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Abstract

Dyslexia, a learning disability affecting 15-20 percent of the global population, signifi-
cantly impairs reading, writing, and comprehension. In Sinhala, a language with a complex
script and phonetic system, these challenges are particularly severe, especially in handling
modifiers and constructing sentences. Conventional teaching methods often fail to meet the
individual needs of dyslexic students, leading to reduced engagement and low self-esteem.
While research on game-based and personalized learning strategies shows potential, ex-
isting studies primarily address reading and writing skills in languages like English and
Malay, leaving a gap in approaches for improving Sinhala writing skills. Initial data collec-
tion process revealed significant struggles with the correct placement of modifiers, spelling
errors, and sentence coherence among dyslexic students. Students also exhibited slower
writing speeds and greater difficulty in dictation compared to copying tasks as well as frus-
tration and a lack of confidence in writing. To address these challenges, we designed and
implemented an application with a personalized and gamified learning framework, iterat-
ing through the Design Science Research (DSR) methodology. We designed the focused
exercises based on six selected letters ® (Ga), (La), c3(Ya), A(Ta), 2»(Ka), and &5(Pa)
from Sinhala alphabet. For the evaluation, a group of 10 dyslexic students was divided
equally into a control group and a treatment group using stratified sampling. Application
was evaluated using a pretest/posttest design after giving the application for 14 days to the
treatment group. The results demonstrated improved average letter accuracy in nearly 21%
and reduced average writing time by nearly 2 minutes in the treatment group achieving the
research aim. Additionally, the qualitative feedback highlighted overall positive responses

toward the application, which features a personalized and gamified learning framework.
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Chapter 1
Introduction

Dyslexia is one of the most common learning disabilities, affecting approximately 15 to
20 percent of the global population, as reported by the International Dyslexia Association
(IDA) [1]. This condition primarily impairs reading abilities due to difficulty correlating
speech sounds with their respective letters. These challenges often extend beyond reading,
adversely impacting writing skills, oral communication, comprehension, and short-term
memory. Additionally, there are prevalent misconceptions that individuals with dyslexia
lack intelligence, despite evidence showing that their IQ levels are typically equivalent to or
even higher than those without the condition. The underlying cause of dyslexia is linked to
variations in the brain region responsible for language processing, called ‘occipito-temporal
cortex [2].

In many developed countries, learning disabilities like dyslexia receive significant attention,
and as a result, both parents and teachers are often well-informed about the condition and
its impact on children. However, in the Sri Lankan context, there is still a lack of awareness
and understanding of dyslexia among most parents and educators. Additionally, only a lim-
ited number of specialized centers provide treatment, which are primarily located in major
cities, making it difficult for children in rural areas to access proper diagnosis and support.
Our research focuses to address that issue by exploring effective intervention strategies for
dyslexia by leveraging technology to receive treatment regardless of the geographic loca-

tion.



1.1 Background of the Problem

Language is the most sophisticated form of human communication. It is central to read-
ing, writing, speaking, thinking, and many other cognitive abilities. While all animals have
ways of communicating, human communication is far more advanced due to the complexity

of the human brain.

Writing is a fundamental skill that is essential for learning, communication, and self-expression.
It is a vital tool in both academic and everyday contexts because it enables people to express
thoughts, ideas, and feelings with clarity and accuracy. By improving creativity, organiza-
tion, and critical thinking, writing promotes cognitive development. By the age of four or
five, most children begin learning to write with the guidance of parents or pre-school teach-
ers. Early development of good writing skills in children, in particular, sets the stage for
success in academics and beyond, enabling them to express themselves with confidence and
engage in the world in a meaningful way. It is the process of representing spoken sounds
using symbols, and the alphabet is the system of symbols used to capture the sounds of
language. As children learn the alphabet and written language, they gradually develop the

ability to read. This shows a clear connection between writing and reading.

Brain development plays a crucial role in acquiring writing and reading skills. By around
the age of ten, most children can recognize all the letters of their mother tongue and under-
stand basic written patterns. They continue to improve in speed and fluency. After this age,

most children are capable of learning additional languages with relative ease [3].

It is often assumed that any child without mental or physical disabilities can easily learn
to read and write. However, this is not always the case. Many children face challenges in
developing reading and writing skills. Several factors can influence a child’s ability to learn
these skills effectively. Common factors include a lack of motivation or interest in learning,
slow developmental progress, low educational background of parents, financial difficulties,

and certain medical conditions that can impact those reading and writing abilities [4]



1.2 Problem Statement

Dyslexia can be identified as one of the most common medical conditions that mainly affects
the reading skills of a person. Due to the direct connection between reading and writing,
it will impact one’s writing skills as well. Untreated dyslexia can significantly impact a
child’s communication abilities, education, mental health, and other areas of development.
Evidence shows that untreated dyslexia often results in poor academic performance, which,
when prolonged, can contribute to feelings of low self-esteem and elevate the risk of anxi-
ety and depression [5]. Therefore, early detection and intervention in cases of dyslexia can
yield substantial therapeutic benefits. Primary school-aged students are an ideal population
for such interventions, as early support can help address and mitigate learning challenges

before they intensify.

In Sri Lanka, where Sinhala is the primary language, both the health and education sectors
currently provide limited support for specific learning disorders such as dyslexia. Fur-
thermore, there is a shortage of trained staff within the school system to support dyslexic
students effectively. A study on teachers’ knowledge of dyslexia revealed that only spe-
cial education teachers received training on this condition [6]. Dyslexic students struggling
academically may also compare themselves with their non-dyslexic peers, making school

environments especially challenging and creating a need for alternative support options.

A review of existing literature reveals that there are assistive technologies associated with
gamification and personalization that have been mainly used to support dyslexic students’
learning in English and other foreign languages, like Malay. And also it reveals the lack
of assistive technologies available to address the challenges faced by students learning in
Sinhala, more towards the writing challenge, with comparison to reading challenges. This
gap requires us to do more in-depth analysis on how we can associate gamification and per-
sonalization with an assistive technology to enhance the writing skills of dyslexic students

learning in Sinhala.

1.3 Motivation

Recognizing these challenges, this research is motivated to address these challenges by

introducing effective and interactive learning interventions that aim to boost motivation,



confidence, and cognitive development. Furthermore, while extensive research exists for
dyslexic learners in languages such as English, there is a notable lack of studies tailored
to students learning in Sinhala. By focusing on this undiscovered area, the study intends
to bridge a critical gap, offering insights into how personalized and gamified approaches
can support Sinhala-speaking dyslexic students and contribute meaningfully to inclusive

educational practices.

1.4 Research Aim and Objectives

The main aim of this research is to explore effective strategies to improve the Sinhala lan-
guage writing skills of dyslexic students using a personalized game-based learning platform.
To achieve this aim, it is broken down into sub-objectives.

+ To identify the key features of writing difficulties in Sinhala among primary school-

aged dyslexic students.

* To design personalized learning within a gamified environment that targets the unique

writing challenges of dyslexic students in Sinhala.

* To assess the effectiveness of a personalized and gamified learning environment in

improving the writing proficiency of dyslexic students in Sinhala.

The research questions are listed below.

1. What are the key features of writing difficulties experienced by primary school-aged

dyslexic students learning in Sinhala?

2. How to personalize within a gamified learning environment to effectively address the

writing challenges faced by dyslexic students in Sinhala?

3. What gamified elements can be used to address the Sinhala writing challenges of
dyslexic students, and how do these elements impact the motivation and learning

outcomes?

4. How do personalized and gamified learning environments affect the writing profi-

ciency of dyslexic students in Sinhala?



1.5 Scope of the Project

Early intervention has been largely considered as one of the secrets to effective interven-
tion for dyslexic children. It enables to reduction of the learning gap between the dyslexic
students and non-dyslexic students at early stages before widening that gap. With that con-
sideration, the scope of this research has been carefully defined to ensure that it remains

manageable and achievable within the allocated timeframe.

1.5.1 In-Scope

+ This research specifically focuses on students diagnosed with dyslexia who face chal-

lenges in Sinhala writing skills.

 This research targets children aged eight (8) to ten (10) who are actively engaged in

academic learning.

» The scope includes 6 letters we selected according to the research findings and dif-
ferent activities with simple letters, two word letters, letters with modifiers, and two

letter words with modifiers.

1.5.2 QOut-Scope

* This research does not focus on other co-existing conditions, such as learning dis-

abilities such as autism or ADHD, including

* The scope is limited to the Sinhala language and does not consider other linguistic

contexts.

 The study does not address the development of other skills, such as reading or short-

term memory.

1.5.3 Assumptions

* It is assumed that the handwritten recognition model might be over-fitted to the sam-

ple population.

+ It is assumed that the teaching content provided during the intervention phase re-

mained consistent across all participants.



