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Abstract

Background: Nonadherence to medications, failure to prevent exposure to asthma triggers, lack of knowledge about using
medications, and fixed mindsets contribute to poor asthma control in children. Digital learning could provide a new strategy for
improving health-related outcomes in children with asthma.

Objective: The aim of this study is to develop and design a digital educational program, titled Module of Inhaler and Asthma
Triggers for Children (MIRACLE), for Indonesian children with asthma. The program comprises an interactive narrative and a
serious game. It was proposed to increase the understanding of asthma self-management, instruct on proper inhaler techniques,
improve asthma control, and promote a growth mindset for children with asthma.

Methods: Two phases of research were conducted to develop the program. In the first phase, a literature search and two rounds
of the Delphi technique were conducted to obtain agreement from an expert panel regarding elements of asthma self-management
and the design of interactive narratives and a serious game. The expert panel item statements were evaluated using the content
validity index (CVI). In the second phase, the SERES framework, Norma Engaging Multimedia Design, and Psychological Theory
of Growth Mindset were applied to create a storyline, learn objectives, and game challenges.

Results: In the first phase, 40 experts were invited to participate in Delphi round 1. Forty responses were collected to generate
38 item statements that consisted of part 1, elements of asthma self-management (25 items), and part 2, design of an interactive
narrative and a serious game (13 items); 38 experts were involved in Delphi round 2. In total, 24 statements in part 1 and 13 items
in part 2 had item-CVI values >0.80. The average CVI was 0.9, which was considered acceptable. Four narrative plots and five
game sessions were developed during the second phase. Challenges with the scenario, scoring, and feedback on asthma difficulties
were designed to promote a growth mindset for learners.

Conclusions: We developed a culture-specific, computer-based asthma program containing an interactive narrative and a serious
game to deliver asthma self-management and promote a growth mindset among Indonesian children.

(J Med Internet Res 2021;23(9):e28796) doi: 10.2196/28796
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Introduction

Background
Designing effective asthma education for children is a challenge
for health care professionals, educators, and parents. Insufficient
knowledge of asthma and nonadherence to medications in
children are associated with high rates of morbidity and
mortality [1]. Improved education and support to help pediatric
patients manage their disease are urgently recommended to
control the burden of asthma [2]. However, frequent occurrences
of acute asthma attacks and negative outcomes imply that
effective self-management of asthma is difficult to achieve in
pediatric patients [3,4]. Children frequently have low
engagement with asthma self-care and poor medication
adherence [5]. Efforts to develop new asthma self-management
education for children must consider their level of understanding
and the development of a certain mindset.

Intertwining behavioral stages and a growth mindset in asthma
education may help children overcome the challenges of disease
exacerbation and engage with learning. Deploying principles
from modern behavioral psychology, children with a growth
mindset might improve their self-care abilities by identifying
impediments and embracing challenges [6]. Children face
greater difficulties than older patients in comprehending causal
relationships between asthma triggers and their consequences
[7]. Previous negative experiences of asthma exacerbations may
escalate their fears and discourage them from engaging in
asthma self-management activities. An animated web-based
interactive brain function program [8] was built to develop a
growth mindset and resiliency through interactive games and
classroom activities. Children with asthma may be unable to
manage their disease because of a lack of concepts [9], and
asthma education with a growth mindset might empower
children and their families to exercise greater control over their
situation. Incorporating a similar approach to promote positive
attitudes and behavioral changes may provide new insights into
asthma education for children.

Game-based education that incorporates elements of child
psychology may encourage children with asthma to acquire
knowledge, skills, self-care engagement, and motivation. Serious
games were reported to promote positive attitudes and
acceptance among children with HIV or AIDS [10], cancer [11],
and asthma [12]. A serious game is defined as an entertaining
game provided through a digital platform with an enjoyable
design, specific rules including challenge goals, and a scoring
concept that provides feedback to the player [13]. The
well-recognized SERES framework, developed by Verschueren
et al [14], provides rigorous scientific and design foundations
to inform the design of serious games for health-related
outcomes. Using game-based education, children experience
opportunities to solve problems through analytical thinking [15]

and improve specific skills through training and adequate
feedback [16]. Engagement is also essential for programs
designed to promote healthy behaviors. Norma Engaging
Multimedia Design (NEMD) provides a theory for constructing
engaging materials and encouraging thoughts and feelings, and
it has been used to develop interactive narratives for asthma
education [17].

