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Abstract

Background: Amblyopia is the leading cause of visual impairment in children worldwide. The predominant clinical treatment,
occlusion therapy, is marred by poor adherence, often attributed to the physical discomfort and socia stigma associated with eye
patching. Adjunct digital visua trainings have not consistently sustained patient engagement due to their repetitive nature,
thereby compromising their efficacy.

Objective: This study aimed to evaluate the effectiveness of a gamified mobile application designed to increase treatment
adherence among children with amblyopia by making the therapeutic process more engaging and accessible within home
settings.

Methods: An exploratory study was conducted, commencing with qualitative interviews and questionnaires to explore the
barriers to traditional treatment adherence. This formative research informed the development of a gamified mobile application,
which was shaped by cognitive appraisa theory to address identified emotional and psychological needs, potentially impacting
adherence. The subsequent quantitative phase utilized a randomized controlled trial involving 34 amblyopic children aged 7-10,
recruited from alocal primary school. These participants were randomly assigned to either the intervention group, which used a
novel gamified mobile application developed by our team, or the control group, which utilized another commercially available
mobile application. Both groups engaged with their respective applications in a home environment. The Morisky Medication
Adherence Scale (MMAS-8) was adapted to measure treatment adherence.

Results: Over the four-week trial, 34 children aged 7-10 with amblyopia were enrolled and randomized into two groups:
intervention (n=18) and control (n=16). Children in both the intervention and control groups engaged daily for 20 minutes at
home, using mobile applications designed for visual rehabilitation. The intervention group (n=18) achieved a significantly higher
mean adherence rate (Mean = 6.56, SD = 1.06) on the Morisky Medication Adherence Scale (MMAS-8) compared to the control
group (n=16, Mean = 5.01, SD = 1.22), with a P-value of 0.001. Thematic analysis of the design process revealed that integrating
cognitive appraisal theory effectively enhanced emotional engagement and adherence.

Conclusions: The integration of cognitive appraisal theory into the design of a gamified mobile application for amblyopia
treatment has shown to significantly improve adherence among children. Clinical Trial: Clinical Trials.gov NCT06372548
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Effectiveness of a Gamified Mobile Application in Enhancing Treatment
Adherence for Children with Amblyopia: A Explorative Study

Abstract

Background: Amblyopia is the leading cause of visual impairment in children worldwide.
The predominant clinical treatment, occlusion therapy, is marred by poor adherence, often
attributed to the physical discomfort and social stigma associated with eye patching.
Adjunct digital visual trainings have not consistently sustained patient engagement due to
their repetitive nature, thereby compromising their efficacy.

Objective: This study aimed to evaluate the effectiveness of a gamified mobile
application designed to increase treatment adherence among children with amblyopia by
making the therapeutic process more engaging and accessible within home settings.
Methods: An exploratory study was conducted, commencing with qualitative interviews
and questionnaires to explore the barriers to traditional treatment adherence. This
formative research informed the development of a gamified mobile application, which was
shaped by cognitive appraisal theory to address identified emotional and psychological
needs, potentially impacting adherence. The subsequent quantitative phase utilized a
randomized controlled trial involving 34 amblyopic children aged 7-10, recruited from a
local primary school. These participants were randomly assigned to either the intervention
group, which used a novel gamified mobile application developed by our team, or the
control group, which utilized another commercially available mobile application. Both
groups engaged with their respective applications in a home environment. The Morisky
Medication Adherence Scale (MMAS-8) was adapted to measure treatment adherence.
Results: Over the four-week trial, 34 children aged 7-10 with amblyopia were enrolled
and randomized into two groups: intervention (n=18) and control (n=16). Children in both
the intervention and control groups engaged daily for 20 minutes at home, using mobile
applications designed for visual rehabilitation. The intervention group (n=18) achieved a
significantly higher mean adherence rate (Mean = 6.56, SD = 1.06) on the Morisky
Medication Adherence Scale (MMAS-8) compared to the control group (n=16, Mean = 5.01,
SD = 1.22), with a P-value of 0.001. Thematic analysis of the design process revealed that
integrating cognitive appraisal theory effectively enhanced emotional engagement and
adherence.

Conclusions: The integration of cognitive appraisal theory into the design of a gamified
mobile application for amblyopia treatment has shown to significantly improve adherence
among children.

Trial Registration: ClinicalTrials.gov NCT06372548

Keywords: Amblyopia; Pediatric Eye Care; Gamified Therapy; Mobile Health Applications;
Treatment Adherence; Visual Rehabilitation; Randomized Controlled Trial; Child Healthcare
Innovation; Serious Game; Emotional Cognition

Introduction

Amblyopia, the most prevalent cause of visual impairment in children, affects a significant
number of young individuals worldwide.[1-4]. It is commonly associated with the reduction
of visual acuity, ability of recognizing to position and speed and accuracy of processing
visual information[5-8]. Considering the severe impacts of amblyopia on the wellbeings of
children and adolescents, prioritizing early intervention and therapy becomes
necessary[9-11]. At present, the main intervention for amblyopia involves occluding the
healthy eye[l, 5, 12], thereby encouraging patients to use the amblyopic eye [13].
However, children exhibit a compliance rate of less than 50% with occlusion therapy[14,
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15], attributed to psychological stress stemming from patching, discomfort and difficulty in
delivering the therapy, and insufficient parental knowledge[16-18]. As a consequence,
regular treatment becomes challenging to obtain[19, 20]. Against the backdrop, digital
therapy, combined with visual tasks, has emerged as a promising method[1, 21, 22].
These visual tasks, often in the form of digital videos or games, encompass a
range of activities aimed at improving visual function, including vernier acuity,
contrast detection, letter recognition, and spatial frequency discrimination [23-27]. They
engage children in demanding activities that specifically target training the amblyopic
eye, which contributes to the treatment of amblypia[28-30]. The combination of digital
technology and visual tasks offers a dynamic and engaging approach to
amblyopia treatmentl[1, 9, 21, 22, 31, 32]. Therefore, the innovative form of therapy can
serve as valuable supplements to conventional treatment methods.

