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Abstract

Background: Digital serious games (SGs) have rapidly become a promising strategy for entertainment-based health education;
however, developing SGs for children with chronic diseases remains a challenge.

Objective: In this study, we attempted to provide an updated scope of understanding of the development and evaluation of SG
educational tools and develop a framework for SG education development to promote self-management activities and behavior
change in children with chronic diseases.

Methods: This study consists of a knowledge base and an analytical base. This study followed the PRISMA-ScR (Preferred
Reporting Itemsfor Systematic Reviews and Meta-Analyses extension for Scoping Reviews) guidelines. To build the knowledge
base, 5 stages of research were developed, including refining the review question (stage 1), searching for studies (stage 2), selecting
relevant studies (stage 3), charting the information (stage 4), and collating the results (stage 5). Eligible studies that developed
SG prototypes and evaluated SG education for children with chronic diseases were searched for in PubMed, Embase, Google
Scholar, and peer-reviewed journals. In the analytical base, the context-mechanism-output approach and game taxonomy were
used to analyze relevant behavioral theories and essential game elements. Game taxonomy included social features, presentation,
narrative and identity, rewards and punishment, and manipulation and control. A total of 2 researchers selected the domains for
the included behavioral theories and game elements. The intended SG framework was finalized by assembling SG fragments.
Those SG fragments were appropriately reintegrated to visuaize anew SG framework.

Results: This scoping review summarized data from 16 randomized controlled trials that evaluated SG education for children
with chronic diseases and 14 studies on SG frameworks. It showed that self-determination theory was the most commonly used
behavioral theory (9/30, 30%). Game elements included feedback, visual and audio designs, characters, narratives, rewards,
challenges, competitions, goals, levels, rules, and tasks. In total, 3 phases of adigital SG framework are proposed in this review:
requirements (phase 1), design and development (phase 2), and evaluation (phase 3). A total of 6 steps are described: exploring
SG requirements (step 1), identifying target users (step 2), designing an SG prototype (step 3), building the SG prototype (step
4), evaluating the SG prototype (step 5), and marketing and monitoring the use of the SG prototype (step 6). Safety recommendations
to use digital SG-based education for children in the post—-COV1D-19 erawere also made.

Conclusions: This review summarizes the fundamental behavioral theories and game elements of the available literature to
establish a new theory-driven step-by-step framework. It can support game designers, clinicians, and educators in designing,
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developing, and evaluating digital, SG-based educational tools to increase self-management activities and promote behavior

change in children with chronic diseases.

(J Med Internet Res 2024;26:e49692) doi: 10.2196/49692
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Introduction

Background

Serious game (SG) educational tools that provide constructive
learning with imperative goals for behavior change [1] are
increasingly being applied with children with chronic diseases.
Training children to self-carefor their chronic diseasesishighly
challenging due to insufficient cognition [2], low attendance
[3], complicated treatments[4], and nonadherenceto treatments
[5]. A properly designed SG educational tool can allow children
with chronic diseases to enjoy learning how to overcome
real-life challenges [6]. A fully fledged game design provides
a safe and controlled environment to experience and practice
self-management skills [7]. Holtz et a [8] reported that SG
education had positive impacts on sel f-efficacy, adherence, and
knowledge, which drove improvementsin behavior and health
outcomes over time. Directing the design and application of
SGsas an educational intervention to positively support children
with chronic diseases could hel p improve therapeutic outcomes

[9].

Behavioral sciences offer insights into how to design effective
SG educational tools for children with chronic diseases to
achieve the dual goals of internal enjoyment and confidence
while promoting their self-care abilities. To understand changes
in children’sbehaviors, basic principlesand theories of learning,
behavior, and mindset should beidentified. The most commonly
used theories explaining behavior change include social
cognitive theory [10], self-determination theory (SDT) [11],
and the mindset theory [12]. Socia cognitive theory defines
how behavior change can be achieved depending on personal
factors, including cognition, capability, self-control, experiences,
and expectations, and environmental factors, including
emulation, reinforcement, and observation [10]. SDT addresses
motivation and influences children to put themselves in
situations in which they are exposed to SG education [13]. A
growth mindset enhances greater resilience and positivity than
afixed mindset when dealing with challenges and failures [12].
Children with chronic diseases require continuous, specific
self-management tasks to achieve levels of their mindset and
cognitive development [12]. Incorporating behavioral theories
and instructional learning into game mechanics, including
practice tasks and challenges, can facilitate the changing process
of agrowth mindset and enhance motivation [14].

SG educational tools require a sophisticated design to avoid
several potential negative consequencesfor children. The World
Health Organization has articul ated increased screen mediause
as amajor concern due to the risk of addictive behaviors [15].
Higher gaming behavior is associated with higher levels of
social, health, and behavioral problems in children and
adolescents [16,17]. Playing SG interventions can promote
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behavior changes;, however, uncontrolled excessive gaming
may lead to gaming disorders [18] when games are used above
the level of a child’s age and mindset [19]. It has also been
reported that a large proportion of electronic games may have
violent content such asfighting, hitting, destroying, and killing
[19], which increases the risk of aggressive behaviors in
children. Inappropriate visual designs and game elements may
distract from the educational purposes[18].

An SG framework that promotes positive behavior change in
children is specifically needed because children’s capabilities
to respond to emotions and act when encountering difficulties
differ from those of adults. Frameworks have been established
for developing SG prototypes for adults[20,21]; however, only
limited attention has been paid to creating a well-established
theoretical SG framework for children. Children are more
vulnerabletoinfluences of digital gamesduring their cognitive,
social, and emotiona development stages [2]. A stepwise SG
framework is warranted to guide researchers in designing and
evaluating SG educational tools for children with chronic
diseases to maximize advantages and avoid unintended effects.
This requires pivotal attention by researchers to creatively
develop and design appropriate SG educational toolsfor children
that balance the cornerstones of learning and playing.

Objectives

The study purpose was to offer an updated scoping review of
SG education focused on delivering self-management activities
and promoting behavior change for children with chronic
diseases. It provided a scope of understanding of the
development and evaluation of SG educational tools and
developed a systematic methodological SG-based framework
for children with chronic diseases. Theintended SG framework
was designed according to the methodol ogy of scoping reviews
Levac et a [22] and the context-mechanism-output (CMO)
approach [23]. The specific aims were to create two bases: (1)
to build aknowledge base that coversall the resources required
to design and devel op an SG framework and (2) to construct an
analytical base by integrating behavioral theories and game
elements from the knowledge base to design and visualize the
intended SG framework through the CMO approach. The
findings of this review can benefit researchers developing and
evaluating SG-based learning educational tools for children
with chronic diseases.

Methods

Study Design

Figure 1 [24-26] describes the process of developing an SG
framework for children with chronic diseases using knowledge
and analytical bases. This study followed the guidelines of the
PRISMA-ScR (Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses extension for Scoping Reviews)
[27]. For the knowledge base, relevant studies on developing
an SG framework and evaluation of SG educational tools for
children with chronic diseases were searched and collated
throughout 5 stagesto cover al the SG resourcesrequired. The
analytical base used the CMO approach and game taxonomy
to build a theory-based foundation for the proposed SG

Sarasmita et al

framework. Relevant behavioral theories and essential game
elements from relevant studies were appropriately divided into
fragments, compared, and assembled to create a visualization
of the proposed SG framework. Discussions were conducted
throughout the study to resolve any discrepancies among
researchers.

Figure 1. Research flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PRISMA-ScR: Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews; SDT: self-determination theory; SG: serious game.
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Knowledge Base

There were five stages for building the knowledge base: (1)
refining theinitial question, (2) identifying relevant studies, (3)
selecting relevant studies, (4) charting the information, and (5)
collating the results [22].

Refining the Review Question (Stage 1)

SGs are digital games that blend concepts of learning and
performing attitudes and are enjoyableto play, with challenging
goals [28]. On the basis of the literature, we began exploring
the idea of how to develop an SG framework to improve
self-management and promote behavior changes in children
with chronic diseases. To develop an SG framework, ascientific

foundation should be built supported by documented relevant
evidence.

I dentifying Relevant Studies (Stage 2)

Databases and Search Strategy

Relevant studies that had devel oped and published established
SG frameworks and SG prototypes for children with chronic
diseaseswere searched for using el ectronic databases, including
PubMed, Embase, and Google Scholar. A hand searching
method was also used to obtain additiona relevant articles in
peer-reviewed journalsthat focused on game research and were
indexed in Web of Science, such as Games for Health Journal
and JMIR Serious Games. We searched for articles using
keywords obtained from Medical Subject Heading terms, such
as “computer game,” “video game,” and “children,” with no
restriction on publication year (1980-2024). The panel in
Multimedia Appendix 1 shows keyword term variations, and
detailed search strategies are described in Table Sl in
Multimedia Appendix 1. Reference lists of articles found
through the electronic database searching were hand searched
to obtain additional relevant information.

Inclusion Criteria

Theinclusion criteriawere (1) studies involving children aged
5to 14 years, (2) studies that developed an SG framework for
children with chronic diseases, and (3) studies that applied and
evaluated the use of SG education for children with chronic
diseases. Relevant articles were classified into two groups: (1)
studies that focused on developing an SG framework and (2)
studies that focused on evaluating SG educational tools for
children with chronic diseases. Review or original articles
explaining learning theories, behavioral theories, gametheories,
and game elements or presenting ageneral or specific SG model
or framework that focused on behavior changesin children were
included in the “SG framework studies’ group. Randomized
controlled trials (RCTs) that implemented and evaluated
SG-based educational tools for children with chronic diseases
were included in the “ SG education studies/RCTS’ group.

SG-based education is described as the use of SG prototypes
or interventions, which are also known as computer games, for
educational health and promotion of treatments, health
education, patient adherence, therapeutic and side effect
monitoring, and patient engagement. In this study, any changes
in health-related outcomes in an RCT were descriptively
reported. Clinical outcomes referred to any reduction in
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symptoms of chronic diseases and risks of complications,
emergency visits, and hospitalizations. Humanistic outcomes
were considered to be any condition that affected physical and
socia functions [29], including changes in attitudes and
behaviors, adherence to treatment and medication, knowledge,
quality of life, and patient satisfaction.