* It is also assumed that external factors, such as environmental distractions, did not

significantly affect the research outcomes.



Chapter 2
Literature Review

This chapter reviews existing literature relevant to dyslexia, with a particular emphasis on
writing difficulties. Section 2.2 introduces the concept of dyslexia, including medical as-
pects, common learning difficulties, and the limitations of traditional interventions. Section
2.3 investigates various educational interventions, focusing on phonological and assistive
technology-based methods, and further examines strategies such as gamification, personal-
ization, UI/UX, and multisensory approaches. Sections 2.4 to 2.6 offer deeper insights into
how gamified learning, personalized learning, UI/UX and multisensory techniques have
been applied to support both reading and writing difficulties. Section 2.7 highlights the
relatively limited focus on writing difficulties and outlines the related works relevant to the
Sri Lankan context. Section 2.8 presents the related work in a structured tabular format.

Finally, Section 2.9 identifies the key research gaps that this study aims to address.

2.1 What is Dyslexia

The International Dyslexia Association [7] defines dyslexia as a specific learning disabil-
ity of neurobiological origin, characterized by difficulties in accurate and/or fluent word
recognition, along with poor spelling and decoding abilities. The concept of dyslexia has
been the subject of ongoing debate, with a variety of theories providing distinctive expla-
nations based on their respective perspectives. According to Developmental Dyslexia [§],

three prominent theories have been extensively discussed in the literature:

1. Phonological Deficit Theory - This theory proposes that dyslexia arises from a speci-

filmpairmentnt in phonological processing, which affects the ability to represent and



manipulate the sounds of language skills that are essential for learning to read.

2. Magnocellular Theory - According to this view, dyslexia is linked to a dysfunction
in the magnocellular pathways of the brain, which are involved in processing rapid
sensory information. This can result in visual and auditory deficits that impact read-

ing acquisition and fluency.

3. Cerebellar Deficit Theory - This theory attributes dyslexia to abnormal function-
ing of the cerebellum, a brain region responsible for motor coordination and skill
automization. It suggests that cerebellar deficits may interfere with the automatic

execution of reading related processes and phonological tasks.

According to Cleveland Clinic [5], students with dyslexia often face difficulties, including
trouble spelling basic words, confusion between letters with similar shapes, mixing up posi-
tions of sounds within words, and showing reluctance to read aloud in class. Another study,
Roitsch et al. [9] further outlines a range of difficulties associated with dyslexia. These

include:

+ Difficulty with the development of phonological awareness and phonological pro-

cessing skills.
+ Difficulty in accurately decoding nonsense or unfamiliar words.
+ Difficulty in reading single words in isolation.
* Inaccurate and labored oral reading.
 Lack of reading fluency.
* Challenges in learning the names of letters and their associated sounds.
+ Difficulty with learning to spell.
* Trouble with word finding and rapid naming.
* Variable difficulty with aspects of written composition.

 Variable degrees of difficulty with reading comprehension.



Traditional one-size-fits-all educational approaches present significant limitations for these
students. In such methods, teachers deliver the same content to all students at the same pace,
which can result in issues related to pacing, memory retention, comprehension, and engage-
ment. These approaches often fail to address individual learning needs and may negatively
affect the self-esteem of dyslexic learners. These limitations have led to the development

of various educational interventions specifically designed for dyslexic students.

2.2 Educational Interventions for Dyslexia

The literature on supporting students with dyslexia can generally be divided into two main
categories: assistive technology-based interventions and phonologically based interven-
tions. Phonological based interventions are focused on creating designs to improve the
learning abilities of dyslexic students that are more theoretical, which requires more hu-
man resources to execute. Assistive technology-based interventions are the ones that help
to improve the learning abilities of dyslexic students with the use of a technology-based
tool. This section reviews several phonological based interventions to gain insights into the

tactics used.

An intervention which spanned across one year of using Orton Orton Gillingham approach
among Singaporean students with dyslexia to improve their reading and spelling skills is
discussed in Lim et al. [10]. The Orton Gillingham approach is a multisensory, direct, ex-
plicit and sequential way of teaching the literacy for dyslexic students. Students had been
administered 80 hours of Orton Gillingham instructions to the small groups of 4 students
over the year twice a week. A single-subject pre-test/post-test design was used to evaluate
the intervention by psychologists at the Dyslexia Association of Singapore. And The study
reported a significant impact in reading and spelling standard scores of dyslexic students
using a multi sensory learning strategy like Orton Gillingham. And also this paper high-
lights the fact that the age at which students began the intervention was inversely related to

their gains in reading and spelling.

Lee [11] examines the design and development of a Malay word recognition intervention
program. The intervention targeted students with dyslexia from grade one to three. Three
objectives such as teaching the full alphabet, word building and word reading were aimed

to achieve. To fulfil this aim while making the learning content more interesting and en-



gaging they used game based learning techniques as well as multisensory learning. Bingo
games and flash cards were examples for that. Students’ improvement was assessed in word
recognition and reading by giving sets of 10-word probes before and after the intervention

and analysing those marks for each objective.

Nourbakhsh et al. [12] explores the effects of multisensory method and cognitive skills
training on perceptual performance and reading ability among dyslexic students in Tehran-
Iran. The researchers divided 60 dyslexic students into 3 groups and conducted 16 sessions
per week. Multisensory learning approach was administered on one group while another
group was administered on cognitive skills training and the other group worked as the con-
trol group. They had been focused on three modalities such as visual, auditory and tactile as
for the multisensory approach. Improvement in reading and memory tests were the learning
outcomes expected out of this research study. The study used sets of tests such as Reading
and Dyslexia Test (RDT), Bender Visual Motor Gestalt Test (BVMGT), and Rey-Osterrieth
Complex Figure test (ROCF) to assess the learning outcomes. The results indicated that the
multisensory developmental intervention was more effective than the cognitive skills train-
ing. Furthermore the study showed that the multisensory method significantly improved
the performance of dyslexic students on reading, visual-motor, and memory tests compared

to the control group.

Wridy [13] is a mobile application designed to support children with learning disabilities
such as dyslexia. It offers activities focused on practicing the writing of the English al-
phabet. This application uses multisensory learning techniques such as 3D models and
colour-changing feedbacks for the visual aspect, tracing alphabet on touch screen for the
tactile aspect and components in Wridy for sensory aspect to imrprove the engagement and
learning outcomes of students. This application showed the mean system usability score
of 60 based on the responses from six participants, placing Wridy in the 15th to 34th per-

centile, indicating a grade D with an acceptable adjective rating.

The iLearnRW Game [14] was created to help dyslexic students at home and in the class-
room. It uses game-based learning strategies to increase motivation and engagement and
personalization learning strategies to assist students in improving their literacy abilities re-
gardless of whether a teacher is present using adaptation mechanisms. In order to make

sure the game fits the unique demands of its audience, the design approach used partici-

10



patory design techniques, which allowed end users and dyslexia specialists to contribute.
In contrast to conventional games with a predetermined plot, iLearnRW centers on distinct
characters, each of whom represents a distinct category of language challenges. In the end,
this friend list serves as a graphic representation of the student’s educational path, high-
lighting the difficulties they have faced and possibly completed while making the learning

more engaging and interesting.

Abdul Hamid et al. [15] examines a computer based learning model for students with
dyslexia. It consists of six main components which are exercise model, behaviour process-
ing model, student model, teaching model, expert model and domain knowledge model.
It addresses the different cognitive difficulties such as spelling, reading and writing. This
model uses personalization techniques to cater for the specific needs of each individual us-

ing the behavior processing model.

After referring phonological based and assitive technology based interventions, multisen-
sory learning and game-based learning approaches are found to be common, while person-
alized learning emerging as a significant component within technology-supported interven-

tions.

Multisensory learning, an educational approach engaging multiple senses (sight, sound,
touch, and movement), aids in improving information absorption and retention among stu-
dents. Gamified learning, which incorporates game elements such as points, rewards, chal-
lenges, and levels into educational activities, is frequently used to enhance engagement and
motivation. Personalized learning, which customizes educational content to meet individ-
ual needs, is notably applied in technology-based interventions, as it is often impractical to

manually adjust content for each participant in non-technology-based settings.

Moreover, game-based learning can integrate multisensory learning components, enhanc-
ing its effectiveness. With advancements in technology, current interventions increasingly
incorporate assistive technology to support dyslexic students more effectively, as noted by
Lim and Oei [10]. While these approaches have been widely applied to reading interven-
tions, their application to writing support requires further examination. This literature re-
view aims to examine existing research on interventions designed to support dyslexic stu-

dents, with particular emphasis on writing support tools. Our analysis focuses on the ef-
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fectiveness of personalized learning, the impact of gamification on educational outcomes,
UI/UX and multisensory approaches, work related to writing interventions, and the context

of Sri Lanka. Furthermore, this literature review identifies existing gaps in the literature.