However, these therapies do not achieve the expected positive impacts due to
inappropriate content and format selection of digital solutions [1, 7, 25, 26, 32-39].
Specifically, the effectiveness of digital therapy could be hindered by by its
monotony and repetitiveness[1], meanwhile insufficient sustained engagement may
compromise the effectiveness of digital therapy for amblyopia. Several studies have
employed a standard set of mini-games, including Tetris, Gold Miner, and Ping
Pong, as visual teaching tools[27]. Yet, these games may not be suitable for
frequent, long-term training, particularly for groups of children with limited self-
control. Even with DigRush, considered the most "engaging" game in clinical
research, only 56% of participants completed more than 75% of the required
gameplay[34]. In addition, Many rehabilitation products for treating amblyopia
require patients, particularly children, to attend frequent sessions at specific
locations and use designated devices for extended periods. However, in
practice, individuals may reduce the frequency and duration of these sessions to
accommodate children's comfort levels. This adjustment, while well-intentioned,
can hinder the establishment of effective long-term healing routines. [21, 33].
Besides, some devices that are designed for adults, like VR equipment, may not
be suitable for children, potentially resulting in adverse effects[24].

Additionally, while advanced treatments like VR devices and binocular therapy
prioritize children's emotions, the emotional well-being of amblyopic children
remains understudied. This oversight has led to the paradoxical situation where new
treatment modalities may succeed, but neglect the comprehensive needs of the pediatric
population. Research into the development of visual training games for children with
amblyopia, considering the psychology and emotions of the children, has yet to be
explored. This gap has led to ineffective gamified interventions for compliance
improvement.

This study introduces a self-developed gamified treatment approach, leveraging
mobile devices to facilitate ongoing vision rehabilitation for children with
amblyopia in a home setting. This method emphasizes sustainable treatment
adherence, meeting the user-friendly therapeutic solutions in health computing.
Drawing on the occlusion therapy solution and cognitive appraisal theory, we conducted
investigations and randomized controlled trials to ensure usability, acceptability, and
compliance of the solution. Our research contributes to the existing knowledge on gamified
therapy for young patients with amblyopia, proposing a novel intervention strategy for
designers, medical professionals, and affected children. The incorporation of this gamified
product into standard vision rehabilitation practices suggests a therapy modality with
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improved compliance rates, offering a more engaging and enjoyable therapeutic
experience. This approach has the potential to enhance the quality of life and social
interactions of children with amblyopia, providing a comprehensive solution to the
challenges of treating this condition.

Methods

Research design

In this study, we conducted a 3-stage research approach aimed at developing and
evaluating a gamified solution to assist children with amblyopia in establishing
rehabilitation routines[]

Stage 1 focused on gathering qualitative and quantitative data through in-depth
interviews with key stakeholders, as well as administering questionnaires to
amblyopic children. The objective was to understand treatment protocols,
challenges, specific needs, and their impact on treatment adherence. Insights
from this stage informed the development of the gamified solution.

Stage 2 involved developing targeted design programs using cognitive appraisal
theory as a framework. Semi-structured interviews were conducted with
ophthalmologists and game designers to explore the integration of cognitive
appraisal theory into game design for amblyopia therapy. Data analysis involved
deductive thematic analysis, identifying themes related to game design and
treatment adherence.

In Stage 3, we implemented the gamified solution developed in Stage 2 and
conducted a randomized controlled trial to evaluate its effectiveness in
enhancing treatment compliance. The trial involved recruitment of amblyopic
children, random allocation to intervention and control groups, and
administration of the gamified intervention over a four-week period. Interviews
and questionnaires were used to assess adherence, psychological state, and
user experience.

Methods at Stage1l
Overview

In-depth interviews were conducted with key stakeholders, including physicians, patients,
and their families. The interviews encompass a number of topics, including the treatment
protocols, challenges encountered, specific needs, and their impact on adherence to
treatment. Besides, questionnaires were administered to examine the general
characteristics, tendencies, behavior patterns, and issues related to treatment compliance
among amblyopic children. These questionnaires were designed to systematically collect
quantitative data from a broader sample. Insights gleaned from face-to-face interviews
guided the development of the questionnaire, ensuring comprehensive coverage of relevant
topics and concerns. Furthermore, qualitative data from interviews were validated through
the identification of trends and patterns in survey responses.

Data collection

Individual Interview: A total of eight in-depth interviews were conducted with physicians
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from the EYE&ENT HOSPITAL OF FUDAN. This is to explore current approaches to treating
amblyopic children, adherence to medical guidelines during training, and the practical
applications of visual training games in the healing process. Furthermore, a total of 22
family members from 8 families were interviewed to enhance the implementation of our
serious game in home settings. These interviews focused on assessing the amblyopic
children's behavioral performance during their visual rehabilitation training, identifying
potential enablers and obstacles related to training games for amblyopia rehabilitation
therapy. The interviews also revolved around reasons for children to engage with the game,
strategies for parental involvement at home, and effective utilization by guardians. One
investigator moderated the interviews while another recorded the interviews.