Selecting Relevant Studies (Stage 3)

The collected articles were initialy imported into reference
manager software (EndNote version 20; Clarivate Analysis).
After removing duplicates, 2 researchers (MAS and YHL)
independently assessed the articles using the inclusion criteria
by examining titles and abstracts. Abstracts that met the
inclusion criteriawere retained for full-text review.

Charting the Information (Stage 4)

Characteristics of SG education for children with chronic
diseases that were evaluated in RCTswere charted into atable,
including authors information, conditions, target ages,
interventions, comparators, sample sizes, study duration, length
of the study, and hedth-related outcomes. Data were
summarized by 2 authors(MASand YHL). Disagreementswere
resolved through discussion involving athird reviewer (HY C).

Collating the Results (Stage 5)

The components of SGswere collated from theincluded studies
using the CMO approach [23]. According to the CM O approach,
“context” consists of any fundamental principles that enhance
the efficacy of SG education to induce behavior changes,
including behavioral theories, learning theories, and game
theories. “Mechanism” refers to rules of how a game works,
the dynamicsthrough which childreninteract in responseto the
game, and the game’s appearance. It includes game elements
to actively engage and motivate target users to perform
self-management activities and positive behaviors. “ Output” is
related to any outcomes, study output, or study prototype.

Analytical Base

Identifying SG Components

Components of SG educational tools comprise behavioral
theories, learning theories, game theories (context), and game
taxonomy (mechanism). Behavioral theories and game elements
were identified after collating all the included studies. Details
of the identified SG components based on the CMO approach
are presented in Tables S2 and S3 in Multimedia Appendix 1.
The most often used behavioral theories were selected for
inclusion in the analysis (n=9), as shown in Table $4 in
Multimedia Appendix 1. Detailed categories of the game
taxonomy are shown in Table S5 in Multimedia Appendix 1.
Table $4 in Multimedia Appendix 1 presents SDT domains,
consisting of the psychological needs of autonomy, competence,
and relatedness to boost motivation. The autonomy domain
refers to how users make decisions and boost the sense of
control, such as adjusting choices, levels, and difficulties [11].
The sense of control evokes autonomy and fuels users
willingnessto continue playing. Competence refersto achieving
targeted goal s of successful actions, such as challenges, learning
tasks, competitions, and rewards [11]. Relatedness expresses
how children interact and how their interactions affect others
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within the game, such as avatars, feedback, and emotions[11].
Game taxonomy was applied to identify game elementsin all
studies, including socia features, presentation, narrative,
identity, rewards and punishments, and manipulation and control
[30]. A total of 3 domains of SDT and 5 categories of game
taxonomy intersected based on similar characteristics. Those
elements were reintegrated to build new, appropriate game
elements for children with chronic diseases. These SG
componentsare reviewed and discussed throughout the analysis.

Assembling SG Fragments and Visualizing an SG
Framework

SG fragments describe the strategies or systematic procedures
for designing, developing, and evaluating SG educational tools
for children with chronic diseases. After identifying SG
components through SDT and game taxonomy, 2 researchers
(MAS and YHL) individually analyzed SG framework studies
(n=14) based on their step-by-step procedura techniques
(fragments). The collected fragments were appropriately
assembled into 5 steps following the method by Khaleghi et al
[24]: objective definitions (step 1); users' needs and game
element identification (step 2); game concept generation, game
mechanics selection, and prototyping (step 3); implementation
(step 4); and monitoring (step 5). Fragments of SG devel opment
were appropriately reintegrated to build a new SG framework.

Fragmentsfor building up anew SG framework were established
and consisted of 3 main phases (requirements, design and

Sarasmita et al

development, and eval uation). Each main phase was redesigned
to formulate 2 procedural steps and generate output materials.
A proposed SG framework was visualized by one researcher
(MAS) and then carefully reviewed by 2 other authors (YHL
and HY C). Following the method by Carvalho et a [25], agame
structure was designed to supplement the SG framework to
explain the actions, tools, and achieved goals of learning and
gaming (Figure S1 in Multimedia Appendix 1). The process of
assembling the SG fragments and then visualizing the SG
framework and game structure were discussed among the 3
researchers throughout the study.

Results

Knowledge Base

Overview

We retrieved 1947 articles from PubMed (n=451, 23.16%),
Embase (n=131, 6.73%), Google Search (=512, 26.3%), Google
Scholar (n=130, 6.68%), IMIR Serious Games (n=272, 13.97%),
and Gamesfor Health Journal (n=451, 23.16%). After removing
duplicates, 738 full-text articles were reviewed. In total, 30
articles were included in the scoping review, consisting of 16
(53%) RCTs that evaluated SG educational tools for children
with chronic diseases and 14 (47%) studies on SG frameworks
(Figure 2).

Figure2. ThePRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram. MeSH: Medical Subject Heading; RCT:

randomized controlled trial; SG: serious game.
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Charting the Information

Table 1 describes the included 16 RCTs that evaluated the use
of SG educational tools for children with chronic diseases. SG
educational tools that blended the concepts of learning and
gaming were developed for children with asthma (7/16, 44%)
[31-37], obesity and risk of diabetes or only diabetes (4/16,
25%) [38-41], cancer (2/16, 13%) [42,43], cysticfibrosis (1/16,
6%) [44], cerebra palsy (1/15, 6%) [45], and HIV or AIDS
(1/15, 6%) [46]. The number of study participants ranged from
10 to 375; however, 60% (9/15) of the studies had <100
participants, as shown in Table 1. SG educational tools were
delivered to children whose ages ranged from 3 to 17 years,
with an average duration of play of approximately 40 minutes.

A total of 47% (7/15) of the studies reported improvementsin
clinical outcomes, including improved energy expenditure, heart

https://www.jmir.org/2024/1/e49692
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rate, and blood pressure [31], or reduced symptoms, such as
dyspneaand fatigue[31-33,44], aswell asfewer hospitalizations
[32] and unscheduled physician visits [38]. Regarding
humanistic outcomes, 87% (13/15) of the RCTs evaluated
behavioral outcomes. In total, 47% (7/15) of the studies
presented improvementsin knowledge, and 40% (6/15) reported
improvementsin behaviors, including asthma sel f-management
[32,33], hedlthy dietary habits[39], communication with parents
[38], disease-related risk communication [46], and lower
medication use [34]. A total of 100% (15/15) of the studies
evaluated users’ acceptance and satisfaction, resulting in 100%
(15/15) of the RCTs showing positive acceptance toward SG
educational tools and consideration of SG educational tools as
enjoyable strategiesfor learning and practicing self-management
tasks. None of the 15 RCT's evaluated economic outcomes.

JMed Internet Res 2024 | vol. 26 | e49692 | p. 6
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Table 1. Summary of the included serious game educational tools in randomized controlled trials (N=16).

Sarasmita et al

Study, year Condition Age of Intervention Control Samplesize, Health outcomes
users (y) N
Rubineta [33], Asthma 7-12 Asthma Command Nonasthmacomput- 65 Lower asthma-related acute visits, im-
1986 er game proved asthmaknowledge, and improved
asthma management—related behaviors
Bartholomew et Asthma 7-17 Watch, Discover, Usual care 133 Fewer symptoms and hospitalizations,
al [32], 2000 Think, and Act increased asthma knowledge, improved
correct decision-making in the game
scenario (62%) and engagement in the
game (84%), and children felt satisfied
(97%)
Yawneta [37], Asthma 312 Air Academy Usual hedth educa- 87 Improved asthma knowledge, and chil-
2000 tion dren and teachers felt satisfied
Hussetal [34], Asthma 7-12 Wee Willie Wheezie  Writtenasthmaedu- 101 Children felt that the game could have
2003 cation been more esthetic.
Shames et a Asthma 5-12 Bronkie's Asthma Usual careandvideo 119 Increased asthma knowledge, and chil-
[36], 2004 Adventure game dren had ahigh interest in the program.
McPhersonetal  Asthma 7-14 The Asthma Files Asthma bookl et 101 Lower oral steroid use, improved asthma
[35], 2005 knowledge, improved internal locus of
control, high interest in the program
(35/37, 95%), children felt that the game
helped them gain asthma knowledge
(32/37, 87%), and fewer school absences
Gomesetal [31], Asthma 59 Reflex Ridge from Treadmill session 36 Lower level of FeNO? improved asthma
2015 The Kinect Adven- control and exercise capacity, higher
tures Program energy expenditure, higher motivation,
and high endurance with the game
Salonini et & Cysticfibro- 8-17 The Kinect Adven- Stationary cycle 30 Less frequent dyspnea and fatigue and
[44], 2015 sis tures Program training high enjoyment of the game
Katoetal [43], Cancer 13-29 Remission Noncancer computer 375 Improved adherenceto the use of cancer
2008 game medications, increased self-efficacy, and
greater knowledge
Hamari etal [42], Cancer 3-16 Nintendo WiiFit Usual care 36 High acceptability and participation
2019 (77%), but the game was not followed
as recommended.
Brown et al [38], Diabetes 8-16 Packy and Marlon Video gameswith 59 Improved self-efficacy, better self-care
1997 no health education behavior, increased diabetes-related
content communication with parents, and fewer
unscheduled visits to the physician
Baranowski et  Obesity and 10-12 EscapefromDiaband Knowledge-based 133 Increased habit of eating healthy foods
[40Q], 2011 risk of dia- Nanoswarm internet game and high enjoyment of the game (80%-
betes 90%)
Baranowski etal Obesity and 10-12 EscapefromDiaband Knowledge-based 200 Increased expectations for gameplay
[39], 2019 risk of dia- Nanoswarm internet game
betes
Weiland et & Obesity and  9-12 Kids Obesity Preven-  Child intervention 23 Increased knowledge gain in children
[41], 2022 risk of dia- tionor family interven- and parents, maintenance of knowledge
betes tion in parents, and high acceptance of the
game
Winskell et al HIV or 11-14 Tumaini Usual care 60 Improved sexual health—related knowl-
[46], 2018 AIDS edge, greater self-efficacy, and improved
intention for risk avoidance strategies
and sexual risk communication
Pin and Butler Cerebra pa- 6-14 Interactive game Usual care 18 High enjoyment of the game
[45], 2019 sy

3FeNO: fractional exhaled nitric oxide.
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Collating SG Components

Table 2 describes essential components of the SG-based
education for devel oping the proposed SG framework based on
the CM O approach (N=30). For context, several studiesapplied
behavioral theories (23/30, 77%) and game theories (22/30,
73%). Regarding mechanisms, several aspects were concerned
with embedding socia features or feedback (28/30, 93%);
presentation or esthetics (30/30, 100%); personalization,
including narratives (24/30, 80%), characters (23/30, 77%), and
rewards and punishments (26/30, 87%); and manipulation and

Sarasmita et al

control, including game genre or rules (23/30, 77%), game goals
(28/30, 93%), and challenges (27/30, 90%). Regarding output,
27% (8/30) of the studies generated specific SG frameworks
for children with chronic illnesses, including children with
diabetes [39,40,47,48], children with cystic fibrosis [49], and
children who needed physical rehabilitation [24,50,51]. The
most commonly used behavioral theory in the studieswas SDT
(9/30, 30%). Relevant studies that used SDT as the behavioral
theory foundation are identified in Table S6 in Multimedia
Appendix 1. Game elements from all the included studies
(N=30) are described in Table S7 in Multimedia Appendix 1.