Appropriate cultural adaptation is an essential element that
should be emphasized when creating asthma education for
children [18]. A systematic review confirmed that educators
should adopt culture-specific values, beliefs, and languages for
educational materials to represent real-life role models and
social support systems of target populations [19]. Different
languages and cultures may act as barriers and decrease the
effectiveness of educational programs [20,21]. Indonesia, an
archipelagic country with diverse ethnicities, languages, and
local beliefs, may require different strategies when delivering
asthma education. Culture-specific asthma education proved
superior to a generic program in terms of reducing exacerbations
requiring hospitalization in children [18]. The development of
a serious game related to asthma that adopts Indonesian cultural
and language preferences may help fill this gap and strengthen
self-management among children with asthma.

Objective
To address the main issue of delivering effective asthma
education to children, we developed a digital asthma educational
program titled Module of Inhaler and Asthma Triggers for
Children (MIRACLE). It consisted of an interactive narrative,
a serious game, and a written asthma action plan. The specific
aims of this study were as follows: (1) to conduct the Delphi
technique to obtain culture-specific agreements from a variety
of relevant stakeholders on the elements and design of asthma
education and (2) to design an interactive narrative and a serious
game based on the NEMD theory and the SERES framework.

Methods

Study Design
There were two phases in this study, as shown in Figure 1. Phase
1 focused on determining elements of asthma self-management
and designing an interactive narrative and serious game using
previous literature, a Delphi consensus among experts, and
calculation of the content validity index (CVI); phase 2 focused
on designing an interactive narrative and a serious game using
the NEMD theory and SERES framework. Ethical approval for
this study was obtained from the Ethics Committee of the
Faculty of Medicine, Udayana University, Indonesia (no.
2020.03.1.0865). Health care professionals who agreed to
participate in this study received information on the study on
the web and provided informed consent before the Delphi
consensus was initiated.
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Figure 1. Flowchart of the research phase.

Phase 1: Determining the Elements and Design of
Asthma Self-management

Delphi Expert Panel
The expert panel consisted of physicians and clinical
pharmacists invited to develop the elements and design an
interactive narrative and serious game [22]. We attempted to
invite diverse categories of health care providers from academia,
hospital care, and primary care to accurately capture the content
required for asthma information in various clinical settings in
Indonesia. Physicians who served on the expert panel specialized
in pediatrics and had practiced pediatric ambulatory care for
patients with asthma for at least 1 year. Clinical pharmacists
had at least a master’s degree and had practiced in pediatric care
or pediatric research for at least 2 years. After providing written
informed consent, panelists were invited to participate in the
panel every week via reminders sent by WhatsApp Messenger
(Facebook) with a link to a Google Forms survey (Google). The
researchers conducted a web-based consensus among health
care providers to identify all categories of expected needs for
Indonesian children with asthma via a two-round modified
Delphi study. Participants answered questions and provided
initial judgments until agreement was obtained using an
anonymous, iterative technique to avoid the influence of
different perspectives [23]. Individual responses were neither
excluded nor shared with the other panelists. The Delphi study
was conducted from May to July 2020.

In the first round of the Delphi process, researchers sent an open
question to the experts using Google Forms: “According to your
experience, what are the components of an interactive narrative
and serious game that children can understand about asthma?”
All suggestions collected in the first round were used to generate
structural item statements. These statements were then
categorized into two parts, including elements of asthma
self-management (part 1) and the design of an interactive
narrative and serious game (part 2). Generated statements were
constructed with a four-point Likert scale (1=very irrelevant,

2=irrelevant, 3=relevant, and 4=very relevant) and sent to the
experts again for Delphi round 2.

Content Validation
After the second round of Delphi, we used the CVI to quantify
the content validity of the item statements. It relies on expert
ratings for each item based on the relevance of asthma
self-management and the design of the interactive narrative and
serious game. Item-specific CVI (I-CVI) was also calculated
for each item statement by counting the number of experts who
rated the item as 3 (relevant) or 4 (very relevant) and dividing
that number by the total number of experts [24]. The overall
instrument-CVI was defined as “the average proportion of items
rated as 3 or 4 (valid) across the experts,” as the average CVI.
It was calculated by summing the I-CVIs and dividing them by
the number of items. We used a CVI cutoff point of at least
80% (a minimum I-CVI of 0.80) as acceptable [25] and an
average CVI of ≥0.90 to have excellent content validity [26].
The experts were also prompted to comment on and justify their
responses.