2.3 Gamified Learning Approaches for Dyslexic Students

Gamification, or the integration of game elements into educational settings, serves to boost
motivation and engagement. Research has shown that dyslexic students frequently en-
counter negative emotions such as anxiety, low self-esteem, and frustration, which tradi-
tional teaching methods often fail to address effectively. In response, researchers have
explored various support techniques, with digital game-based learning and gamification
showing significant positive impacts on the learning outcomes of dyslexic students. Games
transform learning into an engaging, interactive experience, particularly suited for students

with dyslexia.

Essential gaming elements such as storylines, reward systems, goal setting, level progres-
sion, feedback, and achievement tracking are identified as critical motivators for student
engagement by Bigueras [16]. The role of character customization, unlockable rewards,
and competitive elements (e.g., leaderboards) in sustaining engagement is further empha-
sized by Dymora and Niemiec [17]. Multiple studies investigate how different gamification
components impact motivation and learning outcomes among dyslexic students. For exam-
ple, The gamification platform” ClassDojo,” which employs badges and a reward system to
motivate dyslexic students, is analyzed by Gooch et al. [18]. This platform allows teachers
to creatively customize badges while enabling dyslexic students to personalize their badges,
which reflect their unique strengths and challenges. An experimental study using ClassDojo
revealed that students react differently to negative and positive badges, providing insights

into how specific gamification elements can enhance motivation and engagement.

Similarly, The influence of features such as leaderboards and badges on intrinsic motivation
and learning outcomes is examined by Hanus and Fox [19]. However, Mekler et al. [20]
caution that certain elements, like points and leaderboards, may negatively impact dyslexic
students if not carefully implemented. Bigueras [16] emphasizes that storytelling is particu-
larly engaging for children, who are drawn to game narratives and are motivated to progress

to uncover what happens next. Level-based progression, as discussed by Sarah Abu Bakar
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et al. [21], plays a vital role in organizing gameplay, fostering a sense of achievement, and

enhancing self-confidence.

Several applications exemplify gamified learning tailored to dyslexic students. Lexipal
[22] and Larolexia [16] concentrate on improving reading skills through game-based learn-
ing environments. The application iLearnRW [23] demonstrated improvements in literacy
skills, including segmentation and sentence completion, while boosting engagement and
motivation in dyslexic students learning both at home and in school settings. The game

features multiple characters with diverse, rich narratives.

In Sri Lanka, Helply [24] is a mobile application designed for primary school students
with dyslexia, offering mini games to develop various skills. Arunalu [2], another Sin-
hala language-based intervention, was developed to address reading challenges in dyslexic
students through a game-like environment, incorporating four screening and intervention
methods. Additionally, Rupasinghe et al. [25] gamifies the teaching of five commonly con-
fused Sinhala alphabet letters, making the learning process both engaging and effective for

dyslexic learners.

2.4 Personalized Learning Approaches for Dyslexic Stu-

dents

Personalization is essential in addressing learning disabilities, as each individual with a
learning disability exhibits a unique profile of strengths and challenges. It is emphasized
by Martinez Marrero [26] that technology-based instructional design should be learner cen-
tered and tailored to specific learning disabilities. Below are some interventions that effec-

tively integrate personalization.

A mobile application for dyslexic people utilizing artificial intelligence and machine learn-
ing concepts is discussed by Rajapakse et al. [1]. This application is designed to deal with
the reading difficulties faced by the dyslexic people in their day-to-day activities. ALEXZA
can capture real-time feeds, identifying text within images using image processing tech-
niques. The application recognizes complex words unfamiliar to the user and, leveraging

a learning algorithm, replaces these with simpler alternatives from its database. Feedback
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and preliminary prototype testing indicated the success of this personalized approach.

A tailored educational resource system was presented by Banik et al. [27] to support chil-
dren with unique needs, such as those with autism, dyslexia, ADC, and ADHD. There are
four primary parts to the system: an intelligent interface for tailoring educational materi-
als according to user profiles; web mining to gather diverse multimodal learning materials
matched to user interests; [oT sensor integration to adapt content in real time based on fac-
tors like mobility and speech; and machine learning to identify and categorize users based
on individual characteristics, enabling tailored content delivery. The study involved partic-
ipants across age groups, with a focus on 30 children with disabilities in Bangladesh. Data
collected included age, gender, location, disability type, mobility, and learning level. The
effectiveness of the system was evaluated using personalized search results and user satis-
faction feedback, demonstrating its potential to enhance learning for children with diverse

needs through adaptive, technology-driven solutions.

Another intervention is a writing tool specifically designed for dyslexic students, compris-
ing four modules, as discussed by Gupta [28]. The final module, Testing and Learning,
utilizes an adaptive learning model to generate new writing exercises based on the student’s
performance in previous levels. Here, performance is assessed by the number of errors in

each exercise.

Hope [29] is an interactive mobile solution aimed at addressing dyslexia-related challenges
in writing, reading, and speaking. The application first assesses the user’s skill level in
each area, and based on this assessment, recommends targeted therapies. These therapies
are dynamically organized according to the user’s performance on aptitude tests, providing
a highly personalized experience. Integrating personalization techniques into educational
interventions for dyslexic learners seeks to reduce dependence on supervisors or specialized

educators.

Another intervention is an application was created by Sik-Lanyi et al. [30] to help dyslexic
kids under the age of five with their writing. The Learn module and the Test module are the
two primary components of the application. While the Test module contains exercises de-
signed to help kids remember and reinforce what they have learned, the Learn module offers

activities centered around arithmetic numbers, mathematical symbols, and alphabets (both
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upper and lower case). Performance in learning and testing tasks is evaluated via an inte-
grated evaluation module. A learning algorithm with three primary parts—representation,
evaluation, and optimization—is at the heart of the system. To guarantee thorough learning
coverage, the algorithm in the representation component chooses character sets according
to preset parameters. The evaluation component measures the learner’s performance, logs
their progress, and uses graphical displays to visualize the results. The optimization compo-
nent maximizes knowledge retention by promoting relearning and practice-based learning.
By regularly assessing each learner’s development and acknowledging their accomplish-

ments, it also encourages self-motivation.

A classification model to tailor tools and strategies for improving reading based on indi-
vidual needs is proposed by Zingoni et al. [31]. Another adaptive learning model uses
machine learning and consists of five core components: Exercise Model, Behavior Pro-
cessing Model, Student Model, Expert Model, and Teaching Model is discussed by Abdul
Hamid et al. [15]. This model targets improvements in phonology, spelling, reading, and
writing skills. Notably, the Behavior Processing Model monitors student engagement with
the content and dynamically adjusts activities to maintain the student’s interest and enhance

engagement.

2.5 UI/UX and Multisensory Approaches

Rocha et al. [32] employ a user-centered design approach to create an interactive learn-
ing tool. It also mentions that the game design’s simplicity is the user interaction’s main
feature. Furthermore, this research paper emphasizes that the interface should have an ap-
pealing color design to make the children interested in the game. In this study, two methods
of usability evaluation were used to find out the results of the experimental design and to
enhance the system further to make it comfortable for dyslexic learners. Several research
studies have shown several methods to have an effective result from the game. Human-
computer interaction (HCI) strategies such as using audio and sound, minimizing text, using
high quality computer graphics and images, and including dyslexia friendly design features
show great promise for improving educational games for dyslexic students.

According to research, dyslexic individuals frequently feel visual discomfort when exposed

to white backgrounds, suggesting the usage of basic and light-colored backgrounds, elimi-
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nating white, to solve these concerns. Pastel colors are very good at reducing visual stress,
while dark-colored text improves readability. Furthermore, using dyslexia-friendly fonts
such as OpenDyslexic can enhance the gaming interface’s efficacy. Ronimus et al. [33]
also highlight the importance of using simple layout design and user interface design, while
Arunalu [2] emphasize features such as short text and font size 12 pt and 14 pt to improve

accessibility and ease of understanding for dyslexic students.

By combining these HCI driven design concepts into educational games, developers may
build effective and engaging learning experiences suited to dyslexic students’ requirements,
resulting in better learning outcomes and satisfaction for users. The observational study
on the game iLearnRW [23] highlights how it was designed using a participatory design
model, involving both end users and dyslexia experts in the development process. This
collaborative approach contributed to unique game features not commonly found in other
interventions for dyslexic students. This participatory design has a significant impact on

improving the user interface (UI) and User experience of the game.

