflexes at the same
time to complete the task. This task could distinguish the MCI
subjects and healthy controls well. Above all, these tasks
highlight the effectiveness of the VSP in distinguishing between
the MCI subjects and healthy controls.

Discriminating the Validity of the VSP Total Score
In this study, the VSP score could effectively distinguish
between MCI subjects and healthy controls. The sensitivity and
specificity were 85.90% and 79.00%, respectively. The AUC
based on the VSP scores was 0.870 in this study. Compared
with other studies, this level of accuracy is relatively high. Boz
et al [23] used the Virtual Supermarket, which was developed
in Greece [21], to screen for MCI among older Turkish adults.
They reported that the sensitivity and specificity were 74.00%
and 85.00%, respectively; they did not report the AUC. The
sensitivity and specificity of the virtual supermarket task were
better in our study than in that by Boz et al [23]. This may have
resulted from using Euros on the payment screen, which adds
additional complexity and cognitive burden [23]. The system
of Cognitive Assessment by Virtual Reality [35] is adapted from
the RE@CH module, and Chua et al [37] reported an AUC of
0.821, a sensitivity of 78.2%, and a specificity of 75.7% in the
Singaporean population. Compared to the task used by Chua et
al [37], the VSP is more in line with the culture and living habits
of older Chinese adults, and the sample size in our study was
larger.

Age is an important factor in cognition. Among subjects younger
than 85 years, the AUC, sensitivity, and specificity were 0.840,
72.73%, and 86.79%, respectively. Among subjects over 85
years of age, the AUC, sensitivity, and specificity were 0.903,
94.44%, and 80.00%, respectively. As people age, their
cognitive performance declines. Compared with younger
subjects, older subjects committed more task errors and had a
harder time concentrating [38]. This may have led to a better
discriminative validity of the VSP among individuals over 85
years of age. This finding indicates that our VSP has a wider
range of uses and is suitable for older adults of different ages.

Associations Among VSP Scores, Age, Education, and
Neuropsychological Testing
VSP scores were negatively correlated with age, which is
consistent with the work of Chua et al [37,39]. Considered a

task involving multiple demands, the VSP was formed by a
series of activities consisting of goals during its execution, and
it requires activation and cooperation of multiple cognitive
domains [40]. The older the subjects, worse the VSP
performance and scores. There was no correlation between VSP
scores and education level. The literature is not conclusive
regarding the impact of education level on cognition [41,42].
The VSP that was developed and designed in this study was
suitable for older adults with different educational levels and
was intended to have wide applicability. The tasks closely reflect
to the habits of older adults, and successful performance does
not necessarily depend on education. Kang et al [43] did not
report an effect of education levels among older adults with a
multiple-order VR task for neuropsychological assessment.

The total VSP performance scores showed a moderate positive
correlation with MMSE scores (r=0.429, P<.001) and a strong
positive correlation with MoCA scores (r=0.645, P<.001). The
correlation between VSP scores and MoCA scores was
significantly higher than that between VSP scores and MMSE
scores, which was consistent with our expectation. The VSP
used in this study was specifically developed for detecting MCI,
and the design of VSP mimicked the MoCA scale. Research
has shown that the MoCA scale has more advantages than the
MMSE scale in detecting visual executive dysfunction [44].
Therefore, the correlation between VSP and MoCA scores may
be stronger than that between VSP and MMSE scores. In
addition, although the MMSE has a modest specificity for
screening MCI, its sensitivity for screening MCI is low, and the
capacity to detect MCI converters is poor [28]. This outcome
is consistent with that of Oliveira et al, who also showed a weak
correlation between MMSE scores and performance in VR
research [39]. Chan et al [45] and Chua et al [37] also conducted
correlation analyses with MoCA scores when verifying the
screening application for MCI, which they had developed, and
showed strong correlations between the measures.

Clinical Implications
Our findings provide preliminary evidence that the VSP can be
used for MCI screening in Chinese communities and nursing
homes, providing a more convenient, concise, and effective tool
for MCI screening in China. We introduced several short
activities based on VR to assess different cognitive domains,
rather than using a single game, which allowed us to assess
impairments in the major cognitive domains. The subjects were
screened using shopping tasks based on the abovementioned
cognitive domains. After completing the task, the obtained
scores were compared with the cutoff value of 46.4, which could
preliminarily screen whether the subjects had MCI. This
screening program could provide rapid screening in Chinese
communities and nursing homes. It expands this new method
of screening for MCI and provides new ideas and methods for
the development of MCI screening software in China. In
addition, compared to traditional neuropsychological tests, the
VSP has an automatic scoring function and allows data to be
extracted and interpreted more easily. The VSP has other
advantages, including administration cost savings and better
ecological relevance, and is suitable for unsupervised use in a
home or clinical setting. We observed that owing to the visual
content and interaction style through VR, most subjects found
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the task more interesting than traditional screening tools and
were more willing to take the test. Yun et al [46] also reported
elderly people's interest in VR. Implementation studies are
needed in the future to evaluate its rollout in clinical practice.

Study Limitations and Future Research
There are several limitations in the study, which limit the
generalizability of the results. First, subjects in the MCI group
were older than those in the healthy control group, which may
have affected their performance. Age is an important factor in
cognition. To further evaluate the use of VSP in cognitive
assessment, demographic data matching and expanding the
sample size can be incorporated in future studies.

Second, even if some of the subjects had previously used a
computer, many of the subjects had limited familiarity with new
technologies, particularly computer equipment and operations.
Oliveira et al [39] showed that experience with the computer
was not a relevant predictor for any of the models investigated.
We also need to further verify the impact of new technology on
the ability of older adults to engage in the task.

Third, the correlations between VSP subtests assessing specific
cognitive domains and existing neuropsychological tests that
assess the same domains were not verified. In future research,
we need to verify the correlation between the two to verify the

feasibility of VSP subtests for assessing specific cognitive
domains.

Owing to technical limitations, this study did not verify the
feasibility of the time to complete the VSP in screening for
MCI. In the future, it will be necessary to improve the
assessment technology of VSP stay time in each area to verify
the feasibility of the total time of VSP to detect older adults
with MCI. In addition, we need to further verify the retest
reliability of the VSP in future research. We tested the VSP
again a month after the first test, but the community and nursing
home were closed owing to the COVID-19 pandemic, and we
could not enter and leave freely. Finally, only nine subjects
were retested on the VSP. In the future, it will be necessary to
further expand the sample size to verify the retest reliability of
the VSP.

Conclusions
The VSP we designed in this study is a computerized application
running on a computer to identify MCI. This study demonstrated
the feasibility of the VSP in distinguishing between MCI and
healthy adults among older Chinese adults. The results of this
feasibility study are invaluable. Future studies should focus on
testing and validating longitudinal data for the ability to track
the progression of cognitive decline.
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Abstract

Background: Although the proper use of hygiene and personal protective equipment (PPE) is paramount for preventing the
spread of diseases such as COVID-19, health care personnel have been shown to use incorrect techniques for donning/doffing
of PPE and hand hygiene, leading to a large number of infections among health professionals. Education and training are difficult
owing to the social distancing restrictions in place, shortages of PPE and testing material, and lack of evidence on optimal training.
Virtual reality (VR) simulation can offer a multisensory, 3-D, fully immersive, and safe training opportunity that addresses these
obstacles.

Objective: The aim of this study is to explore the short- and long-term effectiveness of a fully immersive VR simulation versus
a traditional learning method regarding a COVID-19–related skill set and media-specific variables influencing training outcomes.

Methods: This was a prospective, randomized controlled pilot study on medical students (N=29; intervention VR training,
n=15, vs control video-based instruction, n=14) to compare the performance of hand disinfection, nasopharyngeal swab taking,
and donning/doffing of PPE before and after training and 1 month later as well as variables of media use.

Results: Both groups performed significantly better after training, with the effect sustained over one month. After training, the
VR group performed significantly better in taking a nasopharyngeal swab, scoring a median of 14 out of 17 points (IQR 13-15)
versus 12 out of 17 points (IQR 11-14) in the control group, P=.03. With good immersion and tolerability of the VR simulation,
satisfaction was significantly higher in the VR group compared to the control group (median score of User Satisfaction Evaluation
Questionnaire 27/30, IQR 23-28, vs 22/30, IQR 20-24, in the control group; P=.01).

Conclusions: VR simulation was at least as effective as traditional learning methods in training medical students while providing
benefits regarding user satisfaction. These results add to the growing body of evidence that VR is a useful tool for acquiring
simple and complex clinical skills.

(JMIR Serious Games 2021;9(4):e29586)   doi:10.2196/29586
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virtual reality; VR; simulation; medical education; hand hygiene; COVID-19; PPE; nasopharyngeal swab; protection; effectiveness;
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Introduction

The COVID-19 pandemic is a global health emergency that
places massive demands on health systems and health care
workers [1]. Proper use of hygiene and personal protective
equipment (PPE) is paramount to prevent spreading of disease
and contamination of health care workers. One possible reason
for the high infection rate of COVID-19 is ineffective use of
PPE. In Italy, up to 20% of health care workers were initially
infected with the disease [2].

PPE recommendations from international organizations are
largely consistent (eg, those from the US Centers for Disease
Control and Prevention [CDC] and World Health Organization
[WHO]) [3-6]; however, the actual use of PPE is not. Health
care personnel in all professions and at all levels of training
have been shown to use incorrect techniques for donning and
doffing of PPE and hand hygiene [7-11]. The main reason
appears to be inadequate training in correct PPE technique and
lack of assessment of proficiency [7,11,12].

Simulation proves to be a powerful tool to test the accurate use
of hygiene skills that are relevant for the treatment of patients
with COVID-19 (ie, PPE and hand hygiene) [13]; nevertheless,
there is still ambiguity regarding which training method works
best. A recent Cochrane review of evidence relating to PPE and
protection of health care staff exposed to contaminated body
fluids highlights the lack of robust evidence in this area [11].

Furthermore, education and training of health care personnel is
difficult with social distancing restrictions in place and shortages
of both PPE [2] and testing materials.

Virtual reality (VR) uses computer systems to generate realistic
pseudoenvironments that provide users with visual, tactile, and
auditory sensations, with the possibility of realistic interaction
with the virtual environment [14]. Milgram and Kishino [15]
referred to mixed reality (MR) as the technologies which involve
the merging of real and virtual worlds.

VR simulation with the use of head-mounted devices (HMDs)
can offer a multisensory, 3-D, fully immersive, and safe training
opportunity, avoiding the restrictions of social distancing and
material shortages [16,17]. Through the concept of immersion,
sense of presence, and interaction with the virtual environment
in a real-time and realistic manner, VR simulation can create
emotional experiences that facilitate experiential learning,
exceeding other 2-D learning modalities [18].

The value of VR in medical education has already been
demonstrated for various tasks [16,19-30]. VR is often used for
training skills of varying complexity, ranging from simple
nursing skills (Foley catheter placement, gaining venous access
[31]) to laparoscopic/endoscopic/endovascular skills [23,32] or
complex surgical procedures [26-29,33,34]. It is suggested that
skills training as a first step to acquiring a competency can be
better taught with VR than with traditional learning methods,
because VR allows for a more active and immersive learning
experience [21].

Recent studies suggest that VR improves postintervention
knowledge and skills of health professionals better than

traditional education or other types of digital education
[21,31,35]. VR offers several advantages, as it provides
possibilities for flexible learning and self-learning, providing
standardization, reproducibility, and stimuli control; it enables
automated generation of data about the details of simulations,
including performance measurements that can be used for
research or to provide automated individualized feedback [24].
The simple novelty of interactive technologies themselves, such
as VR, can improve student motivation [36]. The initial cost
and effort of creating the program can easily be compensated
by broad distribution [16,37], as VR training is gradually finding
its way into the medical curriculum [38].

Only a few virtual or mixed reality simulations exist for training
hand hygiene [39-42]. In addition, high-quality studies
evaluating the effectiveness and long-term retention of a VR
simulation compared to conventional training methods are
lacking.

Therefore, we hypothesized that a VR simulation could be an
effective and useful tool with high student satisfaction to teach
COVID-19 diagnostics, and we performed a randomized pilot
study in medical students to explore (1) the effectiveness of a
fully immersive VR simulation versus a traditional learning
method regarding a COVID-19–related skill set (ie, proper hand
hygiene, proficiency in PPE use, and correct acquisition of a
nasopharyngeal specimen) tested in a simulated clinical scenario,
and, as a secondary outcome, its long-term effectiveness 1 month
after training; and (2) media-specific variables influencing
training outcomes, such as usability, satisfaction, simulator
sickness, and the experience of presence and immersion.

Methods

Study Design, Setting, and Ethical Approval
This is a prospective randomized controlled pilot study, taking
place at the emergency department of the Inselspital, University
Hospital Bern, Switzerland [43], from September to November
2020.

The study population consisted of a convenience sample of
medical students at the University of Bern. All participants
attended on a voluntary basis; no remuneration was provided.
Informed consent was obtained. Data were collected, analyzed,
and stored in anonymized form.

The local ethics committee deemed our study exempt from full
ethical approval (Business Administration System for Ethics
Committees Req-2020-00889).

Inclusion/Exclusion
The inclusion criteria were as follows: medical students (years
3-6 out of a 6-year curriculum) at the University of Bern.

The exclusion criteria consisted of unwillingness to participate
or to provide informed consent.

Baseline Investigations

Baseline Survey
A brief survey about sociodemographic factors; prior training;
and experience in hand hygiene and PPE use, taking of
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respiratory samples (nasopharyngeal swab), and prior experience
with VR was performed after enrollment.

Assessments/Measurements
We evaluated the performance of hand disinfection, taking a
nasopharyngeal swab on a manikin, and contamination during
doffing of PPE (Figure 1).

Figure 1. Flowchart of the study. VR: virtual reality.

Hand Disinfection
Hand disinfection performance was evaluated using a fluorescent
marker (Visirub conc and Sterillium, Hartmann AG) and
UV-light scanning was performed using the Derma Litecheck
UV Multimedia device (KBD Ltd) at the time of enrollment
(pretest), directly after the intervention (posttest 1), and 1 month
after the intervention (posttest 2). Participants were blindfolded
during the assessment and were unable to assess their results.

A performance analysis scheme (documentation of missed
locations; n=38 locations for each hand, with a total of 76 areas
investigated) was developed by the institution’s infection control
and medical educator team as adapted from Pan et al [44]. The
outcome was the number of missed locations (range from 0 to
76; a lower number is better). Performance was supervised by
an independent and trained rater, and the images were
electronically recorded and analyzed according to the predefined
scheme by a rater blinded to the intervention (Figures 2 and 3).
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Figure 2. UV-light scanning of a perfectly disinfected palmar surface of the right hand.

Figure 3. UV-light scanning of right hand dorsal surface. Missing areas of hand disinfection, right hand: digitus I, dorsal, distal phalanx; digitus II,
dorsal, distal, and middle phalanx; digitus III, dorsal, distal, and middle phalanx; digitus IV, dorsal, distal phalanx; digitus V, dorsal, distal, and middle
phalanx (total number of missed locations=8).
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Obtaining the Nasopharyngeal Swab and Evaluating
Contamination During Doffing
A simulation setup for conducting a nasopharyngeal swab for
COVID-19 testing on a manikin (Little Anne, Laerdal Medical)
using proper hand hygiene and PPE was installed.

The correct procedure of taking a nasopharyngeal swab sample
as well as possible contamination while doffing were evaluated
directly after the intervention (posttest 1) and 1 month after the
intervention (posttest 2).

An independent and trained rater blinded to the intervention
assessed each participant’s performance using a 17-item
checklist adapted from [8,10] based on the CDC guidelines for
PPE [3,6], WHO guidelines for hand hygiene [5], and
international recommendations for taking a nasopharyngeal
swab [6]; this checklist was developed by the institution’s
infection control and medical educator team (Multimedia
Appendix 1). The outcome was the number of points achieved
on the checklist (range 0-17; a higher number of points indicated
a better result).

Contamination during the procedure was evaluated using
fluorescent lotion (Dermalux Testlotion S, KBD Ltd), which

was applied to the participants’hands, forearms, and torso before
the doffing of PPE. After doffing, 10 areas (right hand, right
forearm, right upper arm, left hand, left forearm, left upper arm,
torso ventral, torso dorsal, neck, head/ears) were analyzed by
UV lighting for contamination by an independent rater. The
outcome was the number of contaminated areas (range from 0
to 10; a lower number indicated a better result).

Intervention
Participants were randomized to either the intervention group
(VR simulation) or control group in a 1:1 ratio using a
computer-generated system.

VR Simulation
The intervention group was trained in COVID-19–related skills
using the VR simulation (the Covid-19 VR Strikes Back
(CVRSB) module, version 1.1.6), a software platform developed
by ORamaVR SA, and the Oculus Rift S head mounted device
and hand controllers (Facebook Inc). The proprietary ORamaVR
software medical VR training application is available free of
charge for all VR desktop and mobile HMDs [45] (Figure 4).

The participants performed two runs in the simulation using the
single player modus.

Figure 4. Screenshot of the virtual reality (VR) application, Covid-19 VR Strikes Back, showing the taking of a nasopharyngeal swab.

Control Group
The control group was trained using traditional learning
methods: printed instructions and local instruction videos on
COVID-19–related skills, ie, PPE donning and doffing, as well
as formal videos on proper hand hygiene according to the WHO
and on taking a correct nasopharyngeal sample [46].

Intervention Survey
Both groups were evaluated regarding variables of media use
according to established questionnaires.

Usability for both training modules was assessed using the
After-Scenario Questionnaire (ASQ) [47], which assesses the
ease of task completion, satisfaction with completion time, and
satisfaction with supporting information on a 7-point Likert
scale (total score ranges from 1, full satisfaction, to 7, poor
satisfaction).

The User Satisfaction Evaluation Questionnaire (USEQ) [48]
contains 6 questions with a 5-point Likert scale to evaluate user
satisfaction (total score ranges from 6, poor satisfaction, to 30,
excellent satisfaction).
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For the VR simulation, “visually induced motion sickness” was
assessed with 4 items (nausea, headache, blurred vision,
dizziness) according to the Simulator Sickness Questionnaire
(SSQ) adapted from Kennedy et al [49] (total score ranges from
1, no simulator sickness, to 5, strong simulator sickness).

Presence and immersion in the virtual world was determined
according to the 6-item questionnaire developed by
Slater-Usoh-Steed [50] (total score ranges from 1, no immersion,
to 7, full immersion).

Statistical Analysis
Data were analyzed using SPSS, version 22 (IBM Corporation),
and Stata 16.1 (StataCorp).

Baseline characteristics are presented as numbers and
percentages or medians and interquartile ranges using descriptive
statistics as appropriate.

The intervention and control group were compared regarding
the baseline characteristics by chi-square test and Wilcoxon
rank sum test as applicable.

The Wilcoxon rank sum test was used at a specific time point
between the study groups for the comparison of all four outcome
groups: (1) the number of missed areas during hand disinfection,

(2) achieved items from the 17-item checklist during
nasopharyngeal swab acquisition, (3) the number of
contaminated areas during doffing, and (4) variables of media
use. Within-group differences for different time points were
tested using the Wilcoxon matched-pairs signed-rank test.

For all tests, a P value <.05 was considered significant. For this
pilot study, no adjustment for multiple testing was performed.
Furthermore, pairwise comparisons were favored over more
complex analyses, such as mixed linear regression analysis.

Results

Sample Characteristics
In total, 29 students completed the study (control group, n=14;
intervention group, n=15) (Figure 1). All students included
completed the whole study. There were no dropouts. The
baseline characteristics of the participants are detailed in Table
1. No significant differences were found regarding gender, mean
age, educational level in medical school, need to wear glasses,
previous experience with computer games, or previous
experience with VR. Likewise, previous education and
experience regarding hand disinfection, use of PPE, and taking
nasopharyngeal swabs did not show any significant differences.
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Table 1. Baseline characteristics of the study sample (N=29).

 P valueControl group (n=14)VRa group (n=15)

Sociodemographic factors

.819 (64)9 (60)Female gender, n (%)

.5622.5 (22-24)23 (22-25)Age (years), median (IQR)

.44Year of medical school, n (%)

2 (14)1 (7)3

11 (79)14 (93)4

1 (7)0 (0)5

.848 (57)8 (53)Wears glasses, n (%)

.95Plays computer games regularly (Likert scale responseb), n (%)

10 (71)10 (67)1

3 (21)4 (27)2

0 (0)0 (0)3

0 (0)0 (0)4

1 (7)1 (7)5

Uses VR regularly (Likert scale responseb), n (%)

14 (100)15 (100)1

Previous education and experience

.2511 (79)14 (93)Previous education in hand disinfection, n (%)

.283 (21)6 (40)Previous education in PPE,c n (%)

.540 (0-0)0 (0-0)Previous no. of swabs, median (IQR)

.36Uses PPE regularly (Likert scale responseb), n (%)

8 (57)10 (67)1

2 (14)3 (20)2

3 (21)0 (0)3

0 (0)1 (7)4

1 (7)1 (7)5

aVR: virtual reality.
bLikert scale: 1, completely disagree, to 5, completely agree.
cPPE: personal protective equipment.

Hand Disinfection
There was no significant difference in the number of missed
areas during hand disinfection at baseline (intervention group:
median 21, IQR 11-27, vs control group: median 20, IQR 14-21;
P=.47) (Table 2). Both groups performed significantly better
after training without a significant group difference (posttest 1)
(median 7, IQR 4-14, in the intervention group vs median 10,

IQR 6-14, in the control group; P=.34). For the secondary
outcome, at posttest 2, again, no significant difference was noted
between the intervention and control groups (median 14, IQR
8-17, in the intervention group vs median 11, IQR 7-16, in the
control group; P=.74). In both groups, no significant difference
was found between posttests 1 and 2 (intervention group, P=.11;
control group, P=.25) (Table 3).
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Table 2. Comparison between the VR group and the control group regarding hand disinfection, nasopharyngeal swab testing, and contamination during
doffing.

P valueValues, median (IQR) 

Control group (n=14)VRa group (n=15)

Number of missing areas during hand disinfection (out of 76 possible areas)

.4720 (14-21)21 (11-27)Pretest

.3410 (6-14)7 (4-14)Posttest 1

.7411 (7-16)14 (8-17)Posttest 2

Nasopharyngeal swab test score (out of 17 points)

.0312 (11-14)14 (13-15)Posttest 1

.7914 (14-15)14 (14-16)Posttest 2

Number of contaminated body areas during doffing (out of 10 possible areas)

.643 (1-4)2 (2-4)Posttest 1

.180 (0-1)1 (0-2)Posttest 2

aVR: virtual reality.

Table 3. Comparison between posttests 1 and 2 for the VR group and the control group.

P valueValues, median (IQR)

Posttest 2Posttest 1

Hand disinfection (number of missing areas)

.1114 (8-17)7 (4-14)VRa group

.2511 (7-16)10 (6-14)Control group

Swab test (score out of 17)

.2814 (14-16)14 (13-15)VR group

.0214 (14-15)12 (11-14)Control group

Doffing (number of contaminated areas)

.0051 (0-2)2 (2-4)VR group

.0030 (0-1)3 (1-4)Control group

aVR: virtual reality.

Nasopharyngeal Swab Acquisition
At posttest 1, the intervention group performed significantly
better in taking a nasopharyngeal swab, scoring a median of 14
points on the 17-item checklist (IQR 13-15) versus 12 points
(IQR 11-14) in the control group (P=.03) (Table 2). No
significant differences between the groups were found after 1
month at posttest 2 (P=.79) for long-term retention as the
secondary outcome.

The number of actual nasopharyngeal swabs performed in real
life between posttests 1 and 2 did not differ between the groups
(VR group, median no. of swabs 0, IQR 0-0; control group,
median swabs 0, IQR 0-0; P=.56).

Contamination During Doffing
No significant difference between the number of contaminated
areas during doffing was found between the groups at both time
points (Table 2). However, in both groups, a significant
reduction of contamination was noted at posttest 2 compared
to posttest 1 (intervention group: posttest 1, median
contaminated areas 2, IQR 2-4; posttest 2, median contaminated
areas 1, IQR 0-2, P=.005; control group: posttest 1, median
contaminated areas 3, IQR 1-4; posttest 2, median contaminated
areas 0, IQR 0-1, P=.003).

Variables of Media Use
The results of the intervention survey regarding usability,
satisfaction, simulator sickness, sense of presence, and
immersion are detailed in Table 4.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e29586 | p.414https://games.jmir.org/2021/4/e29586
(page number not for citation purposes)

Birrenbach et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 4. Variables related to media use.

P valueValues, median (IQR)

Control group (n=14)VRa group (n=15) 

.0023 (2-4)1 (1-3)After-Scenario Questionnaire scoreb

.0122 (20-24)27 (23-28)User Satisfaction Evaluation Questionnairec

N/AN/Ae1 (1-3)Simulator Sickness Questionnaire, abbreviatedd

N/AN/A5 (5-5)Presence and immersion according to Slater-Usoh-Steedf

aVR: virtual reality.
bRange 1 to 7 (1=full satisfaction).
cRange 6 to 30 (30=optimal satisfaction).
dRange 1 to 5 (1=no simulator sickness).
eN/A: not applicable.
fRange 1 to 7 (7=full presence and immersion).

The ASQ revealed a significantly better result for the VR
module (median score in the intervention group: 1, IQR 1-3;
median score in the control group: 3, IQR 2-4; P=.002), as did
the USEQ (median score in the intervention group: 27/30, IQR
23-28; median score in the control group: 22/30, IQR 0-24;
P=.01).

The median score in the 4-item SSQ in the intervention group
was 1 (IQR 1-3), thus revealing good tolerability of the VR
simulation.

Presence and immersion in the virtual world according to the
questionnaire of Slater, Usoh, and Steed was high (median 5
on a scale from 1 to 7, IQR 5-5).

Discussion

In this study, we demonstrated that our VR simulation was at
least as effective as traditional learning methods (video and
written instruction) in training medical students in
COVID-19–related skills—namely, the correct performance of
hand hygiene, use of PPE, and taking of a nasopharyngeal swab
specimen—and that it provides a benefit in user satisfaction.

Effectiveness of Training
For the most investigated steps of the training, both educational
methods improved performance to a similar extent without a
significant difference. However, students in the VR group
performed significantly better in acquiring a nasopharyngeal
swab specimen on a manikin directly after the intervention than
the control group, but this finding may be a result of multiple
testing. Furthermore, the medians of the two groups only
differed by 2 points on a 17-point outcome scale, and the IQRs
overlapped.

There are few VR and MR simulations for training hand
hygiene, and high quality evidence of their effectiveness is
limited [39,40,42]. Shimada and colleagues [41] targeted
preschool children, using a data glove instead of hand-held
controllers to obtain the posture of user’s hand as a VR device.
They used Leap Motion to obtain the posture of a hand, in
contrast to our setting, which used only commercially available
standard hardware. They found that their VR system was more

effective than conventional hand hygiene instruction in a small
group (n=12) of young children.

Performance of correct hand hygiene in our study was poor at
baseline, in accordance with the existing evidence, stressing the
need for effective instruction [7,11]. However, the performance
significantly improved in both groups after the instruction,
despite the limited technical possibilities to simulate the hand
movements of disinfection with the need to hold the standard
controllers in both hands while performing the correct
movements. To minimize this limitation, participants could see
the correct movements of their avatar’s hands (without the
controllers) in a mirror.

This study adds to the body of evidence that VR simulation can
help with the acquisition of simple skills, in combination with
increased user satisfaction. Furthermore, our study highlights
the necessity of strong collaborations between developers, users,
and educators to ensure that these new technologies can
complement and enhance existing educational curricula.

Variables of Media Use
Satisfaction is considered to be one of the key components of
usability [48]. The satisfaction of participants in the VR group
measured by the USEQ was significantly higher than that of
the participants in the control group. As most of our students
were inexperienced in VR, the novelty effect may have added
to the results. This effect consists of an increase in perceived
usability of a technology due to its newness or the tendency for
performance to initially improve when new technology is
instituted, not because of any actual improvement in learning
or achievement but in response to increased interest in the new
technology. However, Huang and colleagues [51] state that
novelty does not necessarily increase learning achievement.
According to them, the increase of learning achievement is more
dependent on a match between the learning content and the
learning method. The embodied learning method in VR is
particularly appropriate for instructing difficult knowledge and
spatial knowledge [51]. It remains to be elucidated whether
satisfaction with and efficiency of VR simulations will decrease
over time as the technology becomes more widespread.
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However, with potentially increasing technological advances,
a certain novelty effect will remain.

To make our VR training available to as many users as possible,
we avoided using specialized hardware such as that used in
many other studies of VR skill training. It could be speculated
that this use of off-the-shelf controllers may reduce the realism
of the VR simulation. However, we were able to demonstrate
that a high degree of immersion and satisfaction could be
achieved with our simulation even with standard hardware. This
may be even more pronounced with future developments, such
as hand tracking without the need for traditional controllers.

This “experience of presence” in VR, which could be
demonstrated in our study, is known to correlate positively with
training effectiveness [52,53].

Skill Retention
In the follow-up after 1 month, there were no significant
differences between the groups regarding any outcome. This
cannot be explained by different exposures, as there was no
difference in the mean number of swabs performed in real life
in the meantime. One possible explanation is that the participants
prepared more deliberately for the second appointment, as they
might have suspected that it would involve a repetition of the
first assessment (“assessment drives learning”) [54]. Most motor
skills are lost over time, or at least the level of performance
deteriorates, starting as soon as 1 day after training [55].
Maagaard et al [56] detected that the laparoscopic skills of
novices acquired in VR simulator training deteriorated in a
period between 6 and 18 months without further training.

We were able to show that the observed learning effect was
maintained over the observed time frame of 1 month in both
learning groups. Whether there will be a difference in skill decay
between the two learning methods in the long run remains an
important open question.

Strengths and Limitations
Our study has several strengths to point out. First, the study
assesses outcomes of direct clinical relevance, not surrogates
such as performance on multiple-choice tests or user satisfaction

only. Second, the study not only assesses the effect of training
on performance gains but also includes a quantification of skill
retention over time. Third, we compared the novel VR
intervention to an established educational alternative rather than
to no intervention.

In addition, attrition bias was nonexistent because all participants
completed the study protocol without dropping out.

As a practical benefit, our VR simulation program is available
for free; thus, program directors and educators are able to
enhance their existing curricula with an effective novel adjunct
or alternative, or replicate the study setting.

This study has several limitations, including its single center
design, which restricts external validity. The number of
participants in our study was limited due to the large logistical
and human resources required to conduct the study during a
pandemic. Therefore, the detection of small differences between
training modalities is not possible with our study design. There
is the possibility of selection bias, based on volunteer
convenience sampling of medical students, as well as a possible
performance bias, with allocation to the interventional group
leading to higher motivation, satisfaction, and performance.
The need to use hand-held controllers instead of hand-tracking
might have further impacted the efficiency of the VR simulation;
however, we wanted to apply technological equipment that is
widely available.

Furthermore, the correlation of these findings to clinical,
patient-oriented outcomes remains to be validated.