Survey Questionnaire: A total of 80 paper questionnaires were distributed to children at

Shenzhen Children's Hospital, with 56 valid responses received. The questionnaire
focused on factors that influence children's readiness or reluctance to engage in training,
reasons for poor compliance with wearing the eye patch mask, and preferences regarding
typical hobbies and pastimes.

Data analysis

The qualitative information gathered from in-depth interviews and questionnaire was
analyzed using inductive thematic analysis[40]. This_involved three steps: first, we
transcribed all interview and questionnaire data into text and examined. Second, we
classified the data. Preliminary codes were assigned to segments representing the needs,
experiences, obstacles, and factors affecting treatment adherence of parents and children
with amblyopia. Last, after classifying and integrating the preliminary codes, the themes
that have been found are examined in more detail and improved. Member checking is used
to triangulate the final list of themes.

Methods at Stage2
Overview

Based on the findings from the Stage 1, we developed a series of targeted design programs
using cognitive appraisal theory as a framework. The primary design objective is to
enhance treatment compliance while ensuring the therapeutic effectiveness for children
with amblyopia.To achieve this, we conducted semi-structured interviews with both
ophthalmologists and game designers. These interviews aimed to delve into the integration
of cognitive appraisal theory into the design of games tailored for amblyopia therapy.
Deductive thematic analysis was utilized for data analysis, which allowed us to identify and
extract themes relevant to game design and treatment adherence from the gathered
information.

Data collection

Expert Interview: Six experts, comprising three ophthalmologists and three game
designers, were engaged in semi-structured interviews. Prior to the interviews, the
experts were given ten minutes to review data and information from the initial
stage of our research, focusing on the desires and preferences of children and
parents throughout the amblyopia treatment process. The aim was to solicit their
insights on employing cognitive appraisal theory to guide game designers in creating
amblyopia therapy applications. Leveraging their expertise and practical experience, the
experts provided valuable input on key considerations in game development, particularly in
engaging and sustaining children's interest in therapy. Furthermore, the interviews explored
how the dimensions of cognitive appraisal theory—relevance, valence, likelihood, agency,
and coping potential—could be leveraged to enhance treatment adherence. They discussed
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how these theoretical aspects could be effectively applied in game design to improve
overall treatment compliance.

Data analysis

Deductive Thematic Analysis was employed [40], which identified three themes: "design of
rehabilitation training games," "optimization of masking therapy,” and "design of
rehabilitation training games." As shown in Table 2, these themes, along with the five
dimensions of cognitive assessment theory, were integrated into a matrix. Subsequently,
this matrix was systematically applied to the transcripts of expert interviews, allowing for
the pinpointing and annotation of data segments associated with these theoretical aspects.
By closely examining and contrasting the coded data, key themes related to game design
and improving treatment adherence for children were identified. Lastly, explanations and
descriptions of these themes were provided, demonstrating how cognitive appraisal
theories can be used to create games that treat amblyopia, and how these theories' guiding
principles and strategies can address treatment-related issues faced by children with
amblyopia. The final list of themes was triangulated through member checking.

Methods at Stage 3

Overview

Building upon the findings from the previous stage, we created a 2D graphic game for iPad
using Unity. Emphasizing the game's influence on emotions, we focused on enhancing
children's interest and engagement (relevance), boosting their confidence and sense of
accomplishment (valence), creating opportunities for success (likelihood), reinforcing their
sense of control and belonging (agency), and improving coping skills and resilience through
gameplay challenges (coping potential). This approach contributed to a therapeutic play
environment that is more likely to positively impact children's emotions and behaviors.

We then implemented the game and conducted a randomized controlled trial to
evaluate its effectiveness in enhancing treatment compliance.To measure the
game's effectiveness in enhancing adherence using cognitive appraisal theory,
interviews were conducted with parents and children from both intervention and control
groups to evaluate the theory's five mood-related dimensions. Additionally, a user research
questionnaire was administered to compare our product's user experience with that of
competitors, assessing factors such as ease of use and acceptability.

Research design

This parallel two-arm randomized controlled trial was conducted in accordance with
CONORT-EHEALTH (Consolidated Standards for Electronic and Mobile Health Applications

and Online Telemedicine Reporting Trials)[41] [J It underwent clinical trial enrollment
(NCT06372548)

Recruitment and participants

We recruited amblyopic children from a local Experimental Primary School,
adhering to specific inclusion criteria, which were as follows:

(1) Inclusion Criteria
Diagnosis of amblyopia (including refractive amblyopia, strabismic amblyopia and mixed).
The child has no significant 1Q deficits and has no difficulty communicating with others.
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(2) Exclusion criteria
Severe amblyopia.
Suffering from other psychological or physical disorders.

Parents did not agree to sign the informed consent form or the child was not willing to
participate in this experiment.

Blinding, allocation concealment, and randomization

After completing the baseline assessment, participants were randomly allocated into two
groups: the intervention group, which utilized the amblyopia training app we designed and
developed, and the control group, which utilized the DuoBao Vision Training System, a
visual function training therapy software developed by Vision Medical Software. Both
interventions employed a gamified training format. Participants remained unaware of
both the research group and study hypotheses, as well as any re-randomization
or the conduct of two related trials, to prevent bias in exercise adherence

behavior.Group allocation was unknown to the statistician. Following allocation,
participants in both groups received an email containing links to download the respective
apps. Throughout the investigation, participants had the option to contact researchers via
phone or email for any issues related to the app or the study. During the investigation,
participants could contact the researchers by phone or email for any issues related to the
app or the study.