Multisensory learning means the use of multiple senses simultaneously in the learning pro-
cess. Many researchers have their interest focused on using multisensory approaches in
learning. Shams and Seitz [34] highlight that Multisensory training protocols those com-
bining visual stimuli and auditory stimuli are more effective than unisensory training in
enhancing learning processes. These protocols contribute significantly to improvements in
perceptual skills, memory, and recognition. Kast et al. [35] conducted a study on computer-
based multisensory learning in children with dyslexia, revealing that both dyslexic and non-
dyslexic participants significantly improved their writing abilities. This finding emphasizes
the potential of Multisensory approaches to improve grapheme and phoneme processing,

as indicated by the improved perception and memory observed.

Ohene-Djan and Begum [36] provide evidence that multisensory games specifically de-
signed for dyslexic children support the effectiveness of multisensory teaching methods in
reducing learning challenges, particularly among dyslexic individuals. These games use a
variety of sensory modalities, such as high-quality visuals, rich colors, physical items, and
visual representations, to provide an interactive and interesting learning experience. For ex-
ample, the Dyslexia Activity System (DAS), a unique online learning tool, uses interactive

gaming approaches to help students acquire skills in reading, writing, arithmetic, numer-
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acy, word construction, memory, and sequencing. Multisensory teaching approaches aim
to encourage a positive learning attitude and overall skill development by using dyslexic
children’s natural strengths, such as increased creativity and sensory responsiveness. The
fundamental goal of methods like the DAS is to help dyslexic children discover and cor-
rect mistakes in math and reading activities to improve academic performance and self-
confidence. As demonstrated by Kast et al. [35], the multisensory approach enhances ed-
ucational outcomes and fosters a more engaging and interesting learning environment for
students with dyslexia. However, further studies need to investigate the long-term benefits
and scalability of the Multisensory approach in various educational contexts. The next in-
tervention is a mobile application described by Tariq and Latif [37], designed to improve
the writing difficulties in dyslexic children aged 5 or under. They have developed a custom
designed algorithm called ”Writers Learning Algorithm” based on a computational model
of learning, with components for re-learning, evaluation, and reinforcement. In incorpo-
rates character recognition algorithms and multisensory learning. another intervention is
called “Wridy” [13] which is made for writing for kids with learning disabilities includ-
ing dyslexia. For the intervention they have used 3D uppercase English alphabet tracing, a

scoring system that provides feedback to the user with multisensory learning.

While a significant number of research and interventions have been developed to help
dyslexic students who struggle with reading, far less focus has been placed on problems
related to writing. In Sri Lanka, the dyslexia-focused studies have primarily addressed
reading difficulties. In contrast, there is lack of study and resources on writing. The follow-
ing section highlights the existing worrk in this area, with a particular emphasis on Sinhala

writing skill improvement.

2.6 Sinhala Language and Writing

Hamid et al. [38] highlights that most of the interventions for dyslexic students are de-
veloped in English, with limited resources available in other languages, including Malay,
Mandarin, and Arabic. While dyslexia exhibits universal features across all languages, it
also manifests language-specific characteristics that vary depending on the linguistic con-
text. The observational study by Lokubalasuriya et al. [39] offers significant insights into
the unique language-specific characteristics of dyslexia among Sinhala-speaking children

aged 5 to 7 years. Unlike dyslexia in alphabetic languages, where letter reversals are a com-
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mon feature, this study reveals that such reversals are less prominent in Sinhala. Instead,
the frequent omission and substitution of modifiers, which are integral components that
alter the sound and meaning of Sinhala letters, emerge as distinguishing features. These
findings emphasize the necessity of developing educational tools and interventions specifi-
cally designed to address the complexities of Sinhala’s alpha-syllabic opaque orthographic
structure. Such tools must account for the unique linguistic challenges faced by dyslexic

learners in this context, ensuring more effective support and learning outcomes.

In Sinhala, applications such as Arunalu [2], Pubudu [40], and Walipilla [41] are dedi-
cated to screening for dyslexia and addressing reading challenges among dyslexic students.
These interventions employ machine learning techniques, including deep neural networks,
to enhance effectiveness. Additionally, other Sinhala-based interventions focus on teaching
the alphabet to dyslexic students, underscoring the utility of game-based and personalized
learning strategies in these contexts. However, the smaller number of resources specifically
designed for dyslexic students learning in Sinhala is evident, particularly in tools aimed at
improving writing skills. Research in this area remains underexplored, highlighting a clear
gap that necessitates further investigation. This study aims to address this gap by designing,
implementing, and evaluating an application that integrates game-based learning and per-
sonalized strategies to support and enhance the writing skills of dyslexic students learning

in Sinhala.

2.7 Summary of Existing Work

To evaluate the effectiveness and design methodologies of current instructional tools for
dyslexic learners, particularly in Sinhala, the table 2.1 summarizes numerous important
factors from significant research and implementations. Every row in the table signifies a
research or application. The Research paper column provides citation references. The De-
scription field summarizes the application’s purpose and emphasis. Techniques highlight
the particular technical or educational strategies used. Learning skills refers to the targeted
improvement of cognitive or academic abilities, such as reading and writing. Target Age
denotes the intended user age group, and Platform specifies the technological medium (e.g.,
mobile or online). The Evaluation Method outlines the assessment of effectiveness. The
results summarize the findings from the evaluation, and the limitations outline any con-

straints, such as language focus, operating system, or scope of learning addressed.
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search skills Age Method
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reading « Voice skills and | years and accuracy in « Only focus on
disabilities in recognition letter old post-test the CNN the reading
Sinhala- identifi- were given | model improvement.
speaking * Progress cation to the 85 percent
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in writing, Recognition, reading, scale witha | detect the devices.
reading, and Handwriting and 5-point stage of
speaking. Recognition, speaking. Likert scale. | dyslexia * The o
Support Vector using an application s
Machine SVM c'urr'ently
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2.7.1 Research Gap

» Research on game-based and personalized learning for dyslexic students has mostly
concentrated on languages like English, with little focus on Sinhala. Specifically,
there is a lack of research that addresses the challenges faced by Sinhala-speaking

dyslexic students in improving writing skills.

* Many studies have explored game-based educational platforms to improve reading
skills in dyslexic students. However, there is a notable gap in effective strategies
to enhance their writing skills. Writing, especially letter formation and letter-sound
correspondence, is frequently underrepresented in the educational technology inter-

ventions that are currently available.

21



Chapter 3

Methodology

We employed the Design Science Research (DSR) methodology to provide an effective ed-
ucational framework that not only improves the writing proficiency of dyslexic students
but also enhances their motivation and self-confidence through gamification and personal-
ized learning. The DSR is a methodology that follows an iterative design and evaluation
to address real-world problems through innovative artifacts [42]. Our approach involves
progressing through the key phases of DSR, including problem identification and motiva-
tion, defining the objectives of the solution, design and development, and evaluation. Each
phase allows for refinement and validation, ensuring that the framework effectively meets

the needs of dyslexic students.

DSR was particularly aligned with our research due to several significant reasons. Firstly,
our research aimed at creating a technological artifact (the assistive writing application) that
had to go through several cycles of development and revision according to user feedback.
Each phase of our research produced artifacts, from initial rough sketches and conceptual
models to Figma prototypes to the final working application. Secondly, DSR’s emphasis
on solving real-world problems aligns perfectly with our goal of addressing the specific
educational challenges faced by dyslexic students in their attempt to write in Sinhala. In
addition, DSR’s highly interactive and user-centered nature played a critical role in creat-
ing an efficient solution for dyslexic students, whose requirements are varied and tend to
be poorly understood. The image 3.1 shows the DSR phases that we customized for our

research.
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Figure 3.1: Customized Design Science Research Methodology

3.1 Problem Identification and Motivation

We conducted a preliminary study, iterating through the design science research framework
to identify the specific writing challenges faced by dyslexic students when writing in Sin-
hala.

To define the problem, we conducted a study with students, reviewed relevant books[43],
and held discussions with specialists in the domain. The primary objectives of this study

included:

* Identifying specific writing challenges, such as difficulty with modifiers, sentence

structuring, and time-constrained accuracy.

+ Gaining insights into emotional and motivational barriers affecting dyslexic students’

learning in Sinhala.

To get a better understanding of the writing difficulties of dyslexic students, a study was con-
ducted with a sample of 10 dyslexic students aged 8 to 10 years. This age group was chosen
because early detection and intervention are critical in managing dyslexia. All participants

were native Sinhala speakers with basic literacy skills and were formally diagnosed with
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dyslexia by a qualified professional. Parental or guardian consent was obtained before the
study. Throughout the research process, we collaborated with primary school teachers and
special education experts to leverage their knowledge and ensure effective teaching meth-
ods for the study. Their involvement provided valuable insights into dyslexia management

strategies within the local educational environment.