Phase 2: Creating an Interactive Narrative and Serious
Game

General Design
After agreement was achieved, the elements and design
identified in the two Delphi rounds were used to create an
interactive narrative and serious game with the assistance of a
multimedia expert. A serious game was created to support
children’s growth mindset after learning about asthma
self-management through an interactive narrative. The main
considerations included designing the storylines, characters,
and learning objectives in the interactive narrative, and designing
the game mechanics, learning objectives, and challenges in the
serious game. Cartoon characters were created to reflect the
cultural preferences of Indonesian children.

J Med Internet Res 2021 | vol. 23 | iss. 9 | e28796 | p. 3https://www.jmir.org/2021/9/e28796
(page number not for citation purposes)

Sarasmita et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Target Audience
The appropriate age range for the target audience to receive this
program was children aged 6-12 years based on their cognitive
development and need for asthma education [27]. Researchers
invited 1 pediatrician and 2 clinical pharmacists to provide
feedback on the design of the interactive narrative and serious
game. The proposed sequences of using this computer-based
asthma educational intervention were that learners would engage
with the interactive narrative and then play a serious game.

Design of the Interactive Narrative

Scientific Foundation

The design of the interactive narrative applied the NEMD theory
and transformed the information we sought to convey into
storylines with learning objectives. It was visualized using
Articulate Storyline, version 2.0 (Articulate Global). This
approach allows a designer to create a nonlinear storyline for
which branches of the story differ, but each plot shares the same
trunk of characters and learning objectives of asthma
self-management. It allows the target audience to select actions
and cartoon characters. The storyline adopted the NEMD theory,
including simulation interactivity, construct interactivity, and
immediacy.

Design Foundations

Sketches of cartoon characters were illustrated by a pharmacist
using the Sketchbook Draw and Paint app, downloaded from
the Google Android Play Store (Autodesk), and the sketches
were imported into Articulate Storyline. The voices of
pharmacists delivering asthma information and music were
recorded and embedded in the software. The software generated
HTML5-compatible output, which could be accessed on a PC.

Design of the Serious Game

Scientific Foundation

The scientific foundations of the SERES framework were
applied to develop the serious game. The target audience, the
theoretical basis from the literature, and the CVI were assessed

using the iterative Delphi method. The learning objectives of
the serious game were to achieve active learning of asthma
self-management and increase confidence and the growth
mindset of children with asthma.

Design Foundations

The design foundations included learning mechanics, game
mechanics, and design requirements. Learning mechanics were
defined according to the learning objectives [28], and these were
changed into game mechanics, which incorporated the concept
of a growth mindset. The concept of a growth mindset was
incorporated into game sessions by providing challenges and
rewarding efforts. Design requirements considered the platform
and display appropriate to the children’s mindset and their level
of understanding. The user interface of the serious game was
developed using the Construct 2D game programming software,
version 2.0 (Scirra) and run on a Windows desktop platform.
Several characteristics of using Construct 2.0, in this study,
allowed researchers to publish the game on desktop computers
(PC or Mac [Apple Inc]), Android mobile platforms, and
websites via HTML5, relying on its event system and requiring
no programming language or coding experience. The technical
details of Construct 2.0 included a game design template, game
objects, event system such as execution of commands, fun
factors such as challenges and rewards, and the game genre.
Game flow explained how the game was played from the
beginning until a player either won or lost.

Results

Phase 1: Determining the Elements of Asthma
Self-management
Of the 50 experts invited with various areas of expertise,
including pediatricians and clinical pharmacists, 40 experts
agreed to participate in Delphi round 1. The demographic
characteristics of the 40 participants are given in Table 1. A
total of 40 responses after raising an open question were
collected in round 1 (Table S1 in Multimedia Appendix 1).

J Med Internet Res 2021 | vol. 23 | iss. 9 | e28796 | p. 4https://www.jmir.org/2021/9/e28796
(page number not for citation purposes)

Sarasmita et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 1. Demographic characteristics of the Delphi expert panels.