Conclusion
To our knowledge, this is the first study using a VR simulation
to train health care personnel in the correct use of hand hygiene,
PPE, and taking a nasopharyngeal swab specimen and to
compare the effectiveness to established traditional training
(video and written instructions). VR simulation was at least as
effective as traditional learning methods in training medical
students while providing a benefit in user satisfaction. These
results add to the growing body of evidence that VR is a useful
tool for acquiring and maintaining simple and complex clinical
skills.
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Abstract

Background: Serious games are a support in the rehabilitation process for treating people with physical disabilities. However,
many of these serious games are not adapted to the patient’s needs because they are not developed with a software engineering
framework with a set of activities, actions, and tasks that must be executed when creating a software product. Better serious games
for rehabilitation will be developed if the patient and therapist requirements are identified, the development is planned, and system
improvements and feedback are involved. The goal is that the serious game must offer a more attractive environment, while
maintaining patient interest in the rehabilitation process.

Objective: This paper submits the results of a systematic review of serious games in physical rehabilitation identifying the
benefits of using a software engineering framework.

Methods: A systematic research was conducted using PubMed, PEDro (Physiotherapy Evidence Database), IEEE Xplore,
ScienceDirect, ACM Digital Library, Mary Ann Liebert, Taylor & Francis Online, Wiley Online Library, and Springer databases.
The initial search resulted in 701 papers. After assessing the results according to the inclusion criteria, 83 papers were selected
for this study.

Results: From the 83 papers reviewed, 8 used a software engineering framework for its development. Most of them focused
their efforts on 1 or more aspects, such as data acquisition and processing, game levels, motivation, therapist supervision.

Conclusions: This systematic review proves that most of the serious games do not use a software engineering framework for
their development. As a result, development systems overlook several aspects and do not have a standardized process, eventually
omitting important implementation aspects, which impact the patient’s recovery time.

(JMIR Serious Games 2021;9(4):e25831)   doi:10.2196/25831
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Introduction

Overview
According to the World Health Organization, over 1 billion
people have some form of disability [1], with up to 200 million
people having loss or decrease in movement, which limits their
ability to perform activities of daily living. To overcome it, they
must undergo a rehabilitation program to gradually regain
movement and consequently, improve their quality of life.

However, the traditional rehabilitation process is often slow
and presents problems such as lack of motivation, boredom,
and others; as a result, many patients consider the exercises
stressful, and therefore abandon the therapy [2].

To avoid these situations, new ways of conventional therapy
support have been used in recent years, such as medicinal
treatments, robotics, video games (known as serious games),
and others [3], which have contributed to faster rehabilitation
when performing exercises in a fun way, allowing the patients
to forget their conditions and concentrate on the game.

For this reason, new interaction modes, such as serious games
[4], have the potential to provide more attractive, motivating,
and enriching experiences for patients who suffer from decreases
in movement. Currently, serious game–based physical
rehabilitation is an area of research in constant evolution, and
therefore, there is the need for developing guidelines adapted
from other research fields.

Despite the potential benefits of serious games in physical
rehabilitation, many available platforms are inflexible and
limited in their scope. Many developments do not follow a
process involving a set of activities, actions, or tasks that must
be executed when a software product is to be created. As a
result, essential elements to the patient’s improvement process
are ignored within the video game. Some of these elements are
motivation, play levels, player commitment, challenges
according to the patient’s level, clinical evaluation, assessment
scales, among others [5,6].

This work aims to describe the software engineering frameworks
used in serious games development and their benefits in the
physical rehabilitation process.

Background

A Note on Frameworks
The term framework has several meanings depending on the
field. For example, it may refer to a model, prescription,
guidelines underlying a design and analysis, among others.

The concept of framework is widely used in the field of
computer science. However, there is some confusion between
the software engineering framework and the application
framework. The former provides a skeletal abstraction of a
solution to several problems that have some similarities. A
software engineering framework will generally outline the steps
or phases that must be followed in implementing a solution
without getting into the details of what activities are done in
each phase [7]. The goal is for developers to use the framework
as a guide to creating software systems by applying “building
blocks” depending on the problem domain; by contrast,
application framework is an integrated set of software artifacts
(such as classes, objects, and components) that collaborate to
provide a reusable architecture for a family of related
applications [8]. They are used to facilitate the development
process of applications, reducing time, effort, and costs.

Software engineering framework and application framework
should not be confused. The latter is composed of
pre-established source codes (eg, data access routines, form
validation, templates) that the programmer uses to reduce
workload and do not start the project from scratch.

One of the main motivations for applying a software engineering
framework in serious game development is to design an efficient
and satisfactory system for the patient.

Software Engineering Frameworks and Serious Games
The use of software engineering frameworks for the
development of serious games allows the application of a variety
of concepts, models, techniques, and artifacts at a high level of
abstraction. Being an interdisciplinary field, an orientation on
the developed tasks is required. Besides, it is flexible to adapt
to changing conditions or personalization according to the final
approach of the video game (rehabilitation, education, etc.).

Serious games like other software developments require a
“systematic, disciplined, and quantifiable” approach. Every
aspect of production, from early stages of system specification
to maintenance after its operation, must be established. Below
is a set of related activities that lead to the development of a
software product [9-12].

Structural Activities in Software Development
In software engineering, 5 generic structural activities are used
during software development [9-12]: communication, planning,
modeling, construction, and deployment. The software process
details will be different in each case, but the structural activities
are the same. The definitions of the structural activities are
presented in Textbox 1.
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Textbox 1. Definitions of the structural activities in software development.

Communication

Defining the software characteristics and functions is particularly important to communicate and collaborate with the client and other participants.
This activity aims to understand the project objectives of the participants and meet the requirements.

Planning

Once the requirements are obtained, this activity presents an estimate of the resources; establishes a software project plan; and describes technical
tasks, probable risks, and program activities.

Modeling

Its objective is to help understand the requirements through models. The models’ aim is to affirm the understanding of the work and give technical
guidance to those who will implement the software, establishing, for example, the database model, the software architecture, user screen prototypes,
and others. In some developments, this activity is the equivalent of the design stage.

Construction

This activity consists of the code generation and tests required to discover bugs in the software product.

Deployment

Once the software is created (completely or an increment), it is delivered to the client who will evaluate it and give feedback for system improvement.

Gamification
According to Kumar [13] gamification applies game design
principles and mechanics to nongame environments. In the
rehabilitation process, gamification can increase motivation and
engagement through rewards, game levels, accessibility,
feedback, and challenge. Therefore, the software engineering
framework for serious game development must incorporate
gamification. Various gamification elements include immersion,
support for different roles, flow enhancement, visual
enhancement, support for different learning stages and
experience levels, design for interactivity, and progress [14].
By contrast, Vermeir et al [15] identified the following elements:
avatar, challenge, competition, difficulty adjustment, feedback
loops, levels, progress, rewards, social interaction, sound effects,
and story/theme.

Benefits of Gamification in Rehabilitation
de Castro-Cros et al [16] analyzed the effects of gamification
on the mental imagery brain–computer interface in rehabilitation
functional assessments in 10 patients with stroke with
hemiparesis in the upper limb and 6 healthy individuals. The
authors concluded that user opinions about the game level of
entertainment, clarity of rules, narrative, and visual
attractiveness were all positive. The patients were consensus
about the interest in gamifying stroke rehabilitation sessions.
By contrast, Steiner et al [17] performed a scoping review of

gamification in the rehabilitation of patients with
musculoskeletal disorders of the shoulder. They concluded that
gamification is essential in health care to enhance motivation
and support therapy in general, especially in chronic diseases
and rehabilitation. Other advantages are motivation, avoiding
boredom, and distraction from pain and anxiety.

Related Works
A systematic review of literature is a method to identify,
evaluate, and interpret all available and relevant research of a
particular research question, subject area, or phenomenon of
interest. The individual studies that contribute to the systematic
review are called primary studies. A systematic review is also
considered a form of secondary study [18].

This systematic review includes literature work on developing
serious games in physical rehabilitation using a software
engineering framework. To identify existing secondary research
in the same field, we searched the following electronic
databases: IEEE Xplore, ACM Digital Library, Wiley Digital
Library, PubMed, ScienceDirect, Taylor & Francis, Mary Ann
Liebert, and Springer. Besides, we used Google Scholar as a
web source to broaden our results.

The search was realized using the following search string: A1
AND B1 AND (C1 OR C2 OR C3 OR C4 OR C5 OR C6).
Textbox 2 shows the terms included in the search string.
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Textbox 2. Search terms to identify related secondary studies.

A term

• A1. Serious games

B term

• B1. Framework

C term

• C1. Review

• C2. Systematic review

• C3. Systematic literature review

• C4. Systematic mapping

• C5. Mapping study

• C6. Systematic mapping study

When this search was performed in the electronic databases, no
related secondary studies were identified. Therefore, we sought
systematic reviews focused on software engineering frameworks
in any field. Table 1 summarizes the secondary studies found.

Mubin et al [19] performed a review on gamification design
framework and its application for children with autism. This
review aimed to offer gamification solutions for interaction
skills. They identified the framework phases in 5 papers and
target users/audience/focus. The authors concluded that
frameworks have been analyzed from an in-game context but
did not emphasize on children with autism. In the literature,
studies show that gamification is very effective in the areas of
therapy and education for children with autism. The most
important contribution of this review is the development of
interaction skills. This review identified phases of the
development process in some studies (eg, planning, designing).
However, it does not explain how users benefit from the process
interaction.

Vargas et al [20] developed a systematic mapping study on
serious game quality. The aim was to discover the current state
of serious games quality initiatives. One of the research

questions focused on discovering if quality has been constant
throughout the software development cycle or in some stages.
The authors showed that 97% of the literature reviewed applied
quality in the final phase (product). Only 7.14% focused on
quality in the design phase and 1.79% in the requirement phase.
This study was included because it identified the phases in which
quality was applied: requirement, design, code, and final
product.

Tomalá-Gonzáles et al [21] reported on methodologies, game
engines currently used in serious games development in various
areas (education, cognitive disabilities, and physical
rehabilitation), and criteria for game engine selection. From the
27 papers, 8 used a defined methodology such as XP, Cascade,
and others, while 3 proposed their own model. The authors
concluded that although several software development
methodologies can be adapted to serious game development,
the best option was the SUM methodology because it is based
on Scrum (fast, precise, optimized, and adaptable programming
characteristics). However, this review did not make distinctions
between framework and methodology. It also did not identify
methodology phases nor the benefits of applying a methodology
in the learning or rehabilitation process.

Table 1. Summary of secondary studies.

Phases of process devel-
opment identified?

Benefit of frameworkTarget users/audience
/focus

Year of publicationTypeStudy

YesInteraction skills in
children with autism

Children with autism2019ReviewMubin et al [19]

YesQualitySerious games quality2014Systematic
mapping study

Vargas et al [20]

No—aIdentifies methodologies
and game engines

2020ReviewTomalá-Gonzáles et al [21]

aNot available.

Although our work shares similarities with the aforementioned
studies, the literature review presented in this paper is different
because this review (1) focuses on serious games for physical
rehabilitation, (2) identifies the software development stages in
each software engineering framework according to the structural
activities proposed by Pressman [9], who states that “The

software process details will be different in each case, but the
structural activities are the same”; (3) identifies contributions
of software engineering frameworks to the rehabilitation process;
and (4) identifies if the proposed software engineering
framework provides objective monitoring of the rehabilitation
process.
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Methods

Research Methodology
The systematic literature review process proposed by Brereton
et al [22] was applied for this systematic review. Figure 1 shows
the process and steps for each phase. The process consists of 3
main phases: plan review, conduct review, and document review.
The first phase consists of the following steps: (1) describe the

main reasons for the literature review, (2) specify a set of
research questions, and (3) review the protocol. The second
phase comprises 4 steps: (1) identify important research, (2)
select primary studies, (3) extract data from primary studies,
and (4) synthesize data. Finally, the third phase consists of 3
steps: (1) obtain results, (2) identify the validity threats, and (3)
conclusions. Figure 1 shows the literature review process. In
the following subsections, we describe the activities carried out
in each phase of this systematic literature review.

Figure 1. Literature review process.

Research Questions
In this subsection, we present the 9 research questions that
guided this study through the investigation to meet the objectives
of the systematic review. Table 2 presents these questions.

The research questions can be classified into 4 fields of interest.
RQ1 and RQ2 study serious games evaluated in software
engineering. These questions identify the number of serious
games developed with a software engineering framework and
the set of activities, actions, and tasks required.

RQ3 and RQ4 describe framework contributions to the
rehabilitation process and implementation of gamification

elements. It allows transforming obstacles into positive and fun
reinforcements, thereby encouraging patients.

RQ5 and RQ6 are centered on applicability and serious game
characteristics for rehabilitation using a software engineering
framework. These questions identify relevant data such as target
audience, interaction technology for data acquisition, main
modalities, among others.

Finally, RQ7, RQ8, and RQ9 studied important aspects to
evaluate and provide follow-up of rehabilitation progress
depending on the type of exercise.
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Table 2. Research questions.

QuestionResearch question

What framework is used in the development of the serious game?1

What are the generic structural activities used in frameworks?2

How the framework contributes to the rehabilitation process?3

What gamification elements does the framework use?4

What is the targeted disability contemplated in the frameworks?5

If the framework includes a case study, which part of the body is rehabilitated? What is the modality of the serious
game? Which interaction technology is used?

6

What type of evaluation and number of patients are involved in the clinical trials?7

Does the framework contemplate a standardized scale to evaluate the patient’s rehabilitation progress?8

Does the framework contemplate adaptability?9

Search Strategy
The objective of the search strategy was to identify all relevant
primary studies. A literature search was conducted to answer
the proposed research questions.

The search strategy is an adaptation of Guidelines for
Performing Systematic Literature Reviews in Software
Engineering [18] and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [23]. Relevant papers

were identified by searching in the following databases:
PubMed, PEDro (Physiotherapy Evidence Database), IEEE
Xplore, ScienceDirect, ACM Digital Library, Mary Ann Liebert,
Taylor & Francis Online, Wiley Online Library, and Springer.
To build the search string, a list of keywords and their synonyms
were identified. Logical operators (AND and OR) and words
related to rehabilitation, serious games, and framework were
used. The final search strings consisted of the following Boolean
expressions: “(A1 AND (B1 OR B2)) AND (C1 OR C2 OR
C3) AND D1”. The search terms are shown in Textbox 3.

Textbox 3. Search terms for the final search string.

A term

• A1. Serious

B term

• B1. Game

• B2. Games

C term

• C1. Rehabilitation

• C2. Disability

• C3. Disabilities

D term

• D1. Framework

Inclusion Criteria
The systematic review is focused on serious games for physical
rehabilitation; clear inclusion criteria were established to
determine the eligibility of papers for inclusion in the review.
Only studies with the following criteria were considered eligible
for inclusion: serious game papers for physical rehabilitation,
papers published in English, and all serious games regardless
of the year of development.

Exclusion Criteria
Papers duplicated, papers regarding opinion pieces, existing
literature reviews, papers that are not related to rehabilitation

using serious games, serious games for educational purposes,
and serious games for cognitive rehabilitation were excluded
from the study.

Study Selection
First, the search string was used in different databases.
Potentially relevant papers were identified after reading the title
and abstract. Duplicate papers were removed. Subsequently, an
exhaustive verification of compliance with the inclusion and
exclusion criteria was carried out to select the papers. Figure 2
shows the item selection process. In the systematic review, 701
papers were included. Table 3 shows the number of documents
retrieved from each database.
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)–based flowchart.
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Table 3. Search results.

Results, nDatabases

14PubMed

12PEDro

103IEEE Xplore

88ScienceDirect

166ACM Digital Library

27Mary Ann Liebert

50Taylor & Francis Online

43Wiley Online Library

198Springer

Extract Data From Primary Studies
After identification, the primary papers were rigorously analyzed
in accordance with the following considerations: (1) only the
authors of this review can participate in the data collection
process; (2) each primary paper should be reviewed with at least
two reviewers; (3) each reviewer will collect a set of data from
each primary study, then meet with another reviewer to reach
an agreement on the data obtained.

Two types of data were extracted for each study: bibliographic
(title, author name, country, year, database) and content data,
which are used to answer the research questions. Table 4 shows
the concentration of the bibliographic data of the primary papers.

Multimedia Appendix 1 shows the percentage of primary studies
from each electronic database. IEEE Xplore presented more
primary studies than the rest. The following section presents an
analysis of the data collected.

Table 4. Bibliographic data of the primary papers.

DatabaseCountryYearStudy

IEEE XploreAustria2013Baranyi et al [24]

ScienceDirectItaly2016Pirovano et al [25]

PubMedSpain2018Amengual Alcover et al [26]

IEEE XploreAustria2019Baranyi et al [27]

IEEE XploreMalaysia2012Zain et al [28]

ScienceDirectBrazil2018Noveletto et al [29]

ACM Digital LibraryCyprus2017Afyouni et al [30]

ACM Digital LibrarySwitzerland2012Maggiorini et al [31]

Results

RQ1: What Framework Is Used in the Development
of the Serious Game?
Only 8 (10%) out of the 83 papers related to physical
rehabilitation using a software engineering framework
(Multimedia Appendix 2).

In Baranyi et al [24,27], the proposed studies were based on the
user-centered design framework. The physiotherapist is
important because s/he identifies the needs and limitations of
the patients in the rehabilitation process. There are 3 phases:
research, design, and evaluation. In research, a physiotherapist
conducts brainstorming with the work team and identifies the
requirements. Afterward, in the design phase, the team creates
mock-ups and a prototype. Finally, the physiotherapist evaluates
the application.

Pirovano et al [25] proposed a 4-step procedure to create safe
exergames for rehabilitation therapies: exercise definition,

virtualization, game design, and secondary goals. In exercise
definition, a set of exercises is proposed to cover therapy needs.
Each exercise is structured into primary and secondary goals.
During virtualization, the team identifies primary goals, and
they are implemented into a virtual exercise by defining input
(tracking) and output (feedback) requirements through simple
graphical elements and specifying interaction mechanisms.
Through game design, the virtual exercise is converted into a
true exergame. In the last step, there are 2 functionalities. The
first is to analyze motion data and identify wrong movements.
The second provides feedback to the patients.

In Amengual Alcover et al [26], the serious game development
framework follows an iterative process flow structured into 2
dimensions: activities and incremental development. The first
dimension is based on 3 approaches: Scrum, the web application
development model, and a clinical trial. The activities dimension
includes a project initiation activity, an iterative flow composed
of 4 basic development activities (planning and control,
modeling, construction, and evaluation), and a final clinical

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e25831 | p.428https://games.jmir.org/2021/4/e25831
(page number not for citation purposes)

Ambros-Antemate et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


study to evaluate the rehabilitation process of the patient through
the serious game. Incremental development includes 3 different
increments: interaction mechanism, interaction elements, and
serious game. In the first increment, an existing device on the
market is identified to capture the movements of patients
according to their needs. In the second increment, the
development team must design the interaction elements that
force patients to perform the therapy correctly. The final
increment is aimed at designing a serious game that motivates
the patient to perform therapy to obtain the best results.

Zain et al [28] proposed a conceptual framework for people
with motor impairment, so they can enjoy the experience of
playing serious games. The framework’s main elements were
player skills, challenge, concentration, feedback, immersion,
learning opportunities, accessibility, and adaptivity. The
proposed framework will help the game designer and developer
create a serious game that combines the game’s technology with
the learning environment. This framework is based on the game
flow model.

Noveletto et al [29] presented a conceptual model for the design
or development of serious games to rehabilitate people with
stroke. The framework establishes a relationship between experts
and patients to obtain the requirements, considering that the
biomedical device and the video game score are used to design
serious games.

Afyouni et al [30] proposed a framework consisting of a
therapy-driven 3D environment augmented with a natural user
interface based on movement. The framework incorporated
different adaptation techniques to adjust patient’s needs. Patient
preferences and limitations were considered key parameters for
changing the game, thereby creating personalized games for
each patient.

Maggiorini et al [31] presented a framework for serious game
development that allows the therapist to remotely control the
video game home activities. The objective was to create a more
attractive game for the elderly with easily adjustable parameters
for therapy adaptability. The framework includes 3 phases of
serious game development: requirements definition, empirical
validation of requirements list, and design and prototyping.

RQ2: What Are the Generic Structural Activities Used
in Frameworks?
The objective of this research question was to identify generic
structural activities in primary studies (see the “Background”
section). Table 5 summarizes the structural activities and
Multimedia Appendix 3 shows the frequency of occurrence of
each structural activity in primary studies.

Every study established a communication activity to obtain the
requirements. Baranyi et al [24] brainstormed with a
physiotherapist to identify relevant problems and needs for
patients undergoing rehabilitation. Pirovano et al [25] defined
exercises addressing the primary and secondary objectives of
rehabilitation. To achieve maximum effectiveness, the exercises
are defined in collaboration with therapists. In Amengual
Alcover et al [26], the communication began by identifying the
context, operational objectives, restrictions, and requirements.
Baranyi et al [27] established communication with the therapist
to obtain the requirements. Zain et al [28] identified the user
abilities, limitations, and behavior, which become requirements
for the serious game. Noveletto et al [29] considered experts in
the field (health personnel, therapists, etc.) and patients to obtain
the requirements. Afyouni et al [30] established the type of
game through patient needs, preferences, and limitations,
allowing custom game features. Finally, Maggiorini et al [31]
analyzed the most diffused issues present in elders’ homes (eg,
size of rooms, habits) to explore requirements and limitations
through an immersive approach.

The planning activity was implemented in Amengual Alcover
et al [26]. The goal of this activity was to determine the tasks
to perform during the development by identifying the end
products and the people who will do the work. The activity
includes 3 tasks: planning, scheduling, and tracking.

The modeling activity was performed in several papers. For
example, Baranyi et al [24] called it design, elaborating basic
models discussed with a therapist. Pirovano et al [25]
transformed the exercise requirements into a true exergame by
adding all the elements and characteristics of a game and a good
game design for the patients. Amengual Alcover et al [26]
created models that helped the development team to understand
the requirements obtained and the game design. By contrast,
Baranyi et al [27] contemplated the use of prototypes to refine
user requirements. Finally, Maggiorini et al [31] established a
list of technical characteristics (desired) for the prototype
creation.

The construction activity was implemented in every study.
Developments produce executable software units that will be
used by users, through the creation of prototypes to improve
the software [24-27,30,31], or the final product [28,29].

Finally, the user evaluates and provides feedback on the serious
game in the deployment stage. In the primary papers, Pirovano
et al [25] and Baranyi et al [27], patients were asked to give
their opinion to improve the game design and change some
aspects of the application.
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Table 5. Structural activities in primary studies.

DeployConstructionModelingPlanningCommunicationStudy

—XX—aXBaranyi et al [24]

XXX—XPirovano et al [25]

—XXXXAmengual Alcover et al [26]

XXX—XBaranyi et al [27]

—X——XZain et al [28]

—X——XNoveletto et al [29]

—X——XAfyouni et al [30]

—XX—XMaggiorini et al [31]

aNot available.

RQ3: How the Framework Contributes to the
Rehabilitation Process?
Baranyi et al [24,27] applied a user-centered design approach
to establish constant communication with the physiotherapist
who has the experience to identify the needs and limitations of
the final user. Serious games are developed with entertainment
elements such as levels, rewards, challenges, and adaptability
to the patient need, considering special conditions.

Pirovano et al [25] proposed the creation of safe exergames,
identifying the needs of real exercise besides therapy goals.
These needs are incorporated into a video game considering the
primary objectives (what a user should do) and secondary
objectives (how user actions should be carried out). The former
is easily integrated into the gameplay, while the latter aids the
patient with corrections or prevention of compensatory
movement through analysis of the flow of movement data and
wrong movements in real time, thereby providing immediate
feedback to patients to correct themselves during the exercise.

Amengual Alcover et al [26] proposed an iterative,
prototype-oriented, systematized serious game development
process. The proposed process guarantees that products based
on this framework are developed and validated by following a
coherent and systematic method that leads to high-quality
serious games.

For users with motor impairment, Zain et al [28] used flow
theory [32] to propose user interface design factors that make
their experience enjoyable when playing serious games. This
framework includes user interface design factors and aims to
establish a conceptual model that can be used by a game
designer for efficient game development or an educational
practitioner when designing enjoyable serious games for users
with motor impairment.

Noveletto et al [29] established a relationship among key
stakeholders (experts and patient) and elements (biomedical
device and game score) for serious game design. The framework
states that a correlation between the game score and clinical
tests can aid treatment and evaluation through the biomedical
system.

Afyouni et al [30] proposed a framework for video game
development with an adaptive and user-centered approach. The
framework embeds different adaptation techniques to tailor to
patients’ needs. The video game adapts to the difficulty level
based on the patient’s profile and performance in real time.
Other aspects such as patient preferences and constraints are
considered as key game-changing parameters.

Finally, in Maggiorini et al [31], the framework allowed serious
game development with telerehabilitation allowing the therapist
to remotely control the video game home activities. It supports
parameter adjustments for therapy adaptability. Table 6
summarizes framework contributions.
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Table 6. Framework contributions in primary studies.

Primary studiesUtilityFramework contribution to rehabilitation

Baranyi et al [24], Pirovano et al [25],
Baranyi et al [27], Noveletto et al [29]

A physiotherapist establishes communications with patients
undergoing rehabilitation to identify the problems and needs.

Communication with health expert

Pirovano et al [25]Exercise can be defined as a sequence of different actions
needed to complete it to achieve maximum effectiveness.

Exercise definition

Pirovano et al [25]Provides immediate feedback to the patients for correct ex-
ercising.

Analyzes the stream of motion data and
identifies in real time wrong movements

Baranyi et al [24], Pirovano et al [25],
Baranyi et al [27], Noveletto et al [29],
Afyouni et al [30], Maggiorini et al [31]

Visualize prototypes of serious games from early stages. The
therapist or patients identify additional requirements or
modify them.

Iterative and prototyping

Baranyi et al [24], Pirovano et al [25],
Amengual Alcover et al [26], Baranyi et al
[27], Zain et al [28], Noveletto et al [29]

Motivation and immersionUser interface design factors

Noveletto et al [29]Aids in patient treatment and evaluationThe correlation between game score and
clinical tests

Baranyi et al [24], Pirovano et al [25], Zain
et al [28]

Afyouni et al [30], Maggiorini et al [31]

Adapts difficulty level according to the patient’s profile and
performance in real time

Adaptive approach

Maggiorini et al [31]Therapists can remotely control the video game for home
activities and provide adjustable parameters to improve
therapy

Telerehabilitation

RQ4: What Gamification Elements Does the
Framework Use?

Overview
Gamification allows the transformation of obstacles into positive
and fun reinforcement, encouraging users to make the right
decisions for their health and well-being [33]. It is essential to
keep the patient motivated in physical rehabilitation. For this
reason, the software engineering framework is required to use

gamification elements. The papers identified the following
elements: feedback, motivational factor, adaptability, challenge,
levels, immersion, rewards, concentration, and avatar. Table 7
shows the gamification elements in primary studies, and
Multimedia Appendix 4 shows the frequency of occurrence of
each gamification element.

The gamification elements of primary studies are described
below.

Table 7. Gamification elements in primary studies.

StudyGamification element

Pirovano et al [25], Amengual Alcover et al [26], Baranyi et al [27], Zain et al [28], Noveletto et al [29], Afyouni
et al [30], Maggiorini et al [31]

Feedback

Baranyi et al [24], Pirovano et al [25], Amengual Alcover et al [26], Baranyi et al [27], Noveletto et al [29]Motivational factor

Baranyi et al [24], Pirovano et al [25], Zain et al [28], Afyouni et al [30], Maggiorini et al [31]Adaptability

Baranyi et al [24], Zain et al [28], Afyouni et al [30]Challenge

Baranyi et al [24], Amengual Alcover et al [26], Baranyi et al [27], Afyouni et al [30]Levels

Zain et al [28]Immersion

Pirovano et al [25]Rewards

Zain et al [28]Concentration

Pirovano et al [25]Avatar

Feedback
In Pirovano et al [25], the feedback mechanisms were designed
to show the outcome of actions to patients. For instance, whether
a target is met or a movement has been successfully performed.
Amengual Alcover et al [26] used “mirror feedback,” which
consists of projecting the user onto the screen and simulating a
mirror in such a way that the users can see themselves on the

screen at all times. In Baranyi et al [27], the feedback provided
was either visual, aural, or haptic. In Zain et al [28], users with
motor impairment received feedback on their progress, and
when they lose the game, feedback is provided to continue in
the right direction. Noveletto et al [29] established that serious
same should reward players with feedback on progress. Afyouni
et al [30] used a scoring system that was designed to keep track
of the number of times the patient successfully passed through
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the targets. Finally, in Maggiorini et al [31], a skeleton
wireframe is drawn in red to provide immediate visual feedback,
and an alarm is raised on the screen.

Motivational Factor
Baranyi et al [24] used “goals.” The gameplay was based on
achieving goals that should act as motivation factors. Pirovano
et al [25] established that extrinsic motivational effects can be
achieved through careful use of verbal praise, scoring
mechanisms, and virtual reward systems. In Amengual Alcover
et al [26], the development of new serious games allowed the
inclusion of motivational elements to increase engagement.
Baranyi et al [27] used rewards in serious games for the user.
Finally, Noveletto et al [29] used the “motivational score” to
improve attention during rehabilitation sessions.

Adaptability
Baranyi et al [24] proposed an adaptive system with the
opportunity to adapt the game difficulty. Pirovano et al [25]
established that virtual exercises should use dynamic difficulty
adaptation, thus further increasing the flexibility of serious
games. For Zain et al [28], an adaptive factor was important to
design and develop serious games for users with motor
impairment because the application, aware of the users’ current
cognitive load and physical limitations, can change its response,
presentation, and interaction flow to improve users’ experience
and their task performance. In Afyouni et al [30], the framework
embeds different adaptation techniques to adapt to the patients’
needs. Key game-changing parameters such as patient
preferences and constraints are considered. This allows the
creation of personalized game features for every patient.
Maggiorini et al [31] proposed that remotely controlled serious
games may also provide easily tunable parameters to better
adapt the game therapy to the actual patient recovery.

Challenge
Baranyi et al [24] proposed the challenge as a “key fact.” They
considered that the game should not be too easy nor too hard
to manage. The game should be sufficiently challenging and
match the player’s skill level. Zain et al [28] proposed that
serious games should also vary the level of difficulty and keep
an appropriate pace. Afyouni et al [30] generated therapy-aware
navigational movements with multiple levels of difficulty.

Levels
Baranyi et al [24] stated that the purpose of the serious game
developed is to have a rehabilitation system containing different
levels that were adapted and created for the individual needs of
the patients and to fit their impairments. Amengual Alcover et
al [26] considered that serious games must have a definition of
different levels in the game. In Baranyi et al [28], when the
game is started for the first time, a diagnostic routine is
performed; using these data, a baseline for the exercises can be
defined by the therapist to get an initial idea about how easy or
complex a level might be for a patient. Afyouni et al [30]
presented different levels of difficulty based on therapeutic
gestures and patient performance.

Immersion
Zain et al [28] considered that immersive games draw players
into the game and affect their senses through elements such as
audio and narrative.

Reward
Pirovano et al [25] used a scoring system, and at the end of each
exergame, a virtual reward is presented to the patients.

Concentration
Zain et al [28] considered that the more concentration a task
requires in terms of attention and workload, the more absorbing
it will be. The games should grab the player’s attention quickly
and maintain it throughout the game.

Avatar
Pirovano et al [25] used an avatar for feedback on wrong
movements, changing the color of the associated avatar
segments. When wrong movements persist for a long time, the
game is paused, and a virtual therapist avatar pops up to advise
patients.