Table 2. Collation of serious game (SG) components based on the context-mechanism-output approach (N=30).

SG framework studies (n=14), n (%)

Randomized clinical trials (n=16), n (%)  Total studies, n (%)

Context
Behavioral theories 12 (86)
Game theories 13 (93)
Mechanism
Social (feedback) 13 (93)
Presentation (esthetic) 14 (100)
Per sonalization
Narrative (story and narrative) 13 (93)
Identity (characters and 12 (86)
avatars)
Rewards and punishments 13 (93)
Manipulation and control
Game genre and rules 10(72)
Game goals 14 (100)
Challenges 12 (86)
Output
Health outcomes
Behavioral outcomes a

Learning outcomes —
Clinical outcomes —

Dissemination of the SG framework

A specific framework for 8(57)
children
General framework 6 (43)

11 (69) 23(77)
9 (56) 22(73)
15 (94) 28(97)
15 (94) 29 (100)
11 (69) 24 (83)
11 (69) 23(79)
13 (81) 26 (90)
13 (81) 23(79)
15 (94) 29(97)
15 (94) 27(93)
14 (88) 14 (47)
12 (75) 12 (40)
11 (69) 11(38)
— 8(28)
— 6 (21)

3ot applicable.

Analytical Base

I dentifying SG Components

Table 3 summarizes the intersection of the 3 domains of SDT
and 5 categories of game taxonomy (n=9). On the basis of our
findings, game elements that should be inserted in a proposed
SG framework for children with chronic diseases include
feedback, such as tailored messages and links to social media

https://www.jmir.org/2024/1/e49692

(socid); visual designs, such asimages, videos, animations, and
cartoons, and audio designs, such as music and sounds
(presentation); avatars, characters, and emotions (identity);
storyline (narrative); rewards and progress bar (rewards and
punishments); and challenges, choices, competitions, goals,
rules, levels, and tasks (manipulation and control). Details of
theintersection of SDT and gametaxonomy (n=9) are described
in Table S8 in Multimedia Appendix 1.
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Table 3. Intersection of the domains of self-determination theory and game taxonomy for the proposed serious game (SG) framework.

Self-determination Game taxonomy

theory of the pro-
posed SD frame-
work
Social features Presentation Narrative and identity Rewards and punish-  Manipulation and control
ments
Competence _a Educative materials  — Rewards Challenges
[50,51]: learning con- [21,24,39,40,47-51]:  [21,24,39,40,47-51]: com-
tent and learning in- points, progressbar,  petitions
structions badges, and stars; [21,24,39,40,48,50,51],
punishments; NR? levels
[21,24,39,40,48,50,51],
tasks [21,47,50,51], game
rules [24,39,40,50], and
goals [24,39,40,47,50]
Autonomy — Presentation: visual — — — Choices
design [24,39,40,47,50,51] and
[21,24,39,40,47-51]: difficulty adjustment
images, videos, anima- [24,39,40,49,50]
tions, cartoons, and
attractive layout; au-
dio design
[24,39,40,47-51]: mu-
sic and sounds
Relatedness Feedback — Narrative — Motivation [47]
[21,24,39,40,47-51]: [21,24,39,40,47,51]: story-
tailored messages line; identity
[39,40,48] and sociad [21,24,39,40,48-51]:
media[21,49] avatars, characters, and
emotions
3Not applicable.

NR: not reported.

Assembling SG Fragments and Visualizing the
Framework

Table 4 presents the determination of SG fragments from the
included studies (14/30, 47%) and then assembles those SG
fragmentsinto a proposed SG framework. Each existing study
offered different procedural steps for developing an SG
prototype, yet the game elements and behavioral theories
complemented each other. Only 50% (7/14) of the studies
created SG prototypes [24,25,40,47,49,52,53]. Of the 14 SG
framework  studies, 3 (21%) specifically targeted
self-management activities [21,41,47]. On the basis of these
findings, we reintegrated those fragments into 3 main phases
with 6 step-by-step procedural techniques.

https://www.jmir.org/2024/1/e49692

RenderX

In phase 1 (requirements), there are 2 important steps, including
exploring theideaand SG requirements (step 1) using literature
reviews and identifying target users needs (step 2) using
iterative discussions or interviews. The outputs of phase 1 are
relevant theories, game taxonomy, and children’s needs and
preferences. |n phase 2 (design and devel opment), 2 steps should
be considered by designers, including designing the game
elements and educative materials (step 3) and building an SG
prototype (step 4) using appropriate software programs and
hardware equipment. The output of phase 2 isthe SG prototype
with a game structure. The final phase is phase 3 (evaluation),
which is concerned with evaluating the SG prototype using a
clinical trial design (step 5) and marketing the SG and
monitoring its use (step 6) throughout clinic-based practice.
Outputs of phase 3 are health outcome results and the final SG
prototype with recommendations for its use.
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Table 4. Assembling serious game fragments from the selected studies (N=14).

Study, year Step 1 (objec-  Step 2 Step 3 Step 4 (implementa-  Step 5 (monitor-

tive definition) tion) ing)

Users Game element Game me- Prototyping
needs identification chanic
AlMarshedi etal [21], ,a NRP + + NR NR NR
2016
Baranowski et al [48], + + + + + + +
2011
Carvalho et d [25], + + + + + + +
2015
Beristain-Colorado et  + NR + + NR NR NR
al [50], 2021
Dorrenbécher et a + + + + + + +
[51], 2014
Epstein et a [23], + + + + NR NR NR
2021
Hansen [49], 2017 + + + + + + +
Jaccard et al [54], + NR + + NR NR NR
2021
Khaleghi et al [24], + + + + + NR NR
2021
Mummah et al [20], + NR + + NR NR NR
2016
Starks [52], 2014 + + + + NR NR NR
Thompson et a [47], + + + + + + +
2010
Verschueren et al + + + + + + +
[53], 2019
Wattanasoontorneta  + NR + + NR NR NR
[55], 2013
3Present or reported.

NR: not reported.

The Proposed SG Framework

Overview

On the basis of our knowledge base and analytical base, we
propose anew SG-based framework that integratesthe principles
of SDT and game elements into self-management practices,
titled Self-Management Interactive L earning and Entertainment
for children with chronic diseases, as presented in Figure 3. It
consistsof 3 main phases, starting from the requirements of SG
educational tools (phase 1), design and development (phase 2),
and evaluation of the SG educational tools (phase 3). In total,
2 procedural steps are included in each phase, resulting in 6
procedural steps. Each step hasinput materials asthe foundation
to support the actions and process and to produce output
materials. Output materials in the first phase (phase 1) can be
used astheinput for the next phase (phase 2), and so forth. Each
phase has critical points, revisions, and adjustmentsthat should
be considered by any game designer, researcher, or health care

https://www.jmir.org/2024/1/e49692

provider who would like to create an SG educational tool. Each
game should be suitable for target users and their conditions;
for example, an SG educational tool for children with asthma
should have specific learning materials (asthma action plans
and asthma medications), target goals (improved quality of life),
and tasks and challenges (asthma self-management activities,
breathing technique, and proper asthma medication use) that
might differ from those of other diseases. Figure Sl in
Multimedia Appendix 1 showsthe gaming and learning structure
of an SG prototype that blends SDT domains and game
elements. The mechanism of how players achieve the target
goal by accomplishing challenges should be set in clear game
rules. Children will maketheir first choice by selecting an avatar
or character, directly engaging with the game. Learning
materials will help children understand their disease
management, yet the game instructions will help them
simultaneously observe challenges and tasks. After completing
the tasks, their performance should be rewarded through points
or a performance meter.
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Figure 3. The proposed Self-Management Interactive L earning and Entertainment framework.

Phase 1: requirements

Input

Literature (theories, — Step 1
models, and frameworks)
IETiE «— Step2

Users' needs

|

Explore the
requirements

Output
1. Behavioral theories
2. Game taxonomy
3. Users'needs and
preferences

Identify

target users

Completely define the requirements?

Revision and

No adjustment
Yes
Phase 2: design and development
input: Output
Behavioral theory, Step 3 Design the — Serious game
learning materials, and prototype prototype
game elements l
Build th
S-[ep 4 ui ° —
prototype

|

Suitable design (hardware and software)?

Yes

Phase 3: evaluation

input:

Prototype, study design Step 5

|

Evaluate the —
prototype

Revision and
adjustment

Output
Health cutcomes,
recommendations

to use
+

Achieve the goals and outcomes?

Revisionand
adjustment

Market and monitor

Step 6

l

the prototype use

Reach the marketing targets and long-term outcomes?

Yes/No l

User feedback

Exploring SG Requirements (Step 1)

A robust theoretical SG-based foundation should be established
using literature reviews that gather principles of learning
theories, behavioral theories, and game theories. This step is
aimed at exploring SG requirements by searching for evidence
related to game-based behavior change programs for children
using electronic databases, for example, behavioral and game
theories. If such evidence is not available, it is recommended
to consult established game devel opers and collect perspectives
from target audiences regarding obstacles in their daily lives
[21]. According to Bramer et a [56], critical pointsinclude how
to determine a clear and focused research question, how to
choose databases and interfaces to begin, how to use an
appropriate search technique, and how to document and trandate
collected documents. After determining relevant SG literature,
game elements and behavioral theories should betranslated and
adopted for use by children with chronic diseases. Relevant

https://www.jmir.org/2024/1/e49692
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articles can be used as inputs to conduct iterative discussions
to identify users’ needs.