Experiment on Intervention

For a total of four weeks, the experimental group conducted the intervention trial for twenty
minutes each day. The trial included activities such as narrative background on the opening
page, wearing eye patches as instructed, visual stimulation, and fine eye training, with brief
intervals between different modes. Prior to the initial trial, participants were briefed on the
study's aims, tasks, and time frame, and received instructions on applying the experimental
intervention. The training was carried out by children and their parents, with 20 minutes of
training completed each day and a follow-up assessment after 30 days. With the assistance
of their parents, the participants completed the MMAS-8 adherence scale at the conclusion
of the session.

Subject interviews: Following the experiment, participants were interviewed via Zoom for
20-40 minutes to understand their psychological state following the experiment, , focusing
on aspects such as relevance, consistency, likelihood, agency, and coping potential. Two
researchers transcribed the interview after the full conversation was captured on tape. With
the same duration and design as the experimental group, the control group employed a
rival product for the experimental intervention. After the interviews, each child received 20
RMB.

Interviews with stakeholders: Interviews were held with one or two of the participants'
parents.The primary emphasis was on the parents' opinions and sentiments toward the
Amblyopia Rehabilitation Training Game, which served as the experiment's intervention
object.

Questionnaire distribution: The participants in both the experimental and control
groups were asked to finish the questionnaire with their parents due to the time

required for completion. The evaluation of product design usability concentrated on the
experiences of parents and subjects with the experimental intervention.
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Instruments and measures
8-ltem Morisky Medication Adherence Scale (MMAS-8):

The 8-ltem Morisky Medication Adherence Scale (MMAS-8) was used to assess patients'
adherence through eight questions, including seven yes-or-no questions and one Likert
scale question[42]. It classifies adherence levels as high, moderate, and low based, adapted
here to support amblyopia recovery in children.

User Experience Questionnaire (UEQ):

UEQ was administered post-experiment to swiftly and accurately measure user
experience [43]. Covering 26 items across six domains, UEQ evaluated the impact of the
amblyopia rehabilitation training product on both children and their parents. Due to its
language complexity, the questionnaire was completed with parental assistance.

Statistical analysis

We utilized t-tests in SPSS 26.0 software to compare baseline characteristics between
individuals who provided and those who did not provide the primary outcome. Before and
after the experiment, between-group and within-group data were analyzed using either the
t-test or Mann-Whitney U test. A significance level (alpha) of 0.05 was set for all statistical
analyses, with differences considered statistically significant when the p-value was less
than 0.05.

Ethical consideration

This study was approved by the institutional ethical committee (H202303651).The
children, their teachers or parents were asked to give their informed consent to
participate in the experiment. The informed consent forms were signed by the
parents.

Results
Result 1

As shown in Table 1, two themes derived from the in-depth interviews
conducted with stakeholders, focusing on their wishes and preferences
regarding the design of rehabilitation training games for amblyopic children.
Under the theme of "Wishes," stakeholders expressed the importance of games
consistently capturing children's attention through continuous story narratives,
the need for games to enhance the appeal of eye patches, and the necessity for
games to incorporate a reward mechanism. Under the theme of "Preferences,"
stakeholders identified children's interests, such as collecting objects with bright
colors, engaging in arts and crafts activities, and enjoying cartoons with rich
storylines.

Table 1.Results of stakeholder interviews
Themes Sub Themes codes

Wishes
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Children need continuous story

narratives
Games need to consistently Children need varied forms for game
capture children's attention play

Children need simple, easy-to-
understand training methods
Eye patches can lead to physical
discomfort for children
Games need to enhance the Eye patches can lead to social

appeal of eye patches stigmatization
Children's visual abilities can be limited
by eye patches
Children need timely positive feedback
Children need diverse positive
feedback
Children need consistent positive
feedback

Game needs to have a reward
mechanism

Preferences

Children like to collect objects with
bright, rich colors

Children enjoy arts and crafts activities
such as painting, puzzles, and building
blocks.

Children enjoy watching cartoons with
rich storylines

Children enjoy role-playing games
Children enjoy images of animals such
as cats, birds, lions, etc.

Children's interest preferences

Three sub-themes were identified related to the theme of “wishes”. First, both children and
parents brought up the topic that games need to consistently capture children's

attention. They showed concerns on the storyline, play forms, and training methods of the
games. In particular, compared to color or size selection games, most children thought that
games with storylines were more interesting, and they were thus more likely to continue
exploring. Children also expressed dissatisfaction with single-player games (Tetris, Find the
Difference) and a desire for the addition of more interactive features like role-playing.
Parents also noted that basic and easy-to-understand training methods should be employed
because children tend to become confused by instructions that are too complex. Second,
most parents felt that eye patches needed to be made more appealing. The majority of
children reported discomfort with wearing eye patches, a sentiment echoed by their
parents, who cited this discomfort as a key reason for their children's reluctance to wear
them consistently. Several parents also noted that their children experienced
social embarrassment and humiliation among their peers due to wearing eye
patches. Additionally, some children mentioned that wearing eye patches interfered with
their daily activities and perception of objects, further contributing to their resistance to eye
patching. Third, parents expressed a desire to incentivize their children for completing
training tasks. They observed that offering immediate rewards for task completion led to
more positive behavior and increased excitement among their children. For instance, one
parent noted that, "promising a specific reward, such as a favorite meal, upon task
completion was more motivating than vague promises about future rewards". However,
parents also noted that offering the same specific rewards too often could lead to boredom.
Additionally, some children expressed enthusiasm for the concept of achieving a

"high score" in a game as a form of reward.
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Under the "preferences" theme, children spontaneously revealed their color
preferences during interviews, often favoring eye-catching and vibrant colors
like pink, orange, and blue. They expressed enjoyment in collecting colorful
items such as cartoon stickers, stationery, and notebooks. Besides, we discovered
that children engaged in hands-on manual activities like puzzles, constructing blocks, and
sketching, which parents believed fostered their creative, critical thinking, and motor skills.
Furthermore, nearly all children expressed a fondness for comics and cartoons with intricate
plots, often imagining themselves as characters within the stories.