RQ5: What Is the Targeted Disability Contemplated
in the Frameworks?
This specifies whether a study focuses on a particular pathology
with loss or decrease in movement. The papers established the
following target pathology: 4 defined strokes [24,25,27,29], 2
defined neuromotor disorder [26,30], 1 defined users with motor
impairment [28], and 1 defined rehabilitation of the elderly [31].
Stroke is mainly targeted in studies because it is the second
cause of death and the third cause of disability worldwide [34].
Multimedia Appendix 5 shows the target disability percentage.

RQ6: If the Framework Includes a Case Study, Which
Part of the Body Is Rehabilitated? What Is the
Modality of the Serious Game? Which Interaction
Technology Is Used?
As Table 8 reports, Baranyi et al [24] presented a prototype that
rehabilitates patients with lower limb disabilities with balance
and strength exercises using the Wii Fit Balance Board. Pirovano
et al [25] developed serious games for upper limb motor
rehabilitation therapy using Microsoft Kinect and lower limb
with the Wii Fit Balance Board. Amengual Alcover et al [26]
also rehabilitated the lower limb by allowing patients to perform
repetitions in a video game controlled with Microsoft Kinect,
with each repetition varied according to the participant’s
tolerance and the physiotherapist’s recommendations. Baranyi
et al [27] performed hand rehabilitation using gesture exercises,
touch, and patient movement levels using mobile phone sensors.
Zain et al [28] and Noveletto et al [29] did not report any case
studies. Afyouni et al [30] developed a serious game for hand
rehabilitation using leap motion. Game instructions can be visual
(shown on the screen) or voice, depending on the perception
capacity of the patient. Finally, Maggiorini et al [31] developed
a prototype for rehabilitation using Microsoft Kinect. It only
presents the skeleton tracking by a sensor and does not mention
whether the video game implements another form of
communication with the patient.
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The modality is a way in which information is transmitted from
the computer to the participants [35]. Baranyi et al [24,27],
Pirovano et al [25], Amengual Alcover et al [26], Afyouni et al
[30], and Maggiorini et al [31] used a visual modality, presenting
a graphical interface for user interaction. Pirovano et al [25],

Amengual Alcover et al [26], Baranyi et al [27], and Afyouni
et al [30] used audio effects such as music or voice instructions.
Baranyi et al [27] used haptic modality to control the video
game through a touch screen. Zain et al [28] and Noveletto et
al [29] did not report modalities.

Table 8. Rehabilitated limb, serious game modality, and data-acquisition device in primary studies.

Interaction technologyModalityRehabilitation/extremityStudy

Wii Fit Balance BoardVisualLower limbsBaranyi et al [24]

Wii Fit Balance Board and Microsoft KinectVisual, auditoryLower and upper limbsPirovano et al [25]

Microsoft KinectVisual, auditoryLower limbsAmengual Alcover et al [26]

iOS platform sensorsVisual, auditory, hapticHandBaranyi et al [27]

OpenNot reportedNot reportedZain et al [28]

OpenNot reportedNot reportedNoveletto et al [29]

Leap motionVisual, auditoryHandAfyouni et al [30]

Microsoft KinectVisualFull bodyMaggiorini et al [31]

RQ7: What Type of Evaluation and Number of
Patients Are Involved in the Clinical Trials?
The objective of this research question was to identify clinical
validation of the studies and the number of patients involved.
In clinical trials, participants receive specific interventions
according to the research plan or protocol created by the
researchers to determine the safety and efficacy of the
interventions through the measurements of the outcomes [36].
Table 9 shows these data. Amengual Alcover et al [26]
conducted a clinical trial and observed a significant difference
between before and after scores. They used the Berg Balance
Scale and their results showed a significant functional
improvement (P=.002) in comparison with assessments before

(mean 29.5 [SD 3.9] and after (mean 34.1 [SD 2.2]) the
intervention. The Functional Reach Test revealed significant
differences in functional balance before and after the
intervention: right upper limb, before (mean 8.6 [SD 1.4]) and
after intervention (mean 10.1 [SD 2.0]; P=.007); and left upper
limb, before (mean 8.3 [SD 2.0]) and after intervention (mean
10.1 [SD 3.7]; P=.052). Finally, a significant difference between
the pre- and post-assessment scores for the Tinetti Balance Test
was observed at the end of the 24-week intervention period.
The average score rose from 16 to 21 points on a scale of 28
points. Afyouni et al [30] reported that patients showed
improved hand movement using a range of motion. They were
able to document 66% of the elements in the video game. No
other study reported a clinical trial.

Table 9. Type of evaluation and number of patients in the primary studies.

Number of patientsEvaluationStudy

N/AaNo clinical validationBaranyi et al [24]

N/ANo clinical validationPirovano et al [25]

9Clinical trialAmengual Alcover et al [26]

N/ANo clinical validationBaranyi et al [27]

N/ANo clinical validationZain et al [28]

N/ANo clinical validationNoveletto et al [29]

5Clinical trialAfyouni et al [30]

N/ANo clinical validationMaggiorini et al [31]

aNA: not applicable.

RQ8: Does the Framework Contemplate a
Standardized Scale to Evaluate the Patient’s
Rehabilitation Progress?
An assessment instrument allows to objectively quantify the
disability degree of the patient and measure the progress of
rehabilitation [37,38]. The evaluation scales in the framework
are used to quantify the improvement in rehabilitation depending
on the type of exercise applied. During the analysis of primary

papers, we identified 3 studies with assessment instruments:
Pirovano et al [25], Amengual Alcover et al [26], and Afyouni
et al [30].

RQ9: Does the Framework Contemplate Adaptability?
Adaptability is the ability to dynamically adapt difficulty in a
video game according to the patient’s performance [39]. Five
primary studies use this characteristic. In Baranyi et al [24], the
physiotherapist designed the level of difficulty of the video
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game. Pirovano et al [25] established that for every exercise,
quality parameters are necessary to define movement properties.
This will allow one to determine the challenge degree of the
exercises and adapt the difficulty to the patient’s needs. Zain et
al [28] mentioned that adaptability must consider the following
elements: (1) user motivation, (2) experience and abilities, and
(3) detection, which identifies necessary changes. Afyouni et
al [30] adapted the difficulty level based on the patient’s profile
and performance in real time. In Maggiorini et al [31] the
therapist can remotely adapt the game therapy to the patient’s
actual recovery. Amengual Alcover et al [26], Baranyi et al
[27], and Noveletto et al [29] did not specify how adaptability
is incorporated into their game. Multimedia Appendix 6 shows
the percentage of frameworks contemplating adaptability.

Threats to Validity of Primary Studies Selected
Although we used search strategies and techniques to
systematically find papers by using keywords in the selected
databases, these words may vary within papers, so some relevant
studies may have been omitted.

Discussion

Preliminary Findings
We found only few studies that used a systematic process for
serious game development. Each framework analyzed in the
primary papers highlighted a different feature.

Planning was the structural activity least implemented. This
activity is essential because it allows goal definition, objectives,
and path to follow in the software development [9,10,40,41].

Regarding applicability, most studies focused on the treatment
of stroke sequelae using various modalities such as visual and
auditory. The latter should also be implemented to provide
feedback on patient performance. Lastly, test cases directly use
playable commercial platforms such as Microsoft Kinect and
Leap motion as interaction technology.

There were a few clinical trials, and the type of improvement
reported varies from one study to another. Amengual Alcover
et al [26] used the Berg Balance Scale and Tinetti Balance Test
measurements and reported significant functional improvement
from previous results. Afyouni et al [30] also reported
improvements using range of motion evaluation in hand
movement. No other studies used clinical trials to evaluate the
framework. Clinical evaluation is essential to objectively
validate the patient’s rehabilitation progress [36].

Pirovano et al [25], Amengual Alcover et al [26], and Afyouni
et al [30] used an evaluation scale to assess the patient’s
progress. It should also be used as an alternative to adaptability,
which is essential for progress and motivation [42]. It is also a
technique that can be used to advance game levels [5]. Game
levels help engage in the game and could increase treatment
compliance.

Conclusions
The objective of this study was to identify the software
engineering frameworks used in the development of serious

games through a literature review of 8 primary studies. The
conclusions of this study are as follows:

About 75% (6/8) of the primary papers proposed a framework
[25,26,28-31], whereas the rest were adaptations of the
user-centered design framework (RQ1). Regarding the structural
activities, 100% (8/8) of the papers applied the communication
and construction activity [24-31], 63% (5/8) used modeling
(known as a design in some developments) [24-27,31], 25%
(2/8) considered user feedback to improve the serious games
[25,27], and only 13% (1/8) included the planning phase [26]
(RQ2).

Each primary study contributes in one or more aspects to the
rehabilitation process. Baranyi et al [24,27] applied a
user-centered design using which the physiotherapist can
personalize individual needs in the serious game. Pirovano et
al [25] proposed ease of play and assisted help during the
rehabilitation exercise. Amengual Alcover et al [26] developed
a framework for motor rehabilitation therapies using a
systematized process. Zain et al [28] embraced immersion and
fun in the game to maintain flow interest. Noveletto et al [29]
used game scores for patient assessment. Afyouni et al [30]
developed games with dynamic adaptability that were patient
centered. Finally, Maggiorini et al [31] incorporated
telerehabilitation and adaptability for the elderly to perform
rehabilitation exercises at home (RQ3). Every study applies
gamification elements that allow patients to transform
rehabilitation obstacles into positive and fun reinforcements.
Feedback was the gamification element most applied (7/8, 88%)
[25-31]. Other elements frequently implemented were
adaptability [24,25,28,30,31] and motivational factor [24-27,29]
(5/8, 63%) for both; RQ4.

Stroke is the primary pathology on which serious games are
focused. This pathology is the third cause of disability
worldwide, and a characteristic symptom is the sudden,
generally unilateral, loss of muscle strength in the arms, legs,
or face (RQ5). Regarding the case studies of limb rehabilitation,
2 studies [24,26] included the lower limb, 1 [25] included lower
and upper limbs, 2 [27,30] included hand, 1 [31] full body, and
2 [28,29] did not report case studies. The most used video game
modality was visual (6/8, 75%) [24-27,30,31], followed by
auditory (4/8, 50%) [25-27,30]. Although each case study used
a different motion acquisition technology, every framework
allowed a wide variety of the interaction style to obtain the
patient’s movement and control the serious game (RQ6).

Of the primary papers, 25% (2/8) applied a clinical evaluation
to assess patient improvement when the serious game is used
[26,30] (RQ7). To objectively evaluate progress and identify
abilities and deficits, only 38% (3/8) of the primary studies used
an assessment instrument [25,26,30] (RQ8). The assessment
used standardized procedures indicating how a patient of any
given age and intelligence level would perform. Adjusting the
video game difficulty to the patient’s rehabilitation needs is
essential to avoid frustration or boredom, and 63% (5/8) of the
primary studies used adaptability [24,25,28,30,31] (RQ9).

Finally, we recommend that all serious games have to be
developed with a framework or methodology. If for some reason
this is not possible, they should at least involve the therapist to
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define requirements. It is also important to include evaluation
scales to measure the patient’s progress and gamification
elements. Besides, the video game development must be an
iterative and incremental process based on generic structural
activities and the patient should be considered in the validation
and feedback phases.

We propose the following recommendations for future studies:

• Carry out a study of the papers that propose a methodology
for serious game development.

• Study software engineering framework proposals in serious
games from other fields, such as education.

• Develop a software engineering framework applying all
the structural activities and gamification elements for the
creation of serious games for physical rehabilitation.
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Abstract

Background: Multidisciplinary collaboration is essential to the successful development of serious games, albeit difficult to
achieve. In a previous study, the co.LAB serious game design framework was created to support collaboration within serious
game multidisciplinary design teams. Its use has not yet been validated in a real usage context.

Objective: The objective of this study was to perform a first assessment of the impact of the co.LAB framework on collaboration
within multidisciplinary teams during serious game design and development.

Methods: A mixed methods study was conducted, based on 2 serious game design projects in which the co.LAB framework
was used. The first phase was qualitative and carried out using a general inductive approach. To this end, all members of the first
serious game project team who used the co.LAB framework were invited to take part in a focus group session (n=6). In a second
phase, results inferred from qualitative data were used to define a quantitative instrument (questionnaire) that was designed
according to the Checklist for Reporting Results of Internet E-Surveys. Members of both project teams (n=11) were then asked
to answer the questionnaire. Quantitative results were reported as median (Q1, Q3), and appropriate nonparametric tests were
used to assess between-group differences. Finally, results gathered through the qualitative and quantitative phases were integrated.

Results: In both phases, the participation rate was 100% (6/6 and 11/11). Verbatim transcripts were classified into 4 high level
themes: (1) influence on collaborative dimensions; (2) impact on project course, monitoring, and efficiency; (3) qualitative
perceptions of the framework; and (4) influence of team composition on the use of the framework. The web-based questionnaire
was then developed according to the 7 dimensions of collaboration by Burkhardt et al. In both projects, the co.LAB framework
had a positive impact on most dimensions of collaboration during the multidisciplinary design and development of serious games.
When all collaborative dimensions were aggregated, the overall impact of the framework was rated on a scale from –42 to 42
(very negative to very positive). The overall median score was 23 (Q1, Q3: 20, 27), with no significant difference between groups
(P=.58). Most respondents also believed that all serious game design teams should include a member possessing significant
expertise in serious game design to guide the development process.

Conclusions: The co.LAB framework had a positive impact on collaboration within serious game design and development
teams. However, expert guidance seems necessary to maximize development efficiency. Whether such guidance can be provided
by means of a collaborative web platform remains to be determined.

(JMIR Serious Games 2021;9(4):e33144)   doi:10.2196/33144
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Introduction

Background
Efficient multidisciplinary collaboration is essential to the
successful development of serious games [1-4]. This
collaboration can, however, prove difficult to achieve, as
members of the development team come from different
backgrounds and might have divergent expectations [4-7].
Communication and collaboration could be enhanced by using
comprehensive design frameworks, the aim of which is to guide
development teams during serious game design and development
[4,7,8].

The co.LAB Methodological Framework
Funded by the Swiss National Science Foundation, the aim of
the project “co.LAB - A Digital Lab for the co-Design,
co-Development and co-Evaluation of Digital Learning Games”
(co.LAB) is to improve efficiency and relevance in serious game

design and development by supporting the collaboration between
multidisciplinary development teams.

This project has already led to the creation and publication of
the co.LAB generic serious game design framework (co.LAB
framework) [9]. In their article, authors of the co.LAB
framework stated that it was defined based on a literature review
and on its authors' experiences. But the co.LAB framework has
not been validated in a naturalistic context yet.

While most existing frameworks are dedicated to the design
and development of specific types of educational games [4,10],
the co.LAB framework was conceived as an adaptive framework
that should allow the design of a wide range of educational
games [9]. The co.LAB framework contains 5 main categories
(“context and objectives,” “game design,” “mechanics,”
“learning design,” and “assessment”) and was designed to
provide multidisciplinary teams with a global understanding of
the design process. Different views of the framework can be
used to help team members apprehend the different components
of serious games design (Figure 1).

Figure 1. The co.LAB generic framework for serious game design (adapted from [9]). UX: user experience.

The horizontal view (either left-to-right or right-to-left) of the
co.LAB framework emphasizes that serious game design is a
blend of learning and game design, with the Mechanics category
representing the link between the game and learning. In the
vertical view, the co.LAB framework can be seen under a project
management perspective: The upper section defines project
objectives, the middle section defines the solution (the game
and the associated learning concept), and the bottom section
defines how the solution will be evaluated both from the game
and learning perspectives [9].

To date, and to the best of our knowledge, the co.LAB
framework has been used for serious game design and
development by 2 multidisciplinary development teams.

Objectives
The objective of this study was to perform a first assessment of
the impact of the co.LAB framework on collaboration within
multidisciplinary teams during serious game design and
development. The following research question was formulated:
How does a multidisciplinary team perceive the contribution
of the co.LAB framework to the collaborative design and
development of serious games?
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Methods

Overview
In order to better understand the contribution of the co.LAB
framework to collaboration, mixed methods research with an
exploratory design was conducted. The following phases were
carried out sequentially [11]: (1) qualitative phase (focus group
[FG]): qualitative data collection, data analysis, results; (2)
mixing phase: development of an instrument to allow
quantitative measurements; (3) quantitative phase
(questionnaire): quantitative data collection, data analysis,
results; (4) interpretation phase: integration of quantitative and
qualitative results, generalization.

Projects and Participants
The study included team members of the first 2 projects in which
the co.LAB framework was used.

The first project, Patients’ Rights and Innovative Teaching
Strategies (PRITS) [12], aimed at designing and developing a
serious game to support health students in learning about patient
rights. The project team included 2 professors of law (lawyers
specializing in patients’ rights), 1 health care lecturer, 1
educational researcher, 1 serious game expert, 1 graphic
designer, and 2 computer scientists. The project was led by the
School of Health Sciences (HESAV) and Media Engineering
Institute (MEI), both at the University of Applied Sciences of
Western Switzerland (HES-SO). The project began in September
2020 and ended in August 2021. It was thus almost completed
at the time of this study (June 2021).

The second project, Interprofessional Major Incident Simulator
(InterMIS), was a large-scale project aiming at developing a
serious game to train health professionals to manage exceptional
events. The project team includes 3 medical doctors, 2
paramedic instructors, 1 serious game expert, 1 graphic designer,
and 2 computer scientists. This project is led by MEI at HES-SO
and the Geneva University Hospitals. The project began in
January 2021 and should span over 4 years. At the time of this
study (June 2021), the project was at the end of the design phase,
which included the design of both the learning and game aspects.

Experimental Conditions of the Uses of the co.LAB
Framework
In both projects (PRITS and InterMIS), the co.LAB framework
was used since inception. The framework was reproduced into
an online shared folder. All team members had access to the
overview of the framework and to their specific project folder.
The use of the co.LAB framework for the design and
development of both projects was chosen by the development
leader. Therefore, participants had to assess the impact of a
framework that they had not chosen and had not used before.

Thus, an early adopter effect can hardly be held accountable
for the results obtained in the course of this study.

Focus Group
In this first qualitative phase, a general inductive approach as
described by Thomas [13] was chosen. This approach was
considered appropriate in this context as it allows for the simple
inference of findings from data derived from focused questions
and discussions [13]. Moreover, FGs are particularly suitable
for exploring people’s knowledge and daily experiences [14,15]
and for exploring ideas and opinions operating through
communication [16].

Procedures
The FG was conducted according to the Consolidated Criteria
for Reporting Qualitative Research (COREQ) guidelines [17]
(Multimedia Appendix 1). An FG interview guide was
established (Multimedia Appendix 2). The questions stated in
this FG interview guide are only intended to give an overall
idea of the questions actually asked during the FG. Indeed, as
acknowledged by Krueger [18], questions are often asked in a
somewhat different way than reported in such general guides.

An FG, which lasted 1.5 hours, was held at HESAV and
recorded using an audio device. Participants (n=6) were asked
to discuss their use of the co.LAB framework during their
serious game design and development activities (individual and
collective) and to explore its impact on collaboration.

Participants provided their consent to the recording and use of
FG data for research purposes. The FG was held by an
educational scientist with previous experience in conducting
qualitative research and moderating such groups. One of the
authors of the co.LAB framework introduced the FG and
attended the FG as an external observer.

Participants
As one of the team members was the main author of the co.LAB
framework, he did not act as a participant during the FG session
but was nevertheless present as an observer. A second team
member participated in the definition of the assessment of the
contribution of the co.LAB framework to collaboration and
acted as a facilitator rather than as a participant. Of the 6
members of the PRITS project who attended the FG, 3 were
from the learning design and development side of the co.LAB
framework (1 project owner and 2 professors of law), and 3
were from the game design and development side of the co.LAB
framework (2 computer scientists and 1 graphic designer).

Data Analysis
A thematic analysis was performed on the data to identify
themes. The thematic analysis was based on the process
described by Braun and Clarke [19], with the steps outlined in
Textbox 1.
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Textbox 1. Steps followed during the thematic analysis to identify themes.

1. Transcription:

• A “clean read” transcript was created based on the audio recording.

• Based on the transcript, a summary of the discussion between participants was generated in connection with the questions.

2. Coding

• Verbatim transcripts were coded with the qualitative analysis software MAXQDA (VERBI Software GmbH, Berlin, Germany).

3. Searching for themes

• Themes were generated from codes.

4. Reviewing and defining themes

• Themes were grouped into high-level themes.

5. Producing the report

• A write-up of each theme content was performed, and representative quotes were selected.

• As the focus group took place in French, we did an automatic English translation of selected quotes with DeepL Translate (DeepL GmbH,
Köln, Germany). We chose to do an automatic translation as it guarantees the reproducibility and reduces the risks of interpretation by
authors while translating. This automatic translation was proofread by an author and validated by a second author.

In addition, the team dynamic during the FG was analyzed, and
agreements and disagreements between participants were
identified and coded.

Each phase was initially carried out by one author, then
confirmed by another. Along the process, authors in charge of
the initial proposition were alternated. Any disagreement was
resolved by reaching consensus.

Web-Based Questionnaire
Based on the FG results, a 3-tiered, web-based questionnaire
was developed following Eysenbach’s Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) [20] (Multimedia
Appendix 3).

Questionnaire Design
The first part was designed to gather sociodemographic data,
including prior serious game design experiences and roles held
in these projects.

The second part focused on the contribution of the co.LAB
framework to the collaboration. This part was constructed based
on the 7 dimensions of collaboration proposed by Burkhardt et
al [21]. The authors’ original version was intended to assess the
quality of the collaboration within a team. Since our goal was
to evaluate the contribution of a methodology as a support to
collaboration, we developed questions designed to specifically
assess the contribution of the co.LAB framework. For each of
the dimensions, we developed 3 questions, with one of them
being formulated as a reversed item. The questions were
proposed by a first author, completed by a second author, and
validated by all authors.

In the third part, we added questions related to elements of
collaboration and usability of the co.LAB framework that
emerged from the FG analysis.

A translated version of this questionnaire is available
(Multimedia Appendix 4).

Web-Based Platform
The questionnaire was hosted on a web platform created under
the Joomla! 3.9 content management system (Open Source
Matters, New York, NY) [22]. It was created using the
Community Surveys 5.6 component (Corejoomla, Hyberabad,
India) and administered to a convenience sample of 11
participants: 6 from the PRITS project and 5 from the InterMIS
project. The web platform was protected by 2 different software
firewalls: RSFirewall 3 (RSJoomla, Constanta, Romania) and
Admin Tools 6 (Akeeba Ltd, Nicosia, Cyprus). To avoid
potential double entries, participants were required to fill in a
short registration form before they could access the survey. All
data were automatically recorded and securely stored in an
encrypted MySQL-compatible database (MariaDB 5.5.5;
MariaDB Foundation, Wakefield, MA) hosted on a Swiss server.

Answers to multiple answer and multiple-choice questions were
mandatory, and all questions had to be completed before
participants were allowed to proceed to the next page. Answers
could be modified until the questionnaire was marked as
completed (after clicking the “Finish” button). Questionnaires
could be resumed if participants were disconnected or chose to
log out temporarily.

The platform, registration form, questionnaire, and data
extraction mechanism were thoroughly tested by all co-authors
prior to the quantitative phase. Only then were participants
invited, by email, to complete the questionnaire. No incentive
was provided to encourage participants to complete the
questionnaire.

Data Extraction and Statistical Analysis
Data were extracted from the MariaDB database to a CSV file.
It was then imported and curated under Stata 16.1 (Statacorp
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LLC, College Station, TX). Given the limited sample size
(n=11), data are presented as median (Q1, Q3) rather than as
mean (SD). Questionnaires containing inconsistent answers
were excluded. Inconsistent answers were detected when either
the maximum (5) or minimum value (1) was given to all 3
questions assessing a specific dimension of collaboration as
each dimension contained inversely phrased questions.

Answers based on 5-point Likert scales were then ascribed
numerical values. Neutral answers (eg, “neither agree nor
disagree”) were given a value of 0, answers backing the use of
the co.LAB framework were given positive values (either 1 or
2), and answers opposing it were given negative values (either
–1 or –2).

Each question regarding the 7 dimensions of collaboration was
first analyzed separately. Then, the 3 questions belonging to
each specific dimension were grouped, thereby generating a
score ranging from –6 to 6. Finally, all 21 questions assessing
the 7 dimensions by Burkhardt et al [21] were pooled to give
an overall representation of the framework’s impact on a score
ranging from –42 to 42. All questions were evenly weighted.

The answers to Likert-based questions assessing other elements
of collaboration were assigned points ranging from 1 (for “Very
small/none”) to 5 (for “Very high”).

Nonparametric tests were used to assess differences between
the InterMIS and PRITS groups. Individual questions were
assessed using Fisher exact tests, and the Mann-Whitney U test
was used to evaluate pooled results (overall score and scores
by dimension). A P value <.05 was considered significant.

Consent and Institutional Review Board
All participants were provided with project information and
gave their consent to participate and to the use of data for
research purposes.

According to the Swiss Human Research Act [23], institutional
review board approval was not necessary for this study, as
participants did not belong to a vulnerable population and there
was no medical intervention whatsoever.

Results

Focus Group
The classification of the verbatim transcripts enabled us to
cluster the discussions about the contribution of the co.LAB
framework into 4 high-level themes. These high-level themes,
along with their subthemes, can be seen in Table 1.

Table 1. Themes and subthemes inferred from the focus group discussions.

SubthemesHigh-level themes

Fluidity of collaboration, information exchange for problem solving, argumentation and reaching
consensus, sustaining mutual understanding, individual task orientation, task and time management

Influence on collaborative dimensions

Use at all stages of the project, the project’s common thread, role clarification, monitoring,
common objectives, structuring, outcomes related to the framework

Impact on project course, monitoring, and efficiency

Positive perceptions, negative perceptionsQualitative perceptions of the framework

Team size, team experiences, team quality and diversity, team autonomy in using the frameworkInfluence of team composition on the use of the
framework

The next sections provide a summary of each theme, with a few
quotes selected for their representativeness. The final section
presents the results of the team dynamics analysis.

Influence on Collaborative Dimensions
The co.LAB framework positively influenced 6 of the 7
dimensions of collaboration proposed by Burkhardt et al[21].
Participants found that the fluidity of collaboration was
supported by this framework, as each member knew both what
to do and what the others were to do. Consensus was more easily
reached, as each member was able to react to what had been
written or proposed by others (this was achieved by using shared
files embedding collaborative features). Information sharing
was promoted by granting access to centralized and structured
information. Personal motivation was bolstered by making it
possible to monitor the progress of the project. Mutual
understanding was strengthened by a clear definition of the roles
and using a common terminology. Finally, management of time
and activities was facilitated by allowing an almost permanent
and real-time overview of the project progress and of the tasks
that still had to be performed.

Regarding fluidity of collaboration, one participant emphasized
what was previously said by others, as follows:

The method helps with the fluidity of collaboration
because you know who is doing what; it makes things
clearer for everyone. The fluidity of collaboration is
what impressed me the most for the reasons already
mentioned. [Designer]

The co.LAB framework was implemented in a shared online
environment where team members could find the information.
A participant who joined the development team while the project
was already underway expressed how the framework had helped
her assimilate information previously shared by and between
team members:

I came in during the course of the project, so it
allowed me to get into the flow of the previous
information. When you come into a project, it's always
extremely difficult to know what has been discussed.
I appreciated having a place where everything was
brought together in a clear way. [Developer 2]

Another participant acknowledged that “we are forced to reach
consensus” (Developer 1). This participant considered that the
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framework reproduced in shared files helped team members to
find agreement because it allowed them to see what others had
written and gave them the possibility to react accordingly.

A participant pointed out that a common understanding was
promoted by the common terminology established by virtue of
the framework:

For mutual understanding, this method allows us to
have common terms, to know what we are talking
about and where we stand. [Professor of law 1]

Mutual understanding was also strengthened by clarifying the
respective roles while setting common objectives:

It's allowed for common goals, without getting lost,
to guide our work. Especially when there are a lot of
us, coming from different fields. [Professor of law 1]

The framework also allowed people from different disciplines
to give their opinion and to take notice of those from others:

In a project with multiple disciplines, it helped to
know when we had a voice. It's not forbidden to speak,
but we knew when we had more legitimacy, on which
points of co.LAB we could contribute more, and when
we should stay in the background, leave the place to
the person who has the competence, rather than
having everyone throw in their two cents, not
necessarily at the best time. [Developer 1]

The framework was seen as having the potential to positively
influence motivation:

For motivation, I think it helps indirectly. It wasn't
the case, but if I had had a drop in motivation, I think
that going back to the framework and seeing the
progress, what's going on in green, would have helped
me get motivated again. [Designer]

The methodology also positively influenced fluid and
spontaneous task allocation between project members:

As the main applicant, I was concerned about making
sure we got to the end of the project, that all the tasks
were done. But I didn't have to impose anything.
People assigned themselves the tasks naturally, and
my role was comfortable. [Project Owner]

Impact on Project Course, Monitoring, and Efficiency
Using the co.LAB framework was perceived as having a positive
impact on the course of the project. It was used from inception
and all along the project. Throughout the project, it was
perceived as a guide, a common thread. In that way, the co.LAB
framework was considered as a supporting structure for the
design and development process and for project monitoring.
The use of the co.LAB framework was also perceived as having
a positive impact on efficiency. Participants shared their
thoughts on using this methodology in other contexts, for
example without an expert or in another team configuration,
but there were no responses showing a negative impact of the
framework on collaborative work.

All participants answered that the framework was used as soon
as they joined the project and then throughout it. A participant
said that she had even already used it for a project proposal:

We used it from the very beginning and already in
the preparation of the project proposal. [Professor
of law 2]

Several participants agreed about the use of co.LAB framework
throughout the project and its role as a guideline and project
monitoring tool:

If I remember correctly, each meeting included the
milestones of the methodology. It gave us a roadmap
to follow. It really made an impact because it
structured our meetings, allowing us to know what
we had to pay attention to for the next sessions.
Beyond the tools, the organizational aspect of the
methodology was very comfortable. It gave a vision
of the next steps. [Project Owner]

The co.LAB framework was seen as enabling people to better
understand what to do, in a consistent way across disciplines:

On the development side, it helped to know what
mechanics to put in place. I wasn't present at every
meeting, and going to co.LAB was a way to know if
we needed to implement a button or something else.
It was a way to get direction, not to do something that
was not discussed, not to do something that wasn’t
planned: not to do too much, but to do the right thing,
to refocus. [Developer 1]

Team members frequently used the word “structure,” which
illustrates their perception of the framework as assembling parts
of a whole. The project was considered to have been carried out
effectively by virtue of the structuring effect and of the
centralization of information provided by the co.LAB
framework:

It was a structure that made it possible to work
quickly and well. [Developer 1]

The structure is nice. With the centralized
information, I could go and look for what had to do
with IT development. Nothing bothered me; on the
contrary, I could focus on the points that were
important to me. Sometimes there were meetings
where I felt less concerned, but in the end it's not such
a bad thing; it helps to understand the project.
Without the help of the co.LAB method, we might not
have had this efficiency. [Developer 1]

The project owner raised a question about the context of use of
the framework in larger teams:

It's more of a question: We only had 4 disciplines and
a small group (8 people). Can we transpose this
methodology to a larger group with more disciplines?
[Project Owner]

Qualitative Perceptions of the Framework
Team members were asked to discuss positive and negative
characteristics of the co.LAB framework. The discussion showed
a clear predominance of positive aspects, with terms such as
comfortable, clear, reassuring, liked, user-friendly, easy,
understandable, and pleasant. These positive aspects are linked
to most of the themes already presented: information sharing,
project monitoring, structure, or guidelines. The only negative
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aspect was the fact that the content was mainly introduced and
synthesized by one person, who guided the project.