Figure 3.2: Sample Data in Preliminary Study

The samples collected from dyslexic students revealed several notable challenges in their

ability to write accurately in Sinhala. Such as :

* Inability to form complete simple words. Approximately 20 percent of the dyslexic
students demonstrated a profound difficulty in writing whole words, suggesting chal-
lenges not only with individual letters but also with the ability to conceptualize and
reproduce words as cohesive units. This indicates potential issues with cognitive
processes related to sequencing and phonological representation.

+ Difficulties with modifiers ("Pillam”) Approximately 67 percent of the students ex-
hibited challenges in writing letters with modifiers, which led to difficulty in forming

accurate word structures in the Sinhala language.
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* Longer completion times.

The core of the design science research method lies in the iterative process of designing,
developing, and evaluating the artifacts. This iterative process enables continuous improve-
ment and learning based on feedback and insights at each phase. The process has several
iterations, and each builds on the data gained in the previous one. We will undertake three
primary prototyping iterations using papers and Figma, followed by the developed system.

To evaluate each iteration phase, we used different sample sizes.

3.2 First Iteration Phase

3.2.1 Base Design

In the initial iteration phase, we designed data from written ideas, and rough sketches were
created to depict potential features and user interactions for a Sinhala language writing tool
for students with dyslexia. Initial design models were to create activities using the first
6-10 letters of the Sinhala alphabet. It involved activities focused on creating simple 2 -
3 letter words while considering the use of modifiers. This design approach attempted to
demonstrate how learning letters might be broken down to manageable segments, incorpo-

rate multisensory learning techniques, and propose engaging activities.

3.2.2 Base Design Evaluation

To validate our design process, we discussed it with primary school teachers and special
education teachers, all of whom are experienced in working with dyslexic students. These
discussions provide us with key findings, the importance of multisensory integration( partic-
ularly visual and auditory features), the effectiveness of visual guidance to facilitate mem-
orization, the follow of systematic letter teaching order, and the need for a personalization
feature to address each student’s unique challenges.

The special education teachers also provided valuable insights regarding user interface de-
sign concerns. They emphasized that students with dyslexia often experience visual dis-
comfort and distraction if subjected to complex or high contrast designs. Based on their ex-

pertise and existing literature, we learned that pastel colors create a more comfortable visual
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experience and that using a light background with far colored text is better for readability.
Their recommendation is to maintain simplicity in the overall design and emphasizes that
simplicity is crucial for dyslexic students to minimize distraction and help students focus on
learning content. With this insightful feedback provided by special education teachers re-
garding visual design, we also examined the potential for introducing gamification elements
to facilitate student engagement. In particular, we investigated the potential for including
elements such as levels, evaluative feedback systems, rewards, challenges, and leaderboard
within the user interface design. The special education teachers emphasized the possible
benefit in utilizing levels, feedback, rewards, and challenges to help keep students engaged
and motivated; they advised against including a leaderboard. They were concerned that a
leaderboard would put too much pressure on individuals and would be intimidating or dis-

couraging for dyslexic users.

Another significant observation from our discussion was significant longer times dyslexic
students require to learn letter recognition and formation than their peers. Special educa-
tion teachers emphasized that dyslexic students may have more improvement from a more
focused and sequential approach with fewer letters. This led to our decision to limit our
initial design to six letters rather than attempt to work with a broader range. Based on these
findings, we developed a strategy to address the identified challenges by designing and
creating a personalized and gamified learning framework and six Sinhala letters ®(Ga),
@(La), c3(Ya), O(Ta), 2»(Ka), and &5(Pa) were selected to focus on the exercises. These

letters were chosen considering the following factors:

* The need for varying levels of complexity to ensure a progression from simpler to
more advanced forms because of the diverse writing abilities among primary school
students (ages 8-10) with dyslexia. This approach acknowledges that students enter
the learning process with different baseline abilities, ranging from those who possess

basic writing skills to those who struggle with fundamental letter recognition.

» Frequently used letters in the Sinhala language according to the Grade 1 Teachers’

Guidebook, as well as from the previously referred previous work [25].

» Expert recommendations on the cognitive capacity and time required for dyslexic

students to learn effectively.
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3.3 Second Iteration Phase

3.3.1 Application Design

In designing our intervention, we implemented a series of activities addressing all the find-
ings found on the prior iteration. Pre-writing activities were introduced first, providing
dyslexic students with a foundational step before advancing to complex levels. This ap-
proach then progresses to letter identification activities, followed by tracing and freehand

writing activities.

The flow chart 3.3 shows the structure of activities:

Application

Fre o Suees
Drawing Straight Lines
Letter Identification

Drawing Curved Lines
Matching exercises

Letter Writing

Tracing Simple Letters

Matching Image to Image
Matching Letter to Image

r

Tracing Complex Letters

Word Writing

Simple Two Letter Word without
"diacritical marks (“8gg®")".

l

Simple Two Letter Word with
"diacritical marks (“8gg®")".

Figure 3.3: Activity Structure

Based on these activities, we designed the detailed Figma prototypes. The design incorpo-
rates a carefully considered pastel color palette, utilizing simple and clear visuals to min-
imize cognitive load and visual discomfort of dyslexic students. We designed the Figma

prototypes using images suitable for dyslexic students. Audio cues and sounds were used
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to support multisensory learning, guidance, and the final product. Each activity incorpo-
rated game elements such as levels, progress tracking, feedback, and a reward system to
enhance the students’ engagement and motivation. Additionally, these activities contain
two levels to address students’ unique difficulties and facilitate gradual skill development.
The font used throughout the design was “Hodi Potha”, a type of font that students are fa-
miliar with in the local educational context. Figure 3.3 displays the game map we designed

using Figma.

Figure 3.4: Game Map

Pre-Writing Activities Design

During the pre-writing design phase, foundational tracing activities were designed to facil-
itate the formation of Sinhala letters. These activities include both straight line and curved
line tracing, which serve as basic components required for the letter construction. A soft
pastel color scheme is used across backgrounds and interface elements, as it helps reduce vi-
sual stress and supports better focus for dyslexic students. The interactive interface presents
a clean tracing space with visual cues such as dotted lines and directional arrows, subtly
guiding the stroke order. Encouraging and corrective sound effects are used to provide im-
mediate feedback during tracing, helping learners recognize and correct their tracing. A
celebratory animation with sound is triggered upon activity completion, offering a moti-
vating sense of achievement. To enhance user experience, interactive elements such as an
eraser tool for removing traces and a progress bar indicating completion status were incor-
porated. Additionally, each level includes repeated tracing of the shape to reinforce learning
and support the gradual development of fine motor skills needed for Sinhala letter forma-

tion. Figure 3.4 shows some of the pre-writing activities we designed for dyslexic students.
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Figure 3.5: Figma Design - Pre-Writing Activities

Post-Writing Activities Design

Building upon these fundamentals, the Post-writing module included more advanced sub-
levels for letter identification, guided tracing practice, and freehand writing. This structured
approach was extended to increasingly complex challenges, including two-letter words, let-
ters with modifiers, and finally two-letter words with modifiers.

Letter Identification

Letter Identification activities were designed with two levels. In the first level, students
were given the six letters with a flip card mini game, these cards are designed with the letter
and picture on each side, which helps students to identify the letter. A pastel pink color
card background and black letter color were used to increase the readability. The design
included a progress bar to help students track their progress through the activity, as in the
figure 3.5
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Figure 3.6: Letter Identification Level One

The second level was designed with a letter-to-image match mini-match game which stu-
dents match the letters with the image according to the prior level and draw a line. The
interface is designed with a light greenish blue pastel color to minimize visual stress, and

feedback is given by changing the border colors as in figure 3.7.
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Figure 3.7: Letter Identification Level Two

Tracing Activities

When designing the user interfaces for the tracing activities, we mainly focused on the
findings we got through the discussion with domain experts and existing literature. The
interface design incorporates minimalist design principles and recommended pastel color
schemes, which have been shown to reduce the visual discomfort of dyslexic students and
increase readability. Interactive elements are integrated into the design to enhance engage-
ment through positive feedback, such as celebratory confetti animations when levels are

completed. To facilitate mistake identification, the pre-drawn outline changes to red when
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a mistake occurs by providing immediate visual feedback. Our design prioritizes accessi-
bility through navigation features, including a game map for progress tracking. We also
designed to offer customization options such as pen colors and the selection of eraser tools.
According to the level of the activities, we provide visual and auditory guidance to dyslexic
students. We also adhere to HCI principles like consistency, visibility, error prevention
and recovery, feedback, and simplicity. These elements collectively create a supportive
learning environment for dyslexic students by maintaining an engaging and adaptive user
experience.3.8 figures show some of the pre-writing activities we designed for dyslexic
students.
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Figure 3.8: Figma Design - Post-writing Activities(Tracing)