On the basis of the findings at this stage, three recommendations were
identified to guide game design for children with amblyopia. Firstly, to sustain
long-term therapeutic motivation, providing quick and varied positive feedback
is essential. Secondly, game design should accommodate children's diverse
demands and preferences. Lastly, integrating rich worldviews and narratives
from mediums like comics and animation, along with incorporating tiny animals
such as lions, birds, and cats, can enhance immersion and foster empathy and
creativity in children.

Result 2

The study identified five evaluation latitudes and three design themes: occlusion therapy
optimization ideas, rehabilitation training game design ideas, and rehabilitation training
game design solutions (Table 2).

Table 2.Results of expert interviews

Assessment Dimensions
with Definitions

Occlusion Therapy
Optimization Ideas

Rehabilitation
Training
Design ldeas

Game

Rehabilitation
Training Game
Design Solutions

Relevanc
e
The degree to|1l. Combine the eye | 1l. Set play goals | Play as a doctor-in-
which a | stickers with the | that match | training; treat sick
situation is | background of the | children's interests | critters; make
important  to | game 2. Incorporate | friends with critters
the individual's | 2. Give special | educational through treatment
current goals meaning to the eye | elements and
stickers in the game. understandable
3 [0 Designing visual | therapeutic goals
elements that meet
children's preferences
Valence
The degree to | 1. See eye patches as | 1. use elements | Requires daily
which the | the key to the game that meet | completion of
situation is | 2. Use stories to show | children's therapeutic  tasks
positive or | the positive impact of | psychological for animal patients
negative or | wearing eye patches. expectations (i.e., visual training
consistent with | 3. Progress in the | 2. provide positive | tasks); combines
the goal game is directly | feedback and | forms of visual
related to the use of | guidance during | training with
eye patches. play therapeutic
behaviors in play,

e.g., packages fine
discrimination

https://preprints.jmir.org/preprint/60309
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tasks as "finding
the virus"; Child-
friendly cartoon
visual style and
elements.

Likelihoo

d

Certainty of | 1. Showing the direct | 1. Adaptation of | Set the game's
the current | game effects of eye | game difficulty different maps to
situation and | patch wear 2. Clear goal | gradually increase
future 2. Progress of the | setting and | in difficulty; add
expectations treatment corresponds | feedback logos
to the wuse of eye (corresponding eye
patches sticker patterns) to
3. Game difficulty is the maps after a
compatible with eye successful
patch use breakthrough; add
an icon collection
and achievement
system
Agency
Referring to| 1. Make children feel | 1. Emphasize the | Add interaction
self, others, or | that they play a key | leading role of | with animal
non-personal role in play through | children in the | companions, after
situations eye patches game successful
2. Enhance children's | 2. Emphasize role- | treatment you can
sense of impact on the | playing turn on the friend
world of play flag with the critter,
check the status or
visit in the friend
list at any time
Coping
potential

Steps that can

be
cope

used

to

1. Teach the correct
use of eye patches
through guided
animation.

2. Incorporates eye
patch wearing into the
game experience.
3.Provides positive
feedback to enhance
control and success.

1. The game can
adjust the difficulty
2. Emphasizes
progress rather
than success

Three achievement
levels for each
map, with children
deciding  whether
to progress to
higher levels based
on interest and
proficiency

For the optimization concept of occlusion therapy, there are three main design points to
consider. Firstly, the eye patch should be used as a tool to enter the game world.
Game designers suggest incorporating the eye patch as a crucial element within
the game, imbuing it with special significance, such as a gift from animal
friends. This will integrate the act of wearing the eye patch with the context and goal of
the game. This approach aims to improve children's psychological acceptance of wearing
eye patches by incorporating them into the game experience and adding to the sense of
purpose of the game. Secondly, the eye patches were combined with role-play to provide
positive feedback related to wearing them in the game, which could enhance children's
acceptance of eye patches and their initiative to wear them. For instance, by identifying
distinct eye patch patterns, we were able to unlock various game maps and tasks.
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Additionally, doctors suggested that wearing eye patches could have a positive therapeutic
effect when incorporated into playful storytelling. Finally, the designers proposed adding a
tutorial animation on how to wear the eye patches before starting the game.This associates
with our interviews with parents, as many illustrating that their children tend to use the eye
patches incorrectly.

For the design of rehabilitation training games, design ideas and solutions were suggested
by doctors and designers based on the five dimensions of cognitive appraisal theory, as
summarized in Table 2. Drawing on the inputs from both doctors and designers, we have
chosen interactive storytelling as the primary game format. Firstly, a backstory of an animal
doctor was created for the game. Players assume the role of an intern doctor and are
required to complete daily treatment tasks, which included visual training tasks, for animal
patients. After completing each level in the game, players can turn on the friend sign with
the critter and check its status at any time. Secondly, game maps with three levels of
difficulty were created. Children can choose one map themselves based on their interest
and proficiency, and reduce the difficulty level when they feel overwhelmed. Additionally,
an incentive mechanism has been set up in the game, including the collection of
illustrations and achievement content. Finally, the game's design features a cartoon style
that is popular among children.