Usability and simplicity were seen as factors favoring the
adoption of the framework:

I liked it because it's a user-friendly tool. It's simple
to use, logical to follow. This ease of use allows the
method to be adhered to. [Project Owner]

It was perceived as a convenient source of information, both
for internal and external uses:

It's quite comfortable to bring out information among
others for our funders. It has been an essential source
of information for me. [Project Owner]

One team member reported positive aspects of the framework,
as follows:

The method is very clear. And there was availability,
a nice collaboration, and I think the method helps in
that. [Professor of law 1]

On the negative side, a participant said that she was involved
in creating the content but had limited participation at other
levels:

On the negative aspects, I did not complete the
content. We were involved in the content but not in
proposing the steps. [Professor of law 2]

Influence of Team Composition on the Use of the
Framework
All team members described themselves as having no previous
experience in serious game design nor had they heard about the
co.LAB framework before starting the project. As such, they
pointed out the value of having a team member (who did not
participate in the FG) with expertise in serious game design and
who had extensive knowledge of the co.LAB framework. The
presence and role of this expert were seen as a success factor
for the use of the framework. It raised a question about the
importance of having an expert and whether the framework
could be used without guidance.

Regarding the benefits of having an expert of the framework
among the team, a professor of law said:

It made it easier to have a person responsible [the
expert] for filling in the items. Someone who has the
logic in mind, who knows what to write in which area,
and then to discuss it with the people involved in the
project. I'm not sure I'm able to fill in the right items.
[Professor of law 1]

Although the methodology was seen as more easily usable if
an expert was present, some team members thought that it could
nevertheless serve as a guideline for teams with no prior
experience in serious game development:

I was involved, but a lot of it was handled by [the
expert]. I don't know if I would have been able to do
this. But it would have been a good base, a checklist.
[Professor of law 2]

I especially have questions: Without the coaching we
received, would we have been able to follow the
method with the same efficiency? I think that it is a
very interesting tool, but there is still the need to have
someone who translates the issues behind the method.
[Project Owner]

Some team members said that, in future projects, while gaining
experience, they would be interested in using the co.LAB
framework more independently:

In future projects, I would be really interested in
doing it individually. But I'd also be interested in
having someone behind me telling me if I did it right
or wrong. I don't know if I would be able to, but when
I see the methodology, it looks simple; it structures
a project. I'd be interested in trying to use it
independently. [Developer 1]

Team Dynamics During the Focus Group
While speaking about the use of the co.LAB framework for
teamwork and collaboration, team members mostly agreed with
each other. The agreement with what was already said was
sometimes made explicit with the use of expressions like “I
agree with…” and “I’m joining what was said.” Even though
it was not explicit at other moments, content analysis still
showed convergent opinions. Content similarity was stronger
among participants who had the same functions in the team,
while the project owner expressed several specific points of
view.

There was no explicit disagreement between team members
during the discussion. Team members never confronted each
other directly but different points of view were expressed,
particularly regarding the personal use of the framework and
how they felt about using it in autonomy for further projects.

Participants raised some questions about the use of the
framework in other team configurations and wondered whether
its use would also be appropriate for larger development teams.

Questionnaires
We sent 11 emails to members of development teams belonging
to either of the 2 projects, all of whom completed the
questionnaire (100%). They completed the questionnaire
between June 29, 2021 and July 7, 2021. No questionnaire was
excluded as our exclusion criterion was not met. Participants'
characteristics are detailed in Table 2.
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Table 2. Characteristics of the study participants.

InterMISb project (n=5)PRITSa project (n=6)Characteristics

38 (36, 38)33 (33, 38)Age (years), median (Q1, Q3)

Gender, n

14Female

42Male

00Other

Role(s) in the projectc, n

12Computer scientist

02Game designer

01Graphic designer

10Pedagogue

10Serious game expert

41Subject matter expert

03Teacher

Level of experience in serious game development prior to
project inception, n

45None

01Limited

00Intermediate

10High

aPRITS: Patients’ Rights and Innovative Teaching Strategies.
bInterMIS: Interprofessional Major Incident Simulator.
cParticipants could have more than one role.

The following sections present the results of the questionnaire
regarding the influence of the co.LAB Framework on the
collaborative dimensions identified by Burkhardt et al [21] and
then on the other specific items inferred from the FG analysis.

Fluidity of Collaboration
According to the participants, the co.LAB framework facilitates
exchange between specialists from different disciplines (median
2; Q1, Q3: 1, 2), helps generate discussion between these
specialists (median 1; Q1, Q3: 1, 1), and does not impede mutual
understanding (median 1; Q1, Q3: 1, 1). A graphical
representation of these results is displayed in Figure 2.

Figure 2. Assessment of fluidity of collaboration with the co.LAB framework.
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The overall assessment of this dimension was in favor of the
co.LAB framework (median 4; Q1, Q3: 3, 5), with no significant
difference between groups (P=.06).

Sustaining Mutual Understanding
The co.LAB framework was considered to provide an overall
view of the project (median 1; Q1, Q3: 1, 2). It also helped
understand the roles of the different team members (median 1;
Q1, Q3: 1, 1) and did not make overall understanding difficult
(median 2; Q1, Q3: 1, 2). These results are shown in Figure 3.

Figure 3. Sustaining mutual understanding with the co.LAB framework.

Overall, this dimension was clearly supported by the use of the
co.LAB framework (median 4; Q1, Q3: 3, 5). There was no
statistically significant difference between the PRITS and
InterMIS groups (P=.64).

Information Exchange for Problem Solving
The participants answered that using the co.LAB framework
promoted consistency in the collaborative search for solutions
(median 2; Q1, Q3: 1, 2) and enhanced idea generation (median
1; Q1, Q3: 1, 2). It was not considered to make information
sharing more difficult (median 1; Q1, Q3: 1, 2; Figure 4).

Figure 4. Information exchange for problem solving using the co.LAB framework.
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Overall information exchange was therefore facilitated by the
use of the co.LAB framework (median 4; Q1, Q3: 2, 5). PRITS
and InterMIS participants provided similar answers (P=.52).

Argumentation and Reaching Consensus
Consensus building was promoted by the use of the co.LAB
framework (median 1; Q1, Q3: 0, 2). This framework was also
seen as promoting argumentation on alternative solutions
(median 1; Q1, Q3: 0, 1) and was not considered as preventing
reaching consensus (median 1; Q1, Q3: 1, 2; Figure 5).

Figure 5. Argumentation and reaching consensus using the co.LAB framework.

Overall, this dimension was also supported by the use of the
co.LAB framework (median 4; Q1, Q3: 2, 4) with no difference
between groups (P=.70).

Task and Time Management
Participants generally agreed that the co.LAB framework was
effective at providing an overview of the work to be achieved

(median 2; Q1, Q3: 1, 2) and allowed planning of tasks (median
2; Q1, Q3: 1, 2). They did not think that its use made it difficult
to understand the progress of the project (median 2; Q1, Q3: 1,
2; Figure 6).

Overall, this dimension received high ratings (median 5; Q1,
Q3: 3, 6), with no difference between groups (P=.40).

Figure 6. Task and time management using the co.LAB framework.
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Cooperative Orientation
Participants were less convinced by the usefulness of the
co.LAB framework regarding the promotion of equal
contributions in the search for a solution (median 0; Q1, Q3: 0,

1) or in achieving solutions (median 0; Q1, Q3: –1, 1). They
were, however, convinced that using this framework did not
interfere with task distribution (median 2; Q1, Q3: 1, 2; Figure
7).

Figure 7. Cooperative orientation using the co.LAB framework.

The overall analysis of this dimension nevertheless favored the
use of the co.LAB framework (median 2; Q1, Q3: 1, 4), with
no statistically significant difference between groups (P=.09).

Individual Task Orientation
The co.LAB framework was considered as efficient in promoting
individual investment throughout the project (median 1; Q1,
Q3: 0, 1) and in motivating personal involvement (median 1;
Q1, Q3: 1, 2). Participants who used the framework were not
less prone to help others (median 2; Q1, Q3: 1, 2; Figure 8).

Figure 8. Individual task orientation using the co.LAB framework.
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The overall analysis of this last dimension also supported the
use of the co.LAB framework (median 3; Q1, Q3: 2, 5). There
was no difference between groups (P=.08).

Overall Assessment
Figure 9 shows the results obtained after pooling the 21
questions used to assess the 7 collaborative dimensions by
Burkhardt et al [21].

Figure 9. Overall assessment of the 7 dimensions of collaboration. InterMIS: Interprofessional Major Incident Simulator; PRITS: Patients’ Rights and
Innovative Teaching Strategies.

No statistically significant difference was detected (P=.58).
Figure 9 shows that there was a clear outlier in the InterMIS
group, who rated the co.LAB framework much higher than all
other participants. This outlier was a subject matter expert who
had no prior experience in serious game development.

Collaboration Items Specific to the co.LAB Framework
All participants agreed that the co.LAB framework represents
a guide for the design and development of serious games
(median 2; Q1, Q3: 1, 2), with no difference between groups
(P=.99). One participant commented that any comparison would
be difficult without knowing any other framework or method.
Another highlighted the fact that the framework “does not give
the solution but structures the different steps necessary to the
development [of the serious game].” The 2 participants who
had prior experience in serious game design and development
said that they had not used a specific framework or method
during their previous venture. Both rated their experience with
the co.LAB framework as either positive or very positive in
comparison with their prior development.

Most participants thought that, for a team without prior
experience in serious game design, a serious game expert would
be mandatory to use the framework (median 2; Q1, Q3: 1, 2).
A participant commented that “it [was] mandatory” while
another was of the opinion that “it might not be mandatory, but
it certainly has an added value.” In line with this latter comment,
participants were not convinced that the co.LAB framework
could serve as a standalone guide for a team without prior
experience and without an expert (median 0; Q1, Q3: –1, 1).
However, all participants were convinced that having a person
responsible for summarizing the information regarding the

project and its progress was necessary regardless of the
experience of the development team (median 2; Q1, Q3: 1, 2).

The effect of the co.LAB framework on the quality of the
collaboration during the design and development of the serious
game was highly rated (median 4; Q1, Q3: 4, 4), with no
difference between groups (P=.99). Participants rated even
higher the impact of personal characteristics (personalities, past
experiences) on the quality of the collaboration during the design
and development phase (median 5; Q1, Q3: 4, 5). Both groups
gave similar ratings to this item (P=.99).

Finally, all participants were convinced that the co-LAB
framework should be implemented in a collaborative web
platform (median 4; Q1, Q3: 4, 5), with no significant difference
between groups (P=.24).

Discussion

Principal Findings

Essential Findings
The co.LAB framework was conceived to facilitate the design
and development of serious games through a collaborative,
multidisciplinary, adaptive, systemic approach [9]. The main
objective of the present study was to gain insight regarding the
contribution of the co.LAB framework to the collaboration
within multidisciplinary teams during serious game design and
development. Overall results (FG and questionnaires) show that
the co.LAB framework had a positive impact on collaboration
within multidisciplinary teams during serious game design and
development.
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Impact on Collaboration
The qualitative analysis of the FG session shows that the co.LAB
framework was perceived as having a positive influence on
several dimensions of collaboration. Participants spontaneously
noted the positive impact of the co.LAB framework on the
fluidity of communication, mutual understanding, information
sharing, argumentation, motivation, management of project
activities, and monitoring. This positive influence was similarly
noted by participants from different professional disciplines.
One dimension was not addressed: the fair balance of verbal
contributions and activities carried out by the actors. While
participants shared the impression that the co.LAB framework
enhanced multidisciplinary collaboration, they also felt that it
helped them manage their own specific tasks. These were related
either to the discipline or to their role (eg, the game developer
using information for the design of interfaces or the project
owner seeking information about the project progresses for the
funders). Thus, we can assume that the co.LAB framework
could simultaneously support and build a shared understanding,
while providing individual team members with specific
information necessary to carry out their activities. These findings
reveal that the use of this framework was positively perceived
by team members. Moreover, it allows them to overcome some
difficulties such as mutual understanding and working with
individuals from different fields, which have been described as
simultaneously a necessary and challenging process [4].

The quantitative analysis yielded results consistent with those
obtained through qualitative analysis. The use of the co.LAB
framework was perceived to have a positive impact on all
dimensions of the collaboration. The dimension that was the
least impacted by the use of the framework was facilitation of
equal contributions, both in the search for solutions and in the
development of those solutions. This is consistent with the FG
results, as this dimension was the only one not mentioned by
the participants during the session. We hypothesize that the
rather low impact of the co.LAB framework on the equality of
contribution could be explained by the fact that the framework
seeks to give an overview of the solution to be developed but
does not give any guidelines on the distribution of contributions.
Moreover, we believe that the design and development of a
serious game by a multidisciplinary team does not necessarily
imply a proportional distribution of contributions. For example,
a computer scientist may have to work several months on design
and development, but a professional expert may spend only 1
day on the validation of knowledge foundations.

Collaboration has previously been described as a challenging
but necessary process for serious game conception [4]. Overall
qualitative and quantitative results of this study support the
hypothesis that the use of a visual design framework, such as
the co.LAB framework, provides an overview that enables both
mutual understanding and the collaborative development of an
integrated and coherent solution. In addition, a positive impact
on time and task management was also reported. Thus, overall
results suggest that the co.LAB framework helps overcome
some of the inherent challenges linked with collaboration during
serious game design and development.

Need for a Serious Game Expert
This study also revealed some additional points of interest
regarding contingency factors influencing the use of the co.LAB
framework. During the FG, an unexpected element was
mentioned by participants: All of them agreed on the need to
have a serious game development expert who understands the
methodology and can guide the team. The results of the
web-based questionnaire, which contained 3 questions designed
to specifically assess this element, are consistent with this
finding. There was no clear agreement on the possible use of
the methodology without resorting to such an expert.

We hypothesize that this can be explained in the following way:
The co.LAB framework defines “building blocks” (eg, learning
objectives, pedagogical scenarios, game mechanics) that need
to be designed and developed. Disciplinary skills are necessary
for each of those domains (for example, a user experience
[UX]/user interface [UI] specialist is needed to develop user
interfaces). In the same way, the co.LAB framework provides
guidelines for overall serious game design as these elements
are not independent but interconnected [9]. Therefore,
disciplinary skills in serious game design are needed to
understand the interrelation between design elements and
encourage coherence between them. This can also explain why
the majority of team members, experts in their field but novices
in serious game design, felt comfortable using the co.LAB
framework in their field of expertise but not in all areas of
serious game design. However, we believe that the co.LAB
framework could allow novices to progressively develop
expertise in serious game design and a better understanding of
the other dimensions at stake. From a time perspective, some
members expressed interest in developing serious game design
expertise.

Therefore, we argue that a serious game design team should
include disciplinary skills needed to cover each element of the
serious game design and address the need for competencies
related to the overall design and development process.

Limitations
The first limitation of our study is related to its limited sample
size, despite a very high participation rate. This could hardly
be helped as, to date, only 2 projects have been developed with
the methodology supported by the co.LAB framework. In
addition, at the time of this study, both projects were going well
in terms of both deadlines and quality of the results obtained.
This may have had an impact on the perception of the
contribution of the co.LAB framework but could also be seen
as an effect of the use of the framework.

Furthermore, there are methodological limitations related to the
use of FGs in qualitative research. Some of the recognized
limitations for this type of method are the fact that some people
speak more while others remain in the background (although
this should have been counterbalanced by the moderation), and
alignment of ideas, status, and roles can influence the opinions
of the participants. To mitigate these limitations, some decisions
were made. As one of the team members was the main author
of the co.LAB framework, he did not participate as a participant
in the FG but as an observer. As a second team member
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contributed to this study (ie, participated in the definition of the
assessment of the contribution of the co.LAB framework to
collaboration), she did not act as a participant but as a facilitator.
Since she had a good understanding of the subject at hand, she
was able to conduct the FG with valuable prior knowledge. Her
experience as a researcher in qualitative research was another
advantage in facilitating the FG.

Another limitation is related to the context of use of the co.LAB
framework. In both projects, an expert of the co.LAB framework
was part of the serious game development team. Therefore, this
study does not give information regarding the possible use of
the co.LAB framework without a methodological expert but
rather shows that it can be useful for novices provided they
receive appropriate guidance. It is not possible to state whether
the importance of the presence of the expert was dependent on
the framework itself or on team configuration, as in both
projects, the same expert was part of the team. Further
investigation is needed to measure the impact of this factor on
team collaboration.

Finally, even though the questionnaire administered to
participants was developed on the basis of the questionnaire by
Burkhardt et al [21], it has not been validated. Given the small
sample size, we refrained from performing a reliability analysis,
and future studies including larger samples should be used for
this purpose.

Future Work
The co.LAB framework is currently being implemented in a
web platform in which it is planned to embed questionnaires to
evaluate its contribution to collaboration. This will allow for
larger-scale validation.

Beyond assessing the impact of the framework on collaboration,
this study revealed the perceived importance to the team of
having a serious game expert. The analysis of the expert's
contribution versus the framework's contribution, as well as the
influence of the expert's personality, are topics for future
research.

Conclusion
Qualitative and quantitative results obtained through this study
support the use of the co.LAB framework to facilitate
collaboration within multidisciplinary serious game design and
development teams.

In both projects included in this study, the co.LAB framework
enhanced several dimensions of collaboration within
multidisciplinary teams. However, expert guidance seems
necessary to maximize development efficiency. Whether such
guidance can be provided by means of a collaborative web
platform remains to be determined.
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Abstract

Background: Organizations of all types require the use of teams. Poor team member engagement costs billions of US dollars
annually.

Objective: This study aimed to explain how team building can be accomplished with team video gaming based on a team
cohesion model enhanced by team flow theory.

Methods: In this controlled experiment, teams were randomly assigned to a team video gaming treatment or a control treatment.
Team productivity was measured during both pretreatment and posttreatment team tasks. After the pretest, teams who were
involved in the team video gaming treatment competed against other teams by playing the Halo or Rock Band video game for
45 minutes. After the pretest, teams in the control treatment worked alone for 45 minutes. Then, all teams completed the posttest
team activity. This same experimental protocol was conducted on 2 different team tasks.

Results: For both tasks, teams in the team video gaming treatment increased their productivity significantly more (F1=8.760,
P=.004) on the posttest task than teams in the control treatment. Our flow-based theoretical model explained team performance

improvement more than twice as well (R2=40.6%) than prior related research (R2=18.5%).

Conclusions: The focused immersion caused by team video gaming increased team performance while the enjoyment component
of flow decreased team performance on the posttest. Both flow and team cohesion contributed to team performance, with flow
contributing more than cohesion. Team video gaming did not increase team cohesion, so team video gaming effects are independent
of cohesion. Team video gaming is a valid practical method for developing and improving newly formed teams.

(JMIR Serious Games 2021;9(4):e28896)   doi:10.2196/28896

KEYWORDS

team video gaming; team building; flow; team cohesion; video games; gamification; team; teamwork; cohesion; theory; framework;
performance

Introduction

Important organizational work is often performed in teams.
Therefore, effective teamwork has long been a critical area for
research [1,2]. Yet, evidence continues to emerge that shows
teamwork is often ineffective. For example, one practitioner
survey found that 97% of employees and executives believe
that team alignment is critical to their effectiveness, yet 86%

blame a lack of effective team collaboration for workplace
failures [3]. As a result, although a strong body of research
exists on effective teamwork, there is continual need for research
on how to build productive teams.

A common thread through prior research is that effective
teamwork requires interpersonal skills [4], the development of
effective ways to share work, and team members’ willingness
to exert effort toward the team task [5]. To help teams develop
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these critical skills and norms, some organizations employ
team-building activities. Meta-analyses show that team-building
activities significantly increase team performance and
productivity [6]. And given that employee disengagement costs
the US economy as much as US $350 billion every year [7],
some organizations invest extensively in team-building
activities. But team-building activities used by organizations
can be both time-consuming and expensive. Ropes courses and
other challenge retreats are common team-building interventions
that have been moderately effective in increasing team
performance [8]. But these interventions take employees away
from work for a day or longer. The time and expense required
by many team-building interventions have led some to argue
that team building is a waste of resources [9]. This raises an
important question and opportunity for research. Can effective
team-building interventions be created that increase team
performance but take less time? This study examines team video
gaming (TVG) as a possible solution.

For many people, video games have become a pervasive part
of life. In the year 2020, 2.6 billion people worldwide played
video games [10]. Research on online games shows that players
are drawn to games for opportunities for achievement,
entertainment, immersive experiences, and interactions with
other players [11]. Not all video games are designed exclusively
for fun, entertainment, and escape [12]. Video games can use
entertainment and enjoyment as a means to help accomplish a
variety of worthwhile objectives, such as education [13], training
[14], gaining experience in complex situations [15], and
facilitating social networks [16].

TVG gives players practice at forming and working effectively
with other players in teams [17]. Players work together against

an opponent to achieve a common goal. Video games such as
Halo, a competitive and cooperative first-person shooter game,
and Rock Band, a cooperative music game, encourage players
to collaborate and engage as a team to successfully complete
shared objectives. Much like competitive sports, teams playing
TVG exhibit player engagement, team communication, and
strategy formation to achieve a common goal [18]. Another
reason TVG is a candidate for team building is that some
research suggests that TVG improves team cohesion [19].
Cohesive teams developed social relationships and trust,
attraction to the team and to the team tasks, and a knowledge
of how to work together [20,21]. This improves team
performance on subsequent tasks [22-24]. Some organizations
provide video game lounges containing gaming equipment
because employees enjoy playing together [25]. However, only
one academic study has examined the use of TVG for team
building and measured subsequent team performance. Keith et
al [26] compared the effects of team building with and without
TVG on subsequent team performance in a single task context.
They found that teams using TVG increased team cohesion and
increased subsequent team performance. However, there was a
direct positive effect of TVG on team performance that was not
explained by team cohesion. Our study found that TVG also
promotes team flow, which accounts for the previously
unexplained increase in team productivity. Thus, it provides a
better explanation of how team building with TVG improves
team performance. This study also found that TVG improved
team performance in 2 different task contexts. Figure 1 reflects
how the current study compares with that of the study by Keith
et al [26] (labeled as “Prior research”) and the unique
contributions of our study in bold.

Figure 1. Summary of study contributions.

We draw from gamification theory to help explain how TVG
can help teams become more productive. Gamification is the
practice of using game-design elements (ie, rules, goals,
interactions, rewards) in nongaming contexts [27,28] or making
processes more “game-like” [29]. An important goal of
gamification is to promote player engagement [30] so the player
is fully involved or immersed in a physical or mental activity
[31]. This gamification perspective motivated our selection of
flow theory to enhance the team cohesion model by Keith et al
[26] of TVG-driven team performance. Flow theory explains
the psychological state of being fully immersed in, and focused
on, a task [12,30,32,33]. Research has shown that engagement
on work tasks can be manipulated and that a team’s collective

engagement on one task can recur on subsequent tasks [34-36].
Therefore, we expect teams that experience flow during TVG
will also experience flow on subsequent team tasks. To promote
this state of flow, we had new teams play commercially available
team video games with which they were already familiar, which
benefits the team-building process. There are some unique
aspects of team cohesion and flow theory that are relevant to
the TVG context, thus necessitating both theories. Our research
questions are (RQ1) “Can gamifying the team building process
via TVG be an effective strategy to improve team performance?”
and (RQ2)“Can team flow explain the effects of TVG on team
performance above and beyond that of team cohesion alone?”
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To test our theoretical model, we implemented TVG as a
treatment in a laboratory experiment in 2 different contexts or
tasks. For the first task, we used the same geocaching task for
the pretest and posttest used by Keith et al [26]. For the second
task, we used a completely different tower-building task for the
pretest and posttest. Using a second task that is distinctly
different from the first study allowed us to demonstrate that the
effects of the TVG were not limited to 1 task. Our research
focuses on helping new teams become productive. Such teams
are different from long-term, existing teams because the team
members have few, if any, prior relationships among team
members. New teams may persist for long or short durations.
Helping newly formed, short-term teams become productive is
important because many teams in organizations are formed for
short durations [37] or may include temporary employees [38].

Theory: How Team Video Gaming Improves Team
Performance

Team Building With Video Gaming
Games have long been practiced as a strategy for team building.
Games and challenges are used in many traditional team building
interventions (eg, ropes courses, competitive team games). The
video games we used were developed for entertainment purposes
and not for team building but can be used to effectively
accomplish the goals of team building. Research on team
building has revealed 4 fundamental components of
team-building interventions: goal setting, interpersonal relations,
problem solving, and role clarification [39-42]. These
components are not necessarily activated equally in every
team-building intervention. A team-building intervention might
include one, multiple, or all these components in varying
degrees. Although specific team video games differ in the degree
of support for all 4 team-building interventions, some TVG can
activate all 4. While playing team video games, individuals
increase their skill and share knowledge with teammates [43].
Individuals learn to depend on and be dependable for other team
members, which results in building relationships and
strengthening teamwork skills [44]. Moreover, the team
attributes developed during this process can and do carry over
into their cooperative work in high-tech, cross-functional,
team-centered workplaces [6,26,45,46]. Our first hypothesis
will test this theory: (H1) Teams using TVG will perform better
on subsequent team tasks than teams who do not use TVG.

While this finding alone is useful, it is even more important to
understand why TVG has this effect. In the following sections,
we review 2 theories that may explain the effect of TVG.

Team Cohesion
Team cohesion theory is the dominant historical explanation of
how team-building interventions increase team performance
(eg, [22,47-49]). At a high level, team cohesion theory states
that teams should develop the following attributes to be able to
work effectively together: (1) social relationships and trust, (2)
attraction to the team, (3) general attraction to team tasks, and
(4) knowledge of how to work together [20,21]. Traditional
team-building interventions that do not use team video games
create team cohesion that subsequently carries over into other
tasks, thus improving team performance [22-24].

Team flow is often the “go-to” theory used to explain team
performance. However, prior research shows that team cohesion
theory has only limited capability to explain the team
performance effect that comes from video gaming [26].
Therefore, we turn to flow theory, which is more appropriate
for video game designs.

Flow
Flow state refers to the psychological condition of being totally
immersed in, and focused on, a task [12,30,32]. The concept of
flow has been used to explain the deep engagement of individual
persons in activities involving high levels of intrinsic motivation
[50] and the optimal state of engagement [12,30]. Flow is
typically measured using 5 subconstructs: focused immersion,
heightened enjoyment, control, curiosity, and time dissociation.

When individuals enter a state of flow, they feel like they are
in control, their curiosity is engaged, and they enjoy themselves
[51]. They focus intently on the task at hand and tune out outside
stimuli. When experienced by a team (eg, [52,53]), these aspects
of engagement may promote team performance—because the
team is curiously engaged, feels in control, focuses intently on
their task, and tunes out distractions, all while having a good
time.

Video games are known to induce flow states easily because
they meet 3 necessary preconditions [50]. First, to experience
flow, there must be a clear goal to be achieved. Playing video
games typically has a superordinate goal of winning the game
or performing well. Users must perform tasks that support
achieving the superordinate goal. Second, there must be
feedback that reflects the degree of performance toward the
goal [54]. The games used in this research provide clear,
real-time feedback to teams through dashboards that show
players how well they are performing in real time. As the games
progress, teams can see where they stand and can focus their
efforts accordingly. Finally, and perhaps most critically, there
must be a balance between skill and the level of “appropriate
challenge” in the task of interest [50,54-58]. Flow can be
achieved only if the challenge is appropriately matched with
skill. In other words, the task cannot be either too easy or too
difficult. In the TVG context, playing against a much more
skilled team would result in frustration, whereas playing against
a much less skilled team would be boring. Thus, video games
do not drive flow; rather, a state of flow occurs when using
video games provides an appropriate challenge. (H2) TVG will
increase the degree of perceived appropriate challenge in a
subsequent task. (H3) Appropriate challenge has a positive
effect on flow.

Flow and Performance
The positive effects of flow have been observed in prior research
[59-61]. As flow increases, team performance should increase
[52,53] because flow represents deep engagement and focus on
the task at hand [62]. The strongest outcome of flow in the
model by Agarwal and Karahanna [62] was the effect on
perceived ease of use. Such a finding suggests that when we
experience flow, we perceive the task at hand to be easier to
accomplish. Furthermore, Rutkowski et al [63] found that
focused immersion (a subdimension of flow) led to greater
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performance in virtual teams. When teams are immersed in a
task, they ignore external (distracting) stimuli that may divert
attention away from the task [12]. Thus, an increase in flow
should increase performance (Figure 2). (H4) Flow, including

(1) focused immersion, (2) heightened enjoyment, (3) control,
(4) curiosity, and (5) time dissociation will increase team
performance.

Figure 2. Theoretical model. TVG: team video gaming.

Methods

Participants
We used a laboratory experiment design to test our theoretical
model. Participants in this study were undergraduate students
at a private western university in the United States. They were
randomly assigned to teams of 4 participants, and teams were
randomly assigned to treatments. However, we questioned the
participants prior to making their final team assignment to detect
whether they had any preexisting relationships with potential
teammates. If they did, the teams were rearranged to minimize
the impact of prior relationships. Participants assigned to TVG
treatments could select 1 of 2 popular games based on their
familiarity with the game. Subjects chose either Rock Band 3
or Halo 4. The popularity of these games makes it likely that
students have played them before. These games have also been
used in past research [16,64]. This allowed team members to
play the game for which they had the most experience and that
they found most interesting and engaging. This should have
maximized the likelihood of the video game effect and how a
team would select a video game in real life. To control for video
game ability (and thereby balance appropriate challenge and
skill), we asked participants about their level of experience with
the game and then balanced the level of video game experience
across teams so that teams were competing against other teams
of roughly equivalent skill. A total of 586 individuals were
divided across 155 teams. However, only 444 participants
completed all survey responses measuring latent constructs used
to estimate the theoretical model. A few teams had only 3
participants due to no-shows at the lab. Comparative tests
showed few differences between 3-person and 4-person teams
as noted in the Results section. Of those who chose to report,
141 (141/583, 24.2%) were female, 469 (469/583, 80.4%) were
Caucasian, 59 (59/583, 10.1%) were Asian, and 41 (41/583,
7.0%) were Hispanic. The average age of participants was 22.9
years.

Study Design
The study involved a (1) pretest of team task performance to
establish a baseline, (2) treatment, and (3) posttest of team task
performance, to measure performance improvement.

Task
The tasks in the experiment were designed to replicate the
context of a newly formed work team under time pressure.
Therefore, the task met the following criteria: (1) it was time
sensitive—there was a limited amount of time available to
complete the task; (2) it had objective performance measures
that were readily calculable—this allowed teams to evaluate
their own performance and compare their performance to other
teams; (3) the teams selected their own strategies and division
of labor—this allowed team members to benefit from their own
creativity and ingenuity; and (4) the task required team members
to coordinate and collaborate to achieve the best results. We
implemented 2 distinct tasks that allowed us to collect objective
measures of team performance. Using 2 different tasks allowed
us to measure the influence of the tasks on the results.

Task 1 was based on a mobile application called “Findamine”
(pronounced “find a mine”) that was created for research
purposes and has been successfully used in prior field
experiments in information system (IS) research [26,65], but
with modifications for our context. Findamine is a geocaching
mobile application that generates clues for finding specific
landmarks. Rather than giving GPS-based latitude/longitude
coordinates, the application gives players short, text-based clues
(eg, “This statue depicts the founder of this university.”) that
help participants identity the specific location. The destination
locations were distributed across the large campus. Teams
earned points by successfully deciphering the clue, travelling
to the location, and taking a picture of themselves at the location.
The pictures of subjects in front of the landmark were
automatically uploaded through the mobile application.