Freehand Writing Activities

In freehand writing exercises similar to tracing exercises, we used a simple design with
recommended pastel colors adhering to HCI principles. In here, there is a lined area to write
the letter or the words as in Figure 3.9. Interactive elements are integrated into the design
to enhance engagement through positive feedback, such as celebratory confetti animations
when levels are completed. We used popups to give different feedback about the status of

the activity to enhance the user experience as in figure 3.10.
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Figure 3.9: Figma Design - Post-Writing Activities (Freehand Writing)

Figure 3.10: Figma Design - Interactive Elements(Freehand Writing)

3.3.2 Prototype Evaluation

To validate our design decisions, we presented the Figma prototypes to 6 dyslexic students
and 3 teachers to get their feedback. Their feedback confirmed that our color palette was
effectively utilized to enable interactions like tracing without visual distraction. The user
interface’s simplicity and clarity effectively reduced visual confusion, and the images cho-
sen were effective in enabling letter recognition and recall. The "Hodi Potha” font had
good readability for the students. Participating students also conveyed that they found it
easy to navigate between the Pre-Writing and Post-Writing modules, and their respective
sub-levels. Most notably, the activities we had chosen, ranging from simple line practice to
letter identification, tracing, freehand writing, and initial word formation, were assessed as
appropriately challenging and useful for dyslexic students. These valuable findings were

systematically incorporated into the development of our final system.
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3.4 Third Iteration Phase

3.4.1 Game Design

The observations and findings obtained from our Figma prototypes, we designed and de-
veloped working mobile applications that were specifically designed for dyslexic students.
Our application had logic and algorithms that were designed to detect writing errors that
are most often encountered by dyslexic students and offer personalized assistance in their

learning process.

Our development process focused on developing a user-friendly interface to address the
unique needs of dyslexic users while embedding our error detection mechanisms. To ad-
dress the personalization requirements, we developed an algorithm that could dynamically
adjust exercise difficulty levels based on individual student performance in prior exercises,
such that each student would have an experience that was personalized to be challenging

enough.

We specifically focused on developing the interaction model of the user for the stylus and
tablet to enable effortless handwriting recognition with precise visual feedback. The appli-
cation was built on cross-platform technology to maintain compatibility with a variety of
devices. Key functionality encompassed handwriting recognition and analysis, variable dif-
ficulty level, visual and auditory feedback mechanisms, and a coherent game-based learning

path.

3.4.2 Evaluation of Game Design

To validate our application and meet our objectives, we conducted testing with around 6
dyslexic students and over 10 non-dyslexic students in a primary school setting. Having
both a mixed group of participants allowed us to analyze the target user experience while
providing baseline comparisons. The test confirmed that our algorithms and logic worked
as expected, but they required additional tuning to become more precise. This comparison
of responses from dyslexic and non-dyslexic participants enabled us to establish appropriate
threshold levels for detection algorithms. The data sample collected during the evaluation
phase and the finalized threshold value determined through our analysis are presented in
the table 3.1:
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Task Average Completion Times - | Average Accuracy Scores -
(In Seconds) (Out of 100)
Letter Tracing 38.34 92.40
Letter Freehand Writing 32.01 75.71
Word Tracing 49.34 74.86
Word Freehand Writing 44.24 66.39
Letter with Modifier 43.88 75.65
Tracing
Letter with Modifier 35.11 65.69
Freehand Writing
Word with Modifier 53.15 72.21
Tracing
Word with Modifier 48.68 60.98
Freehand Writing

Table 3.1: Performance Summary Across Post-writing Levels

We also collected qualitative feedback from six dyslexic students with the help of teachers.
A majority of the participants preferred writing with a stylus over a finger when writing on
tablets, especially pointing out that writing with a stylus felt more natural. Students were
interested in writing on tablets, perceiving the tablet environment as more motivating than
ordinary paper books. The assessment also showed a fundamental usability problem: par-
ticipants reported too much transition time between freehand writing activities, disrupting

their flow of engagement.

The supervising teachers provided additional valuable insights, commenting that students
can become disengaged due to a lack of visual diversity in the app. This brought to light
the necessity to include more diverse visual elements, alternative color combinations, and
interactive elements to sustain interest, especially among children suffering from dyslexia
who are likely to have problems with attention. These discoveries were meticulously noted
to guide the ultimate enhancements of our app and thereby ensure that it would effectively

tackle the individual writing issues affecting students with dyslexia.
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3.5 Project Management Process

For our research project, we employed a specialized project management approach that

balanced academic research rigor and efficient software development.

» GitHub Version Control: We utilized GitHub for source codes, feature branches, and
code review management, so that research algorithms and software implementations

were synchronized

* Google Drive Documentation: All research documents, meeting notes, and non-code
artifacts were stored in a Google Drive repository, providing centralized access to all

team members

* Trello Task Management: We utilized Trello boards to track individual tasks, research

milestones, and development progress through separate workflow stages.

» Regular team meetings: conducted bi-weekly team meetings to monitor progress,

address problems, a nd reprioritize needed.
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Chapter 4
Implementation

The technical aspects of the development process for our personalized and gamified learn-
ing application are covered in this section. The system is built with a strong focus on sup-
porting early dyslexic learners through a structured, gamified, and adaptive learning ex-
perience. Pre-writing, post-writing, and a personalization framework are its three primary
components, each of which is intended to focus on a distinct facet of the process of de-
veloping writing skills. The solution makes use of modern mobile technologies, machine
learning techniques, and cloud-based services to ensure accessibility and scalability. The
system’s high-level architecture, technological stack, use case diagrams, user narratives, a
description of the underlying mechanisms of each key component in the application and the

rationale behind them are also provided.

4.1 User Centered Design Approach

As mentioned in the Methodology section, we have collaborated with primary school teach-
ers, special education teachers and children in order to get continuous feedback for our pro-
totypes and finalized on a design which fulfills all the user requirements while maintaining
a dyslexia-friendly, age-appropriate user environment. This section consists of all the user

narratives and the use case diagram, which was designed based on the user narratives.

36



4.1.1 Use Case Narratives

Use Case Name Register User.

Summary The system should be able to register new users.

Actors Student

Preconditions The user has not already been registered to the system.
Description The user should be able to provide relevant details at regis-

tration and create a new account.

Exceptions If the user is unable to provide the necessary details, the reg-
istration process won’t be successful, and an error message

will appear.

Post conditions A new user account will be created by the system, and the

user will be redirected to the login page.

Table 4.1: Use Case Narrative — Registration
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Use Case Name

User login to the system.

Summary Users can log into the system using their username and pass-
word.

Actors Student

Preconditions The user must be registered to the system.

Description The user navigates to the login page and enters their creden-
tials. The system then verifies the credentials, and if they are
correct, the user is granted access to the system.

Exceptions Invalid credentials result in an error message, and the user
remains on the login page.

Postconditions The user is logged into the system and has access to their

dashboard.

Table 4.2: Use Case Narrative — Login
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Use Case Name

Allows users to log out from their account securely.

Summary The system should allow users to log out from their accounts
securely.

Actors Student

Preconditions The user must have a valid registered account and should log
in to the system.

Description After using the system, the user selects the ”"Logout” option.
The system terminates the session, ensures no data is cached
or stored locally, and redirects the user to the login page.

Exceptions If there is an issue logging out (e.g., network issue), the sys-

tem will prompt the user to try again or display an error mes-

sage.

Post conditions

The user logs out of the system and is redirected to the login

page.

Table 4.3: Use Case Narrative — Logout
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Use Case Name

View pre-writing exercises.

Summary The user should be able to view and complete the pre-writing
exercises.

Actors Student

Preconditions Users must be logged in to the system and at an appropriate
level to view the pre-writing exercises.

Description The user should be able to complete pre-writing exercises,
which are personalized in a game-based environment.

Exceptions If the student fails to complete the exercise, the activity may
need to be repeated.

Postconditions

* The system evaluates the completed exercise and

gives a score.

* The system updates the student’s progress and gives

rewards based on the provided answer.

* The system loads new content based on the user’s per-

formance.

Table 4.4: Use Case Narrative — View pre-writing exercises
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Use Case Name

View letter Identification exercises.

Summary Users are given letter Identification exercises to help them
identify different letters.

Actors Student

Preconditions The student is logged in and is at an appropriate level, which
can view the letter identification exercises.

Description The system assigns letter identification exercises to the stu-
dent, prompting them to identify specific letters. Visual
aids and prompts are used to support recognition, and the
system tracks the student’s responses. The exercises in-
clude matching image-to-image, letter-to-letter, and letter-
to-image tasks.

Exceptions If the student fails to complete the exercise, they may need
to repeat the exercise.

Postconditions

* The system evaluates the completed exercise and

gives a score.

» The system updates the student’s progress and gives

rewards based on the provided answer.

* The system loads new content based on the user’s per-

formance.