I dentifying Target Users (Step 2)

Step 2 began through iterative discussions with a
multidisciplinary, collaborative team. The iterative approach
refersto theiterative process of refining, creating, and revising
aproject until agreement is achieved, and it is commonly used
for agile software development [57]. The aim of this step isto
collect perspectives on identifying users' profiles and needs,
their daily difficulties and barriers related to their chronic
conditions, and target outcomes[7]. In this step, critical points
emphasize what the players’ backgrounds are, what age groups
are considered, to which chronic conditions would the SG
educational tool be applied, how many userswould beinvolved
in the game, and what outcomes need to be achieved [53]. A
multidisciplinary team consisting of pediatricians, child
psychologists, child educators, game prototype designers, and
multimedia experts[54] needsto identify resilient attitudesand
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consistent stimuli that suit children’s characteristics. Designers
should carefully identify users’ cultures, beliefs, mindset, and
literacy to concisely adopt those preferences into the game's
elements[24]. Directly involving children through focus group
discussions or in-depth interviews will help the team gamify
self-management tasks based on their needs and level of
understanding, including medication adherence, physical
exercise, and maintenance of healthy dietary habits.
Designing the SG Prototype (Step 3)

A key driver for successful SG education is consolidating a
balance between self-management tasks (serious) and game
elements (entertainment) [6,58]. This step aims to design the
mechanism and user interface of the gameitself by consolidating
the most appropriate behavioral theories, learning materials,
and game elements. Designers begin to create a prototype after
establishing selected relevant theories, game elements, and
users needs and outcomes (input). First, designers should
elucidate selected, well-established behavioral and learning
theories into educational materials and game taxonomy into
appropriate game elementsfor children. Game designers should
consider several critica points, including what topics are
inserted into the learning materials, which game elements are
best suited to achieve the desired outcomes, and how interacting
with the game can lead to targeted behaviors [49]. The
educational materials should contain disease information,
including its pathophysiology, signs and symptoms, treatments
and medications, self-management, side effects, theimportance
of adherence, and daily practices.

It isrecommended to insert game elementsthat offer enjoyment
to stimulate children to play, at the sametimedirectly motivating
them to learn [51]. Cartoon characters, genres, and stories
represent personalization for children [52]. To grow children’s
mindset, challenges should be designed with competitive levels
and rewards provided when amission is accomplished [12]. A
role model with a positive attitude should be inserted into the
SG design to encourage children to become masters of practicing
self-management activities. Adding these elements facilitates
children responding when confronted with conflicts [50] and
enhances their sense of resilience. It is important to design an
SG prototype that mimics real-world circumstances by setting
precise goals and instructing players to perform targeted skills
over time [25]. It is aso suggested to embed the features of
feedback, a progress bar, or trend aerts to evaluate their
performance after completing the challenges.

Building the SG Prototype (Step 4)

Step 4 aimsto develop an actual prototype based on the selected
behavioral theories and game elements. It requires extensive
discussionswith researchers, multimediaexperts, and the game
industry to integrate the technology into a game console. A
graphic user interface should be built to present the set of game
rules. Designers may consider facilitating level adjustments if
children fail to win to maintain the devel oped mindset. Critical
points are how the prototype can be built for efficient learning
and playing, how to perform such tasks, and how to rapidly
respond regarding those performances. Estheticsis an essential
aspect to be considered. Game visuals can be appropriately
created using 2D or 3D formats [55]. Music and animation can
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be added to enhance excitement and enjoyment. To effectively
promote self-management tasks, virtua reality SGs should be
equipped with body movement tools that specificaly target
childhood chronic diseases that involve physical disabilities
[50]. Moreover, privacy should be protected because SG
prototypes can be used in multiplayer settings, and the
accessibility to enter measured data should be restricted [13].

Evaluating the SG Prototype (Step 5)

Step 5 focuses on evaluating the efficacy of the SG educational
tools and unexpected effects after implementation. This step
allowsresearchersto gather feedback from expertsand children
for further improvements [20,59]. A pilot test, followed by a
clinical trial, is recommended, which quantitatively analyzes
how the prototype achieves the intended outcomes and
qualitatively exploresusers experiences. An RCT study design
is preferred duetoits high quality. The ability to perform atask
at an expected level and with minimal adverse events may be
set as the intended outcome. It should be carefully determined
how long participants will be engaged in the game, how many
sessions a child needs to reach the goals, and how long it takes
to complete a session. A short duration is associated with
unfamiliarity with the tasks, whereas a long duration leads to
boredom [60].

Moreover, health outcomes, including clinical, humanistic, and
economic outcomes, should be periodically evaluated [61].
Clinical outcomes may include symptom improvement and
reduction of morbidity, whereas humanistic outcomes may
include knowledge and attitudes, behavior changes, and an
improved mindset. As no economic outcomes were available
in the studies in this review, researchers are encouraged to
eval uate economic outcomes when using the prototype. Possible
unexpected impacts of SG interventions on aggressive behaviors
should also be evaluated, especially for SG interventions that
encompass violent elements [62,63]. Continued discussions
with clinicians are still relevant to ensure that the game world
setting can be applied to the real world.

Marketing and Monitoring Use of the Prototype (Step 6)

Disseminating and promoting awell-evaluated SG educational
tool can enhance accessto abroader population that may benefit
the most and promptly inform the game industry to invest in
such interventions. Commercialization of an SG educational
tool for children remains a challenge due to the need for
high-end technologies, animated multimedia design, artists,
illustrators, and other consoles. Gameplay is rapidly changing
due to advances in technology, and it should be developed in
line with current modalities to minimize the obsolescence of
software and hardware [39]. To ensure market readiness,
business experts should be consulted and involved throughout
the process. It is recommended for researchers to accelerate
partnerships with the gaming industry for sustainable SG
maintenance.

Specific practice skills can be designed in amodest simulation.
For example, children with type 1 diabetes should be able to
use insulin regularly, exercise, maintain a healthy diet, and be
aware of the signs of hypoglycemia. Modest instruction will
help clinicians in applying SG education for children with
chronic diseases in the real world. It is important to underline
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that an excellent performance in the game world is not directly
associated with mastery in the rea world. Practicing
self-management skills, such as physical activities and
medication use, should regularly be guided by health care
professionals. It may be relevant to consult with policy makers
and health care associations regarding the establishment of
policies and recommendations for appropriate uses of SG
educational toolsin clinical practice. Postmarketing feedback
should continually be collected to improve the SG’s quality.

Discussion

Principal Findings

This scoping review proposed a digital framework to design
SG educational tools for children with chronic diseases. The
SG framework consists of 3 main strategies to guide the
planning, design and development, and implementation of SG
educational toolsto allow children to practice self-management
skillsfor their chronic condition. Major considerations of how
each step is conceptualized, including a theory-driven
foundation, contents of health education, joyful reinforcement,
and use of technology, were discussed. The game elementsand
game structure should engage children’s attention and support
them in performing gamified self-management tasks, changing
their mindset, and increasing their self-care abilities.

Comparison With Prior Work and Consider ationsfor
Using the Proposed Framewor k

Implementation of SG educationa tools for children with
chronic diseases has been demonstrated in several previous
works|[8,9,58], specifically concerning health education [55,64],
physical activities [65,66], and self-management [9,67,68];
however, none of them offer a theory-driven framework for
behavior change. It hasbeen suggested that researchersarticul ate
a scientific framework for the design of SG educational tools
[65]. Although behavioral and self-management interventions
can be delivered to children from 5 to 18 years of age [67,68],
the health educational content isnot applicableto the entire age
range. Educational materials for children should be
supplemented with communication skills, whereas activitiesfor
adolescents should focus on self-monitoring and
problem-solving [69]. Multidisciplinary teamwork from
conception to marketing is strongly emphasized [64], which
was accommodated in this framework throughout the proposed
phases.

As game-based interventions are continually growing,
researchers are considering developing SG educational tools
for children, but questions about how to get started have been
raised. Developing an SG educationa tool is expensive,
therefore, several aspects should be carefully considered before
initiating development of SG educationa tools, including
securing funding and building a collaborative team [69].
Developing SG educational tools for children with chronic
diseases differs from entertainment-only video games due to
their unique components of behavioral theories and learning
materials to boost self-management practices and promote
positive behavior changes. For example, children with asthma
may need knowledge about preventing asthma triggers and
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adhering to medication, whereas children with cystic fibrosis
may need more physical rehabilitation activities than children
with other chronic respiratory diseases. Some of them may need
specific, scheduled physical activities, whereas others may need
the efforts of encouragement or psychological support and
companionship. That iswhy the game design should be able to
address those needs.

Establishing a solid team, which involves experienced game
devel opers or game companies, should be noted. Once members
are chosen, clear ground responsibilities and expectations
regarding the prototype design should be established. The health
care professional team can develop appropriate health learning
contents and discuss those materials with the game devel oper
team to analyze and resolve potentia problems before
programming and prototyping. As there is no reimbursement
for SG use as a medical treatment [69], acquiring available
funding and resources should be prioritized.

Challengesand Pitfallsof SG Design and Development

Developing appropriate SG educational tools for the specific
needs of children with chronic diseases remains a challenge due
to the huge investment from ideas to implementation. As the
market for SG-based interventions expands across health
conditions, thereis atrend for SG education to be included as
a supportive intervention rather than merely as pure
entertainment [23].

Onthebasisof our heterogeneous resullts, the procedure through
which SG educational tools deliver content might not be the
only key contributor to achieve the targeted goals because the
intervention should be focused not only on the learning materials
but also on the intertwined mechanism of game elements and
the elements of behavioral theory. In the context of game-based
learning, self-management practiceswill be correctly performed
if users are enjoying themselves, which means having the
propensity to engage, blend, and learn. From this perspective,
we raised several considerations on the potential of game
elements to enhance intrinsic motivation, including how much
autonomy (videos, animations or cartoons, choices, and
difficulty adjustments of the challenges) must be given to
children during play, how can relatedness (narrative or storyline,
avatars, characters, and tailored messages) between children
and the game be built into SG educational tools, and how can
achild'slevel of competence be defined to challenge them.