Participants could identify and visit more locations by dividing
into pairs. So, division of labor, communication between the
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team members, and collaboration were rewarded. However, the
application tracks the total time elapsed from opening a clue
until the correct picture (verified by the GPS coordinates
embedded in the photo) is submitted through the application.
The natural log of the minutes elapsed was deducted from the
possible clue points to reward teams for the speed of their
performance in addition to accuracy.

At the conclusion of the task, teams returned to the start location
where their performance was displayed in a “leaderboard” so
that they could compare their results with those of other teams.
In summary, this task enabled all 3 preconditions for flow,
namely (1) a clear goal, (2) performance feedback, and most
importantly, (3) a challenge that is commensurate with their
skills [50,55]. However, given that this geocaching task is
somewhat “game-like” itself and may be correlated with the

characteristics of TVG, we created a second task (teams only
completed 1 of the 2 tasks).

Task 2 was drawn from prior laboratory research on team tasks
and performance [66]. It included a timed task of building a
tower out of dry uncooked spaghetti noodles and marshmallows.
However, there was no leaderboard or real-time feedback about
how they were performing relative to other teams, thus
minimizing the competitive element. Like the geocaching task,
participants were divided into teams of 4 (while minimizing the
likelihood of prior relationships among team members). Teams
were given 7 minutes to build the tallest tower possible that
would remain standing. Performance was measured as the height
in inches of the tower. Table 1 shows the number of teams in
each treatment assigned to each task.

Table 1. Sample size: number of teams for each treatment and task.

Task 2 (tower building)Task 1 (geocaching app)Treatment

Number of partici-
pants per team,
mean

Number of teamsNumber of partici-
pants

Number of partici-
pants per team,
mean

Number of teamsNumber of partici-
pants

3.87381473.7551191Control

3.78361363.7330112Team video games

After all data were collected, z scores were calculated for both
Task 1 and 2 performances in order to make the results
comparable. We also included task type (Task 1 coded as 1 and
Task 2 as 0) as a covariate in our hypothesis testing.

After being assigned to teams, participants performed either
Task 1 or Task 2 (depending on the date of the study) as a
baseline measurement of team performance. Similar to prior
research [26], those assigned to Task 1 (geocaching) downloaded
the app on only 2 of the phones possessed by team members.
The app had 6 clues ready with a 25-minute time limit. The
team’s total score was the combined total of the points on both
phones. The phones of the other team members could still be
used for communication. Teams were given 5 minutes to plan
a strategy. Immediately at the 5-minute mark, the 25-minute
timer began during which they could find the clues. As an
incentive, teams were notified that the highest-scoring team
from each day’s participants would earn US $20 Visa cash cards
for each member. As locations were found, the results were
loaded into a website leaderboard in real time. Upon returning,
each team was shown their standing on the leaderboard, and
their performance was recorded.

Teams assigned to Task 2 (tower) were placed in an isolated
room that was not visible to any other participant teams. They
were given a standard number of marshmallows and dry
spaghetti noodles. They were also given a brief review of the
rules: (1) build free-standing towers not adhered to any furniture
or walls, (2) no use of smartphones for ideas or tips, and (3)
total score is the combined height of the 2 tallest towers (to give
teams the opportunity to determine how to divide roles). Finally,

a 7-minute timer was started and left in the room with the team.
Similar to Task 1, participants were notified beforehand that
the highest-scoring team of that day would earn US $20 Visa
gift cards.

Team Intervention: Treatments
Upon completing the pretest, teams were randomly assigned to
1 of 2 treatments: (1) TVG or (2) control (no TVG). Those
assigned to the control treatment were asked to spend the next
45 minutes by themselves. Team members were instructed to
not speak with each other until the posttest began. This was
intended to replicate the practical context where no team
building occurs. However, they were left at liberty to work
individually on homework or any other pursuit unrelated to the
experiment.

In the TVG treatment, participants played Rock Band 3 or Halo
4. These 2 games were selected primarily because of the
interdependent nature of the team tasks. In Rock Band, the
players must coordinate their activities to perform the songs
correctly. In Halo, the players must coordinate their attacks and
defensive strategies to beat the other team. Teams in the Rock
Band condition were tasked to earn the highest possible score
across any 4 songs of their choosing. The team that earned the
highest score earned large candy bars for each member. Those
in the Halo 4 condition played 3 rounds of the team-based
“capture the flag” subgame against the other team in their cohort.
The team winning at least 2 out of 3 matches earned large candy
bars. Both treatments lasted 45 minutes. Figures 3 and 4
visualize the gameplay of both games.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e28896 | p.458https://games.jmir.org/2021/4/e28896
(page number not for citation purposes)

Keith et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 3. Screenshot of Halo.

Figure 4. Screenshot of Rock Band.

Importantly, those in the TVG treatment were not simply left
to themselves. Rather, they were playing in a
cooperative-competitive environment in which the team they
were competing against was in a nearby, but separate, room. A
facilitator was assigned to handle technical problems and ensure
that the teams played the games according to instructions and
fully participated.

Posttask: Measuring Change in Team Performance
After the treatment, teams were again assigned to complete
another round of the same pretest task so that team performance
could be measured as the relative percent improvement from
the pretest. For Task 1 (geocaching), the study administrators
downloaded 7 new clues for new locations on campus to the 2
phones for each team running the application. The increase from
6 to 7 clues in Task 2 was because pilot tests revealed that
participants gained experience and skill from Task 1 that
translated into faster task completion times. Therefore, to even
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out the total time required by Task 1 and Task 2, the number
of clues was increased for Task 2. Once again, the teams had 5
minutes to strategize and then 25 minutes to find and photograph
themselves at as many of the locations as possible. Upon
finishing this task, the teams viewed their standing on the
leaderboard and completed another survey measuring flow and
the other key variables. For Task 2 (tower), participants were
placed back into the same room with a fresh set of spaghetti
and marshmallows and a clean workspace. They were given
another 7-minute timer and set to work.

After the task, each team member took a survey measuring flow
and several other covariates. It is important to note that the
survey measures referred to the participants’ flow state during
the geocaching or tower-building task—not the TVG treatment.
This is significant because an important assumption of our
research is that achieving a flow state during a team intervention
(ie, TVG) can increase the likelihood of entering a state of flow
on subsequent team tasks as with the geocaching task.

Measures
The attitudinal variables in this study were measured using
latent construct items drawn from prior research and adapted
for this study. Team flow was adapted from the construct of
cognitive absorption [62]. It is an aggregate, second-order
construct [67] that includes the subdimensions of focused
immersion (FI), heightened enjoyment (HE), control (CO),
curiosity (CU), and time dissociation (TD) [62]. Based on
conceptualizations from flow theory [50], 3 items measuring
appropriate challenge (CH)—or how well the task was equal
to (not beneath or above) the skill level of the team—were
created new for this study. They were first pilot-tested and met
all criteria for validity and reliability (as demonstrated in the
following sections). As aforementioned, team performance was
measured as the team composite percent increase over the score
earned in the pretest task.

Team cohesion was measured based on the conceptual model
by Carron et al [68]. Although there are 4 primary
subcomponents of team cohesion, the 2 most relevant to the
short time duration of our TVG treatment are group
integration-task (GI-T) and the individual attractions to the
group-task (ATG-T). The variables Group Integration-Social
(GI-S) and Individual Attractions to the Group-Social (ATG-S)
were eliminated from the study because we found that the items
demonstrated very poor validity and reliability despite being
drawn directly from prior research. We believe this indicates
the procedures did not provide enough time for the social
constructs measured by these instruments to develop to the point
where they could play a role in our results. Team flow and team
cohesion were modeled as first-order reflective and second-order
formative constructs based on prior research [62,68]. Task
interdependence was included as a control variable because it
is a known potential confound in team cohesion research [69].
Items were adapted from Sharma and Yetton [70].

In addition, we included 2 controls: task type (geocaching or
tower-building) to control for task-related performance
differences and their score on the pretest baseline task
(standardized to a z score). The latter control is important
because teams in both tasks may have been able to achieve a

“ceiling” effect where, if they performed extremely well on
their pretest task, they would have less room for improvement
on the posttest task.

Measurement Model Testing
Pre-analysis was performed to test the convergent and
discriminant validity of the reflective subdimension measures,
test for multicollinearity, and ensure reliabilities. The constructs,
question wording, and outer loadings are summarized in
Multimedia Appendix 1 (Table A1). As indicated in Tables A2
and A3 in Multimedia Appendix 1, after removing HE4, CO2,
ATG-T3, and ATG-T5, all validity criteria were met. In
particular, all average variances extracted (AVEs) were above
the 0.50 recommended cutoff and greater than the squared
correlation between the focal construct and the subdimensions
[71]. Composite reliability was greater than 0.70 for every
subdimension. Concerning discriminant validity, the
cross-loading matrix in Multimedia Appendix 1 (Table A3)
reveals that all item loadings were greater than their
cross-loadings. However, the validity scores (Cronbach alpha)
for ATGT and CO were slightly below the 0.70 threshold (see
Multimedia Appendix 1, Table A2) [72]. Because ATGT is a
well-validated instrument, we retained the items as indicated.
CO likely had minor problems because only 2 items remained
to measure it [73]. However, as all other reliability criteria were
met, we continued with the analysis.

We also tested for reliability and validity at the second-order
factor level for flow and team cohesion (see Multimedia
Appendix 1, Table A4). To test these constructs, latent factor
scores were first generated for the subconstructs of both flow
(HE, CO, CU, FI, TD) and team cohesion (ATG-T and GIT).
These latent factor scores were then used as reflective indicators
for the second-order factors. In summary, after testing the
measurement model at the highest-level of each construct, all
criteria for convergent validity, discriminant validity, and
reliability were met. In addition, multicollinearity was not a
significant concern as all variance inflation factor scores were
below the recommended maximal cutoff of 10 [73]. Therefore,
we opted to keep the remaining items and proceed with the
hypothesis testing. Overall, the results indicated acceptable
factorial validity and minimal multicollinearity or common
method bias based on the standards for IS research [74].

Team-Level Constructs
In this study, our treatments were administered to teams, our
hypotheses are at the team level, and we predict team-level
performance. Thus, the team is our unit of analysis. These
perceptions are what Klein and Kozlowski [75] refer to as
“emergent unit properties” because they “originate in
experiences, attitudes, perceptions, cognitions, or behaviors that
are held in common by team members.” The team-level
attitudinal measures reported in this research were aggregated
as means of individual scores of team members. We used the
direct consensus composition model for the constructs of
challenge, components of team flow, and group interaction. We
used the referent shift composition model for attraction to the
group [76]. Multimedia Appendix 2 describes the approach we
used to justify the aggregation of individual-level responses
into team-level measures.
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Comparison of Productivity Increase Across
Treatments
To examine changes in team productivity between the pretest
and posttest in the control treatment versus the video game
treatment, we calculated the percent productivity change for
each team and used a one-sided t test to compare average
changes in productivity across the treatments.

Validation of Theoretical Model
We validated our flow-based theoretical model using the survey
responses analyzed in 2 path models using the partial least
squares (PLS) structural equation modeling technique in
SmartPLS 3.2.6 [77]. Use of this analytical approach was
appropriate because PLS does not depend on normal
distributions or interval scales [78] making it ideal for our
objective measures of task performance. The t statistics were
generated from running 10,000 bootstrap procedures. We
estimated 2 models. In the first model, we combined all aspects
of flow into one flow measure so we could measure the effects
of challenge on flow taken as a whole and how flow impacts
team performance. In the second model, we estimated the effects
of challenge on the subcomponents of flow and the effects of

the subcomponents of flow on performance to examine the
differential role of components of flow as suggested in prior
research [12]. Both models were based on team-level scores.

Results

Comparison of Productivity Increase Across
Treatments
Table 2 depicts the percentage increase from pretest to posttest
for the work tasks. For both tasks, teams in the TVG treatments
increased their posttest performance over their pretest
performance more than the teams in the control treatment. The
TVG treatment in Task 1, geocaching, resulted in a 49.6%
average improvement compared with 20.3% for the control
teams, for a difference of 29.3% (t test, P<.001). The
tower-building task (Task 2) produced greater variance in term
performance than Task 1 and a clear “ceiling” effect—meaning
that teams who built a very tall tower during the pretest were
not able to improve their score by as great a percentage as the
geocaching task. Despite this, the TVG treatment resulted in a
72.1% average improvement compared with 49.5%
improvement for the control teams, for a difference of 22.6%.

Table 2. Percent change in team productivity from the pretest to posttest for Tasks 1 and 2.

Percent difference, (%)Team video games treatment mean (SD)Control treatment mean (SD)Task

29.349.6 (.399)20.3 (.328)Task 1 (geocaching app)

22.672.1 (.801)49.5 (.754)Task 2 (tower building)

An analysis of variance controlling for game (Halo or Rock
Band), gender (percent female), age, team size, and task showed
that the TVG treatment had a very strong and significant effect
on improving team performance (F1=8.760, P=.004). Thus, H1,
which predicted that teams using TVG would perform better
on subsequent team tasks than teams who did not use TVG, was
supported for both tasks. Additionally, we examined differences
in mean scores by video game, task, gender, and team size; these
are described in Multimedia Appendix 3.

Validation of Theoretical Model
With H1 supported, our next task was to validate our theoretical
model explaining why TVG has a strong positive effect on team
performance. Figure 5 shows the path coefficients (β) above
each relationship and P values in parentheses based on a

team-level analysis. R2 values are shown for the endogenous
variables. Although not depicted in Figure 5, task type, gender
(percent female), and team size were included as covariates
explaining each endogenous variable.

Figure 5. Hypothesis testing. TVG: team video gaming.

Supporting H2, the TVG treatment increased the teams’
perceptions of the challenging nature of the subsequent tasks
(β=.169, P=.021). As predicted by H3, challenge increased the

perception of team flow (β=.451, P<.001). The exceptionally

high R2 for team flow (94.9%) is not unexpected since, as noted
earlier, challenge is an essential prerequisite for flow. Perhaps
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most central to our study, H4 was supported, in that team flow
significantly increased performance (β=.313, P=.041). The
control variables gender (β=–.056, P=.21), team size (β=.017,
P=.40), and task type (geocaching versus tower building;
β=.265, P=.20) had no significant impact on team performance.

Although not specifically hypothesized, we re-examined the
relationships tested in prior research on team cohesion. TVG
did not significantly increase team cohesion after controlling
for task type (β=–.004, P=.49). Team cohesion did increase
team performance (β=.253, P<.001).

With hypothesis testing completed in Figure 5, Figure 6 provides
a deeper understanding of team flow by depicting the results of
the model when the subcomponents of flow are estimated as
opposed to the second-order flow factor. This allows us to better

compare the effects of flow versus team cohesion. The treatment
was removed from this model for simplicity. Challenge
contributed positively and significantly to all components of
flow (P<.001). However, the effects of the components of flow
on performance were much more differentiated. Focused
immersion positively influenced team performance (β=.532,
P=.028). Surprisingly, heightened enjoyment had a significant
negative effect on team performance (β=–.445, P=.027). Control
had a moderately significant negative effect (β=–.285, P=.07).
Curiosity (β=.082, P=.27) and time dissociation (β=.195, P=.18)
had no significant effects on performance. Breaking flow into
its subconstructs produced a model that better explains the
effects of a TVG treatment on performance. The R2 value for
team performance improved from 40.6% in Figure 5 to 62.3%
in Figure 6.

Figure 6. First-order team flow.

Although not depicted in Table 2 and Figures 5 and 6, there
were significant effects of the type of task performed
(1=geocaching versus 0=tower-building): After controlling for
all other relevant paths, those who participated in the geocaching
task experienced a greater sense of appropriate challenge
(β=.739, P<.001) and thus, greater flow (β=.613, P<.001) while
developing less team cohesion (β=–.375, P<.001). In addition,

as expected, higher performances in the pretest led to lower
relative increases in posttest performance (β=–.539, P<.001).

Finally, the control variables gender (β=–.082, P=.12), team
size (β=.004, P=.48), and study (geocaching versus tower
building; β=–.181, P=.36) had no significant impact on team
performance. Table 3 summarizes the hypotheses and main
results of this study.
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Table 3. Summary of hypotheses and findings.

FindingSupportHypothesis number

Team video gaming increased team performance on subsequent team tasks.YesH1

Team video gaming increased perceived appropriate challenge in subsequent team tasks.YesH2

Appropriate challenge increased flow.YesH3

Flow, comprised of all flow components, increased team performance.YesH4

Focused immersion increased team performance.YesH4.1

Heightened enjoyment decreased team performance.NoH4.2

Curiosity did not increase team performance.NoH4.3

Control did not increase team performance.NoH4.4

Time dissociation did not increase team performance.NoH4.5

Discussion

Principal Findings
In response to our 2 research questions, the primary findings of
this research are first that the team-building process can be
implemented with TVG. Unlike traditional team-building
exercises, which focus the attention of team members on specific
team-building objectives, these objectives are met naturally as
the teams focus on cooperating to play the game. Existing
features in the games used in this research supported cooperation
and competition through enjoyable and challenging game
scenarios, thereby effectively accomplishing the team-building
process. Second, teams that played TVG experienced greater
flow and exhibited greater performance on subsequent team
tasks. This effect was found with 2 different video games and
with 2 different work tasks; thus, the positive effects of team
building with TVG are not limited to 1 video game or 1 work
task. TVG provides some benefits traditionally attributed to
team cohesion: A limited form of team attraction, attraction to
the task, and roles and scenarios embodied in the game serve
to facilitate effective division of labor and cooperation within
the team. But TVG does not manipulate team cohesion. The
effects of team cohesion on team performance are independent
of TVG. Team cohesion has a small, positive impact on team
performance but is not affected by TVG. Instead, TVG improves
performance by increasing appropriate challenge, which
increases flow. The positive effect of flow on performance is
stronger than the positive effect of team cohesion on
performance. Focused immersion is the component on flow that
increases team performance. Heightened enjoyment is a
component of flow that decreases team performance. These
findings constitute a better explanation of how TVG increases
team performance than prior research. We found a much
stronger effect size for team performance. In particular, our

model explained 62.3% of the variance (R2) in team performance
across 2 distinct types of team tasks compared with the 18.5%
explained by Keith et al [26].

Implications
This study contributes to the team-building literature in a unique
way. We demonstrated that TVG is an effective team-building
strategy. TVG does this by creating an immersive environment
that motivates team members to rise to a challenge and achieve

a flow state. Most importantly, much like the concept of work
engagement state [79], this research demonstrated that flow
state can be carried over to improve performance on subsequent
team tasks.

One important implication of this research is that the clarity and
explanatory power of our model improved substantially when
we analyzed the components of flow at the first-order
subconstruct level. Given the adequate measurement model
metrics we found for flow as a second-order construct, one could
reasonably expect that each subconstruct of flow would have
an important and positive effect on team performance. However,
that was clearly not the case in our data. The positive flow effect
came entirely from focused immersion. The focused immersion
aspect of flow experienced during TVG carried over into
subsequent tasks. That is not the case with the other
subconstructs. Enjoyment had a negative effect on the
subsequent task performance, whereas curiosity, control, and
time dissociation produced no significant effects on team
performance.

These noneffects can likely be attributed to the specific attributes
of our experimental tasks. Curiosity requires time for
contemplation, but time was limited during both the geocaching
and tower-building tasks. Further, teams were competing against
other teams and had limited time and could not see the scores
of the other teams until after they completed the task. This likely
explains why they felt little control. Lastly, because our tasks
were short and time was controlled and limited, the teams had
to keep track of the time they had left while completing the
pretest and posttest tasks. Thus, they could not experience time
dissociation. These aspects of flow might be experienced in
team tasks that are less time constrained.

However, the time limitations of our tasks do not account for
the significant negative effect of heightened enjoyment on team
performance improvements (β=–.445, P=.027). Any heightened
enjoyment developed during TVG may have led to greater
heightened enjoyment of subsequent tasks, which led to lower
performance on those tasks. This effect is somewhat harder to
explain, particularly considering that prior research has found
that heightened enjoyment is positively correlated with an
employee’s absorption in work tasks and motivation [46] and
even work teams’ collective efficacy beliefs [36]. The
contradiction of our findings with prior research may be
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explained by the source of enjoyment that comes from video
games versus work fulfillment. For example, the enjoyment
that comes from work accomplishment may be different from
the enjoyment from leisure experiences [80]. Therefore, while
TVG may help build team focus, it may also create a “let down”
effect where the type of enjoyment built during TVG is
incongruent with the type of enjoyment that comes from
accomplishing work tasks. Future research should explore this
possible negative effect of enjoyment on team tasks in the
workplace. If this negative effect persists, future research could
also examine whether there are types of team video games that
produce a form of heightened enjoyment that is more in line
with work fulfillment and work enjoyment.

There are other reasons future research should measure and
analyze flow at the subconstruct level. For example, the
influence of challenge on flow was somewhat suppressed when
flow was measured as a second-order construct (β=.451, P<.001)
but was substantially stronger, ranging from .799 to .889, for
the individual subconstructs. Another consequence of assessing
flow at the aggregate was to understate the impact of flow on
performance and to overstate the positive influence of team
cohesion on performance. Our results also suggest that flow
can be measured and assessed at the team level by aggregating
responses of individuals when members of teams receive the
same treatments and there is a high degree of reliability in terms
of how team members rate the constructs [52,53,81]. These
criteria were met in this research.

There are many additional research applications in which the
effects of team flow could be examined. For example, our results
demonstrate an effect of team flow in a controlled, laboratory
environment; however, team flow could also be adapted to
information technology (IT) project teams and subteams to see
how time-critical IT projects can be enhanced with video gaming
at a project kickoff meeting.

An important implication of these findings is that video games
manipulated flow but not team cohesion and that flow had a
stronger impact on performance than cohesion. Team cohesion
has received decades of research support in a variety of settings,
and we do not claim flow will be more important to performance
than cohesion for all settings. Flow is relevant in the TVG
context where the task requires focused immersion, heightened
enjoyment, control, curiosity, and time dissociation. While some
work tasks meet these criteria, some do not. It remains to be
seen whether team building with TVG will benefit these other
tasks.

Furthermore, both flow and team cohesion matter. Both theories
help explain team performance, but each explains different
aspects of team building. Team cohesion explains the social
integration of the team and their attraction to the task at hand
[20] whereas flow explains the state the team is in, the manner
in which a task is performed. We believe the type of task will
likely determine which factor provides the dominant
explanation. Flow exerted a stronger influence in our
context—newly formed work teams completing time-sensitive,
short-term tasks. Cohesion will likely exert greater influence
on performance when there is time to develop relationships with
team members and an attraction to the task. Future research

might extend our results by discovering the boundaries between
task types that explain where one theory might be dominant
over the other—although both are likely to be relevant to some
degree in every task.

The overall effect of TVG to increase team performance was
significant for both tasks used in this study: 29.2% for Task 1
and 22.5% for Task 2. Thus, they exceeded the increase of 20%
found by Keith et al [26]. This means if tasks performed in our
study are representative of other tasks, team building for 45
minutes with TVG for newly formed work teams may increase
performance for subsequent tasks requiring several hours or
more. TVG requires much less cost and time than traditional
team-building activities like retreats and ropes courses.
However, it should be noted that the teams in our study were
highly engaged in the TVG task.

The finding that the geocaching task produced less team
cohesion may be the result of the teams splitting up to find
different landmarks, whereas all team members worked together
on the tower-building task. Plus, geocaching teams had to
determine what each landmark was, determine where it was
located, and go to that landmark to take a picture there, so the
geocaching task was more challenging and produced more flow
than the other task. The descriptive summary in Multimedia
Appendix 1 (Table A7) also has some interesting implications.
For example, Halo appeared to induce greater improvements in
team performance than Rock Band but did not produce greater
flow. Therefore, there may be alternative explanations to explain
the difference between game features that lead to performance
differences. And although Halo led to greater team performance,
women were more likely to select Rock Band. It is also
interesting that women found more heightened enjoyment in
the posttest in our study. Since women were the minority
participants, this effect may have come from being part of teams
that were more diverse demographically. Future research should
explore how team homophily moderates the TVG effect.

Lastly, the strong and consistent impact of appropriate challenge
on each subdimension of flow provides strong empirical
evidence of the validity of flow theory (ie, that flow is enabled
by appropriate challenge). This also implies that studies that
neglect to measure or manipulate appropriate challenge may be
missing an important antecedent to flow. TVG does not result
in flow unless challenge is balanced with skill. Thus, employees
who dominate, or get dominated, in the TVG arena may not
feel appropriately challenged, which would reduce the likelihood
of attaining a state of flow. Future users of TVG for team
building should be aware of this.

Limitations
A few limitations of this research are worth noting. First, this
was a laboratory experiment. Although laboratory experiments
are a necessary and useful first step in establishing a
phenomenon, future research is needed to ensure the results of
this study are generalizable to practical workplace settings. One
limitation arising from the experimental setting is the artificial
time pressure to which we attributed mixed effects of some
aspects of flow on team performance.
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Managers should not assume all TVG will be beneficial. Each
team had a facilitator that encouraged them to participate fully,
and the participants may have been motivated by knowing that
their cooperation would help the researchers. Therefore, the
positive effects of TVG may not be replicated in actual settings
if the teams do not engage in the video games.

Our geocaching and tower-building tasks were designed to be
enjoyable. The geocaching task was somewhat game-like in
that it included a leaderboard and real-time feedback about
competitive performance. This may have contributed to the
carryover effects of challenge and flow from the TVG treatment
to the subsequent tasks. However, we included it to keep our
results comparable to prior research on TVG [26]. In contrast,
the tower-building task was selected to avoid this bias. There
was no leaderboard or competitive feedback, making it more
distinct from the TVG treatment. Nevertheless, neither of the
tasks were particularly representative of common business work
tasks. Therefore, future research should replicate our findings
using more generalizable business-oriented tasks.

Another limitation concerns our use of 2 video games. While
the video games used represented very different genres, these
games have feature sets that represent only some video game
characteristics that could be useful as team-building
interventions. Future research could map the characteristics of
other game features to the traditional team building treatments
(interpersonal relations, goal setting, role clarification, problem
solving) to see which game types are most effective for each
team-building treatment.

Our results were found specifically with participants who were
previously unfamiliar with each other, yet interdependent in
terms of accomplishing a team task. The TVG treatment may
not have the same effect on preexisting teams who have already
established norms, biases, and opinions about other team
members. In these settings, competitive video gaming may
reinforce existing negative biases in relationships that already
exist.

Additionally, our participants were college-age students who
were generally familiar with video games. The advantage of
using student subjects is that (1) it allowed us to replicate the

context of new teams and (2) students are typically younger and
may be more interested in video gaming than older employees
[82]. So, students do not represent all types of employees, and
some employees may have negative attitudes toward TVG.
Moreover, these students had experience with the games studied
in this research. Future research could explore how TVG might
work with those who are not familiar with video games.
Similarly, if a workplace is not characterized by time-critical,
objectively measured tasks, then TVG may become more of a
distraction than a team-building activity. Future research should
examine how flow works in settings without time pressure.

Finally, although our operationalization of the control group
treatment represented a practical example of companies that do
not facilitate any sort of team-building activity, it also allowed
the opportunity for many possible explanations for the difference
with the TVG treatment. For example, participants in the TVG
treatment not only got to play video games together but also
had the opportunity to develop communication skills and get
rewards, whereas the control treatment participants were not
allowed to interact in any way. Therefore, we cannot definitively
conclude that it was the TVG treatment that caused the
performance improvements and not simply the communication
or candy rewards. Future research should include additional
control treatments that allow basic socializing and
communication in between tasks as well as break apart the
elements of (1) video gaming, (2) cooperation, and (3)
competition to understand the degree to which each element
contributes to flow and positive performance effects of TVG.

Conclusion
Overall, our research contributes to work on TVG outcomes in
3 ways. First, it confirms prior research [26] that found TVG
has a positive overall effect on subsequent team performance.
Second, flow theory explains significantly more variance in
team performance than prior research. TVG creates a norm of
finding an appropriate level of challenge and engagement with
team tasks. Finally, it demonstrates that flow is a distinct and
complementary construct to the traditional team cohesion theory
used to explain team performance. We hope our results will
inspire additional research into challenge, flow, and the potential
benefits of TVG for small work teams.
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Abstract

Background: The COVID-19 pandemic has affected not only somatic health with over 3.7 million deaths worldwide, but also
has had a huge impact on psychological health, creating what amounts to a mental health crisis. The negative effect of the pandemic
on traditional addictions is well described and concerning, and the same has been seen for gambling.

Objective: This study explores self-reported web-based gambling behavior during the COVID-19 pandemic in Sweden. We
investigated overall changes, but also changes in specific web-based gambling types, and whether they are associated with certain
risk factors or lifestyle changes.

Methods: Our study is based on an anonymous web-based survey of web panel participants in Sweden (N=1501) designed to
study a range of behavioral changes during the COVID-19 pandemic. Increases in gambling were analyzed using logistic regression
models against sociodemographic data and psychological distress.

Results: The majority of the respondents who gambled reported no changes in their gambling habits during the COVID-19
pandemic. We found significant associations with the problem gambling severity index (PGSI), the Kessler score (indicating
psychological distress), employment status, changes in alcohol habits, and self-exclusion when looking at overall changes in
gambling activity in the pandemic. In the subgroup that reported an increase in gambling activity, we found an association with
both the PGSI and Kessler scores. The PGSI score was also an independent predictor for all specific web-based gambling (horses,
sports, poker, and casino) whereas the Kessler score only had a significant impact on changes in casino gambling. In addition,
male gender was an independent predictor for gambling on sports and casino gambling.

Conclusions: The majority of respondents who gambled reported no changes in their gambling activity during the COVID-19
pandemic. The group that reported an increase in overall gambling activity during the COVID-19 pandemic represent a group
with gambling problems and psychological distress. The group that reported increased sports and casino gambling were often
male, and this group seemed to experience more psychological distress.

(JMIR Serious Games 2021;9(4):e30747)   doi:10.2196/30747

KEYWORDS

COVID-19; pandemic; web-based gambling; psychological distress; gender

Introduction

The first case of COVID-19 was detected in December 2019 in
Wuhan, China [1] and then the virus spread rapidly, reaching
Europe in early 2020 and Sweden in January 2020 [2]. The

COVID-19 pandemic has had an enormous effect on mental
health [3-5]. Research has confirmed increasing rates of stress,
depression, addiction, anxiety, and other psychiatric disorders
during the pandemic [6,7].
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Virus protection strategies in Sweden have differed from those
in other countries and not included lockdown or stay-at-home
orders, but rather recommendations. Most work places
encouraged their workers to work from home and regulations
in opening hours have been in effect for restaurants and
shopping malls, leading people in general to spend a lot more
time indoors with possible access to screens, and several studies
have reported increased screen time during the pandemic [8-11].
Excessive screen time use has been shown to be associated with
a range of negative mental health outcomes such as anxiety and
depression [12-14].