Table 4.5: Use Case Narrative — View letter identification exercises
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Use Case Name

View letter writing exercises.

Summary Users are given exercises to write letters using six selected
letters, either without or with diacritical marks, in a person-
alized game-based environment.

Actors Student

Preconditions The student is logged in and is at an appropriate level, which
can view letter writing exercises.

Description The user is given exercises related to letter writing with and
without diacritical marks in a personalized game-based en-
vironment.

Exceptions If the student fails to complete the exercise, they may need
to repeat the exercise.

Postconditions

* The system evaluates the completed exercise and

gives a score.

* The system updates the student’s progress and gives

rewards based on the provided answer.

* The system loads new content based on the user’s per-

formance.

Table 4.6: Use Case Narrative — View letter writing exercises
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Use Case Name

View two-letter word writing exercises.

Summary Users are given exercises to write two-letter words using six
selected letters, either without or with diacritical marks, in a
personalized game-based environment.

Actors Student

Preconditions The student is logged in and is at an appropriate level, which
can view two letter word writing exercises.

Description The user is given exercises related to two-letter word writing
with and without diacritical marks in a personalized game-
based environment.

Exceptions If the student fails to complete the exercise, they may need
to repeat the exercise.

Postconditions

* The system evaluates the completed exercise and

gives a score.

* The system updates the student’s progress and gives

rewards based on the provided answer.

* The system loads new content based on the user’s per-

formance.

Table 4.7: Use Case Narrative — View two-letter word writing exercises
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Use Case Name

Give users badges for certain milestones.

Summary

The system rewards users with badges upon completing spe-
cific milestones (e.g. completing 10 activities, and reaching

learning goals).

Actors

Student

Preconditions

The student has completed milestones that qualify for badge

rewards.

Description

When the student completes a predefined milestone (e.g.,
completing a set number of challenges, or learning specific
letters), the system checks their achievement status. If the
milestone is met, the system automatically awards the ap-

propriate badge and notifies the student.

Exceptions

If there is an error calculating the student’s progress or an

incomplete activity, no badge is awarded.

Postconditions

The badge is added to the student’s profile, contributing to

their overall progress and motivating continued engagement.

Table 4.8: Use Case Narrative — Give Badges
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Use Case Name View progress.

Summary The users should be able to view their progress.

Actors Student

Preconditions The user must be logged in to the system.

Description The user should be able to go to the specific interface after

selecting the view progress option.

Exceptions -

Postconditions The user should be able to view the progress and the mistakes

that they have made in exercises.

Table 4.9: Use Case Narrative — View Progress

Based on the use case narratives that are mentioned above in Table 4.1 to 4.9, the use case

diagram was drawn. It is shown below as Figure 4.1.
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4.1.2 Use Case Diagram
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Figure 4.1: Use Case Diagram
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4.1.3 System Architecture
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Figure 4.2: High-Level Architecture

The system uses Model-View—Controller architecture as shown in figure 4.2, to cater for
the separation of concerns, for scalability benefits and maintenance ease. We can modular-
ize the application using this architectural design, which naturally fits with our objectives

of interactive learning, personalization, and service integration.

View component comprises interactive exercise screens related to pre-writing and post-
writing that are visible for end users. Model component is responsible for maintaining the
data related to exercises, students, student attempts of the exercises and also storing hand-
written letter images. Apart from that model component has an exercise class and a user
class, which handle the business logic of the application. Controller component works as
the mediator between the model and the view component. It is responsible for handling the
user requests and sending responses according to them. The user controller and the general
controller have been used to achieve that task.

Apart from these components, there is another module called the accuracy generator, which

is responsible for predicting the handwritten letters and generating accuracy scores.
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4.2 Technology Justification

This section provides the justifications for selecting various kinds of technologies that have

been used through out the research.

React Native

React Native was chosen for the frontend due to its architecture of reusable components,
which enables effective development while maintaining a consistent user interface across
the application. The use of a virtual DOM helps in achieving performance gains by limiting
direct changes to the real DOM, thus making the application faster and more responsive. In
addition, React’s relatively lower learning curve, especially for developers with a JavaScript
background, shortens the overall development process. Apart from that, React Native cross-
platform capability enables the app to perform flawlessly on both Android and iOS using a

single codebase, which saves time and gives greater exposure to the users.

Node JS

Node.js was chosen as the backend technology because it can efficiently handle API re-
quests in a non-blocking, event-driven way, making it particularly suitable for real-time
applications such as ours. Node.js also enables developers to use JavaScript for frontend
and backend development, thereby maintaining consistency in the development stack. The
presence of a diverse ecosystem of libraries, coupled with robust community backing, accel-
erates the development process and facilitates the integration of external services, including

Firebase and various cloud APIs.

Cloud Firestore And Firebase Storage

Firebase Cloud Firestore and Firebase Storage were selected due to their easy compatibility
with React Native and real-time features that are vital to applications’ requirements. Cloud
Firestore offers a NoSQL database with scalability features, allowing the structured storage
of user-generated data such as progress, performance metrics, and personalization profiles.
Firebase Storage is explicitly tailored to handle large binary files, like handwritten sam-
ple images. The platform allows for the safe and effective storage of these images. Both
services exhibit simplicity in integration, affordability, and support from Google’s solid in-

frastructure, which ensures reliability, scalability, and strict access control.
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Python

Python is a preferred language for the machine learning aspect of this project since it is
equipped with a lot of libraries and frameworks such as Numpy, Keras...etc. Since there
are a large number of Python machine learning communities, issues arising during machine

learning activities can easily be resolved quickly with support from the community.

Keras

Keras is characterized by its ease of use and user-friendliness. It effectively abstracts many
aspects of the lower-level TensorFlow. complexity. Prototyping of neural networks is sim-
plified and quick.

Jupyter Notebook

Jupyter Notebook provides an interactive coding environment that facilitates machine learn-
ing experimentation and quick prototyping. jupyter notebook cells can be executed inde-
pendently and in any order which aids in viewing real-time intermediary outputs. This is
useful to create machine learning workflows easily allowing quick experimentation with

code.

Google Cloud Run, Docker and FastAPI
Hosting and maintaining the accuracy generator service using Google Cloud Run, Docker
and FastAPI creates a cost efficient and scalable option which is very easy to maintain. And

it allows secure HTTPS endpoints for the exposed API.
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4.3 Main Components of the System

Pre-Writing
Component

Post-Writing
Component

Model

Figure 4.3: Main Components of the System

As shown in the figure 4.3, the proposed model consists of three main components, which
are the pre-writing component, the post-writing component and the personalized frame-

work. The post-writing component is interconnected with the personalized framework.

4.3.1 Pre-Writing Component

The Pre-writing module corresponds to the first main level in the learning structure of the
application. Through the mastery of basic shapes, including straight and curved lines, the
pre-writing Module aims to assist students in developing the essential abilities needed to

write letters. These forms work as building blocks for creating whole Sinhala letters.

The application compares the student’s traced SVG path and the target SVG path. And it
checks for path alignment and the path length when assessing the accuracy of the student
tracings. The attempt is considered incorrect if the traced length differs much, either by
being too long or too short. The system uses Euclidean distance for the straight lines and

uses Cubic Bézier formula to calculate the path length.

When assessing the path alignment, the traced path divides into smaller points called gesture
points and then each point maps to the closest segment of the original SVG path. The system
considered the tracing as a valid attempt if all the gesture points fall within the acceptable

predefined distance threshold.
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4.3.2 Post-Writing Component and the Personalization Framework

Tracing Activity

Accuracy Personalization
Generator Framework

Freehand Writing ’
Activity

Figure 4.4: Structural Flow

Post writing component and the personalization framework are interconnected. Figure 4.4

depicts the structural flow of how these components work together.

Before progressing to writing exercises, the dyslexic student gets to know the letters first
and that is called the letter identification module. Through these exercises, children are
taught to identify Sinhala letters and associate them with well-known items. Students tap
on cards featuring Sinhala letters in the Letter Matching exercise. When the card is tapped,
an image of an object that begins with that letter is revealed. The goal of the picture match-
ing exercise is to match the appropriate image from a collection of images with the relevant
Sinhala character. These visually exciting, engaging games increase letter recognition ac-

curacy and memory retention.

Apart from the letter identification module, each main level has a set of sub levels. And
these sublevels represent tracing activities and freehand writing activities of the selected
letters or words. They will be accessible to the user after completing all the pre-writing

tasks and the letter identification module.