Result 3

Gamified Treatment Application

The gamified mobile application “Find You! Cure My Animal Friends" developed
for this study is designed to enhance treatment adherence in children with
amblyopia by integrating cognitive appraisal theory. It provides a series of
visually stimulating activities that are specifically crafted to improve visual
acuity and encourage regular use, as shown in figure 1. The main game
interface and level interface is shown in Figure 2.

Figure 1.Visual stimulation training and Fine eye training

Figure 2.Main game interface and level interface
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User Statistics

A total of 34 participants aged 7 to 10 years were recruited. Of these participants, 24
(70.59%) were boys and 10 (29.41%) were girls. The average age of the participants was
9.29 years. There were 9 students in the third grade, 13 in the fourth grade, and 12 in the
fifth grade.There were no significant differences in age or gender between the two groups.
Participant characteristics are shown in Table 3.

Table 3.Participant characteristics

Experimental
roup Control group
% 0 %
age
10 years
old 6 33.33 6 37.5
9 vyears
old 7 38.88 6 37.5
8 years
old 4 22.22 3 18.75
7 years
old 1 5.55 1 6.25
Sex
Male 13 72.22 11 68.75
Female 5 27.77 5 31.25
Total 18 100 16 100

Before conducting the data analysis, we tested the
Morisky Medication Adherence Scale questionnaire scores using the Shapiro-Wilk
test. The results are presented in Table 4.

Table 4.Results of normality test

normality of the 8-item

Experimental group

Control group

Test statistic
(W)

0.946

0.963

p-value
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| 1 0.371 | 0.708

Adherence

After conducting an independent samples t-test, a significant difference was
found in the adherence scores on the MMAS-8 scale between the experimental
group that used the amblyopia training game (M = 6.56, SD = 1.06) and the
control group that used another commercially available game (M = 5.01, SD =
1.22) (t-statistic (35) = 3.896, p = 0.0005), as shown in Table 5. The results
indicated that the experimental group had significantly higher adherence scores
than the control group.

Table 5.Results of independent samples t-Test

Simple Standa | Stand ESZ%den T
Group size Me|3| rd L ard ce statisti P
(N) n (M) | deviati | error Ll c value
Experimen
tal group
18 6.56 | 1.06 | 0.25 [766%?1'
Control
 group 3.8964 | 0.001
16 501 |1.22 |0.31 [54636?'

Significant behavioral differences were found when comparing patient
adherence to an amblyopia training game (experimental group) with other
games on the market (control group). It revealed that 61.11% of patients in the
experimental group showed high adherence, compared to only 18.75% in the
control group who achieved the same level. Additionally, the experimental group
demonstrated a significantly lower percentage of patients with low adherence
(38.89%) compared to the control group (81.25%), as shown in Table 6.

Table 6.Scores for the MMAS-8 scale
Experimental group Control group

High adherence

61.11% 18.75%

Low adherence

38.89% 81.25%

No significant differences were observed between the experimental and
control groups for questions about forgetting to take medication (Q1, 22.22% vs.
31.25%, T=0.58, P=0.57), adjusting medication without informing the doctor
(Q3, 11.11% vs. 12.50%, T=0.12, P=0.90), and whether they took their
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medication the previous day (Q5, 11.11% vs. 50.00%, T=2.59, P=0.02%).
Significant differences emerged in other questions, notably 'Have you missed
any doses in the past two weeks?' (Q2, 11.11% vs. 56.25%, T=3.03, P=0.00%*),
indicating a higher compliance in the experimental group. Similarly, for 'Did you
find it challenging to adhere to the treatment program?' (Q7, 11.11% vs.
50.00%, T=2.59, P=0.02%*), the experimental group showed significantly better
adherence.The percentage of subjects who scored 0 in each question revealed
higher scores in the control group for Q2, Q5, and Q7, aligning with the
significant differences observed in our statistical analyses. The Table 7 displays
the MMAS-8 scale scores for each question.

Table 7.MMAS-8 scale scores for each question

Q Experimenta | Control group | T P value
| group (%) | (%) statistic

1.Do you ever forget | 22.22 31.25 0.58 0.57

to take your

medication?

2.Have you missed | 11.11 56.25 3.03 0.00*
any doses in the
past two weeks?

3.Do you adjust your | 11.11 12.50 0.12 0.90
medication without
consulting your

doctor when your
symptoms worsen or
new symptoms arise
during treatment?

4.Do you sometimes | 22.22 25.00 0.18 0.85
forget to bring your
medication with you
when traveling or
away from home for
extended periods?

5.Did you take your | 11.11 50.00 2.59 0.02%*
medication
yesterday?
6.Have you ever| 22.22 25.00 0.18 0.85

stopped taking your
medication before

completing the
prescribed course,
even if your

symptoms improved
or disappeared?

7.Did you find it]11.11 50.00 2.59 0.02*
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challenging to
adhere to the
treatment program?

8.How frequently do | 5.56 12.50 1.43 0.16
you forget to take
your medication?

User Experience Questionnaire[JUEQ(]

The results showed that our product outperformed the competition in all
dimensions except validity. Specifically, our product scored significantly higher
than the competitors in attractiveness, understandability, convenience, and
satisfaction. The competing product has a slight advantage in the controllability.

According to the results, among the six dimensions assessed, 'Attractiveness’,
'Novelty', and 'Facilitation' received the highest scores, while ‘'Efficiency’
received the lowest rating. The specific results of the UEQ are displayed in Table
8.