Several critical pointsin each step were pointed out for game
designers to avoid failure. First, there can be failure to define
suitable educative materials and targeted behaviorsfor children
with specific difficulties. Second, one can fail to generate a
dynamic between players and the game while, at the sametime,
players have to obtain new learning from the SG educational
tools. Game levels were revealed to engage players with a
positive learning effect; however, this should be in line with
the player’s skillsand cognitive devel opment. A high-challenge
gamewith low-skill, fixed-mindset users may inducefrustration;
meanwhile, alow-challenge gamefor userswith high skillsand
agrowth mindset may generate feelings of triviality [6]. Given
rapid trends in digital technology, SG prototypes should be
continually adjusted to prevent them from becoming hackneyed
by the time the evaluation trial is finished.
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Safety Concernsfor Children in the Post—COVID-19
Era

Safety aspects of SG educational tools should be of general
concern because these tools are considered a persuasive
technology for changing human behaviors. Game-based
interventions appear to be most effectivein users aged <18 years
[23]; nevertheless, children and adolescentsvary intheir ability
to master a mission. Children may feel engaged with
customizable avatars, but some of these may contain violent
characters [19]. Game designers should ensure that the SG
intervention is not dangerous or does not increase risks to
children, such as by promoting sedentary or aggressive behaviors
[47] or increasing therisk of physical injuries dueto practicing
skills. Several harmful risks are associated with sleep disorders
and internet gaming disorders, such as anxiety, unsuccessful
attempts at control, and jeopardizing environments [19,70].

The American Academy of Pediatrics has stated concerns about
the influence of digital media on the health and cognitive
development of children at the ages of 0 to 5 years, and it has
proposed limiting screen useto 1 hour per day for children aged
2to5years[71]. It is aso recommended to avoid screen time
1 to 2 hours before bedtime for children and adolescents. In
2020, the American Academy of Ophthalmology recommended
the 20-20-20 rule, described as a 20-second break every 20
minutes by looking 20 feet away to prevent and relieve digital
eyestrain [72].

The COVID-19 pandemic intensified gaming behaviors among
children, especialy during school closures, and this garnered
the concern of policy makersand health care professionals[15].
Sedentary time in children with chronic diseases might have
increased [ 73] as parents were not well prepared for it due to
their attention being focused on social and economic burdens
caused by the pandemic. Several SG educational tools were
developed during the pandemic to stimulate in-home physical
rehabilitation [74,75] and improve anxiety and mood disorders
in adolescents [76], and those positive behavioral outcomes
should be maintained. Even though the pandemic situation has
improved, some parents are continuing to work remotely while
simultaneously caring for children, leading to obstacles to
maintaining children’s learning, especially in households of a
low socioeconomic status[77].

Educational, game-based interventionsfor the post—COVID-19
erashould beintegrated with appropriate recommendations for
their use. Individualized family media use plans are strongly
recommended; hence, parental control iscentral when exposing
children to digital media [70]. It is considered important for
parents to accompany their children during screen use to foster
an effective learning process by understanding the game
structure, supporting children in controlling playing times, and
monitoring their activities. Instead of giving punishment as a
disciplinary matter, by playing together, parents can understand
more about SG educational tools and how they can facilitate
parent-child interactions. As parents become familiar with their
children’s games, they will be able to encourage their children
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to achieve the intended outcomes and avoid addictive behaviors
[78].

Limitations

This scoping review hasafew limitations. Thisframework was
developed based on a review of the most relevant SG
educational tools in several RCTs and SG framework studies
instead of adirect participatory approach involving health care
professionals and children. When comparing the effects of SG
educational tools, most RCTs (9/16, 56%) only captured
improvementsin humanistic outcomes, such asknowledge[57]
and enjoyment. Studies on improving clinical outcomes were
limited, and none provided economic outcome evaluations. This
isin line with the findings of a previous review that presented
a lack of clinical evidence of the implementation of SG
educational toolsin children with neurodevelopmental disorders
[79]. Severa studies (5/16, 31%) evaluated changes in
knowledge over arelatively short duration on beneficial effects
on behaviors. Exploration is still needed as to which game
elements can have higher effects on self-management and
behavior changes. M oreover, issues of maintenance of intended
behaviors after exposure to SG interventions should be carefully
addressed. With the limitations of the available literature, this
framework should be tested in further studies.

Implications of the Study and Further Research

Thisframework provides atheory-driven step-by-step approach
to hel p health educators, clinicians, game devel opers, and policy
makers more efficiently develop SG educational tools for
children with chronic diseases. Understanding how to integrate
the power of SG educational tools offers significant promise
for promoting health behavior changes. Only 4% of thetop-rated
health apps apply the concepts of gamification [80], indicating
that the opportunity to develop high-quality SG educational
tools for children with chronic diseases is still wide open.
Further research should explore the needs for culture-specific
SG educational tools and investigate the mediators of behavior
change.

Conclusions

A framework of SG-based educational tools promoting
self-management activities and behavior changes in children
with chronic diseases was devel oped by incorporating behavioral
principles and mechanisms of SGs. It expedites the trandation
of fundamental behavioral theories and game elements into a
scaled-up industrial level in which digital-based game
interventions are being created to enhance children’s
participation and motivation. The effectiveness of SG
educational tools in achieving targeted behaviors depends on
key designs and elements of how they address problems and
mindsets of children with difficulties. Underpinning appropriate
behavioral theories, |earning materials, game elements, esthetics,
and technology should be considered in all phases of research.
The design, development, and evaluation of SG educational
tools for children with chronic diseases need to be broadly
explored with the support of a well-validated game-based
framework and the deployment of advanced technologies.

https://www.jmir.org/2024/1/e49692

JMed Internet Res 2024 | vol. 26 | e49692 | p. 14
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Sarasmita et a

Acknowledgments
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Authors Contributions

MAS contributed to the conceptualization, methodology, software, validation, forma analysis, writing—origina draft, and
visualization. YHL contributed to formal analysis and writing—review and editing. FYC contributed to visualization and
writing—review and editing. HY C contributed to conceptualization, methodology, formal analysis, resources, writing—review
and editing, supervision, project administration, and funding acquisition. All authors contributed to data interpretation and
manuscript preparation. All authors read and approved the final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Supplementary tables and figures.
[DOCX File, 74 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Preferred Reporting Itemsfor Systematic reviews and Meta- Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist.
[PDEF File (Adobe PDF File), 80 KB-Multimedia Appendix 2]

References

1. FeranteG, Licari A, MarsegliaGL, La Grutta S. Digital health interventionsin children with asthma. Clin Exp Allergy.
Feb 2021;51(2):212-220. [FREE Full text] [doi: 10.1111/cea.13793] [Medline: 33238032]

2. Dal'Ogliol, Gasperini G, Carlin C, Biagioli V, Gawronski O, SpitalettaG, et al. Self-carein pediatric patients with chronic
conditions: a systematic review of theoretical models. Int J Environ Res Public Health. Mar 28, 2021;18(7):3513. [FREE
Full text] [doi: 10.3390/ijerph18073513] [Medline: 33800684]

3. Crimarco A, Mayfield C, Mitchell N, Beets MW, Yin Z, Moore JB. Determinants of attendance at a physical activity
focused afterschool program in elementary school children. Int JExerc Sci. May 1, 2018;11(5):137-151. [FREE Full text]
[Medline: 29795736]

4.  Hilliard ME, Hahn A, Ridge AK, Eakin MN, Riekert KA. User preferences and design recommendations for an mHealth
app to promote cystic fibrosis self-management. JIMIR Mhealth Uhealth. Oct 24, 2014;2(4):e44. [FREE Full text] [doi:
10.2196/mhealth.3599] [Medline: 25344616]

5. SarasmitaMA, Larasanty LP, Kuo LN, Cheng KJ, Chen HY. A computer-based interactive narrative and a serious game
for children with asthma: development and content validity analysis. JMed Internet Res. Sep 13, 2021;23(9):e28796. [FREE
Full text] [doi: 10.2196/28796] [Medline: 34515641]

6.  Drummond D, Hadchouel A, Tesniére A. Serious games for health: three steps forwards. Adv Simul (Lond). Feb 4,
2017;2(1):3. [FREE Full text] [doi: 10.1186/s41077-017-0036-3] [Medline: 29450004]

7.  Fitzgerald M, Ratcliffe G. Serious games, gamification, and serious mental illness: a scoping review. Psychiatr Serv. Feb
01, 2020;71(2):170-183. [doi: 10.1176/appi.ps.201800567] [Medline: 31640521]

8.  Holtz BE, Murray K, Park T. Serious games for children with chronic diseases. a systematic review. Games Health J. Oct
2018;7(5):291-301. [doi: 10.1089/g4h.2018.0024] [Medline: 29957082]

9.  Charlier N, Zupancic N, Fieuws S, Denhaerynck K, Zaman B, Moons P. Serious games for improving knowledge and
self-management in young people with chronic conditions: a systematic review and meta-analysis. JAm Med Inform Assoc.
Jan 2016;23(1):230-239. [FREE Full text] [doi: 10.1093/jamia/ocv100] [Medline: 26186934]

10. BanduraA. Health promotion by social cognitive means. Health Educ Behav. Apr 2004;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

11. RyanRM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.
Am Psychol. Jan 2000;55(1):68-78. [doi: 10.1037//0003-066x.55.1.68] [Medline: 11392867]

12. Dweck CS, Yeager DS. Mindsets: aview from two eras. Perspect Psychol Sci. May 01, 2019;14(3):481-496. [FREE Full
text] [doi: 10.1177/1745691618804166] [Medline: 30707853]

13.  Thompson D. Incorporating behavioral techniquesinto a serious videogame for children. Games Health J. Apr
2017;6(2):75-86. [FREE Full text] [doi: 10.1089/g4h.2016.0066] [Medline: 28231024]