Historically in economic crises, when people experienced stress
due to, for example, isolation, gambling activity per se increased,
and so did gambling problems [15-17], but recent studies on
potential changes in gambling activity during the COVID-19
pandemic have reported different changes in behavior [18]. One
possible explanation might be the restrictions in place in the
field of study, along with differences in study populations. Auer
et al [19] and Lindner et al [20] found a substantial decrease in
overall gambling activity, especially in gambling, where there
were far fewer betting opportunities because of cancelled or
postponed sports events such as football leagues.

This was also reported in an Italian study conducted during the
lockdown, when gamblers reported not only a decrease in
gambling but also the relief they felt because the restrictions
meant they could not gamble as before [21]. Auer et al [19]
confirmed this situation in a population of Swedish, German,
Finnish, and Norwegian citizens, who reported no increase in
gambling activity. Our research group, focusing on
COVID-19–related changes in gambling in a Swedish setting,
observed increased gambling activity in a subgroup of high-risk
gamblers [22,23]. Lindner et al [20] observed the same pattern
among high-risk gamblers and Frisone et al [24] observed this
among moderate-risk gamblers.

Early during the pandemic, the Swedish government voiced its
concerns about an anticipated increase in gambling owing to
rising anxiety, boredom, and depression prevalence expected
as the pandemic accelerated [20]. Social distancing to prevent
virus transmission was thought likely to encourage gambling
[20]. To prevent this, the Swedish government introduced a
temporary legislation (Förordning 2020:495) to govern the
Swedish gambling market, including a deposit limit at
web-based casinos, of Swedish kronor (SEK) 5000 (US $580.48)
a week (per gambling provider) and obligatory time limits
because of concerns in the early stages of the outbreak that
social distancing would increase web-based activities such as
gambling and, by extension, the problems associated with
gambling. Other countries followed suit [20,23].

Gambling is strongly associated with comorbid disorders,
including alcohol use disorder, depression, substance use
disorders, nicotine dependence, anxiety disorders, and antisocial
personality disorder [25,26]. Gambling is a potentially addictive
behavior; gambling disorder is an addiction diagnosis given the
same status as alcohol and drug addiction [27,28]. Web-based
gambling, known for its autonomy, accessibility, and speed of
play, is considered a higher-risk form of gambling, which easily
leads to addiction [29,30].

In our study, we explored self-reported web-based gambling
behavior during the COVID-19 pandemic in Sweden. We
considered overall changes, along with changes for specific
types of gambling, and whether potential changes in gambling
may be associated with specific risk factors such as level of
education, employment status, disposable income, and
psychological distress.

Methods

Setting
The first wave of the COVID-19 pandemic in Sweden was in
spring 2020. After a decline in virus transmission in the summer,
there was a second wave in the autumn of 2020. In the first few
months of 2021, there was a third wave of virus transmission
and a further increase in the disease burden of hospitalizations
(Swedish Public Health Agency 2021). This cross-sectional
study is based on a self-report web-based survey carried out in
Sweden in March 2021, during the third wave of the COVID-19
pandemic in the country. At the time of this study,
upper-secondary schools in Sweden had resumed in-person
teaching, but the nationwide COVID-19 restrictions on leisure
activities and gatherings of more than 8 people were still in
effect.

Participants
We consulted the market survey company Ipsos and used its
internet-based web survey panel. We have previously used the
Ipsos web panel for internet-based surveys for research purposes
[30]. Respondents from the general population, aged 16 years
and above, from the Ipsos web panel were invited with the
information that the survey would address “computer gaming,
gambling for money, and other behavioural patterns in Sweden
during Covid-19—Association of mental health, social situation,
and attitudes to the pandemic.” The language used in the survey
was Swedish. Respondents could only access the survey once
they had provided electronic informed consent. Most Ipsos
surveys are worth 1 point to respondents, and each point is worth
about €1 (US $1.16) when redeemed as goods or services. In
this study, invitations were sent until 1500 complete answers
were obtained. In addition, in this study, the final distribution
of age groups, gender, and geographical location (region) was
compared by Ipsos to the general population, such that the data
set was weighted in accordance with a summarized weighting
score derived from these 3 variables. The survey was halted
when the final sample consisted of 1501 individuals. The study
was carried out between March 19 and 29, 2021. The study was
reviewed and approved by the Swedish Ethical Review Board
(File: 2021/00369).

Measures
The basic sociodemographic variables included gender (female
or male), age (divided into 2 age groups of 16-24 years and ≥25
years), monthly income (divided into 3 groups of SEK
10,000-20,000 [US $1164.40-$2328.81], SEK 20,000-40,000
[US $2328.81-$4657.62], or >SEK 40,000 [>US $4657.62]),
level of education (university, upper-secondary school [ages
16-19 years], compulsory school [ages 6-16 years], or other),
and employment status (studying, employed, unemployed,
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retired, or other). The questionnaire continued with questions
about changes in personal behavior during the COVID-19
pandemic (“since these changes in Sweden started”): the time
they spent at home (much more, slightly more, unchanged, or
less time at home) and how much alcohol they consumed (more,
less, unchanged, or “I don’t drink, now nor before”). The
questionnaire continued with a general question about their
web-based gambling on horse racing, sports, poker, and casino
games (more, less, unchanged, or “I don’t gamble, now or
before”). This was followed by questions for each type of
web-based gambling in turn (horses, sports, poker, and casinos).
A question was asked about self-exclusion from gambling
(gambling breaks) using spelpaus.se, a national self-exclusion
scheme that covers all forms of licensed gambling, which has
been available since January 1, 2019 (yes, no, or prefer not to
answer) [30].

Psychological distress was measured using the Kessler-6 scale
to describe symptoms of depressed mood and anxiety [31]. It
is a 6-item scale of symptoms perceived in the preceding 6
months, with 6 questions about depressive and anxiety-related
symptoms with options ranging from “not at all” to “all the
time,” including a “cannot answer/prefer not to say” response.
For the Kessler-6 scale, the scores of 0-4 for each question were
summed, and a total score of ≥5 was classified as at least
moderate psychological distress.

The level of potential gambling problems was measured with
the 9-item problem gambling severity index (PGSI) [32], where
each statement addresses the preceding 12 months, with options
including “never,” “sometimes,” “most of the time,” and “almost
always.” For the PGSI scale, the scores of 0-3 for each question
were summed: a total score of 0 indicated no problem with
gambling; 1-2, a certain risk of gambling problems; 3-7, a
moderate risk of gambling problems; and ≥8 indicated gambling
problems.

Statistical Analysis
The reporting of prevalence measures and group-wise
comparisons related to the weighted data and statistical tests
were applied using the chi-square test, whereas binary logistic

regression analyses were carried out using the unweighted data.
Binary logistic regressions were carried out with each increased
change in gambling (yes/no) as the dependent variable to study
potential–independent variables associated with the outcome.
In a subsequent step, greater changes in specific forms of
gambling (horses, sports, poker, and casino) were established
as outcomes. For all models, odds ratios with 95% CIs are
presented. SPSS (version 25.0) was used for all statistical
analyses.

Availability of Data and Materials
The data sets used and analyzed in the current study are available
from the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
All procedures performed in this study involving human
participants were in accordance with the ethical standards of
the national research committee and with the tenets of the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Patient Consent for Publication
Informed consent was obtained from all individual participants
included in the study.

Informed Consent
The manuscript does not contain any individual person’s data
in any form.

Results

Descriptive Data on Changes in Web-Based Gambling
Activity and Type of Gambling
The descriptive data of the sample are shown in Table 1
(weighted data). Of the 1501 respondents, 29% (n=437)
responded they had never gambled and were therefore excluded
from further analysis. Of the remaining 1064 who were further
assessed, 56% (n=596) were male and 44% (n=468) were
female. The distribution regarding the different types of
web-based gambling activity is described in Table 1.

Table 1. Study population by total and self-reported changes in web-based gambling activity (weighted) (N=1501).

Changes in gambling activity

Sports, n (%)Poker, n (%)Casino, n (%)Horses, n (%)Total, n (%)

1007 (67.1)1264 (84.2)1122 (74.8)1073 (71.5)437 (29.1)Never gambled

494 (32.9)237 (18.8)379 (25.2)428 (28.5)1064 (70.9)Study population

Gender

140 (28.4)56 (23.5)123 (32.3)150 (35.1)468 (44.0)Female

354 (71.6)181 (76.5)256 (67.7)278 (64.9)596 (56.0)Male

Based on the findings, approximately 10% (n=111) of the
participants reported an increase in overall gambling, 82%
(n=876) reported unchanged gambling activity, and 7% (n=77)
reported a decrease in gambling (Table 2). The figures for
increased activity by gambling type were similar at

approximately 12% (11.0%-12.9%). The same was seen for the
self-reported decrease in activity by type of gambling on horses,
sports, and casinos at approximately 13% (13.2%-14.2%), but
self-reported decrease in poker was 21% (Table 2).
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Table 2. Changes in web-based gambling activity overall and by gambling type (weighted).

Change in gambling, n (%)Changes

On sports (n=494)On poker (n=237)On casino (n=380)On horses (n=428)Overall (n=1064)

56 (11.3)28 (11.8)49 (12.9)47 (11.0)111 (10.4)Increased

373 (75.5)160 (67.5)277 (72.9)322 (75.2)876 (82.3)Unchanged

65 (13.2)49 (20.7)54 (14.2)59 (13.8)77 (7.2)Decreased

Changes in Web-Based Gambling Activity by
Demographic and Socioeconomic Factors
Table 3 presents the weighted data for changes in gambling by
demographic and socioeconomic factors. We found significant

differences in employment status (P<.001), PGSI (P<.001),
Kessler score (P<.001), gambling paus (P<.001), as well as
changes in alcohol habits (P<.001) (Table 3).
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Table 3. Changes in gambling activity by demographic and socioeconomic characteristics (weighted).

Total (N=1064), n (%)P valueDecreased (n=77), n (%)Unchanged (n=876), n (%)Increased (n=111), n (%)

.10Gender

468 (44.0)32 (41.4)398 (45.4)39 (34.9)Female

596 (56.0)45 (58.6)478 (54.6)72 (65.1)Male

.07Age groups (years)

128 (12.0)13 (16.4)96 (11.0)19 (17.3)16-24

936 (88.0)64 (83.6)780 (89.0)92 (82.7)≥25

.51Level of education

498 (46.8)41 (52.9)402 (46.0)55 (49.2)Primary school

437 (41.0)28 (36.5)364 (41.5)45 (40.4)Secondary school

94 (8.8)3 (4.5)82 (9.3)9 (7.7)University

36 (3.3)5 (6.1)28 (3.2)3 (2.7)Other

<.001aEmployment status

120 (11.3)12 (16.1)86 (9.9)21 (18.9)Studying

612 (57.5)50 (65.0)499 (57.0)63 (56.3)Employed

63 (6.0)4 (4.6)44 (5.1)16 (14.2)Unemployed

246 (23.1)11 (14.3)225 (25.7)10 (8.9)Retired

23 (2.2)0 (0)21 (2.4)2 (1.9)Other

.25Disposable income

305 (28.7)29 (38.1)241 (27.5)35 (31.8)≥SEK 40,000 (US
$4657.62)

572 (53.7)37 (48.2)474 (54.2)60 (54.1)SEK 20,000-40,000
(US $2328.81-
$4657.62)

187 (17.6)11 (13.7)161 (18.3)16 (14.2)≤SEK 10,000-20,000
(US $1164.40-2328.81)

<.001aProblem Gambling Severity Index

666 (62.6)41 (61.2)600 (80.0)25 (24.5)No problem with gam-
bling

117 (11.0)14 (21.6)86 (11.4)17 (17.2)Certain risk of gam-
bling problems

96 (9.1)7 (10.7)55 (7.3)34 (33.9)Increased risk of gam-
bling problems

39 (3.7)4 (6.5)10 (1.4)25 (24.4)Gambling problems

<.001aKessler score

487 (45.8)25 (34.7)443 (51.1)19 (16.7)Score 0-4; no psycho-
logical distress

563 (52.9)48 (65.3)423 (48.9)92 (83.2)Score 5-24; psychologi-
cal distress

<.001aGambling pause

51 (5.2)12 (14.9)24 (2.8)21 (18.2)Yes

1000 (94.8)65 (85.1)846 (9.7)91 (81.7)No

.11Time at home

614 (57.8)44 (57.3)496 (5.7)76 (67.8)Much more

307 (28.8)20 (25.8)258 (29.5)29 (25.8)Slightly more
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Total (N=1064), n (%)P valueDecreased (n=77), n (%)Unchanged (n=876), n (%)Increased (n=111), n (%)

137 (12.9)12 (15.4)119 (13.6)7 (5.6)Unchanged

6 (0.5)1 (1.6)4 (0.4)1 (0.9)Less time

.001aChange in alcohol habits

105 (10.1)8 (9.6)74 (8.5)26 (23.2)Yes more

592 (55.6)24 (31.2)530 (60.5)38 (34.0)Unchanged

249 (23.4)33 (43.2)186 (21.2)30 (27.3)Less alcohol

116 (10.9)12 (16.0)86 (9.9)17 (15.5)Does not drink

aStatistically significant.

Comparison of Increased Gambling in Different
Outcomes
Multivariable analysis using binary logistic regression models
of the potential predictors of increased gambling (yes vs no) is
presented in Table 4 (unweighted data). Increased gambling
was associated with all 3 categories of PGSI score, whether
“Certain risk of gambling problems” (OR 4.40, 95% CI
2.17-8.93), “Increased risk of gambling problems” (OR 12.53,
CI 6.54-24.04), or “Gambling problems” (OR 32.42, 95% CI
13.77-76.35). The PGSI for “Gambling problems” was also
correlated with increased gambling in all specific forms of

gambling: horses (OR 12.64, 95% CI 3.94-40.68), sports (OR
38.81, 95% CI 11.65-129.28), poker (OR 10.53, 95% CI
2.24-49.43), and casinos (OR 26.17, 95% CI 7.09-96.62). An
increased change in gambling overall was associated with the
>5 Kessler score (OR 2.62, 95% CI 1.39-4.91) and with
increased casino gambling (OR 4.47, 95% CI 1.15-17.3). In
addition, male gender is correlated with increased sports betting
(OR 2.58, 95% CI 1.09-6.09) and casino gambling (OR 2.73,
95% CI 1.06-7.07). The correlation between “Does not drink”
and increased sports betting was also significant (OR 3.95, 95%
CI 1.02-15.33).
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Table 4. Multivariable logistic regressions model with increased gambling as the outcome of interest (yes vs no).

Increased gambling
on sports, odds ratio
(95% CI)

Increased gambling
on poker, odds ratio,
(95% CI)

Increased gambling
on casino, odds ratio
(95% CI)

Increased gambling
on horses, odds ratio
(95% CI)

Increased gambling,
odds ratio (95% CI)

Gender

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Female

2.73a (1.06-7.07)1.51 (0.50-4.59)2.58a (1.09-6.09)0.84 (0.39-1.81)1.46 (0.86-2.48)Male

Age groups (years)

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)16-24

0.67 (0.24-1.88)0.91 (0.18-4.54)0.43 (0.14-1.34)2.09 (0.35-12.52)1.09 (0.48-2.50)≥25

Level of education

1.00 (reference)—b1.00 (reference)1.00 (reference)1.00 (reference)Primary school

2.39 (0.46-12.54)—1.62 (0.26-9.93)0.80 (0.19-3.47)0.73 (0.27-1.99)Secondary school

2.82 (0.52-15.23)—1.69 (0.27-10.43)0.85 (0.20-3.69)1.18 (0.44-3.19)University

5.83 (0.38-89.42)—2.62 (0.15-45.97)0.72 (0.05-9.64)1.31 (0.27-6.36)Other

Employment status

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Studying

0.50 (0.13-1.92)0.49 (0.05-5.00)0.41 (0.09-1.96)0.38 (0.07-2.03)0.61 (0.22-1.69)Employed

0.86 (0.20-3.62)0.89 (0.10-8.18)2.84 (0.63-12.85)1.59 (0.28-9.11)1.79 (0.62-5.19)Unemployed

0.79 (0.17-3.81)—0.51 (0.04-5.82)0.73 (0.12-4.53)0.64 (0.21-1.98)Retired

———7.64 (0.70-83.40)2.11 (0.37-12.06)Other

Disposable income

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)≥SEK 40,000 (US $4657.62)

0.90 (0.28-2.89)1.23 (0.27-5.58)0.59 (0.15-2.33)0.51 (0.19-1.36)0.90 (0.42-1.95)SEK 20,000-40,000 (US
$2328.81-$4657.62)

0.84 (0.17-4.09)0.44 (0.04-5.01)0.41 (0.06-2.65)0.30 (0.08-1.21)0.73 (0.26-2.04)≤SEK 10,000-20,000 (US
$1164.40-2328.81)

Problem Gambling Severity Index

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)No problem with gambling

6.14a (2.00-18.92)7.49a (1.52-36.78)4.54a (1.13-18.30)4.01a (1.26-12.81)4.40 (2.17-8.93)Certain risk of gambling prob-
lems

10.91a (3.71-32.07)3.84 (0.80-18.51)6.02a (1.68-21.56)10.93a (3.88-30.82)12.5a (6.54-24.04)Increased risk of gambling
problems

38.81a (11.65-
129.28)

10.53a (2.24-49.43)26.17a (7.09-96.62)12.64a (3.93-40.68)32.4a (13.77-76.35)Gambling problems

Kessler score

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Score 0-4; no psychological
distress

1.09 (0.46-2.57)2.80 (0.69-11.74)4.47a (1.15-17.30)2.06 (0.84-5.07)2.62a (1.39-4.91)Score 5-24; psychological dis-
tress

Gambling pause

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Yes

2.48 (0.69-8.94)0.92 (0.18-4.82)1.66 (0.47-5.94)0.77 (0.22-2.72)1.14 (0.43-3.02)No

Time at home

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Much more

0.42 (0.16-1.07)0.27 (0.07-1.12)0.81 (0.29-2.20)0.86 (0.36-2.05)0.56 (0.30-1.04)Slightly more

0.34 (0.08-1.49)—0.28 (0.05-1.76)0.13 (0.01-1.18)0.25 (0.08-0.77)Unchanged
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Increased gambling
on sports, odds ratio
(95% CI)

Increased gambling
on poker, odds ratio,
(95% CI)

Increased gambling
on casino, odds ratio
(95% CI)

Increased gambling
on horses, odds ratio
(95% CI)

Increased gambling,
odds ratio (95% CI)

————0.78 (0.04-13.93)Less time

Change in alcohol habits

1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)1.00 (reference)Yes more

0.76 (0.24-2.40)0.18a (0.03-0.98)0.72 (0.18-2.81)0.28 (0.09-0.86)0.66 (0.30-1.44)Unchanged

0.62 (0.18-2.09)0.24 (0.04-1.48)1.45 (0.36-5.72)0.53 (0.17-1.67)0.77 (0.34-1.76)Less alcohol

3.95a (1.02-15.33)2.07 (0.34-12.69)1.32 (0.25-6.95)1.22 (0.33-4.37)1.31 (0.51-3.34)Does not drink

aSignificant correlations observed.
b—: not determined.

Discussion

Principal Findings
This cross-sectional study considers self-reported changes in
web-based gambling in a general population aged 16 years and
over during the third wave of the COVID-19 pandemic in
Sweden. We set out to study possible changes in gambling
behavior and relate them to risk factors such as gender, level of
education, employment status, disposable income, alcohol
consumption, and psychological distress.

The majority of the respondents who gambled reported no
changes in their gambling activity during the COVID-19
pandemic. Regarding overall changes in gambling, we found
significant associations with the PGSI (indicating the severity
of the problem), the Kessler score (indicating psychological
distress), employment status, changes in alcohol habits, and
self-exclusion (gambling breaks). In the subgroup that reported
an increased gambling activity, we found an association with
both the PGSI score and the Kessler score. The PGSI score was
also an independent predictor for all web-based gambling
activities (horses, sports, poker, and casinos) whereas the Kessler
score only had a statistically significant impact on changes in
casino gambling. In addition, male gender was an independent
predictor for sports betting and casino gambling.

Changes in Web-Based Gambling Activity During the
Pandemic
In a previous study conducted during the first wave of the
COVID-19 pandemic in 2020, we found a 4% self-reported
increase in gambling [23], whereas in another study 7 months
later, we found a 6% self-reported increase in gambling [22].
Surprisingly, Lindner et al [20], who also studied changes in
gambling activity in Sweden during the first wave, found an
overall decrease in gambling [20]. In this study conducted in
March 2021 the majority (82%) of the respondents who reported
that they gambled had not changed their gambling type during
the pandemic, but we found a self-reported increase in gambling
activity of 10%. Even though the studies are not fully compared
because they use different subjects and this study is limited to
web-based gambling only, one can nevertheless discern a
consequent rise in gambling during the pandemic. This might
be explained by people being more likely to change their
behavior in the initial stages of the pandemic, similar to other

times of crisis, but with time people tended to return to a stable,
“normal” level, whether in gambling or other activities.

In the early stages of the pandemic, all sports betting events
such as the top football leagues were cancelled [19]. Gradually,
sporting events restarted, making sports betting easier. Another
explanation for the increase in betting during the pandemic
could be changes in society, such as restrictions on social events
and restaurant opening hours, which implies that people were
more likely to stay at home, where their screens—and gambling
opportunities—were more readily available, thus affecting
web-based gambling. The seemingly steady rise in self-reported
gambling is something to follow as the pandemic continues.

Characteristics Among Those Reporting an Increase
in Specific Types of Gambling
The PGSI, Kessler score (psychological distress), employment
status, gambling breaks, and changes in alcohol habits were all
individually associated with changes in gambling—something
that was not true for gender, age group, level of education,
disposable income, and changes in time spent at home. The only
factors that remained significantly associated with an overall
increase in gambling were self-reported gambling problems and
psychological distress.

Our findings are in line with those of previous findings that the
minority who reported increased gambling during the COVID-19
pandemic also reported increased gambling problems and greater
psychological distress [18,20,23,33]. Problem gambling is
known to be associated with mental health problems, adding to
the impression that individuals who gambled more during the
COVID-19 pandemic were a vulnerable subgroup of the
population. Increased casino gambling was the only form of
gambling associated with psychological distress. Casino
gambling is considered potentially highly addictive and is
associated with problem gambling and personal debt [30,34,35].
Notably, at the onset of the COVID-19 pandemic, both Lindner
et al [20] and Håkansson [23] found that respondents who
gambled using web-based casinos, rather than gambling less
(as was the case for other types of gambling), increased their
gambling activity.

Among respondents reporting an increase in sports betting and
casino gambling, we found the traditionally male gender
correlation [36,37]. This had not been true of sports betting in
our previous study in April 2020, early in the COVID-19
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pandemic [23]. At that stage the sports betting market had
shrunk—a plausible explanation for not seeing any gender
differences in self-reported increased sports betting.

As mentioned earlier, gambling is strongly associated with
comorbid disorders and is also considered a potentially addictive
behavior that may result in related harms [26,27,38]. Problem
gambling is expensive for not only gamblers and their personal
networks but also for society in terms of health care and legal
costs, lost productivity owing to unemployment, and poorer
quality of life [39].

Limitations
This study has some limitations. First, the data are self-reported,
with the inevitable risk of recall bias. Respondents who gamble
might be more likely to answer questions about it. Findings
based on self-reporting would resist generalization were it not
for the representative sociodemographic and geographic
distribution. The advantage of our study setting is thus our use
of a weighted sample: we continued to include respondents until
we had a sample that was both geographically and
sociodemographically representative. Another study limitation
is that Sweden differs to most other countries in regard to its
COVID-19 regulations [40]. There were no lockdowns and no

shopping bans because policies to prevent transmission were
centered on recommendations rather than regulations, making
the results difficult to transfer to other settings [40].

Conclusions
Compared to our previous studies from earlier during the
pandemic, we found that a higher proportion of the general
population had increased their gambling activity during the
COVID-19 pandemic. The group that reported increased overall
gambling was small but characterized by gambling problems
and psychological distress. The group that reported an increase
in sports betting and casino gambling were predominantly male.
The group that reported an increase in casino gambling were
independently related to psychological distress.

It is concerning that those who reported increased gambling
activity during the pandemic are a growing group. Moreover,
they are a vulnerable group that needs to be addressed by
caregivers, the gambling industry, and policy makers.

We have yet to see the full effects of the COVID-19 pandemic
on gambling. More studies are needed to chart gambling patterns
in possible subsequent waves of the pandemic and later in its
aftermath.
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Abstract

Background: Video games are expanding exponentially with their increased popularity among users. However, this popularity
has also led to an increase in reported video game addiction. There may be consumer engagement–related factors that may
influence video game addiction.

Objective: This study aims to empirically examine the impact of the dimensions of consumer video game engagement on video
game addiction. The dimensions are dedication, absorption, conscious attention, social connection, enthusiasm, and interaction.
We utilize the uses and gratifications theory to study the video game engagement dimensions as potential factors through which
gamers feel gratified and engaged in video game playing. Additionally, this study incorporates the cultivation theory to investigate
how video game engagement factors trigger video game addiction.

Methods: A two-step process was applied for data analysis on valid cases of 176 gamers aged 15-25 years: video game addiction
was specified and validated as a reflective-formative construct, and hypothesis testing was later performed using the WarpPLS
on valid respondents.

Results: The analysis uncovered 2 dimensions of video game engagement: social connection with P=.08 and interaction with
P=.49, which did not significantly contribute to video game addiction.

Conclusions: This study offers unique insights to a myriad of stakeholders, mostly psychologists and psychiatrists, who routinely
prescribe behavior modification techniques to treat video game addiction.

(JMIR Serious Games 2021;9(4):e30310)   doi:10.2196/30310

KEYWORDS

consumer video game engagement; dedication; absorption; social connection; interaction; conscious attention; enthusiasm; video
game addiction; uses and gratifications theory; cultivation theory
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Introduction

Background
Video games are one of the most popular forms of leisure
activities, especially for youth (as well as other age groups)
across the world [1]. The video gaming industry has come a
long way since first video game, Atari, which was launched in
1972 [2]. Video game engagement has surpassed other forms
of new media such as music and television owing to the rapid
development of the digital gaming industry [3]. It has been
estimated that digital gaming revenues rose to US $137.9 billion,
with approximately 2.3 billion gamers worldwide by the end
of 2018. With the rise of video gaming activities, the risk of
video gaming addiction has also increased [4]. Excessive use
of web-based and offline video gaming affects the gamers’
physical health and has an impact on their psychological
well-being [5]. Video game addiction can cause gamers to
develop a range of issues such as aggression and depression
[6,7], poor academic performance [8,9], declining relations with
friends and families [10,11], insomnia [12], and even self-harm
[13,14].

The literature on video game engagement has identified various
factors that affect video gaming addiction. Studies on
demographics have identified that males, young age, singles
(relationship), etc are more likely to develop video game
addiction [15]. Increased monetary spending on video gaming
activities is positively correlated with video game addiction
alongside other factors such as the presence of heightened family
resentment among gamers and an increase in the average time
spent on gaming activities [16]. With respect to psychographics,
the factors that predict video game addiction are depression and
sociability [17], hypercompetitiveness and psychological
absorption [18], and dysfunctional impulsivity [19], thereby
reducing extraversion, agreeableness, emotional stability, and
attractiveness [20]. Increased video game engagement and
maladaptive coping has helped identify individuals at risk of
transitioning into video game addiction [21].

Likewise, the phenomenon of video game engagement has been
investigated in different studies across multiple application
areas. For instance, Abbasi et al [22] reported how gender
differences variably influence video game engagement. Gabriel
et al [23] reported that rich game experiences enhance
engagement in video games. Additionally, Skoric et al [24]
revealed that more addicted gamers perform poorly in academic
assessments. Another study found that video game addiction
affects mental health, causing depression, stress, and anxiety,
but video game engagement is only linked to anxiety [21]. Video
game engagement has been found to have no adverse effects
on gamers’ well-being [25,26], and several studies have
differentiated addiction and engagement since they both result
in different behavioral outcomes [27,28]. Although there are
many studies on video game addiction, the research investigating
the potential determinants of video game addiction through
consumer video game engagement elements (eg, dedication,
enthusiasm, conscious attention, absorption, social connection,
interaction) remains limited.

Study Aims and Rationale
The purpose of this study was to expand the existing research
by evaluating video game addiction from the lens of video game
engagement. Our primary focus in this study was to evaluate
whether different dimensions of consumer video game
engagement play a role in predicting video game addiction. Our
study will contribute to the literature in a number of ways. First,
prior studies have not accounted for engagement factors that
lead to addiction [1,28,29]. Our study adds value to this
overarching literature as we uncover how engagement factors
influence addiction in video games. Second, this study extends
the application of Uses and Gratifications Theory (UGT) as
studied in media, video game, and social media [30,31] and
Cultivation Theory toward developing a theoretical model that
explains the role of video game engagement dimensions in
predicting video game addiction. We applied UGT to video
game engagement factors (conscious attention, absorption, social
connection, dedication, enthusiasm, and interaction), which
give rise to a cultivation effect owing to increased engagement
in video game play, resulting in video game addiction. Third,
prior studies considered video game addiction as a second-order
construct, but its specification and validation as a
reflective-formative construct remains nebulous [32].
Considering this limitation, we add to video game addiction
studies literature by specifying and validating video game
addiction’s construct as a reflective-formative construct.

Theoretical Underpinning
We explored the theoretical framework informing our
understanding of the different dimensions of consumer
engagement and video game addiction. Different theories
associated with motivation, communication, and media were
used to establish the theoretical framework for this research.
This research takes its theoretical underpinning from the
Cultivation Theory and UGT [33,34].

UGT
The principle of UGT was coined in the early 1940s. This theory
came into the light to answer some questions raised concerning
traditional mass communication. This theory emphasizes that
media is used to satisfy a user’s various needs, which motivates
them to use that media [35,36]. This theory has been extensively
applied to comprehend the motivation underlying media usage
[37]; particularly, video games [38]. UGT is one of the most
popular theories applied to assess the underlying motivation of
users that engage in video gameplay [39]. With the high
emphasis on video game engagement, UGT could provide a
new perspective toward understanding video game addiction.

UGT consists of 3 constructs: (1) achievement, (2) enjoyment,
and (3) social interaction. Achievement in the context of gaming
can be defined as the yearning to achieve power and rewards
as well as the desire to perform better in comparison to other
gamers [40]. Sherry et al [39] found that challenge is the biggest
motivation for playing video games as players are tempted to
move through different stages quickly to complete the challenges
[41]. In contrast, hardcore gamers who play video games with
dedication [42] are inclined to preoccupy themselves with social
comparison to flaunt their gaming achievements [43]. Enjoyment

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e30310 | p.482https://games.jmir.org/2021/4/e30310
(page number not for citation purposes)

Abbasi et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


in the context refers to inherent pleasure derived from
accomplishing the tasks [40], and it plays a major role when it
comes to assessing an individual’s desire to use a specific
information system [44]. Social interaction in web-based gaming
opens new channels of communication since gamers have an
opportunity to socialize and cultivate existing or new
relationships. Web-based games, therefore, provide an avenue
to gamers, especially those who experience loneliness and low
self-esteem, thus supporting individual desire to play video
games [45]. Similarly, the UGT perspective accentuates the
self-indulgent needs and interests that influence the motivation
to engage in digital games [46]. Thus, UGT appears to be a
relevant theory for this research since video game players
actively indulge in video games, thereby leading to video game
addiction.