Table 8.User experience questionnaire scores

Experimental group Control group
Scale Mea | SD | N | Confiden | Confidenc | Mean | SD | N | Confiden | Confidenc
n ce e interval ce e interval
Attractivene
SS
2.1 |05 |1 |0.27 1.87- 0.39 |04 |1 |0.20 0.18-
4 9 8 2.41 1 6 0.59
Understanda
bility
1.8 [0.7 |1 |0.36 1.51- 0.19 |05|1 |0.28 -0.09-
8 8 8 2.24 7 6 0.47
Efficiency
1.0 (04 |1 |0.22 0.86- 1.20 |[0.2]|1 |0.13 1.07-
8 9 8 1.31 6 6 1.33
Reliability
1.3 |0.6 |1 |0.29 1.06- 1.30 {0.2]1 |0.11 1.19-
5 2 8 1.63 3 6 1.41
Facilitation
19 (04 |1 |0.21 1.71- 1.14 [0.2]|1 |0.13 1.01-
2 5 8 2.13 6 6 1.27
Novelty
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2.1 |03
3 8

0.17 1.95- 1.09 | 0.3
2.30 2

0.16 1.03-
1.35

o~

o

Personal Interviews

As shown in Table 10, three general themes were identified, including attitudes toward the
treatment of amblyopic children, experiences with the treatment of amblyopic children, and
attitudes toward wearing eye patches.Table 9 identifies a total of five dimensions of
cognitive appraisal theory, including goal relevance, congruence, likelihood, agency, and
coping potential.

Table 9.Criteria for dividing dimensions of cognitive evaluation theory
Releva | The anticipation of achieving a more valuable goal or
nce outcome can result in a heightened emotional response.
This is closely linked to the experience of interest[44, 45],
which is a typical reaction to situations that are
subjectively significant and elicit high levels of attentional
activity. This, in turn, increases the likelihood of responding
effectively to events and evokes strong positive emotions,
such as enjoyment[46].
Valenc | Individuals are more likely to experience positive emotions,
e such as happiness or gratitude, when they perceive an
experience as related to a positive goal and moving them
closer to that desired goal[46].
Likeliho | The likelihood dimension assesses the probability of a
od situation leading to a specific outcome, identifying
associated emotions such as hope, fear, or anxiety.[46, 47].
Agency | Consider the influence of the user, others, or the
environment/objects on the outcome of the situation, as
well as factors related to controllability, in the evaluation
of the agent[48].
Coping | Coping potential is the perceived ability to manage or
potenti | change a situation and is categorized into three main
al groups: benign-positive, neutral, and stressful[47].

Table 10.Results of individual interviews

Experimental group Control group
emes Codes dimension Codes dimension
hab
aining
eatment
perience
Children like | Relevance® Children find | Relevancel
the background the mini-
of the story in games a
the game little boring
Children enjoy | Relevance Children find | Valencel
Agency T
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playing the role the game
of a doctor graphics
unattractive
Children enjoy | Relevance? Children like | Relevance?®
interacting with | Agency? getting high | Likelihood?
animal friends scores in
in the game games
children like | Relevance®
the illustrations | Valence?
in the game to Likelihood T
collect/unlock
the list of
friends.
titude
wards
habilitatio
training
Children like to | Relevance?® Children Relevancel
play the game | Coping report Valence!
repeatedly  to | PotentialT resistance
achieve high Likelihood T the first time
levels of they use the
achievement. game
Children Coping Children say | Relevancel
perceive  the | potential? they are
game as | Likelihood T reluctant to
difficult, but repeat the
are more likely training after
to want to experiencing
complete the all the mini-
challenge. games
Children were | Relevance? Children play | Relevance?®
still  motivated | Agency® the same '(—:igsi”nhgoom
to la the ame 2-3 :
gamep gt the gimes to get | Potentialt
end of the 30- a high score
day
experiment.
titude
wards
earing eye
tches
children are | Relevance? Children are | Valencel
generally Agency 1 often Coping
motivated  to resistant  to | Potentiall
wear eye the eye
patches. patch and
require
parental
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intervention.

Children like | Relevance?

eye patches Valence

with special

patterns and

keep them

carefully.
te: "T" indicates an increase or improvement, while "!" signifies a
crease or reduction.

The study found that children in the experimental group had a positive reaction to the
gamified rehabilitation training. This positive response may be attributed to the game
design being consistent with cognitive appraisal theory,. Children particularly enjoyed
storytelling, role-playing, interacting with in-game animal characters, and collecting icons.
These elements increased their perceptions of goal relevance and congruence, as well as
their assessments of the likelihood of successfully completing the game. Furthermore,
enabling the children to actively engage in the game and interact with the surroundings
enhanced their sense of control and ability to cope, which could account for the
experimental group's greater participation in the game and adherence to rehabilitation
training.The experiences and attitudes of the children in the control group differed
significantly, as they mostly expressed disinterest in the game content or found the images
unattractive. However, even in the control group, children were willing to play the game
repeatedly to achieve a high score, indicating that perceptions of likelihood and coping
potential can still be improved with appropriate incentives. Furthermore, the experimental
group's children exhibited a higher level of positive acceptance towards the specially
patterned eye patches, which provides additional evidence that increasing goal relevance
and consistency can enhance treatment adherence. Conversely, the control group's
children were less receptive to eye patches and needed parental intervention.

Discussion

Principal Results

This study proposes a novel intervention for improving compliance with amblyopia
treatment in children by integrating Cognitive Appraisal Theory's five dimensions of
emotional influence. A rehabilitative training game tailored for amblyopic children is
developed to optimize occlusion therapy by addressing emotional and psychological needs,
aiming to increase treatment efficacy through improved patient compliance.