14. Graafland M, Dankbaar M, Mert A, Lagro J, De Wit-Zuurendonk L, Schuit S, et al. How to systematically assess serious
games applied to health care. IMIR Serious Games. Nov 11, 2014;2(2):e11. [FREE Full text] [doi: 10.2196/games.3825]
[Medline: 25654163]

https://www.jmir.org/2024/1/e49692 JMed Internet Res 2024 | vol. 26 | e49692 | p. 15
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v26i1e49692_app1.docx&filename=926189be0784287bf952fb9e92be5fb6.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e49692_app1.docx&filename=926189be0784287bf952fb9e92be5fb6.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e49692_app2.pdf&filename=189390f4a31346813c6f0b590feee98d.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e49692_app2.pdf&filename=189390f4a31346813c6f0b590feee98d.pdf
https://europepmc.org/abstract/MED/33238032
http://dx.doi.org/10.1111/cea.13793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33238032&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18073513
https://www.mdpi.com/resolver?pii=ijerph18073513
http://dx.doi.org/10.3390/ijerph18073513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33800684&dopt=Abstract
https://europepmc.org/abstract/MED/29795736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29795736&dopt=Abstract
https://mhealth.jmir.org/2014/4/e44/
http://dx.doi.org/10.2196/mhealth.3599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25344616&dopt=Abstract
https://www.jmir.org/2021/9/e28796/
https://www.jmir.org/2021/9/e28796/
http://dx.doi.org/10.2196/28796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34515641&dopt=Abstract
https://advancesinsimulation.biomedcentral.com/articles/10.1186/s41077-017-0036-3
http://dx.doi.org/10.1186/s41077-017-0036-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29450004&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201800567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31640521&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2018.0024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29957082&dopt=Abstract
https://europepmc.org/abstract/MED/26186934
http://dx.doi.org/10.1093/jamia/ocv100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26186934&dopt=Abstract
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.55.1.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392867&dopt=Abstract
https://europepmc.org/abstract/MED/30707853
https://europepmc.org/abstract/MED/30707853
http://dx.doi.org/10.1177/1745691618804166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30707853&dopt=Abstract
https://europepmc.org/abstract/MED/28231024
http://dx.doi.org/10.1089/g4h.2016.0066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28231024&dopt=Abstract
https://games.jmir.org/2014/2/e11/
http://dx.doi.org/10.2196/games.3825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25654163&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sarasmita et a

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Dong H, Yang F, Lu X, Hao W. Internet addiction and related psychological factors among children and adolescentsin
China during the coronavirus disease 2019 (COVID-19) epidemic. Front Psychiatry. Sep 2, 2020;11:00751. [FREE Full
text] [doi: 10.3389/fpsyt.2020.00751] [Medline: 32982806]

Li X, Vanderloo LM, Keown-Stoneman CD, Cost KT, Charach A, Maguire JL, et al. Screen use and mental health symptoms
in Canadian children and youth during the COV I D-19 pandemic. JAMA Netw Open. Dec 01, 2021;4(12):€2140875. [FREE
Full text] [doi: 10.1001/jamanetworkopen.2021.40875] [Medline: 34962557]

Werling AM, Walitza S, Grinblatt E, Drechsler R. Media use before, during and after COV1D-19 lockdown according to
parentsin aclinically referred samplein child and adolescent psychiatry: results of an online survey in Switzerland. Compr
Psychiatry. Aug 2021;109:152260. [FREE Full text] [doi: 10.1016/j.comppsych.2021.152260] [Medline: 34265597]

Zhu S, Zhuang Y, Lee P, Li JC, Wong PW. Leisure and problem gaming behaviors among children and adol escents during
school closures caused by COVID-19 in Hong Kong: quantitative cross-sectional survey study. JMIR Serious Games. May
07, 2021;9(2):e26808. [FREE Full text] [doi: 10.2196/26808] [Medline: 33960954]

Elsayed W. Covid-19 pandemic and its impact on increasing the risks of children's addiction to electronic games from a
social work perspective. Heliyon. Dec 2021;7(12):e08503. [FREE Full text] [doi: 10.1016/j.heliyon.2021.e08503] [Medline:
34869925]

Mummah SA, Robinson TN, King AC, Gardner CD, Sutton S. IDEAS (Integrate, Design, Assess, and Share): aframework
and toolkit of strategiesfor the development of more effective digital interventionsto change health behavior. JMed Internet
Res. Dec 16, 2016;18(12):e317. [FREE Full text] [doi: 10.2196/jmir.5927] [Medline: 27986647]

AlMarshedi A, Wills G, Ranchhod A. Gamifying self-management of chronic illnesses: a mixed-methods study. IMIR
Serious Games. Sep 09, 2016;4(2):el4. [EREE Full text] [doi: 10.2196/games.5943] [Medline: 27612632]

Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the methodology. Implement Sci. Sep 20, 2010;5:69.
[FREE Full text] [doi: 10.1186/1748-5908-5-69] [Medline: 20854677]

Epstein DS, Zemski A, Enticott J, Barton C. Tabletop board game elements and gamification interventions for health
behavior change: redlist review and proposal of agame design framework. JIMIR Serious Games. Mar 31, 2021;9(1):e23302.
[FREE Full text] [doi: 10.2196/23302] [Medline: 33787502]

Khaleghi A, Aghael Z, Mahdavi MA. A gamification framework for cognitive assessment and cognitivetraining: qualitative
study. IMIR Serious Games. May 18, 2021;9(2):€21900. [FREE Full text] [doi: 10.2196/21900] [Medline: 33819164]
Carvalho MB, Bellotti F, BertaR, De Gloria A, Sedano CI, Hauge JB, et a. An activity theory-based model for serious
games analysis and conceptual design. Comput Educ. Sep 2015;87:166-181. [FREE Full text] [doi:
10.1016/j.compedu.2015.03.023]

Arksey H, O'Malley L. Scoping studies: towards amethodol ogical framework. Int J Soc Res M ethodol. Feb 2005;8(1):19-32.
[doi: 10.1080/1364557032000119616]

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med. Oct 02, 2018;169(7):467-473. [EREE Full text] [doi:
10.7326/M 18-0850] [Medline: 30178033]

Thomas TH, Sivakumar V, Babichenko D, Grieve VL, Klem ML. Mapping behavioral health serious game interventions
for adults with chronic illness: scoping review. IMIR Serious Games. Jul 30, 2020;8(3):e18687. [FREE Full text] [doi:
10.2196/18687] [Medline: 32729836]

Gunter MJ. The role of the ECHO model in outcomes research and clinical practice improvement. Am JManag Care. Apr
1999;5(4 Suppl):S217-S224. [FREE Full text] [Medline: 10387542]

King D, Delfabbro P, Griffiths M. Video game structural characteristics: a new psychological taxonomy. Int JMent Health
Addict. Apr 7, 2009;8(1):90-106. [doi: 10.1007/s11469-009-9206-4]

Gomes EL, Carvalho CR, Peixoto-Souza FS, Teixeira-Carvalho EF, Mendonga JF, Stirbulov R, et a. Active video game
exercise training improves the clinical control of asthmain children: randomized controlled trial. PLoS One. Aug 24,
2015;10(8):e0135433. [FREE Full text] [doi: 10.1371/journal.pone.0135433] [Medline: 26301706]

Bartholomew LK, Gold RS, Parcel GS, Czyzewski DI, Sockrider MM, Fernandez M, et al. Watch, discover, think, and act:
evaluation of computer-assisted instruction to improve asthma self-management in inner-city children. Patient Educ Couns.
Feb 2000;39(2-3):269-280. [doi: 10.1016/s0738-3991(99)00046-4] [Medline: 11040726]

Rubin DH, Leventhal JM, Sadock RT, Letovsky E, Schottland P, Clemente |, et al. Educational intervention by computer
in childhood asthma: arandomized clinical trial testing the use of anew teaching intervention in childhood asthma. Pediatrics.
Jan 1986;77(1):1-10. [Medline: 3510016]

Huss K, Winkelstein M, Nanda J, Naumann P, Sloand E, Huss R. Computer game for inner-city children does not improve
asthma outcomes. J Pediatr Health Care. Mar 2003;17(2):72-78. [doi: 10.1016/S0891-5245(02)88328-6]

McPherson AC, Glazebrook C, Forster D, James C, Smyth A. A randomized, controlled trial of an interactive educational
computer package for children with asthma. Pediatrics. Apr 01, 2006;117(4):1046-1054. [doi: 10.1542/peds.2005-0666]
[Medline: 16585298]

Shames RS, Sharek P, Mayer M, Robinson TN, Hoyte EG, Gonzalez-Hensley F, et al. Effectiveness of a multicomponent
self-management program in at-risk, school-aged children with asthma. Ann Allergy Asthma Immunol. Jun
2004;92(6):611-618. [doi: 10.1016/s1081-1206(10)61426-3]

https://www.jmir.org/2024/1/e49692 JMed Internet Res 2024 | vol. 26 | e49692 | p. 16

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32982806
https://europepmc.org/abstract/MED/32982806
http://dx.doi.org/10.3389/fpsyt.2020.00751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32982806&dopt=Abstract
https://europepmc.org/abstract/MED/34962557
https://europepmc.org/abstract/MED/34962557
http://dx.doi.org/10.1001/jamanetworkopen.2021.40875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34962557&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0010-440X(21)00038-9
http://dx.doi.org/10.1016/j.comppsych.2021.152260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34265597&dopt=Abstract
https://games.jmir.org/2021/2/e26808/
http://dx.doi.org/10.2196/26808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33960954&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(21)02606-2
http://dx.doi.org/10.1016/j.heliyon.2021.e08503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34869925&dopt=Abstract
https://www.jmir.org/2016/12/e317/
http://dx.doi.org/10.2196/jmir.5927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27986647&dopt=Abstract
https://games.jmir.org/2016/2/e14/
http://dx.doi.org/10.2196/games.5943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27612632&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-69
http://dx.doi.org/10.1186/1748-5908-5-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854677&dopt=Abstract
https://games.jmir.org/2021/1/e23302/
http://dx.doi.org/10.2196/23302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33787502&dopt=Abstract
https://games.jmir.org/2021/2/e21900/
http://dx.doi.org/10.2196/21900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33819164&dopt=Abstract
https://doi.org/10.1016/j.compedu.2015.03.023
http://dx.doi.org/10.1016/j.compedu.2015.03.023
http://dx.doi.org/10.1080/1364557032000119616
https://www.acpjournals.org/doi/abs/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
https://games.jmir.org/2020/3/e18687/
http://dx.doi.org/10.2196/18687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32729836&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=1410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10387542&dopt=Abstract
http://dx.doi.org/10.1007/s11469-009-9206-4
https://dx.plos.org/10.1371/journal.pone.0135433
http://dx.doi.org/10.1371/journal.pone.0135433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26301706&dopt=Abstract
http://dx.doi.org/10.1016/s0738-3991(99)00046-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11040726&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3510016&dopt=Abstract
http://dx.doi.org/10.1016/S0891-5245(02)88328-6
http://dx.doi.org/10.1542/peds.2005-0666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16585298&dopt=Abstract
http://dx.doi.org/10.1016/s1081-1206(10)61426-3
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sarasmita et a