Round 2 (n=38)Round 1 (N=40)Characteristic

33.3 (3.3)33.4 (3.4)Age (years), mean (SD)

Sex, n (%)

11 (29)12 (31)Male

27 (71)28 (69)Female

Health care professional, n (%)

14 (38)15 (38)Physician

24 (63)25 (63)Pharmacist

Specialty, n (%)

Physician

1 (3)2 (5)Pediatrics

7 (18)7 (18)Family medicine

6 (16)6 (15)Other

Pharmacist

24 (63)25 (63)Master of Clinical Pharmacy

Practice field, n (%)

16 (42)16 (40)Hospital

18 (47)20 (50)University

4 (11)4 (10)Primary care

Figure 2 demonstrates the Delphi process, including the experts
involved in two Delphi rounds to obtain agreement on the
elements of asthma self-management and design of the
interactive narrative and serious game. Forty suggestions
identified in round 1 were summarized into 38 item statements

using a four-point Likert scale, including part 1, which consisted
of elements of asthma self-management (25 items), and part 2,
which consisted of the design (13 items). Two experts declined
to participate in Delphi round 2; thus, the 38-item statements
were deployed to 38 experts.
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Figure 2. The Delphi process and content validity of the interactive narrative and serious game. Ave-CVI: average content validity index; CVI: content
validity index; I-CVI: item content validity index.

Content validity was assessed after the 38 responses were
collected, and consisted of the elements of asthma
self-management and design of the interactive narrative and
serious game (Table S2 in Multimedia Appendix 1). In total,
24 statements in part 1 and 13 item statements in part 2 had
I-CVI values of ≥0.8. The experts considered one statement
(item 16): (1) “explain the types of inhalers available in
Indonesia” to be not very relevant or not relevant, as this
statement had an I-CVI value of 0.76 (<0.80). This item had a
low I-CVI value because the experts explained that there were
many types of inhalers in Indonesia, which might contribute to
confusing the children. According to the panel’s suggestion,
this item was removed, and 24 acceptable items on the elements
of asthma self-management and 13 acceptable items on the
design of the interactive narrative and serious game were
retained. The agreement achieved among the experts resulted
in average CVI values of 0.92 (for the 24 items of asthma
self-management) and 0.99 (for the 13 items of the design), and
achieved a universal average CVI of 0.5 (Table S3 in
Multimedia Appendix 1). As item 16 was removed, we used a
metered-dose inhaler with a spacer in the narrative and game

sessions to introduce general information on inhaler use for
children.

Phase 2: Create the Design of the Interactive Narrative
and Serious Game

Design of the Interactive Narrative
Figure 3 illustrates the plots and learning outcomes of the four
storylines. The target audience has to deal with asthma triggers
and write an asthma action plan during their cartoon adventure,
as structured in the storylines (Figure S3 in Multimedia
Appendix 2). Asthma information, purposes, characters, and
instructions are provided before the learners engage with the
narrative. This combination of strategies contains elements of
asthma self-management and supplements each other (Table
S1 in Multimedia Appendix 3). Plots were created to represent
asthma triggers, including a dirt road (dust and mold), a garden
(pollen), a kitchen (food allergies), and a park (cold weather).
Plot 1 was created to provide information on asthma triggers
encountered in daily activities, asthma signs and symptoms,
and emergency conditions and to help children become
acquainted with their previous asthma experiences. Plot 2 was
concerned with the importance of asthma medications,
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medication adherence, and a written asthma action plan. Plot 3
was designed to deliver information on proper inhaler techniques
and the importance of daily symptom observation. Plot 4
emphasized practicing proper inhaler use and strategies to obtain
support from their immediate environment. Each plot contained
a different ending to the story and achieved the represented goal

by completing the plots without an asthma attack. The learners
were asked to repeat the narrative if they failed to achieve the
goal. Positive feedback from 3 experts was collected to
supplement the design of the narrative (Table S2 in Multimedia
Appendix 3).

Figure 3. The storyline and the learning objectives of the interactive narrative.

The visualization and expression of the characters were adjusted
for each plot. On the basis of the NEMD theory, construct
interactivity describes the availability of activities in the virtual

world, as visualized as a short trip to the grandmother’s house.
It represents the unique culture of Indonesian children visiting
their grandparents in a village during a religious holiday. The
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cartoon characters were designed as children and families with
positive attitudes, and the cartoon family was visualized as
gentle and caring to cover simulated interactivity. Learners are
able to choose one cartoon character with asthma and engage
with that character. Immediacy facilitates learners’ choice and
observation of all actions. In each plot, every choice matters,
and learners can decide their own options and compromise with
all of the resulting choices (Figure S3 in Multimedia Appendix
2). Music and daily conversations among cartoon characters
were added to provide fun and active learning.