The results show that children using our amblyopia training game had higher
compliance rates compared to those using commercially available games.
Analysis of the MMAS-8 scale showed that the experimental group showed
significantly higher scores in areas concerning medication forgetting, daily
adherence, and perceived difficulty in adhering to the treatment regimen. This
indicates a greater adherence to long-term rehabilitation therapy compared to
the control group. While the games used by the control group may initially
engage children as effectively as our product, the depth and richness of the
game content plays a critical role in maintaining compliance over time. Our
game's emotional and narrative interactions that not only make the gameplay
engaging, but also integrate educational aspects of the treatment into the
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storyline, giving our game with a distinct advantage in content depth. The
experimental group maintained high compliance over a 30-day treatment
period, while the control group's performance declined.

Cognitive appraisal theory and the design appropriate for children with
amblyopia may be key factors was successful in engagement in therapy,
thereby improving compliance. Both the optimization of occlusion therapy and the
design of a rehabilitative training game were guided by the following five dimensions in
cognitive appraisal theory [44]: relevance (the extent to which a situation is important to
the individual's current goals) [47, 49].Valence (the degree to which a situation is positive,
negative, or goal-aligned) [47, 49, 50]. Likelihood (referring to the certainty of the current
situation as well as future expectations) [47, 50].Agency (related to self, other, or
impersonal situations) [47, 50], and Coping Potential (related to the steps available for
coping) [47, 51]. The results of the interviews demonstrated the significant advantages of
our game in the three dimensions of Relevance, Valence, and Coping potential. These
significantly enhanced dimensions correlate with our theory-guided design program.

Within a narrative in which children assume the role of doctors treating animals, we
redefined the medical eye patch as a symbol of commitment to their animal friends. This
role-playing approach allows children to "heal" animals by applying an eyepatch, making
the act of occlusion therapy emotionally meaningful and fostering acceptance through
empathy. This process impacts the dimensions of relevance and valence. Children generally
expressing pride in assuming the role of doctor and a willingness to wear the eyepatch
proactively. Some children also expressed a sentimental value for the eyepatch, viewing it
as a "token" of friendship with the animal characters in the game. Notably, many continued
to use our product voluntarily after the trial ended, driven by a desire to complete more
levels or visit their "animal friends" in the game. By closely integrating training content with
the game's narrative and goals, the game not only addressed children's resistance to
traditional occlusion therapy, but also increased their sense of immersion and ownership
[52]. Even after the four-week trial period, children in the experimental group maintained a
positive attitude and emotional state within our rehabilitative training game. This result re-
emphasizes the validity of cognitive appraisal theory in the rehabilitation of children with
amblyopia.

The results of the UEQ highlighted significant strengths of the game in the dimensions of
"attractiveness", "novelty", and "stimulation".These results indicate that the game design
successfully captured the interest of the target audience and motivated them to participate.
In particular, the game's incentive mechanisms, such as immediate feedback and rewards,
proved effective in encouraging continued engagement in the therapy process[53].In
addition, the game's high level of interactivity, coupled with visual designs tailored to user
preferences, further enhanced the attractiveness and acceptance of the
product[54].However, despite exemplary performance on most dimensions, the game
scored relatively low on the efficiency dimension, suggesting that future design iterations
should consider and optimize the game's efficiency.

Limitations

Despite the innovative design and implementation of this study, there are several
limitations: first, the relatively small sample size may limit the generalizability of the
results. Second, the study focused mainly on short-term compliance improvement, and the
sustainability of long-term effects requires further research. In addition, the game design
was primarily aimed at children and did not take into account the direct involvement of
parents or guardians, who play an important role in the treatment process for children.
Finally, although the design of the game was based on cognitive appraisal theory, the
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specific mechanisms regarding the influence of emotions still need to be further elucidated
through in-depth studies.The Mmsa scale was used for medication adherence, which needs
to be analyzed in terms of reliability and validity, but the use of the game was
spontaneously suggested by respondents in our qualitative research, resulting in an
increase in adherence.

Conclusion

The study shows that a rehabilitative training game for children with amblyopia, designed
according to the Cognitive Appraisal Theory and its five dimensions of emotional impact,
significantly improves treatment adherence. This innovation offers a new intervention tool
for the field of amblyopia treatment and provides valuable insights for other therapeutic
areas seeking to improve patient adherence. Future research should aim to increase the
sample size, explore long-term effects, and consider parental or guardian involvement to
improve compliance and facilitate visual rehabilitation of children with amblyopia.
Additionally, investigating the specific mechanisms of emotional impact within game design
will provide a scientific basis for developing more effective therapeutic interventions.

Our research revisits the traditional yet universally effective treatment of occlusion therapy
and integrates it with serious games. Unlike many discussed examples that primarily
engage children with simple and repetitive visual stimuli, our approach addresses the
problem of diminished engagement due to a lack of compelling game content. We utilized a
user-centered design methodology to create visual forms, mechanisms, and content that
are tailored to the cognitive preferences and physiological acceptability of children with
amblyopia. This approach aims to improve children's acceptance of each treatment step,
leading to optimal compliance. Additionally, we incorporated an engaging narrative into the
game, allowing children to participate in helping characters while seamlessly integrating
visual training. This gameplay is designed to encourage the concurrent use of occlusion
therapy outside of the game. Game elements are used in a therapeutic context to create
gamified products that guide children in developing rehabilitative training habits. The
findings from our research demonstrate the potential of utilizing mobile and tablet
technology to optimize amblyopia treatment for children within home and mobile treatment
environments. By integrating such technologies, the treatment can be seamlessly
incorporated into the daily lives of patients, ensuring greater accessibility and adherence.
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