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

Yawn BP, Algatt-Bergstrom PJ, Yawn RA, Wollan P, Greco M, Gleason M, et al. An in-school CD-ROM asthma education
program. J Sch Health. Apr 09, 2000;70(4):153-159. [doi: 10.1111/j.1746-1561.2000.tb06462.x] [Medline: 10790839)]
Brown SJ, Lieberman DA, Germeny BA, Fan Y C, Wilson DM, Pasta DJ. Educational video game for juvenile diabetes:
results of acontrolled trial. Med Inform (Lond). Jul 12, 1997;22(1):77-89. [doi: 10.3109/14639239709089835] [Medline:
9183781]

Baranowski T, Baranowski J, Chen TA, Buday R, Beltran A, Dadabhoy H, et a. Videogames that encourage healthy
behavior did not alter fasting insulin or other diabetes risks in children: randomized clinical trial. Games Health J. Aug
2019;8(4):257-264. [FREE Full text] [doi: 10.1089/g4h.2018.0097] [Medline: 30964335]

Baranowski T, Baranowski J, Thompson D, Buday R, Jago R, Griffith MJ, et a. Video game play, child diet, and physical
activity behavior change arandomized clinical trial. Am JPrev Med. Jan 2011;40(1):33-38. [EREE Full text] [doi:
10.1016/j.amepre.2010.09.029] [Medline: 21146765]

Weiland A, Reiband N, Schéffeler N, Zurstiege G, Giel KE, Zipfel S, et al. A serious game for the prevention of obesity
in school children-impact of parent's involvement: arandomized controlled tria. Life (Basel). May 24, 2022;12(6):779.
[FREE Full text] [doi: 10.3390/1ife12060779] [Medline: 35743810]

Hamari L, Jarveld LS, Lahteenméki PM, ArolaM, Axelin A, Vahlberg T, et al. The effect of an active video gameintervention
on physical activity, motor performance, and fatiguein children with cancer: arandomized controlled trial. BMC ResNotes.
Nov 29, 2019;12(1):784. [FREE Full text] [doi: 10.1186/s13104-019-4821-z] [Medline: 31783907]

Kato PM, Cole SW, Bradlyn AS, Pollock BH. A video game improves behavioral outcomes in adolescents and young
adults with cancer: arandomized trial. Pediatrics. Aug 2008;122(2):e305-e317. [doi: 10.1542/peds.2007-3134] [Medline:
18676516]

Salonini E, Gambazza S, Meneghelli I, Tridello G, Sanguanini M, Cazzarolli C, et al. Activevideo game playing in children
and adolescents with cystic fibrosis: exercise or just fun? Respir Care. Aug 21, 2015;60(8):1172-1179. [FREE Full text]
[doi: 10.4187/respcare.03576] [Medline: 25899477]

Pin TW, Butler PB. The effect of interactive computer play on balance and functional abilitiesin children with moderate
cerebral palsy: apilot randomized study. Clin Rehabil. Apr 2019;33(4):704-710. [doi: 10.1177/0269215518821714]
[Medline: 30599772]

Winskell K, Sabben G, Akelo V, Ondeng'e K, Obong'o C, Stephenson R, et a. A smartphone game-based intervention
(Tumaini) to prevent HIVV among young Africans: pilot randomized controlled trial. IMIR Mhealth Uhealth. Aug 01,
2018;6(8):€10482. [FREE Full text] [doi: 10.2196/10482] [Medline: 30068501]

Thompson D, Baranowski T, Buday R, Baranowski J, Thompson V, Jago R, et al. Serious video games for health how
behavioral science guided the development of a serious video game. Simul Gaming. Aug 01, 2010;41(4):587-606. [FREE
Full text] [doi: 10.1177/1046878108328087] [Medline: 20711522]

Baranowski T, Baranowski J, Thompson D, Buday R. Behavioral science in video games for children's diet and physical
activity change: key research needs. J Diabetes Sci Technol. Mar 01, 2011;5(2):229-233. [EREE Full text] [doi:
10.1177/193229681100500204] [Medline: 21527086]

Hansen OG. What gamification design do users want in a self-management application for chronic diseases? - The case of
cystic fibrosis. Norwegian University of Science and Technology. 2017. URL : https://nthuopen.ntnu.no/ntnu-xmlui/handl e/
11250/2458481 [accessed 2022-04-17]

Beristain-Colorado MD, Ambros-Antemate JF, Vargas-Trevifio M, Gutiérrez-Gutiérrez J, Moreno-Rodriguez A,
Hernandez-Cruz PA, et a. Standardizing the devel opment of serious gamesfor physical rehabilitation: conceptual framework
proposal. IMIR Serious Games. Jun 24, 2021;9(2):e25854. [EREE Full text] [doi: 10.2196/25854] [Medline: 34185003]
Ddérrenbacher S, Miller PM, Troger J, Kray J. Dissociable effects of game elements on motivation and cognitionin a
task-switching training in middle childhood. Front Psychol. 2014;5:1275. [FREE Full text] [doi: 10.3389/fpsyg.2014.01275]
[Medline: 25431564]

Starks K. Cognitive behavioral game design: aunified model for designing serious games. Front Psychol. 2014;5:28. [FREE
Full text] [doi: 10.3389/fpsyq.2014.00028] [Medline: 24550858]

Verschueren S, Buffel C, Vander Stichele G. Devel oping theory-driven, evidence-based serious gamesfor health: framework
based on research community insights. IMIR Serious Games. May 02, 2019;7(2):e11565. [FREE Full text] [doi:
10.2196/11565] [Medline: 31045496]

Jaccard D, Suppan L, Sanchez E, Huguenin A, Laurent M. The co.LAB generic framework for collaborative design of
serious games: devel opment study. IMIR Serious Games. Jul 02, 2021;9(3):€28674. [EREE Full text] [doi: 10.2196/28674]
[Medline: 34255655]

Wattanasoontorn V, Boada |, Garcia R, Shert M. Serious games for health. Entertain Comput. Dec 2013;4(4):231-247.
[FREE Full text] [doi: 10.1016/j.entcom.2013.09.002]

Bramer WM, de Jonge GB, Rethlefsen ML, Mast F, Kleijnen J. A systematic approach to searching: an efficient and
complete method to develop literature searches. JMed Libr Assoc. Oct 04, 2018;106(4):531-541. [FREE Full text] [doi:
10.5195/jmla.2018.283] [Medline: 30271302]

Viudes-Carbonell SJ, Gallego-Duran FJ, Llorens-Largo F, Molina-Carmona R. Towards an iterative design for serious
games. Sustainability. Mar 17, 2021;13(6):3290. [doi: 10.3390/su13063290]

https://www.jmir.org/2024/1/e49692 JMed Internet Res 2024 | vol. 26 | e49692 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1746-1561.2000.tb06462.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10790839&dopt=Abstract
http://dx.doi.org/10.3109/14639239709089835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9183781&dopt=Abstract
https://europepmc.org/abstract/MED/30964335
http://dx.doi.org/10.1089/g4h.2018.0097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30964335&dopt=Abstract
https://europepmc.org/abstract/MED/21146765
http://dx.doi.org/10.1016/j.amepre.2010.09.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21146765&dopt=Abstract
https://www.mdpi.com/resolver?pii=life12060779
http://dx.doi.org/10.3390/life12060779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35743810&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-019-4821-z
http://dx.doi.org/10.1186/s13104-019-4821-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31783907&dopt=Abstract
http://dx.doi.org/10.1542/peds.2007-3134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18676516&dopt=Abstract
http://rc.rcjournal.com/lookup/pmidlookup?view=short&pmid=25899477
http://dx.doi.org/10.4187/respcare.03576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25899477&dopt=Abstract
http://dx.doi.org/10.1177/0269215518821714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30599772&dopt=Abstract
https://mhealth.jmir.org/2018/8/e10482/
http://dx.doi.org/10.2196/10482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30068501&dopt=Abstract
https://europepmc.org/abstract/MED/20711522
https://europepmc.org/abstract/MED/20711522
http://dx.doi.org/10.1177/1046878108328087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20711522&dopt=Abstract
https://europepmc.org/abstract/MED/21527086
http://dx.doi.org/10.1177/193229681100500204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21527086&dopt=Abstract
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/2458481
https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/2458481
https://games.jmir.org/2021/2/e25854/
http://dx.doi.org/10.2196/25854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34185003&dopt=Abstract
https://europepmc.org/abstract/MED/25431564
http://dx.doi.org/10.3389/fpsyg.2014.01275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25431564&dopt=Abstract
https://europepmc.org/abstract/MED/24550858
https://europepmc.org/abstract/MED/24550858
http://dx.doi.org/10.3389/fpsyg.2014.00028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24550858&dopt=Abstract
https://games.jmir.org/2019/2/e11565/
http://dx.doi.org/10.2196/11565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31045496&dopt=Abstract
https://games.jmir.org/2021/3/e28674/
http://dx.doi.org/10.2196/28674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255655&dopt=Abstract
https://doi.org/10.1016/j.entcom.2013.09.002
http://dx.doi.org/10.1016/j.entcom.2013.09.002
https://europepmc.org/abstract/MED/30271302
http://dx.doi.org/10.5195/jmla.2018.283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30271302&dopt=Abstract
http://dx.doi.org/10.3390/su13063290
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sarasmita et a

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Drummond D, Monnier D, Tesnieére A, Hadchoudl A. A systematic review of serious games in asthma education. Pediatr
Allergy Immunol. May 27, 2017;28(3):257-265. [doi: 10.1111/pai.12690] [Medline: 27992659]

Caserman P, Hoffmann K, Miller P, Schaub M, Straiburg K, Wiemeyer J, et al. Quality criteriafor serious games: serious
part, game part, and balance. IMIR Serious Games. Jul 24, 2020;8(3):e19037. [FREE Full text] [doi: 10.2196/19037]
[Medline: 32706669]

Buday R, Baranowski T, Thompson D. Fun and games and boredom. Games Health J. Aug 2012;1(4):257-261. [FREE
Full text] [doi: 10.1089/g4h.2012.0026] [Medline: 24761316]

KozmaCM, Reeder CE, Schulz RM. Economic, clinical, and humanistic outcomes: a planning model for pharmacoeconomic
research. Clin Ther. 1993;15(6):1121-32; discussion 1120. [Medline: 8111809]