Design of the Serious Game

Scientific Foundations

Figure 4 demonstrates a visualization of the serious game with
learning objectives, elements of asthma self-management, and

the component of a growth mindset. The learning objectives
were designed for each session of a serious game. Each session
represents the preferences of children as the target audience,
such as a cartoon protagonist, a colorful background, and
musical tones. Session 1 covers recognizing asthma signs,
symptoms, and emergency conditions. Session 2 encourages
players to combat asthma trigger monsters. Session 3 was
designed to recall knowledge by choosing the correct answer
from multiple-choice questions. Session 4 introduces proper
inhaler techniques, including how to correctly use, clean, and
store the inhaler. Session 5 focuses on practicing steps of
correctly using a metered-dose inhaler using a scenario.

Figure 4. Game sessions, growth mindset, and the learning objectives.
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Design Foundations

Learning mechanics were integrated with the concept of a
growth mindset. Before beginning the game, players are able
to choose a character to represent themselves in game sessions.
Learning mechanics include avoiding skipping content,
embedding information through images, and providing feedback.
A cartoon pharmacist provides brief information about asthma
with an inserted link of images before entering each session to
avoid skipping content. The development of a growth mindset
is facilitated by ticking asthma difficulties on a checklist and
achieving goals in daily life before entering the game sessions.
Session 1 was designed to cope with asthma and increase
self-recognition. Session 2 aimed to increase self-confidence
and reduce fear of exposure to asthma triggers. Sessions 3 and
4 were constructed to improve the understanding of the disease
and medications and to achieve goals. Session 5 provides a
scenario to help a child use an inhaler with a spacer. After
playing sessions 1 and 2, players were asked to write feedback
and explain their experiences when experiencing an asthma
attack.

The design requirements were transformed into components of
the growth mindset, as shown in Figure 4. The visualization
and screenshots were designed as a 2D game that facilitated the
ability to complete the challenges (Figures S4-S6 in Multimedia
Appendix 2). This game presents lock badges to reinforce the
difficulties and reward efforts required to finish one session
before playing the next session. Visual callouts appear to
increase excitement in each featured session. The serious game
also presents points and stars collected by the players on a score
screen after a session is completed. This serious game can be
applied directly (offline) on a computer. It is also available on
the web as an app that can be downloaded for free and played
on any Android PC, smartphone, or tablet (Figure S2 in
Multimedia Appendix 2) [29].

The game design template is described in Table 2, and the game
flow is illustrated in Figure 5. To facilitate problem solving for
learners with a fixed mindset, game mechanics were explicitly
applied in session 5. In session 5, players apply an inhaler with
a spacer, which presents the learning mechanics of selecting an
inhaler with a spacer, properly applying the inhaler,
understanding its use, and repeating the sequences.
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Table 2. Game design template.

DescriptionComponent

Main purpose • Improve asthma self-management and encourage children to act as a manager of their disease

Genre • Casual game with puzzles, questions, and battle

Visual • Cartoon 2D game

Game mechanics

Session 1 • Matching words (making a line)

Session 2 • Battle (shooting asthma trigger monsters)

Session 3 • Questions and answers (select an option)

Session 4 • Puzzle of inhaler (dragging, picking up puzzle pieces, and placing them on the puzzle board)

Session 5 • A scenario (dragging an inhaler with a spacer)

Game behavior

Session 1 • Drag and drop, anchor

Session 2 • Fade, bullet, destroy outside, eight directions

Session 3 • Drag and drop

Session 4 • Drag and drop

Session 5 • Drag and drop, pin

Project scope

Number of characters • The player’s character and a cartoon pharmacist

Number of sessions • Five sessions

Type of enemies • Asthma trigger monsters (game session 2)

Type of weapons • Inhaler (game session 2)

Number of puzzles • Three puzzles (game session 4)

Rewards • Point and stars every time a player finishes a session

Growth mindset • Checklist of asthma difficulties
• Checklist of goals in daily life
• Writing about asthma experiences and feelings
• A box with motivational text in each session

Winning condition • Finish each session and unlock the next session

Mastering the program • HTML5, Google Play Store

Image and audio files • Image format: 32-bit PNGa file
• Audio files: 16-bit PCMb wav files

aPNG: Portable Network Graphics.
bPCM: pulse code modulation.
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Figure 5. Game flow.