Cultivation Theory
The explanation of mass media as cultivation was introduced
by Gerbner [47]. The Cultivation Theory uncovers how mass
media shapes the perceptions of people [48]. The Cultivation
Theory suggests that exposure to media influences viewers’
interpretation of reality [49]. Research has already demonstrated
this phenomenon by investigating individuals’ social settings
and observing changes in people’s attitudes and social norms
[50,51]. Therefore, the media carries the capacity to enculturate
the masses to adapt to the changing environment around them
[52].

The Cultivation Theory provides a wide lens through which
long-term effects of media can be examined. The Cultivation
Theory has mostly been applied to traditional forms of media
such as television. Aligned with the Cultivation Theory
assumptions with respect to television (similarly, if this concept
is applied to video gaming), this theory posits that through
continuous exposure to the video gaming world, player’s views
of his real-world will become more similar to that of his gaming
world [53]. For that purpose, Van Mierlo and Van den Bulck
[54] argued that video games have become so authentic that
they have started to mirror reality, thereby making cultivation
possible [34]. Hence, video game players engage with different
forms of synthetic media such as in-game challenges, stories,
and characters, and this involvement in the video games is
associated with concentrated attention [23], because of which
the game player identifies himself with the role-played character
and creates a visually epitomized virtual identity [55]. Thus,
video games have started resembling reality, enabling the
cultivation of an immersive reality [56]. Seah and Cairns [57]
have also reported that the more immersed a gamer becomes,
the immersion may lead to video game addiction.

Consumer Video Game Addiction
The massive popularity of video games has significantly
changed the gaming industry as it is one of the most booming
entertainment businesses [58]. Several studies have documented
the risks and effects of video game addiction. A recent
meta-analytic review, including 136 articles with 130,000
participants from both Eastern and Western cultures, found that
video game addiction is likely to cause anxiety, depression,
social phobia, and scholastic decline [59]. The study suggests
that harmonious passion and obsessive passion predict different

ways to engage in massively multiplayer online role-playing
game (MMORPG). The study further confirms that passion is
a valuable paradigm to recognize diverse motivational patterns
expressed by MMORPG players [60]. Wittek et al [61] posit
that video game addiction has a negative relationship with
conscientiousness and a positive association with neuroticism.
Hull et al [17] report that the social features of video gaming,
distortion of time perceptions, and happiness levels significantly
predict video game addiction. Apart from this, video game
addiction is also reported to be associated with lower
psychological functioning, unsatisfactory academic performance,
increased alcohol consumption, sleep deprivation, aggression
and depression, social disconnectedness, and increased caffeine
consumption [17,62-64].

Consumer Video Game Engagement
Consumer engagement is the interaction between a customer
and an organizational entity through different channels whereas
engagement in consumer game-playing is a concept that signals
task-oriented consumer behavior in the game setting [65]. Video
games are purposely intended to draw the attention of its
consumer base to ensure that video game consumers will evolve
into frequent game players [66,67]. This appeal is primarily
engendered by the engaging experiences video games are
intended to deliver [68]. These experiences are coined as playful
video game consumption experience and have led to behavioral
changes among its consumer base [69].

Previous studies deem engagement as a multidimensional
construct that comprises of subconstructs such as immersion
[70,71], presence [72], flow [73], fun [74], enjoyment [72,75],
fun [74], and absorption [76]. Hollebeek et al [77] also suggest
that the construct engagement is a multidimensional concept
comprising of 3 dimensions: (1) cognitive, (2) emotional, and
(3) behavioral. Researchers also accentuate that different
dimensions of consumer engagement are interrelated [78]. For
instance, Brodie et al [79] identified that emotional involvement
can increase other video game engagement dimensions (ie,
cognitive and behavioral).

Bouvier et al [41] identified 4 types of gaming engagement
behaviors, that is, (1) environment-directed behavior, (2)
social-directed behavior, (3) self-directed behavior, and (4)
action-directed behavior. They further explain that
environment-directed behavior refers to the participation of
players oriented toward the setting or the ecological backdrop
in the game. In contrast, social participation alludes to the social
links present in the game. Games offer players the opportunity
to develop and foster their social relationships with other
players, thereby establishing social links in the virtual
environment. Self-directed behavior refers to the relationship
between players and their virtual character. For instance, we
often see players have a preference to personalize their virtual
presence such as customizing their avatar or opting for
accessories for reasons other than performance. Lastly,
action-directed behavior refers to goal-directed measures taken
by players in different in-game situations. Players act for many
reasons such as seeking to quickly move between stages, gain
different experiences, and accomplish challenges.

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e30310 | p.483https://games.jmir.org/2021/4/e30310
(page number not for citation purposes)

Abbasi et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Abbasi et al [22] report multidimensionality within video game
engagement and demonstrates that the construct comprises of
6 dimensions, that is, (1) dedication, (2) absorption, (3)
conscious attention, (4) social connection, (5) enthusiasm, and
(6) interaction. This study aims to determine which of these
dimensions can result in addiction to video games, which may
provide empirical evidence in this sector.

Game Addiction and Game Engagement: Are They
Similar or Distinct?
Video game addiction and video game engagement were
previously used interchangeably [24]. However, recently, these
2 terms have been considered as 2 separate entities [15].
Distinguishing gaming addiction from gaming engagement has
been a challenge for researchers [15]. Several studies have
approached this concern by differentiating game addiction from
game engagement; first, Charlton and Danforth [80] showed
that a gaming addict group spends twice the hours as a highly
engaged gamers group in playing games each week. In another
study, game addiction scores were negatively related to
emotional stability; however, gaming engagement scores
remained unchanged [20]. Charlton and Danforth [80] also
reported a considerable difference between video game addiction
and video game engagement. They posited that addiction should
not be confused with active engagement as addiction includes
withdrawal symptoms, that is, anxiety and guilt. Brunborg et
al [15] also distinguished video game addiction from video
game engagement through a self-administered questionnaire.
In their study, engaged gamers showed salience and mood
modification, whereas addicted gamers exhibited anxiety,
apprehension, touchiness, and isolation. The key differentiation
between addiction and engagement included the range of adverse
consequences experienced by the consumers [81,82]. Video
game addiction is possibly linked to a range of adverse effects
such as mental, physical, and social deterioration, but this is not
the case in high engagement [82]. Video game addiction is
mainly linked with growing signs of stress, anxiety, and
depression [83].

Dimensions of Consumer Video Game Engagement
Dedication is the affective commitment of players toward video
games [84]. Kallio et al [85] reported that some gamers play
for pleasure, whereas others play to form a connection with the
game. Players who are committed and loyal spend more time
playing social games, ensuring that they are dedicated to the
video game [85]. Similarly, it has been found that hardcore
gamers on average play more than an hour per day [86,87],
spending most of their leisure time dedicated to gaming activities
[42,88]. On the contrary, casual gamers spend less time playing
games since they play in small bursts and have a casual attitude
toward gaming [89]. Conrad [90] found that games tended to
be addictive if played for more extended periods. Griffiths [91]
assessed the consequences of excessive gaming and found that
players experienced behavioral addiction symptoms, including
salience, mood modification, and tolerance. Van Rooij et al [92]
reported that teenagers who spend an average of 55 hours per
week on gaming tended to develop depressive moods, loneliness,
social anxiety, and negative self-esteem. On the basis of the

abovementioned relationships, we posit the following
hypothesis:

H1: Dedication positively predicts video game
addiction in a video game player.

Absorption is defined as the degree of involvement and
immersion in a given activity [93]. Csikszentmihalyi [94] reports
that absorption in an activity is regarded as “flow experience,”
and video games encourage a state of flow and learning in
gamers [95]. Players in this state immerse themselves and
become absorbed in their activity. This way, they become
oblivious to their surroundings, which narrows their focus of
situation awareness. De Pasquale et al [96] reported that
excessive absorption of video games leads to neglecting the
surrounding environments. Furthermore, when trying to curb
video game playing, absorption has been correlated with anxiety,
irritability, and emotional fragility. Excessive video game
absorption is unhealthy and can potentially lead to addiction
[57,97]. Based on these relationships, we posit the following
hypothesis:

H2: Absorption in video games significantly predicts
video game addiction in a video game player.

Conscious attention is the attention and time allocated toward
a given activity [98-100]. Consciousness is a “complex system
that has evolved in humans for selecting information from this
profusion, processing it, and storing it” and determines “what
to pay attention, how intense, and for how long” [101]. In the
state of flow, an individual experiences conscious processes
followed by attentional processes, which require concentration
and unilateral focus [101]. The individual operates at full
capacity [102], devotes full attention to achieve goals [94], and
goes through the distortion of temporal experiences [101].
Haladjian and Montemayor [103] report that conscious attention
lets us intermingle with our complicated surroundings and
enables us to remain involved in the task at hand. Similarly,
consistent, conscious attention over a considerable period makes
the player more absorbed. Therefore, conscious attention and
video game consumption carry addictive tendencies and lead
to addiction [57,97]. We further posit the following hypothesis:

H3: Conscious attention predicts video game
addiction in a video game player.

Social connection is the relationship people have with other
individuals or groups [104]. Web-based gamers may shape
meaningful relationships through social connections made
during interactive gameplay [105]. Digital games can often
create unrestrained social environments where players connect
and form connections [106,107]. According to the augmentation
hypothesis, people with an active social life also endeavor to
build social ties in the virtual world [108]. Sioni et al [109]
reported that video game addiction is very likely to occur owing
to social phobia. Cole and Griffiths [110] suggested that people
often try to develop long-term friendships based on their gaming
experiences, and this socialization aspect tends to keep them
motivated to continue playing. On the contrary, Peters and
Malesky Jr [111] reported that gamers looking for social
connections in gaming contexts may struggle to form tangible
social connections outside gaming environments. It has
additionally been found that people who cannot develop real-life
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connections tend to develop web-based virtual connections, and
people who have social anxiety as well as depression also tend
to use web-based media, which has been associated with
addictive symptoms [15]. Accordingly, we put forward the
following hypothesis:

H4: Social connections significantly predict video
game addiction in a video game player.

Enthusiasm is defined as the extent of eagerness and interest
toward a given activity [104,112]. Enthusiasm is the inner driver
that motivates individuals to play video games. Enthusiasm
encourages individuals to overcome obstacles to reach higher
levels in games [113]. Griffiths [91] adds that one can
differentiate between enthusiasm and addiction since enthusiasm
contributes to life, whereas addiction takes away life. Although
enthusiasm and addiction can most certainly be different
phenomena and experiences, it can be fair to conclude that
excessive enthusiasm for a particular video game can potentially
lead to addiction. Hence, we put forward the following
hypothesis:

H5: Enthusiasm significantly predicts video game
addiction in a video game player.

Interactions reflect the degree of involvement that individuals
and other entities have in virtual game settings. So et al [112]
report that interactions signify how players interact with
synthetic game components. Interaction is positively correlated
with consumer video game engagement [114] since interactive
experiences influence the degree of consumer engagement
[115,116]. Weibel et al [107] reported that gamers actively seek
interaction with other players; this social element leads to
increased duration of gameplay and heightened engagement
levels. This has the potency to result in video game engagement
[117]. Griffiths [91] reports that excessive interaction between
human-machine components can influence different aspects of
addiction, including mood, tolerance, withdrawal symptoms,
etc. Similarly, it has been found that social interaction is one of
the triggers of addiction [118]. Thus, we put forward the
following hypothesis (see Figure 1 for the full study model and
hypotheses):

H6: Interaction positively predicts video game
addiction in a video game player.

Figure 1. Study conceptual model.

Methods

Study Design
This study was quantitative and cross-sectional. This approach
is relatively fast in obtaining responses to develop or validate
new theories [119]. Following this approach, we required a
survey to collect the data (Multimedia Appendix 1). Hence, we
designed the survey into 2 units: the first unit of the
questionnaire included the participants’ demographic profiles
regarding their video gaming consumption patterns. Questions
in the second unit were related to the constructs of the theoretical
model, including engagement and addiction. As previously
mentioned, video gaming engagement comprised 6 dimensions,
whereas video gaming addiction was formulated as 7 dimensions

of the second-order construct. The items measuring the video
game engagement dimensions were adapted [22,28,120]. The
items assessing the construct of video game addiction were
adapted [121]. The questionnaire items were evaluated on a
5-point Likert Scale from 1 (strongly disagree) to 5 (strongly
agree). Hair Jr et al [122] recommended applying the G*power
analysis tool when the sample frame is unknown. Using the
power analysis, we set the input parameters as follows: effect
size (f²)=0.15, α error probability=.05, power (1-β error
probability)=.95, and predictors=6, which calculated the total
sample size of 146 for the study model to conduct partial least
squares-structural equation modeling (PLS-SEM) analyses. To
sample the participants, we considered purposive sampling
owing to its popularity in social sciences and the ability to obtain
a sample that can represent the population [123].
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This study was carried out among gamers who play in gaming
zones (a gaming zone is a venue or an entertainment service
provider, which facilitates users to play competitive games in
groups to compete with each other) [124] or in organized
tournaments at institutions located in the twin cities of Islamabad
and Rawalpindi. The only inclusion criterion was if they play
video games (eg, Counter Strike–Global Offensive,
PlayerUnknown’s Battlegrounds, Call of Duty, Fortnite) daily
for a minimum of 1 hour. The main reason for selecting 1 hour
as the minimum criterion for sample selection was that playing
video games in gaming zone/cafe is an expensive activity in
low-income countries such as Pakistan because gamers are
charged about PKR 300-500 (US $1.5-$3) per hour/session,
whereas the per capita income in Pakistan is only US $1516.
Second, parents are authoritarian in Pakistan and they may limit
their children from longer screen time as the age bracket from
15 to 20 years is considered as the prime age for education and
career development [125]. Third, gamers older than 21 years

could be engaged in some jobs with their studies to meet their
needs and wants.

While collecting the data, we carefully recruited gamers who
played Counter Strike–Global Offensive, PlayerUnknown’s
Battlegrounds, Call of Duty, and Fortnite and proceeded for
data collection. Using the self-administered approach, we
distributed 250 questionnaires and 190 were returned. We
assessed the data quality and removed incomplete and biased
responses (ie, using the particular response pattern) (Multimedia
Appendix 2). Finally, we had 176 valid responses to continue
with data analyses; see Table 1 for participants’ details.

The structural equation modeling approach was applied for
analysis, which is a well-rounded multivariate statistical analysis
approach [126,127]. Structural equation modeling appears to
be the most suitable approach because the research variables
consist of both formative and reflective constructs [128]. For
PLS-SEM analysis, WarpPLS software by Kock [129] was
employed in this research.
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Table 1. Characteristics of the participants (N=176).

Values, n (%)Characteristics

Gender

128 (72.7)Male

48 (27.3)Female

Age (years)

53 (30.1)15-20

123 (69.9)21-25

Education

45 (25.6)Higher secondary education

65 (36.9)Bachelor’s

66 (37.5)Master’s

Expenditures on video games daily (exchange rate: 1 USD=PKR 153.314 in December 2019)

88 (50)PKR 0-500

58 (33)PKR 500-1000

20 (11.4)PKR 1000-5000

10 (5.7)Above PKR 5000

Device used for gaming

59 (33.5)Play station

45 (25.6)Cybercafé

26 (14.8)Xbox

46 (26.1)Others

Games played the most

55 (31.3)Counter Strike–Global Offensive

29 (16.5)PlayerUnknown’s Battlegrounds

68 (38.6)Call of duty

24 (13.6)Fortnite

Time spent on video games daily (hours)

72 (40.9)0-1

65 (36.9)1-2

39 (22.2)2-4

Assessing the Reflective Constructs
In the measurement model’s assessment, first, the reflective
constructs were assessed in which the construct’s outer loadings,
Cronbach alpha, composite reliability, and convergent validity
were evaluated. According to the criteria, the outer loadings
should be greater than at least 0.40, the Cronbach alpha value
should be greater than .70, the composite reliability should be
greater than 0.70, and the convergent validity should be greater
than 0.5 [126,128]. The values for all the measures met the
benchmark, thereby ensuring the reliability and the validity of
the constructs; hence, the measurement model of the reflective
measures was satisfactorily fulfilled (Table 2).

Additionally, the discriminant validity was evaluated applying
the Fornell and Larcker (1981) criterion. The criterion suggests
that the square root of the average variance extracted of each
dimension must be larger than its corresponding correlation
coefficient. Heterotrait-monotrait ratio of correlations is another
criterion that is the most recent and recommended validity test
to assess the discriminant validity for reflective constructs [130].
The heterotrait-monotrait ratio of correlations values are deemed
to be satisfactory if lower than 0.90 and best if lower than 0.85.
The results in Table 3 and Table 4 reported that discriminant
validity had attained satisfactory values.
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Table 2. Measurement model: first-order constructs.

Average variance extractedCronbach alphaComposite reliabilityLoadingScale, items

0.707.9160.935Conscious attention

0.84Item 1

0.872Item 2

0.855Item 3

0.902Item 4

0.842Item 5

0.724Item 6

0.728.9060.93Absorption

0.838Item 1

0.866Item 2

0.895Item 3

0.863Item 4

0.802Item 5

0.72.9030.928Dedication

0.851Item 1

0.863Item 2

0.856Item 3

0.842Item 4

0.83Item 5

0.628.850.893Enthusiasm

0.688Item 1

0.832Item 2

0.844Item 3

0.816Item 4

0.771Item 5

0.75.8330.9Social connection

0.865Item 1

0.871Item 2

0.862Item 3

0.727.9060.93Interaction

0.832Item 1

0.878Item 2

0.866Item 3

0.858Item 4

0.827Item 5

0.771.8510.91Salience

0.873Item 1

0.872Item 2

0.889Item 3

0.736.820.893Tolerance

0.841Item 1

0.894Item 2
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Average variance extractedCronbach alphaComposite reliabilityLoadingScale, items

0.837Item 3

0.753.8360.902Mood modification

0.859Item 1

0.862Item 2

0.883Item 3

0.778.8570.913Relapse

0.879Item 1

0.897Item 2

0.87Item 3

0.745.8280.897Withdrawal

0.831Item 1

0.908Item 2

0.848Item 3

0.775.8550.912Conflict

0.873Item 1

0.896Item 2

0.872Item 3

0.869.9240.952Problem

0.928Item 1

0.958Item 2

0.909Item 3

Table 3. Discriminant validity using Fornell and Larcker criterion.

Prob-
lem

Con-
flict

With-
draw-
al

Re-
lapse

Mood
modifi-
cation

Toler-
ance

SalienceInterac-
tion

Social
connec-
tion

Enthusi-
asm

Dedica-
tion

Absorp-
tion

Con-
scious at-
tention

Dimension

0.841Conscious atten-
tion

0.8530.500Absorption

0.8490.5380.402Dedication

0.7920.5440.4960.439Enthusiasm

0.8660.6010.2750.4400.313Social

connection

0.8530.6630.5730.4050.4540.487Interaction

0.8780.5650.5270.5660.4620.5100.402Salience

0.8580.6140.4350.4350.4790.3730.4560.336Tolerance

0.8680.4610.3950.3220.3000.4030.2390.3100.323Mood modifica-
tion

0.8820.5870.4130.4990.2650.2880.4010.2880.3790.248Relapse

0.8630.7360.5350.4240.3970.2290.2210.3040.3340.3340.276Withdrawal

0.880.5350.3920.4470.2910.2410.1330.1460.2120.2480.2010.365Conflict

0.9320.4260.3740.3660.2860.4150.3330.2170.1950.2960.3530.3570.265Problem
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Table 4. Discriminant validity using heterotrait-monotrait ratio of correlations.a

Prob-
lem

Con-
flict

With-
draw-
al

Re-
lapse

Mood
modifi-
cation

Toler-
ance

SalienceInterac-
tion

Social
connec-
tion

Enthusi-
asm

Dedica-
tion

Absorp-
tion

Con-
scious at-
tention

Conscious atten-
tion

0.550Absorption

0.5960.441Dedication

0.6250.5710.499Enthusiasm

0.7150.3160.5070.357Social connec-
tion

0.7630.6490.4480.5040.537Interaction

0.6450.6250.6680.5260.5800.455Salience

0.7330.5040.5250.5760.4330.5290.387Tolerance

0.5580.4680.3700.3590.4800.2750.3550.371Mood modifica-
tion

0.6920.4920.5840.3010.3410.4700.3270.4300.278Relapse

0.8760.6470.5160.4750.2680.2670.3630.3850.3870.314Withdrawal

0.6340.4580.5290.3470.2810.1520.1730.2540.2820.2270.410Conflict

0.4800.4270.4110.3250.4760.3740.2370.2210.3390.3860.3900.290Problem

aHeterotrait-monotrait ratio of correlations: good if <0.90; best if <0.85.

Assessing the Formative Constructs
To create the second-order formative construct, that is, video
game addiction, we employed the two-stage approach of Becker
et al [131] to calculate the latent variable scores of first-order
reflective constructs of salience, problem, withdrawal, mood
modification, relapse, conflict, and tolerance. Afterwards, the
latent variables scores were used to create the video game
addiction construct as specified in Figure 1 and Figure 2. The
quality checks for assessing the formative construct were quite

different from those for assessing reflective constructs.
Assessing the formative construct for reliability and validity,
researchers suggest to use variance inflation factor (the values
should be <5 or <3.3, the most restrictive one) and calculate the
weights and its significance [29,132]. We analyzed the formative
construct and reported the results in Table 5, thereby showing
the formative construct’s validity. It met the threshold values,
that is, variance inflation factor values are lower than 3.3 and
indicator weights are significant.
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Figure 2. The empirical-based study model.

Table 5. Evaluation of the formative measurement model on the second-order constructs of video game addiction.

Full collinearitySignificanceWeightsScale typeItems

2.383.0050.188FormativeSalience

1.987.0040.195FormativeTolerance

1.892.0030.205FormativeMood modification

2.867.0010.223FormativeRelapse

2.744.0010.222FormativeWithdrawal

1.780.0080.178FormativeConflict

1.485.010.167FormativeProblems

Results

PLS-SEM analysis was conducted in 2 stages comprising the
measurement model and structural model assessment. Once the
reliability and validity of the reflective and formative constructs
were ensured, researchers recommended evaluating the structural
model through path coefficients, effect size, t value and

calculated the predictive relevance, that is, Q2 and R2 coefficient
value for the endogenous constructs [28,29,128]. WarpPLS was
used to validate the hypotheses. For H1, the analysis results
revealed a significant relation with B=0.129, P=.04, and t

statistics of 1.76 with f2=0.056. Hence, H1 was supported. For

H2, the results revealed a significant impact of absorption on
the consumer video game addiction with B=0.215, P=.002, and

t statistics of 2.98 with f2>=0.113. For H3, the results were
supported with B=0.166, P=.01, and t statistics of 2.27 with

f2=0.079. For H4, the hypothesis was also supported with

B=0.220, P=.001, and t statistics of 3.05 with f2=0.118. For H5,
the analysis results revealed that the relationship between both
the constructs was insignificant with B=0.107, P=.08, and t
value of 1.44. Hence H5 was rejected. Similarly, interaction
with consumer video game addiction was also insignificant with
B=–0.003, P=.49, and t value of 0.04. We also calculated the
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R2 and Q2 for the endogenous construct, that is, video game

addiction, which resulted in R2=0.409 and Q2=0.413. Our results

showed that the study model has sufficient explanatory capacity
and predictive relevance. Figure 2 and Table 6 show the results
of the structural model assessment.

Table 6. Structural model assessment.

F2P valuet valueaSEBDimensions of video game addiction

0.056.041.760.0730.129Conscious attention

0.113.0022.980.0720.215Absorption

0.079.012.270.0730.166Dedication

0.118.0013.050.0720.220Enthusiasm

0.045.081.440.0740.107Social connection

0.001.490.040.075–0.003Interaction

aDegree of freedom not provided because WarpPLS software was used.

Discussion

Principal Findings
In this study, we intended to empirically test the theoretical
model illustrating the different dimensions of video game
engagement, that is, (1) dedication, (2) absorption, (3) conscious
attention, (4) social connection, (5) enthusiasm, and (6)
interaction in a digital game, that predict consumer video game
addiction. The underlying constructs were supported by
theoretical underpinnings from the Cultivation Theory [47] and
UGT [37]. Our results indicated that 4 out of 6 dimensions (ie,
dedication, absorption, conscious attention, and enthusiasm in
consumer video game engagement) significantly predict
consumer video game addiction; however, social connection
and interaction in consumer video game engagement had no
significant effect on video game addiction.

Previous research suggests various personal, emotional, and
psychological needs that contribute to overindulgence in video
gameplay [133,134]. It has also been reported that gaming
environments provide safe and interactive avenues for
individuals who experience social disconnection or isolation in
real-life environments [15]. This is also a means of open
interaction for such individuals since the consequences for
actions in gaming environments are minimal; therefore, the fear
of interaction subsides [107]. Peer pressure in social groups is
also a significant reason for excessive indulgence in video
games. The media hype of video games have led some people
to assume that behavioral problems are triggered by video games
and contribute to video game addiction [135]. Further, rigorous
advertising on different media plays a role in convincing
individuals to play video games and experience instant
gratification and other psychological needs. Cultivation Theory
unravels the grounds explaining why individuals are addicted
to video gaming, primarily because increased exposure to video
games carries negative consequences. Such results are consistent
with those reported in previous literature, where addiction
contributes to different problems in the individual’s personality
and social life [136].

H1 showed the relationship between dedication and the resulting
video game addiction. The results supported that there is a
positive relationship between the 2 constructs. They showed

that dedicated players (and attached) to the gameplay for long
hours put in more energy, commitment, and loyalty than casual
players [85,137]. H2 showed the relationship between absorption
and video game addiction. Our results supported the positive
relationship between the 2 constructs—consistent with that
reported in previous literature [138]. They indicated that
absorption leads to deep involvement in the game, which results
in neglecting the surrounding environments and resulting in
various problematic behaviors [96]. H3 showed the relationship
between conscious attention and video gaming addiction. The
results supported this testable statement (showed a positive
effect between conscious attention and video gaming addiction).
Through conscious attention, players tend to develop deep
concentration [101], which results in neglecting the surroundings
[103], leading toward video game addiction. H4 showed the
relation between enthusiasm and video gaming addiction. As
reported previously by Seay and Kraut [139], we found that
excessive consumption of entertaining electronic gadgets can
create interference in the real lives of the individuals.

Social connection and interaction were hypothesized to
positively affect video game addiction (H4 and H6,
respectively). However, both the constructs had no significant
relationship with video game addiction. These results seem to
contradict the prior literature [109,110,140-142]. Based on the
context of Pakistan, this study is not in line with these 2
concepts. Pakistan, being a collectivist society, encourages
people to interact socially, and excessive video gaming tends
to make them socially isolated. The social connections
developed during video gaming sessions seem to have little or
no effect on video gaming addiction. The sense of isolation due
to excessive use of technology has also been confirmed in
different studies concerning internet usage [143,144]. This
contradictory finding in our study opens a new door for future
research as to why video gaming social connectedness does not
predict video gaming addiction in Pakistan and whether the
findings of this study can be applied to other contexts. We also
concluded that the interaction does not predict video game
addiction. Sedig and Parsons [114] report that video games are
purposefully designed for a highly interactive experience.
Although interactive video games lead to a more profound
interest and increased engagement, they do not necessarily result
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in gaming addiction. Additional research is required to
investigate this finding further.

Theoretical Implications
The results of this study contribute to the understanding of the
Cultivation Theory in the context of video games, that is, video
game addiction [145]. While the focus of Cultivation Theory
has mainly been restricted to the effects of video-based media,
for example, television and films, this research applies it in the
context of video games, especially how video game engagement
factors cultivate addiction in video game players. This expands
the scope of the theory to media that is not merely passive but
also interactive in video games. This may help future researchers
understand how behaviors, especially negative ones, are
influenced by video game material, that is, video game
engagement dimensions. Similarly, this study also helps expand
the scope of the UGT. It does this by exploring the different
video game engagement factors comprising absorption,
conscious-attention, dedication, enjoyment, and social
interaction in video games as user’s gratifications are derived
from video game play. This study’s conceptual model highlights
factors that motivate users of pleasure-oriented information
systems, specifically video games, to continue prolonged usage.
Specifically, this study offers dedication, absorption, conscious
attention, and enthusiasm as significant, positively impacting
factors that lead to addiction. This adds another dimension to
the understanding of video game addiction by combining
cultivation theory, UGT, and these unique factors that lead to
habit-building that turns into an addiction. Moreover, this study
offers insight into the reasons underlying video game usage,
mostly hedonic, and how it is reinforced due to a specific
gameplay characteristic. In doing so, it helps highlight the
reasons underlying engagement with pleasure-oriented
information systems to construct a holistic conceptual model
where usage is observed as a form of meeting certain needs
(UGT) and shaping worldviews (cultivation theory). Previously,
authors conceptualized and specified the gaming addiction
construct as a reflective-formative construct, but its empirical
validation remains nebulous to date [32]. Addressing this
knowledge gap, we employ the hierarchical component model
approach as recommended by Sarstedt et al [132] to
operationalize, specify, and validate the construct of video game
addiction as a reflective-formative construct.

Practical Implications
This study offers valuable insight for practitioners in game
development, psychology, and social policy as well. First, an

understanding of why consumers continue to use games up to
the point of addiction can highlight factors that help make games
engaging. This can be used to cultivate brand loyalty as game
developers roll out updates of their games. Moreover, the
insignificant correlation between social connections and video
game addiction will help developers understand how social
bonds may not facilitate engagement for specific regions such
as Pakistan, in this case. At the same time, this information can
also be used to curb factors that turn repeated or prolonged
usage into a harmful addiction. This can help game developers
ensure that they are producing games conducive to healthy usage
to meet health care and social concerns. Similarly, these findings
can be used by mental health practitioners who aim to find
treatment solutions for video game addictions. By understanding
the aspects of video game play that leads to addiction, these
practitioners may be better able to prescribe changes to playing
behavior and patterns to reduce addiction. In terms of
policymaking, this study helps policymakers understand what
aspects of video game playing lead to the development of
problematic real-life behaviors that are considered unhealthy
or are discouraged.

Conclusion
This study seeks to examine the individual effect of different
dimensions of video gaming engagement on video game
addiction. The findings of our study add value to the existing
literature. The factors that lead to video gaming addiction can
be empirically stated through the findings of this study. This
research also provides valuable insights into the consumption
pattern of video gamers. Future research directions could involve
incorporating the psychographic mechanisms as moderators
such as personality traits, values and attitudes, interests,
lifestyles, and gender in understanding video game addiction
[146]. Additionally, the theoretical model could be applied to
investigate the antecedents of video gaming engagement, that
is, the factors that cause people to engage in video gaming
consumption and that video game interaction does not have a
significant relationship with video gaming addiction. However,
the literature suggests that video games are designed to have
an interactive interface to engage consumers. In this regard, a
mediating mechanism of absorption, immersion, and pleasure
could be empirically tested to show how the interactive
interfaces convert the video gaming engagement into video
game addiction.
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Abstract

Background: The common-sense model of illness suggests that mental representations of health threats may affect one’s
behavioral reactions to them and health status. Internet gaming disorder is a newly defined mental disorder. Illness representations
of internet gaming disorder may affect one’s risk of internet gaming disorder. In turn, symptoms of internet gaming disorder may
affect one’s perceptions of the disorder.

Objective: This study aimed to investigate the relationships between illness representations and symptoms of internet gaming
disorder in college students.

Methods: A 1-year longitudinal study was conducted with a convenience sample of Chinese college students (n=591; 342/591,
57.9% female).