DeSmet A, Van Ryckeghem D, Compernolle S, Baranowski T, Thompson D, Crombez G, et al. A meta-analysis of serious
digital gamesfor healthy lifestyle promotion. Prev Med. Dec 2014;69:95-107. [FREE Full text] [doi:
10.1016/j.ypmed.2014.08.026] [Medline: 25172024]

Espinosa-Curi€el |E, Pozas-Bogarin EE, Martinez-Miranda J, Pérez-EspinosaH. Relationship between children's enjoyment,
user experience satisfaction, and learning in a serious video game for nutrition education: empirical pilot study. IMIR
Serious Games. Sep 17, 2020;8(3):€21813. [FREE Full text] [doi: 10.2196/21813] [Medline: 32940609]

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. IMIR Serious Games. Mar 05,
2020;8(1):€13459. [FREE Full text] [doi: 10.2196/13459] [Medline: 32134391]

Tabak M, Dekker-van Weering M, van Dijk H, Vollenbroek-Hutten M. Promoting daily physical activity by means of
mobile gaming: areview of the state of the art. Games Health J. Dec 2015;4(6):460-469. [doi: 10.1089/g4h.2015.0010]
[Medline: 26397179]

Bossen D, Broekema A, Visser B, Brons A, Timmerman A, van Etten-Jamaludin F, et al. Effectiveness of serious games
to increase physical activity in children with a chronic disease: systematic review with meta-analysis. JMed Internet Res.
Apr 01, 2020;22(4):e14549. [FREE Full text] [doi: 10.2196/14549] [Medline: 32234697]

Sattoe JN, Bal MI, Roelofs PD, Bal R, Miedema HS, van Staa A. Self-management interventions for young people with
chronic conditions: a systematic overview. Patient Educ Couns. Jun 2015;98(6):704-715. [doi: 10.1016/j.pec.2015.03.004]
[Medline: 25819373]

Brigden A, Parslow RM, Linney C, Higson-Sweeney N, Read R, Loades M, et a. How are behavioura interventions
delivered to children (5-11 years old): a systematic mapping review. BMJ Paediatr Open. 2019;3(1):e000543. [FREE Full
text] [doi: 10.1136/bmjpo-2019-000543] [Medline: 31909219]

Baranowski T, Blumberg F, Buday R, DeSmet A, Fiellin LE, Green CS, et a. Games for health for children-current status
and needed research. Games Health J. Feb 2016;5(1):1-12. [FREE Full text] [doi: 10.1089/g4h.2015.0026] [Medline:
26262772)

Han TS, Cho H, Sung D, Park MH. A systematic review of the impact of COVID-19 on the game addiction of children
and adolescents. Front Psychiatry. Aug 18, 2022;13:976601. [FREE Full text] [doi: 10.3389/fpsyt.2022.976601] [Medline:
36061296]

Council on Communications and Media. Media and young minds. Pediatrics. Nov 2016;138(5):€20162591. [FREE Full
text] [doi: 10.1542/peds.2016-2591] [Medline: 27940793]

Boyd K. Computers, digital devices, and eye strain. American Academy of Ophthalmology. URL : https.//www.aa0.0rg/
eye-health/ti ps-prevention/computer-usage [accessed 2022-04-18]

Duan L, Shao X, Wang Y, Huang Y, Miao J, Yang X, et al. An investigation of mental health status of children and
adolescentsin Chinaduring the outbreak of COVID-19. J Affect Disord. Oct 01, 2020;275:112-118. [FREE Full text] [doi:
10.1016/j.jad.2020.06.029] [Medline: 32658812]

daSilvaTD, daSilvaPL, Valenzuela EJ, Dias ED, Simcsik AO, de Carvalho MG, et a. Serious game platform as a
possibility for home-based telerehabilitation for individuals with cerebral palsy during COVID-19 quarantine - a
cross-sectional pilot study. Front Psychol. Feb 2, 2021;12:622678. [FREE Full text] [doi: 10.3389/fpsyq.2021.622678]
[Medline: 33633648]

Demers M, Martinie O, Winstein C, Robert MT. Active video games and low-cost virtual reality: an ideal therapeutic
modality for children with physical disabilities during a global pandemic. Front Neurol. Dec 14, 2020;11:601898. [FREE
Full text] [doi: 10.3389/fneur.2020.601898] [Medline: 33381077]

Dietvorst E, Aukes MA, Legerstee JS, Vreeker A, Hrehovesik MM, KeijsersL, et al. A smartphone serious game for
adolescents (Grow It! App): development, feasibility, and acceptance study. IMIR Form Res. Mar 03, 2022;6(3):e29832.
[FREE Full text] [doi: 10.2196/29832] [Medline: 35238795]

Oflu A, Bilkilmez A, Elmas EG, Tahta E, Celegen M. Comparison of screen time and digital gaming habits of Turkish
children before and during the coronavirus disease 2019 pandemic. Turk Arch Pediatr. Jan 2021;56(1):22-26. [FREE Full
text] [doi: 10.14744/TurkPediatriArs.2020.41017] [Medline: 34013225]

Kiraly O, PotenzaMN, Stein DJ, King DL, Hodgins DC, Saunders JB, et al. Preventing problematic internet use during
the COVID-19 pandemic: consensus guidance. Compr Psychiatry. Jul 2020;100:152180. [FREE Full text] [doi:
10.1016/j.comppsych.2020.152180] [Medline: 32422427]

https://www.jmir.org/2024/1/e49692 JMed Internet Res 2024 | vol. 26 | e49692 | p. 18

(page number not for citation purposes)


http://dx.doi.org/10.1111/pai.12690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27992659&dopt=Abstract
https://games.jmir.org/2020/3/e19037/
http://dx.doi.org/10.2196/19037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706669&dopt=Abstract
https://europepmc.org/abstract/MED/24761316
https://europepmc.org/abstract/MED/24761316
http://dx.doi.org/10.1089/g4h.2012.0026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24761316&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8111809&dopt=Abstract
https://europepmc.org/abstract/MED/25172024
http://dx.doi.org/10.1016/j.ypmed.2014.08.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25172024&dopt=Abstract
https://games.jmir.org/2020/3/e21813/
http://dx.doi.org/10.2196/21813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32940609&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/10.1089/g4h.2015.0010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26397179&dopt=Abstract
https://www.jmir.org/2020/4/e14549/
http://dx.doi.org/10.2196/14549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234697&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2015.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25819373&dopt=Abstract
https://bmjpaedsopen.bmj.com/lookup/pmidlookup?view=long&pmid=31909219
https://bmjpaedsopen.bmj.com/lookup/pmidlookup?view=long&pmid=31909219
http://dx.doi.org/10.1136/bmjpo-2019-000543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31909219&dopt=Abstract
https://europepmc.org/abstract/MED/26262772
http://dx.doi.org/10.1089/g4h.2015.0026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262772&dopt=Abstract
https://europepmc.org/abstract/MED/36061296
http://dx.doi.org/10.3389/fpsyt.2022.976601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36061296&dopt=Abstract
https://www.aap.org/en/patient-care/media-and-children/policies-on-children-and-media/
https://www.aap.org/en/patient-care/media-and-children/policies-on-children-and-media/
http://dx.doi.org/10.1542/peds.2016-2591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27940793&dopt=Abstract
https://www.aao.org/eye-health/tips-prevention/computer-usage
https://www.aao.org/eye-health/tips-prevention/computer-usage
https://europepmc.org/abstract/MED/32658812
http://dx.doi.org/10.1016/j.jad.2020.06.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32658812&dopt=Abstract
https://europepmc.org/abstract/MED/33633648
http://dx.doi.org/10.3389/fpsyg.2021.622678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33633648&dopt=Abstract
https://europepmc.org/abstract/MED/33381077
https://europepmc.org/abstract/MED/33381077
http://dx.doi.org/10.3389/fneur.2020.601898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33381077&dopt=Abstract
https://formative.jmir.org/2022/3/e29832/
http://dx.doi.org/10.2196/29832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35238795&dopt=Abstract
https://europepmc.org/abstract/MED/34013225
https://europepmc.org/abstract/MED/34013225
http://dx.doi.org/10.14744/TurkPediatriArs.2020.41017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34013225&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0010-440X(20)30022-5
http://dx.doi.org/10.1016/j.comppsych.2020.152180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32422427&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sarasmita et a

79.

80.

Kokol P, VoSner HB, Zavrsnik J, Vermeulen J, Shohieb S, Peinemann F. Serious game-based intervention for children
with developmental disabilities. Curr Pediatr Rev. Apr 09, 2020;16(1):26-32. [doi: 10.2174/1573396315666190808115238]
[Medline: 31393252]

Edwards EA, Lumsden J, Rivas C, Steed L, Edwards LA, Thiyagarajan A, et a. Gamification for health promotion:
systematic review of behaviour change techniques in smartphone apps. BMJ Open. Oct 04, 2016;6(10):e012447. [FREE
Full text] [doi: 10.1136/bmjopen-2016-012447] [Medline: 27707829]

Abbreviations

CMO: context-mechanism-output

PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews

RCT: randomized controlled trial

SDT: self-determination theory

SG: serious game

Edited by SMa; submitted 06.06.23; peer-reviewed by R Gorantla, K Spruyt, T Baranowski; comments to author 20.12.23; revised
version received 13.04.24; accepted 25.06.24; published 19.08.24

Please cite as:

Sarasmita MA, Lee Y-H, Chan F-Y, Chen H-Y

Digital Serious Games to Promote Behavior Change in Children With Chronic Diseases. Scoping Review and Development of a
Self-Management Learning Framework

J Med Internet Res 2024; 26: 49692

URL: https://www.jmir.org/2024/1/e49692

doi: 10.2196/49692

PMID: 39158952

©Made Ary Sarasmita, Ya-Han Lee, Fan-Ying Chan, Hsiang-Yin Chen. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 19.08.2024. Thisis 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 origina work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is
properly cited. The complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as
this copyright and license information must be included.

https://www.jmir.org/2024/1/e49692 JMed Internet Res 2024 | vol. 26 | e49692 | p. 19

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.2174/1573396315666190808115238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31393252&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27707829
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27707829
http://dx.doi.org/10.1136/bmjopen-2016-012447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27707829&dopt=Abstract
https://www.jmir.org/2024/1/e49692
http://dx.doi.org/10.2196/49692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39158952&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