Discussion

Principal Findings
This study describes the development and design of an
Indonesian culture-specific, computer-based asthma education
module for children, which comprises an interactive narrative
and a serious game. The Delphi consensus was used to gather
reliable and relevant perspectives and opinions systematically.
Two rounds of a Delphi study and content validity led to low
panel attrition and were considered appropriate to achieve
agreement [30]. From Delphi rounds 1 and 2, experts
emphasized the elements of asthma self-management and the
design that should be included in building storylines and game
challenges. The panel achieved agreement on 24 items of asthma
self-management and 13 items on the design of preferences.
The average CVI was acceptable for creating the interactive
narrative and serious game. The scientific foundations and expert
participatory action employed in this program were designed
to overcome the limitations of existing asthma educational tools
for children.

According to the 2020 Global Initiative for Asthma guidelines
[31], asthma education needs to be delivered at every visit,
which confirms that any educational asthma module for children
should emphasize the importance of self-management ability.

The development of the ability to manage asthma in daily life
is highly recommended to enable children to successfully
manage their disease. The guideline recommendations for
asthma self-management are as follows: (1) identify asthma
triggers that may predispose one to an asthma attack, (2)
regularly determine an asthma action plan, (3) recognize asthma
symptoms, (4) avoid asthma triggers to prevent asthma attacks,
and (5) use proper inhaler techniques [27]. Children grow from
being dependent to independent adolescents who must manage
their asthma on their own; thus, knowledge, growth mindset,
and skills of practicing correct inhaler techniques are crucial to
asthma educational programs. The same five recommendations
listed above were also highlighted during the initial phase of
the Delphi technique and were used to develop the story lines
and challenges.

The NEMD theory and SERES framework were applied during
the second development phase to design the foundations of the
module and visualize the interactive narrative and serious game.
The interactive narrative presents lessons that are suitable for
school-aged children, and the computer-based asthma program
relies on the narrative to provide meaning to virtual engagement.
Unlike a conventional paper-based story, this study supports
active learning in the context of manipulating a plot based on
a learner’s decisions. It meets a learner’s needs and expresses
thoughts based on their personal asthma experiences. Four plots
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coherently contained elements of asthma self-management and
promoted positive attitudes. Although there was no punishment
or reward after learning, achieving these goals is important in
daily life.

The SERES framework was applied in several game
development studies, which showed that it was effective in
reducing learning barriers, such as perioperative anxiety and
pain among children [32]. A gamified e-learning module also
used the SERES framework to teach the adequate use of
personal protective equipment during the COVID-19 pandemic
[33]. This study proposes design foundations that encourage
children to customize a cartoon character with positive attitudes,
as visualized in the 2D journey to finish five sessions with a
locked badge. It represents self-representation and is important
for increasing their feelings and sense of relating to and
engaging with the system. Each visualization in the plots was
adjusted to the preferences of children and provided options to
deal with each consequence. Take-home messages are offered
to encourage children to adhere to asthma therapy and create a
written asthma action plan. Our findings also highlighted the
importance of achieving goals and providing feedback at the
end of each game session and after each narrative.

The unique learning goals and design provided by the interactive
narrative and serious game supplement each other, offering
exciting opportunities to educate children in solving their daily
problems. Several previous games [34,35] taught
self-management skills through the recognition of asthma
triggers and symptoms and the appropriate use of medications.
In this study, the MIRACLE program explicitly covered
comprehensive lessons on asthma education, including the
pathophysiology, recognition of asthma triggers and symptoms,
inhalation techniques, adherence to medications, and
compliance. Children usually lack a long attention span and
may have a low capacity to perceive terminology, limited
coping, and limited social support [36]. A comic-based asthma
educational program confirmed that children are highly
interested in fun, comprehensive learning games, and comics
accompanied by their parents [37]. Narratives in comic
visualization also convey illness experiences and reduce feelings
of fear [38]. A comprehensive learning tool with an enjoyable
design increases user satisfaction, improves perception and
acceptance, leads to acquisition of knowledge and skills, and
promotes behavioral changes to improve health-related outcomes
[39].