Results: Of the participants, 10.1% (60/591) and 9.1% (54/591) were classified as having probable internet gaming disorder at
baseline (T1) and follow-up (T2), respectively. The correlations between some dimensions of illness representations regarding
internet gaming disorder (ie, consequence, timeline, personal control, treatment control, and concern) at T1 and symptoms of
internet gaming disorder at T2 and between symptoms of internet gaming disorder at T1 and the dimensions of illness representations
at T2 (ie, consequence, timeline, personal control, and emotional response) were statistically significant. The cross-lagged model

fit the data well ((χ2/df=2.28, comparative fit index=.95, root mean square error of approximation=.06) and showed that internet
gaming disorder at T1 was positively associated with unfavorable illness representations at T2.

Conclusions: Individuals with more severe symptoms of internet gaming disorder had more pessimistic perceptions about the
disorder. Such cognitive perceptions may affect one’s emotional and behavioral reactions towards the disorder (eg, greater levels
of depression and low self-control intention) and should be modified by educational programs and psychological interventions.

(JMIR Serious Games 2021;9(4):e28117)   doi:10.2196/28117
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Introduction

Background
Internet gaming is the most common leisure activity among
young people in East Asian countries, including China [1-4].
Although some studies have proposed positive effects of internet
gaming [5,6], excessive internet game use frequently leads to
various physical (eg, obesity), psychological (eg, depression,
anxiety), and social problems (eg, interpersonal conflict) [1-3].
Internet gaming disorder (IGD) is defined as “persistent and
recurrent use of the internet to engage in games, often with other
players, leading to clinically significant impairment or distress”
[7,8]. It was listed as a condition for further research in the
Diagnostic and Statistical Manual of Mental Disorder (DSM-5)
[7] and later as an official disorder in the 11th Revision of the
International Classification of Diseases (ICD-11) [9]. Examples
of IGD symptoms include preoccupation, tolerance, and inability
to control gaming behaviors in the past year [7,9]. Debates have
continued about the conceptualization, diagnostic criteria, and
guidelines for IGD [8].

Prevalence rates of IGD vary widely across studies, ranging
from 0.7% to 15.6% [10]. A recent meta-analysis found a
worldwide IGD prevalence of 3.05% [11]. Youth and young
adults are high-risk populations for IGD. For example, a
cross-cultural study among young adults (aged 18-25 years)
reported IGD prevalence rates of 26% in the United States,
21.1% in China, and 15.4% in Singapore [12]. Studies among
Chinese college students found prevalences ranging from 4%
to 25.7% [13-17]. A longitudinal survey with Chinese university
students reported prevalence rates of 14.8% and 9.9% at baseline
and the 1-year follow-up, respectively [18]. IGD has been found
to be associated with other mental disorders, such as depression,
anxiety, and attention-deficit/hyperactivity disorder [19-22] as
well as health and life problems, including poor sleep quality,
academic failure, and interpersonal problems [16,23,24]. Given
the high prevalence and severe consequences of IGD in young
people, efforts to understand how they perceive this newly
defined disorder is warranted. The understanding of these
perceptions and relationships would facilitate related research
and intervention development (eg, educational programs,
psychological interventions) to prevent and reduce IGD.

Concepts of Illness Representations
The lay understanding of a potential health threat (ie, illness
representations) may influence individuals’ responses to it (eg,
IGD). The common-sense model (CSM) of illness [25] suggests
that when individuals encounter a health threat, they develop
mental representations of it based on their general knowledge
and past experience, information from the external social
environment (eg, friends), and current experience of it. Illness
representations involve cognitive and emotional representations.
To be specific, the cognitive representations include
consequences (assessing the severity of the illness), timeline
(considering whether the illness is acute/chronic/cyclical),
control (considering whether the illness is under volitional

control), identity (labeling the illness and identifying its
symptoms), illness comprehension (overall comprehension of
the illness), and cause (attributing likely causes of the illness).
Emotional representations (expressing the emotions evoked by
the illness) typically entail negative emotional responses such
as anger and worry. These representations interact with each
other and work in parallel to guide individuals’coping strategies
and affect their mental and behavioral responses to the illness
(eg, self-management, help-seeking). For example, it was found
that high treatment control (ie, perceived treatment
effectiveness) was associated with better treatment adherence
among patients with bipolar disorder [26] and type 2 diabetes
[27]. Illness representations are dynamic. They would be
appraised and revised based on the consequences of the coping
responses to health threats [25] and could be modified by
interventions [28,29].

Relationships Between Illness Representations and
Symptoms of IGD
Illness representations of IGD may affect one’s risk of IGD.
People with unfavorable illness representations of IGD (eg,
perceiving and worrying about severe consequences of IGD)
may be less likely to have IGD. It may be because such people
are more likely to regulate their internet gaming behaviors,
prevent themselves from excessive internet gaming and IGD,
or make an effort to reduce their IGD symptoms. Although
related studies are limited, CSM can be used to support our
hypothesis theoretically, which postulates that both cognitive
representations and emotional representations of the illness can
affect coping and appraisal of a disease, which in turn determine
health-related outcomes [25,30]. In addition, a number of studies
have investigated the associations between illness
representations and various health-related behaviors (eg,
self-management behaviors, willingness to consult health care
providers) and health outcomes (eg, physical functioning, mental
health status, and clinical health outcomes), among both patients
and healthy populations [30-32]. For example, a previous study
reported that illness representations of H1N1 were significantly
associated with H1N1 preventive behaviors, including wearing
face masks, hand washing, and behavioral intention to take up
influenza vaccination [32].

However, IGD symptoms may increase the levels of unfavorable
representations of IGD. It may be because people with greater
symptoms of IGD may have experienced negative consequences
of IGD or had trouble with regulating their internet gaming
behaviors, thus enhancing their unfavorable representations of
IGD, while those with no or minimal symptoms of IGD have
not experienced negative consequences of IGD or may not
necessarily think about IGD negatively [33]. A recent
cross-sectional study in an adult sample (mean age 40.42 years)
in Macao, China reported that those with IGD showed more
negative emotional representations, scored higher in the level
of the time cyclical factor, and had better comprehensiveness
of IGD than non-IGD cases [33]. However, this was the only
existing study, and the cross-sectional study design could not
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demonstrate a causal relationship between IGD and illness
representations of IGD. To our best knowledge, no study has
investigated the longitudinal and interactive relationships
between illness representations and symptoms of IGD. This
study attempted to fill this gap.

This Study
This 2-wave longitudinal study aimed to understand how young
people cognitively and emotionally perceive IGD as a disorder
and health threat (ie, illness representations). In addition, the
study investigated the relationships between such perceptions
and symptoms of IGD in a population of Chinese college
students. It was hypothesized that (1) unfavorable illness
representations (eg, severe consequence) of IGD at baseline
(T1) would predict low levels of IGD symptoms at follow-up
(T2); however, (2) low levels of IGD symptoms at baseline (T1)
would predict high levels of unfavorable illness representations
of IGD at follow-up (T2).

Methods

Participants
This longitudinal study adopted a convenience sample recruited
from 2 universities in China. The inclusion criteria of this study
included (1) being a first-year college student, (2) being willing
to participate in the baseline and follow-up studies, and (3)
playing internet games in the past year. The exclusion criterion
was being a non-Chinese speaker. Data from the participants
who completed the 2-wave surveys were reported in this study
(n=591). As shown in Table 1, about three-fifths of the
participants (342/591, 57.9%) were female, 51.4% (287/591)
were from urban areas, and 48.7% (288/591) lived in one-child
families. The mean hours of internet gaming per week were 7.7
(SD 9.7) at T1 and 8.4 (SD 10.7) at T2.

Table 1. Background characteristics of the participants (n=591).

Participants, n (%)Background characteristics

Sex

342 (57.9)Female

249 (42.1)Male

Residence

304 (51.4)Urban

287 (48.6)Rural

One-child family

288 (48.7)Yes

303 (51.3)No

Hours of internet gaming per week

264 (44.6)0-7

181 (30.7)>7 to 14

85 (14.3)>14 to 21

67 (11.4)>21

Major

84 (14.2)Anesthesia

87 (14.7)Forensic Medicine

165 (27.9)Stomatology

137 (23.1)Chinese Medicine

118 (20.0)Psychology

Data Collection
The baseline survey (T1) was conducted during the first year
of college study of the participants, while the 1-year follow-up
survey (T2) was conducted during their second year of college
study. In the absence of any teacher, the surveys were conducted
in classroom settings. A research assistant with 2 years of
experience in data collection and who majored in psychology
assisted with data collection and answered any questions during
the survey. The participants were assured that participation was

voluntary and refusals would have no negative consequences.
Data confidentiality was guaranteed, and only the researchers
could access the data. Student IDs were used for data matching.
Researchers were not able to access students’ names or other
identifying information. All participants were briefed on the
purpose of the study and provided their informed consent to
participate in this anonymous survey. They were also provided
with information of local psychological services in case it was
needed. The study procedures were carried out in accordance

JMIR Serious Games 2021 | vol. 9 | iss. 4 |e28117 | p.503https://games.jmir.org/2021/4/e28117
(page number not for citation purposes)

Yang et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


with the Declaration of Helsinki. Ethical approval was obtained
from the affiliated university of the corresponding author.

Measures

Illness Representations of IGD
The Brief Illness Perception Questionnaire (B-IPQ) was used
to assess the participant's cognitive and emotional perceptions
of IGD (Multimedia Appendix 1). The B-IPQ has 8 dimensions;
each is measured by 1 item [34]. The items are related to
consequences, timeline, personal control, treatment control,
identity, illness concern, comprehension, and emotional
response. A sample item is “How much does IGD affect the life
of an IGD gamer?”: 0 (no effect at all) to 10 (severely affects
my life). The items have demonstrated adequate test-retest
reliability and predictive validity [35]. The Chinese version of
the IPQ regarding IGD (IPQ-IGD) has been validated in Chinese
adults [33]. Confirmatory factor analysis showed acceptable

model fit of B-IPQ at T1 (χ2:df=2.50, comparative fit index
[CFI]=.92, root mean square error of approximation
[RMSEA]=.07, and standardized root mean square residual

[SRMR]=.06) and at T2 (χ2:df=2.91, CFI=.94, RMSEA=.06,
SRMR=.05). Composite reliability was .79 at T1 and .80 at T2.
Average variance extracted was .30 at T1 and .31 at T2.
Cronbach α was.71 at T1 and .73 at T2.

IGD Symptoms
IGD symptoms were assessed using the 9 diagnostic criteria
proposed in the DSM-5 (Multimedia Appendix 1) [7]. It is a
short, user-friendly, self-report measure assessing IGD
symptoms of preoccupation, tolerance, withdrawal, unsuccessful
attempts to limit gaming, deception or lies about gaming, loss
of interest in other activities, use despite knowledge of harm,
use for escape or relief of negative mood, and harm based on
DSM-5 criteria [7]. Participants answered whether they had
experienced symptoms in the last 12 months (0=No, 1=Yes).
Higher total scores indicate severer IGD symptoms. Participants
who scored ≥5 were classified as having probable IGD [36].
The internal reliability was 0.86 at T1 and 0.80 at T2. The results
showed that the intraclass correlation coefficient was 0.70,
suggesting moderate test-retest reliability. The tool has been
widely used in other IGD studies [1-3]. Like previous studies
[2], the continuous variable of IGD was used in the data analyses
[1,36,37]. The Chinese version of the scale was found to have
good psychometric properties and is widely used in Chinese
populations [1,36,37].

Statistical Analysis
Descriptive statistics of and Pearson’s correlation analyses
between the continuous variables of each dimension of B-IPQ
and IGD were performed using SPSS 25.0 (IBM Corp, Armonk,
NY). The level of statistical significance was set at .05.
Furthermore, the cross-lagged model regarding the relationships
between all the dimensions of B-IPQ and the IGD score was
performed by structural equation modeling using SPSS Amos
25. Latent variables of B-IPQ were created with the scores of
each dimension of B-IPQ being used as observed variables. The
variables at the same time point were covariated. The
goodness-of-model fit was assessed using the

Chi-square:degrees of freedom (χ2:df) ratio, CFI, RMSEA, and

SRMR. A χ2:df ratio ≤3, CFI ≥.90, RMSEA ≤.08, and/or SRMR
≤.08 would indicate acceptable model fit [38,39].

Results

Descriptions of B-IPQ at T1 and T2
As shown in Table 2, at T1, one-fifth of the participants
perceived that IGD would severely affect his or her life
(121/591, 20.4%) or would last forever (120/591, 20.3%); 45.9%
(271/591) of the participants indicated that IGD would lead to
severe symptoms. More than half (343/591, 58.1%) of the
participants would be concerned about IGD. More than half
(338/591, 57.2%) perceived personal control over IGD, while
less than half of the participants believed that treatment of IGD
could control the disease (241/591, 40.8%) and felt that they
understood IGD (268/591, 45.3%). Only 37.2% (220/591) of
the participants indicated that they would develop negative
emotions due to IGD.

However, the percentages of item agreement increased at T2.
To be specific, 43.0% (254/591) of the participants perceived
that IGD would severely affect his or her life; 25.5% (151/591)
believed that IGD would last forever; 60.3% (356/591) of the
participants indicated that IGD would lead to severe symptoms;
and 74.0% (437/591) would be concerned about IGD. Although
68.7% (406/591) perceived personal control over IGD, more
than half of the participants believed that treatment of IGD could
control the disease (333/591, 56.3%) and felt that they
understood IGD (308/591, 52.1%). More than half (308/591,
52.1%) indicated that they would develop negative emotions
due to IGD.
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Table 2. Number of participants who endorsed each item of the Brief Illness Perception Questionnaire (B-IPQ; score ≥6) at T1 (baseline) and T2 (1-year
follow-up; n=591).

T2, n (%)T1, n (%)B-IPQ items

254 (43.0)121 (20.4)Item 1: consequences

151 (25.5)120 (20.3)Item 2: timeline

406 (68.7)338 (57.2)Item 3: personal control

333 (56.3)241 (40.8)Item 4: treatment control

356 (60.3)271 (45.9)Item 5: identity

437 (74.0)343 (58.1)Item 6: concern

308 (52.1)268 (45.3)Item 7: comprehension

308 (52.1)220 (37.2)Item 8: emotional response

Descriptions of IGD at T1 and T2
Of the participants, 10.1% (60/591) and 9.1% (54/591; P=.64)
of the participants were classified as having probable IGD at
T1 and T2, respectively. Among those without IGD at T1, 4.3%
(23/531) were classified with IGD (incidence rate), while among
those with IGD at T1, 53.8% (32/60) remitted from IGD at T2
(remission rate).

Correlations Between B-IPQ and IGD Symptoms
As shown in Table 3, the dimensions of consequence (r=0.16),
timeline (r=0.27), personal control (r=–0.15), and emotional
response (r=0.10) of IPQ at T1 were significantly correlated
with IGD at T2 (P<.05). IGD at T1 was significantly correlated
with the dimensions of consequences (r=0.17), timeline (r=0.38),
personal control (r=–0.30), treatment control (r=–0.10), and
concern (r=–0.12) of IPQ at T2.
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Table 3. Correlations between Brief Illness Perception Questionnaire (B-IPQ) dimensions and internet gaming disorder (IGD) symptoms at T1 (baseline)
and T2 (1-year follow-up).

IGD
symp-
toms-
T2

IGD
symp-
toms-
T1

Emo-
tional
re-
sponse-
T2

Com-
pre-
hen-
sion-
T2

Con-
cern-
T2

Iden-
ti-
ty-
T2

Treat-
ment
con-
trol -
T2

Per-
sonal
con-
trol-
T2

Time-
line-
T2

Conse-
quence-
T2

Emo-
tional
re-
sponse-
T1

Com-
pre-
hen-
sion-
T1

Con-
cern-
T1

Iden-
tity-
T1

Treat-
ment
con-
trol-
T1

Per-
sonal
con-
trol-
T1

Time-
line-
T1

Conse-
quence-
T1

Vari-
able

Consequence- T1

0.160.230.180.150.130.12–0.040.000.130.190.400.130.250.470.190.080.611r

.07.01.04.09.13.17.63.99.13.03<.001.12<.001<.001.02.33<.001—aP
val-
ue

Timeline-T1

0.270.290.07–0.06–0.080.00–0.05–0.130.300.220.190.03–0.030.180.06–0.1110.61r

<.001<.001.45.53.37.98.56.15<.001.01.02.69.75.03.51.20—<.001P
val-
ue

Personal control-T1

–0.15–0.17–0.100.08–0.11–0.09–0.030.17–0.25–0.070.290.360.360.380.491–0.110.08r

.08.02.23.36.23.31.76.06<.001.40<.001<.001<.001<.001<.001—.20.33P
val-
ue

Treatment control-T1

–0.02–0.03–0.040.020.110.030.27–0.01–0.030.070.470.310.520.5410.490.060.19r

.79.75.67.80.20.77<.001.92.73.42<.001<.001<.001<.001—<.001.51.02P
val-
ue

Identity-T1

0.050.060.150.150.110.08–0.05–0.010.070.290.480.390.5810.540.380.180.47r

.57.36.08.10.22.37.57.88.44<.001<.001<.001<.001—<.001.00.03<.001P
val-
ue

Concern-T1

–0.03–0.090.270.210.230.100.160.090.000.330.530.5110.580.520.36–0.030.25r

.77.29<.001.02.01.28.07.31.96<.001<.001<.001—<.001<.001<.001.75<.001P
val-
ue

Comprehension-T1

–0.02–0.140.210.270.160.000.090.120.050.210.3910.510.390.310.360.030.13r

.86.10.02<.001.07.99.34.17.60.02<.001—<.001<.001<.001<.001.69.12P
val-
ue

Emotional response-T1

0.100.060.170.150.130.130.170.060.180.2710.390.530.480.470.290.190.40r

.24.48.05.10.16.14.06.13.05<.001—<.001<.001<.001<.001<.001.02<.001P
val-
ue

Consequence- T2

0.250.170.530.390.430.490.280.050.6210.270.210.330.290.07–0.070.220.19r

<.001.05<.001<.001<.001<.001<.001.53<.001—<.001.02<.001<.001.42.40.01.03P
val-
ue
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IGD
symp-
toms-
T2

IGD
symp-
toms-
T1

Emo-
tional
re-
sponse-
T2

Com-
pre-
hen-
sion-
T2

Con-
cern-
T2

Iden-
ti-
ty-
T2

Treat-
ment
con-
trol -
T2

Per-
sonal
con-
trol-
T2

Time-
line-
T2

Conse-
quence-
T2

Emo-
tional
re-
sponse-
T1

Com-
pre-
hen-
sion-
T1

Con-
cern-
T1

Iden-
tity-
T1

Treat-
ment
con-
trol-
T1

Per-
sonal
con-
trol-
T1

Time-
line-
T1

Conse-
quence-
T1

Vari-
able

Timeline-T2

0.450.380.400.130.220.420.20–0.1210.620.180.050.000.07–0.03–0.250.300.13r

<.001<.001<.001.12.01<.001.02.17—<.001.05.60.96.44.73<.001<.001.13P
val-
ue

Personal control-T2

–0.19–0.300.220.320.410.230.511–0.120.050.060.120.09–0.01–0.010.17–0.130.00r

.05<.001.01<.001<.001.01<.001—.17.53.13.17.31.88.92.06.15.99P
val-
ue

Treatment control -T2

–0.01–0.100.320.220.490.3310.510.200.280.170.090.16–0.050.27–0.03–0.05–0.04r

.90.24<.001.01<.001<.001—<.001.02<.001.06.34.07.57<.001.76.56.63P
val-
ue

Identity-T2

0.160.060.590.320.5210.330.230.420.490.130.000.100.080.03–0.090.000.12r

.06.06<.001<.001<.001—<.001.01<.001<.001.14.99.28.37.77.31.98.17P
val-
ue

Concern-T2

–0.05–0.120.570.4010.520.490.410.220.430.130.160.230.110.11–0.11–0.080.13r

.55.16<.001<.001—<.001<.001<.001.01<.001.16.07.01.22.20.23.37.13P
val-
ue

Comprehension-T2

0.05–0.050.3110.400.320.220.320.130.390.150.270.210.150.020.08–0.060.15r

.60.58<.001—<.001<.001.01<.001.12<.001.10<.001.02.10.80.36.53.09P
val-
ue

Emotional response-T2

0.060.0810.310.570.590.320.220.400.530.170.210.270.15–0.04–0.100.070.18r

.49.35—<.001<.001<.001<.001.01<.001<.001.05.02<.001.08.67.23.45.04P
val-
ue

IGD symptoms -T1

0.5410.08–0.05–0.120.06–0.10–0.300.380.170.06–0.14–0.090.06–0.03–0.170.290.23r

<.001—.35.58.16.06.24<.001<.001.05.48.10.29.36.75.02<.001.01P
val-
ue

IGD symptoms -T2

10.540.060.05–0.050.16–0.01–0.190.450.250.10–0.02–0.030.05–0.02–0.150.270.16r

—<.001.49.60.55.06.90.05<.001<.001.24.86.77.57.79.08<.001.07P
val-
ue

aNot applicable.
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Cross-Lagged Model of B-IPQ Dimensions and IGD
Symptoms at T1 and T2

The cross-lagged model fit the data well (χ2/df=2.28, CFI=.95,
RMSEA=.06, SRMR=.05; Figure 1). IGD at T1 was positively
associated with B-IPQ at T2 (B=.18, β=.10, 95% CI 0.01-0.19,
P=.04). B-IPQ at T1 and IGD symptoms at T1 explained 8.8%

of the variance in B-IPQ at T2. B-IPQ at T1 was not
significantly associated with IGD at T2 (P=.42). B-IPQ at T1
and IGD symptoms at T1 explained 23.1% of the variance in
IGD symptoms at T2. Standardized factor loadings of B-IPQ
ranged from .34 to .81 at T1 and from .33 to .76 at T2 (Table
4).

Figure 1. Cross-lagged model of Brief Illness Perception Questionnaire (B-IPQ) and internet gaming disorder (IGD) symptoms at T1 (baseline) and
T2 (1-year follow-up) with standardized path coefficients.

Table 4. Factor loadings of Brief Illness Perception Questionnaire (B-IPQ) at T1 (baseline) and T2 (1-year follow-up).

P valueComposite reliabilityβBFactor loadings

-a-a.381.00Consequence-T1 <--- B-IPQ T1

.012.42.341.22Timeline-T1 <--- B-IPQ T1

<.0017.09.471.21Personal control-T1 <--- B-IPQ T1

<.0018.11.651.71Treatment control-T1 <--- B-IPQ T1

<.0019.13.731.83Identity-T1 <--- B-IPQ T1

<.0018.52.812.17Concern-T1 <--- B-IPQ T1

<.0017.79.581.45Comprehension-T1 <--- B-IPQ T1

<.0018.19.681.68Emotional tesponse-T1 <--- B-IPQ T1

-a-a.681.00Consequence-T2 <--- B-IPQ T2

<.00112.41.45.61Timeline-T2 <--- B-IPQ T2

<.0017.25.33.43Personal control-T2 <--- B-IPQ T2

<.00110.19.48.71Treatment control -T2 <--- B-IPQ T2

<.00114.13.741.07Identity-T2 <--- B-IPQ T2

<.00114.43.731.03Concern-T2 <--- B-IPQ T2

<.00110.27.48.65Comprehension-T2 <--- B-IPQ T2

<.00114.80.76.96Emotional response-T2 <--- B-IPQ T2

aIn the confirmation factor analysis, the loading of this factor was fixed at 1.

Discussion

Principal Findings
This study adopted a longitudinal design and conducted
cross-lagged modeling analyses to demonstrate the relationship
between illness representations of IGD and IGD symptoms.
The results showed that only IGD symptoms at T1 predicted

high levels of unfavorable illness representations at T2. Thus,
hypothesis (2) was supported but not hypothesis (1). Indeed,
people with greater IGD symptoms may be more likely to
experience negative consequences of IGD in their daily life.
For example, people with excessive and addictive use of internet
games may suffer from mental and emotional disorders (eg,
depression, anxiety, social anxiety, suicidal ideation), loneliness,
interpersonal conflicts, and lack of offline social connection or
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support (eg, [18,19,21,24]). Since such people may have suffered
from the IGD symptoms for at least 1 year, they have a better
understanding of the fact that IGD can affect their daily life
significantly and be chronic and cyclical. This is also consistent
with the finding in the cross-sectional study in Macao [33]. In
addition, people with IGD may have already experienced failure
in attempting to regulate their internet gaming behaviors and
thus perceive a great sense of helplessness and hopelessness as
well as a low sense of self-control, self-efficacy, and personal
control for their internet gaming behaviors and IGD symptoms.
Such perceptions may partially explain why IGD may lead to
some severe mental problems, such as depression and suicidal
ideation (eg, [2,19]). However, illness representations did not
show robust significant prediction for IGD symptoms in the
model. According to the CSM, illness representations may
directly affect risk perceptions and worry about IGD and
self-regulation for IGD (eg, self-management, help-seeking),
which may in turn influence one’s episode of IGD. Future work
should test such potential outcomes and mechanisms.

Correlation analyses showed significant correlations between
greater consequence, higher timeline, and low personal control
at T1 and high levels of IGD symptoms at T2; in turn, IGD
symptoms at T1 were also significantly correlated with these
perceptions at T2, which seem to suggest longitudinal and
interactive relationships between these perceptions and IGD.
Other significant correlations included the correlations between
negative emotional response at T1 and IGD symptoms at T2,
between IGD symptoms at T1 and treatment control at T2, and
between IGD symptoms at T1 and concern at T2. Similar
correlations between these dimensions of illness representations
and IGD symptoms were also found at the same time point. Not
all the correlations were statistically significant. Since the
dimensions represent different perceptions of a disease and
some perceptions may be particularly relevant to the disease, it
is reasonable that not all the dimensions of illness
representations of IGD were significantly correlated with IGD
symptoms. Consistently, the recent cross-sectional study also
reported that only timeline cyclical, personal control, illness
coherence, and emotional representations were significantly
correlated with IGD symptoms [33]. Similar results were also
found in previous studies of other diseases (eg, [32,40]).
However, most of the correlations had small effect sizes. Thus,
these relationships should be interpreted with caution. Since
related studies are limited, conclusions regarding the
relationships between different dimensions of illness
representations and IGD symptoms cannot be drawn at this
stage. More empirical studies are warranted.

It is interesting to find that the percentages of item agreement
for each dimension of illness representations significantly
increased at T2 compared with T1. A plausible explanation for
this increase may be that both international and local societies
have started to emphasize the adverse consequences of excessive
use of the internet and video games in recent years. For example,
the World Health Organization defined IGD as a mental disorder
in 2018 [9]. In 2018, the Chinese government announced the
establishment of a gaming regulator to limit the number of new
online games, restrict playing time, and develop an
age-restriction system [41]. Also, the local public media have

repeatedly criticized video games for negatively influencing
young people [41]. Thus, with the changes at the international,
governmental, and social levels, local citizens, including college
students, may have increasingly recognized the adverse
consequences of overuse of internet games and known more
about IGD.

The prevalence of IGD found in our study is consistent with
another study with Chinese college students (10.3%) [15]. We
further found that this prevalence did not significantly change
from T1 to T2; a small number of non-IGD cases became IGD
cases and vice versa. It may suggest stability of IGD status over
time. It is different from another longitudinal survey with 283
Chinese university students that found a significant decrease in
the prevalence (14.8% at T1 versus 9.9% at T2) [18]. The
different results may be due to the differences in assessments,
samples, and study period. However, since we had a relatively
small and nonrepresentative sample, the findings should be
interpreted with caution. Longitudinal and large-scale studies
that monitor the prevalence and conversion rates of IGD across
time are warranted.

The levels of illness representations of IGD changed
significantly over time, while IGD did not change largely. It
seems contradictory to our assumptions regarding their
associations. One plausible explanation may be that although
the protective factors of IGD (ie, unfavorable illness
representations) increased over time, there may exist increasing
independent risk factors (eg, daily life stress and academic
stress) among the participants that could increase their risk of
IGD or moderate the effect of illness representations on IGD.
Future studies should investigate both risk and protective factors
of IGD to better understand the change in IGD symptoms over
time. These perceptions may have great effects on mental health
and behavioral outcomes. For example, pessimistic views of
IGD, such as low treatment control, may reduce ones’
help-seeking intention; a perception of low personal control
may lead to anxiety and low self-efficacy. Future studies should
test these mental health and behavioral outcomes.

Strengths and Limitations
This study represents the first longitudinal study testing the
relationships between illness representations and symptoms of
IGD. It is also the first attempt at understanding illness
representations of IGD among young people who are a group
at high risk of IGD [13-17]. The findings suggest that IGD
treatment should not only address IGD symptoms but also these
perceptions, such as the perception of low personal control.
Cognitive behavioral therapy and motivational enhancement
therapy have been promising approaches to reduce addictive
behaviors [42] and may help to enhance one’s motivation and
skills to regulate their gaming behaviors.

Limitations of this study include the use of self-report measures,
a nondiagnostic tool for IGD, and a small convenience sample.
These might have affected the prevalence of IGD. The sample
may differ from other populations considering some important
demographic characteristics, such as age, educational level,
majors, and regions. For example, the study only included
medical students who might have extraordinary capabilities to
assess their own health and possible threats of a disease. Thus,
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their perceptions of IGD may be different from other
populations’ perceptions. Second, although the conduct of
surveys within classroom settings helped to guarantee the
survey’s quality, it might come with some limitations such as
social pressure to participate. Third, only a 1-year follow-up
was conducted. More waves and longer years of follow-up are
warranted to better understand the stability of and changes in
IGD and its consequences. Fourth, this study used the short
version of IPQ. Although this version is more feasible in
longitudinal surveys, future studies may use the long version
of IPQ to validate our findings and test the reliability of each
dimension of IPQ. Also, it was the first to use the B-IPQ in the
context of IGD. Future studies should validate this scale well
in the context of IGD. B-IPQ and IGD explained a relatively
low amount of variance for each other. Future studies should
include more potential important variables in the cross-lagged
model. Fifth, it is worth noting that this study only investigated
illness representations among gamers. Such perceptions may
be different from those of nongamers [33]. In addition, it is a
limitation that we did not know whether we included diagnosed
cases. Since IGD is a newly defined disorder, diagnosis is rare,
and treatment is still lacking in most local mental health services,
there is little likelihood to include clinically diagnosed cases or
those who know that they had IGD. Future studies may test
whether illness representations have different implications
between gamers and nongamers and between healthy individuals

and those with diagnosed IGD. Finally, although the
cross-lagged model is widely used to study causal influences
in longitudinal panel data, some researchers have argued that,
if stability of constructs is to some extent of a trait-like and
time-invariant nature, the autoregressive relationships of the
cross-lagged model may fail to adequately account for the causal
influences [43]. As a consequence, the lagged parameters that
are obtained with the cross-lagged model may not represent the
actual within-person relationships over time, and this may lead
to erroneous conclusions regarding the presence, predominance,
and sign of causal influences. Other approaches should be used
to validate the findings in future work.

Conclusions
The findings suggest that illness representations of IGD
increased over time and the level of IGD symptoms might affect
ones’ illness representations of IGD. Based on the CSM, these
illness representations may further influence gamers’ mental
health, coping strategies, and behaviors related to the illness
(eg, self-management, help-seeking). Future research may
examine how illness representations of IGD would influence
mental health and behavioral outcomes. Educational programs
and psychological interventions are warranted to reduce the
over-pessimistic perceptions about IGD based on the CSM
structure and the self (eg, low personal control over IGD) among
the gamers.
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