This study embedded the theory of cultivating a growth mindset
in a computer-based interactive narrative and serious game.
Compared with previous games that only included a simple
adventure genre [40,41], this serious game encompasses a
variety of fun gaming genres, such as adventure, quizzes,
puzzles, and a scenario to promote a growth mindset. Asthmatic
children face lifelong challenges, and a growth mindset can help
them overcome difficulties of the disease and accomplish tasks
[42]. Point rewards and badges as part of gamification are
essential for attracting children’s attention [43]. A previous
study that applied a computer-based neonatal resuscitation
training game for nursing students consisted of scenarios with
an increasingly difficult neonatal resuscitation activity in each
round [44]; it was designed to promote a growth mindset in

terms of attitudes and performance. Provision of feedback and
challenges in developing a growth mindset are meaningful and
relevant to users. The combination of a growth mindset and
active learning can enhance children’s self-management skills
and the courage to live with asthma.

Generalizability of the MIRACLE program should be a concern
because of cultural and language-specific elements and design.
Its applicability should be tested in other settings and cultural
contexts before direct translation. As language barriers [45] and
a fixed mindset seem to contribute to poorer health outcomes
and knowledge in children, this study highlighted the importance
of developing games using the target users’ own language and
promoting a growth mindset by presenting challenges and
rewarding efforts. A culturally adapted translation and validation
of the elements are needed to address this issue. The concepts
and methodology, techniques for obtaining the elements,
storylines, and game mechanics can potentially be applied to
other clinical research in developing digital-based health
education for children in primary school with chronic diseases.

Limitations
This study did not involve participation by children, and thus,
actual children’s feedback on their preferences is lacking.
External validity remained unclear because no reliability testing
was performed. Despite the fact that the participation rate of
medical doctors in the expert panel was 50%, a limited number
of pediatricians agreed to participate. However, this study
consistently leveraged a wide range of perspectives on asthma
self-management. The involvement of primary care doctors and
pharmacists is important because of their crucial role in
providing information on proper inhaler techniques to patients
in clinical and community settings [46]. This computer-based
narrative game was developed using an Indonesian cultural
context, which in turn influenced the decisions of target
audiences in learning asthma self-management and adherence
to treatments. Cultural and religious beliefs, health literacy, and
life experiences have become limitations in directly translating
the MIRACLE program in other countries with different cultural
preferences. The Delphi method and content validity may be
warranted to adjust the cultural preferences of target audiences
to add or delete a few elements of asthma education. Practicing
inhaler techniques in this program solely through virtual learning
may be inadequate. Supplementing periodic real-time
demonstrations and practice by educators may be required to
overcome this limitation.

Further Research
Reliability testing and randomized controlled trials are urgently
needed to evaluate the effectiveness of this program and measure
the magnitude and retention of changes in health-related
outcomes among Indonesian children. The evaluation of
satisfaction with the game should be provided after completing
all game sessions. Feedback from parents and children could
also be acquired after the program was delivered. We propose
to evaluate asthma control and quality of life in children using
a translated and validated version of the Asthma Control
Questionnaire and Pediatric Asthma Quality of Life
Questionnaires in Bahasa Indonesia with permission from the
original author [47]. Correct inhaler use should be measured
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using a checklist adapted from the Indonesian Standard of
Community Pharmacy Practice [48]. Data before and after the
intervention should be measured and evaluated to provide a
preliminary overview of the effectiveness of this program among
children with asthma. The feedback generated can be used to
improve this computer-based program to better suit the needs
of children with asthma and their parents.

Contributions of the Study
This study provides an innovative method for delivering
effective asthma education in clinical practice. This may help
reduce communication barriers when delivering asthma
self-management and promoting medication adherence. Given
the cost and resources, this program was proposed to enhance
asthma self-management skills through an interactive and growth

mindset–enhanced learning environment. Developing a growth
mindset may contribute to increased self-confidence and
problem solving to face asthma difficulties in daily life among
children, thus leading them to be successful managers of their
disease in the future.

Conclusions
A computer-based asthma self-management program composed
of an interactive narrative and a serious game was developed
in the Indonesian language to overcome the adversities of asthma
education in children. The participatory approach, scientific
framework, and culture-specific elements led to the successful
development of an interactive narrative and serious game at the
level of understanding and mindset of children.
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