Tracing Activity

The tracing activity is a guided writing exercise designed to help dyslexic students develop
proper letter formation and fine motor skills. Completion time and tracing accuracy will be
measured as the performance metrics. Completion time will be counted from the start of
the exercise to the end of the task until the user saves the exercise. Same mechanism that
has been used in the pre-writing component to measure the accuracy of the tracing activities

will be used here.
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Freehand Writing Activity

Students are prompted to write a given Sinhala letter or word freely on a blank canvas using
the stylus on the tablet. This type of exercises aim to improve the independent letter for-
mation skills. Completion time and tracing accuracy will be measured as the performance
metrics. As in the tracing activities, completion time will be counted from the start of the
exercise to the end of the task until the user saves the exercise. Accuracy generator will be

used to measure the accuracy of the handwritten letter or word.

Accuracy Generation

Three methods for evaluating handwriting accuracy were investigated in order to find out

the most effective way.

1. Image Similarity Technique
This technique compares the handwritten letter with the correct letter and generates
a similarity score based on its structure. We have used SSIM(Structural Similarity
Index Measure) as the algorithm for it. But we only managed to achieve 60-70% as
the similarity score for nearly matched images. This technique was very sensitive to

small changes in alignment or rotation.

Similarity Score: 0.5821

Handwritten Letter (Cropped) Accurate Letter (Cropped)

Figure 4.5: Image Similarity Technique

Figure 4.5 shows an attempt to compare a handwritten letter with an accurate picture
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of the same letter. Even if the handwritten letter is mostly accurate, these similarity

scores were unable to produce good accuracy.

. CNN Model Classification Technique

A Convolutional Neural Network (CNN) model was built from scratch to classify
Sinhala letters written by students and generate an accuracy based on its confidence
percentage of the prediction. We have used this method in order to mitigate the issue
that we had in the previous technique. The CNN model consists of two convolutional
blocks followed by fully connected layers. The first block starts with a 2D convolu-
tional layer with 32 filters of size 3x3 and ReLU activation, followed by a 2x2 max
pooling layer and a dropout layer with a rate of 0.25 to prevent overfitting. The second
block mirrors this pattern with 64 filters in the convolutional layer, again followed
by max pooling and dropout. The output is then flattened and passed through a dense
(fully connected) layer with 128 neurons and ReLU activation, followed by another

dropout layer with a rate of 0.5. Finally, the model ends with a softmax output layer.

Data Collection

Phase

Figure 4.6: CNN Model

Three phases were used to prepare the CNN model for the prediction as shown in the

figure 4.6.

¢ Data Collection Phase
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Figure 4.7: Data Collection Phase

We were able to collect about 6200 correct handwritten letters from about 20
non-dyslexic students at the primary school for the six selected letters with and
without modifiers. Then they were scanned and made available digitally and
labelled by the letter name as shown in the figure 4.7. And then they were
divided into train and test folders 80% to 20% ratio.

* Data Preprocessing Phase
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Figure 4.8: Data Preprocessing Phase

Images were preprocessed before inputting them to the model. The whole pro-
cess is shown in the figure 4.8. First, the original images were converted into
grayscale to ease the processing. Then we have used the adaptive threshold
technique to make the images binary and inverse. This technique was specifi-
cally used to address the varying light conditions of the grayscale image. And
then images have gone through a process called dilation, where if there are any
disconnected parts of the stroke of the letter, it will thicken the stroke to connect

them and make it into a single line of stroke. And then in the erosion phase letter
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stroke would reduce the stroke width to normal size. After going through this

phase, images have been fed into the model.

* CNN Model Training & Prediction
CNN model has achieved 99.01% training accuracy while validation accuracy
was 94.29%. But this method also had a drawback. Even if the model can
identify the handwritten letters and generate an accuracy score for them, there
might be cases where the prediction is wrong. If the prediction is wrong, the
accuracy that is going to be generated from the model will also be wrong. So

that led to consideration of an alternative option, which is the third option.

3. Hybrid Model - Accuracy Generator
Accuracy generator is a combination of a CNN model and a similarity detection
model, which has been proposed to mitigate the drawbacks of earlier proposed solu-

tions, as shown in the figure 4.9.

4 N\
CNN Model
(Prediction
Label)
o /

Figure 4.9: Accuracy Generator

* CNN Model Prediction
We have used the earlier model that we have been used as the second option to

predict a label and generate a confidence score for the handwritten letter.

* Similarity Detection Model
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Figure 4.10: Similarity Detection Model
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For the similarity detection model, we made an intermediate model which was
created from the previous model’s input and set its output to the penultimate
layer, which stores the feature embeddings. And the correct version of the letter
and the handwritten letter are fed into the model and it generates two feature
vectors for the correct letter and for the handwritten letter. These two vectors
are compared using the cosine similarity and generate a similarity score based
on them as shown in the figure 4.10.

In this technique, if the prediction is wrong, we can heavily rely on the similarity
score; if the prediction is correct, we can heavily rely on that score.
Personalization Framework

Personalization framework is responsible for loading the next exercise in the post-writing

component based on the student’s competency. It can identify individuals’ weaknesses and

propose exercises based on them. It follows the over-teaching method to improve memory

retention, which is currently used in special education centers.

Exercise
Accuracy \.
Completion /
Time

Figure 4.11: Personalization Framework

Personalization
Algorithm
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As shown in figure 4.11, exercise accuracy and the completion time measured in tracing
activities and freehand writing activities are fed into the prediction model to predict the

next exercise.
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Chapter 5
Results and Analysis

The methodology of the study involved selecting participants for the experiment, conduct-
ing a pre-test to assess the current writing abilities of the dyslexic children, implementing
the intervention (treatment phase), administering a post-test, and evaluating the outcomes
based on the results that were taken from the test results as well as data collected from the
application when students doing exercises. Visual representations and comparative data are
used to analyse the results and helps to come to a conclusion whether the application really
has a positive role or a negative role in the learning of Sinhala writing skills among the

dyslexic students.

5.1 Evaluation

A sample of 10 dyslexic students who struggled with writing, aged from 8-10 was selected
from a primary school. The 8-10 age group was selected here because studies have shown
that early detection and intervention in cases of dyslexia can yield substantial therapeutic
benefits. So Primary school-aged students are an ideal population for interventions like this.
10 students were divided into two groups, which are control group and treatment group.
Before participating to the study, the guardians/parents of the students were informed about
this research as well as got consent from them to participate their children to the research
study. After getting the proper approvals, pretest was given. The pretest consisted of the
letters and words that were given in the mobile application as exercises. And accuracy of
the letters and words of the pre test were marked by a primary school teacher. Apart from
getting the accuracy of the letters, the time that it takes to complete the pretest was also

collected for better evaluation accuracy.
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Figure 5.1: A Student During a Session

Five students which were in the treatment group participated in 20 minutes session per day
spanned across fourteen days to do the activities of the writing application while continuing
their usual learning activities at school. Figure 5.1 was a photo that was captured during the
intervention phase. Students in the control group were also continued their usual learning
activities at school but they didn’t get the writing application. At the end of the treatment
phase both the control group and the treatment group were given the post test which also
included the letters and words that were given in the application as the exercises. Com-
pletion times and the marks that were given by the primary school teacher for the post test
were collected. At the end of these phases the marks and the completion times that were

collected from both the pre-test and post-test were compared and analysed.

The marks obtained from the pre-test and the post-test for the treatment group are shown in
Table 5.1 below.

The figure 5.2 below shows the comparison of the marks between the pre test marks and

the post test marks taken by the treatment group.
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Student Pre Test Marks (Out of 13) | Post Test Marks (Out of 13)
Student 1 10 12
Student 2 7 10
Student 3 10 11
Student 4 7 9
Student 5 9 10

12

10

Table 5.1: Pre Test Marks and Post Test Marks - Treatment Group

W PreTestMarks [ PostTest Marks

Student 2 Student 3

Student 4 Student 5

Figure 5.2: Pre Test Marks and Post Test Marks - Treatment Group

The marks obtained from the pre-test and post-test for the control group are shown in Table

5.2 below.

The figure 5.3 below shows the comparison of the marks between the pre test marks and

the post test marks taken by the control group.
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Student Pre Test Marks (Out of 13) | Post Test Marks (Out of 13)
Student 6 9 9
Student 7 9 9
Student 8 7 7
Student 9 6 7
Student 10 6 6

Table 5.2: Pre Test Marks and Post Test Marks - Control Group

W PreTestMarks [l Post TestMarks

10

Student 6 Student 7 Student 8 Student 9 Student10

Figure 5.3: Pre Test Marks and Post Test Marks - Control Group

After analysing the two graphs created from the two tables we can see that all students in the
treatment group showed improvement in writing skills. The average increase in marks is
1.8 when comparing the students’ average marks for the post test and the average marks for
the pre test, indicating that all the students have learnt at least one letter/word after using the
intervention. In the control group 80% of the students are showing no improvement while

only 1 student has shown an improvement of correcting one letter/word than the pre test.

The next comparison can be done considering the pre test and the post test score of the

same group. It is called a paired T-test which generates a P value based on the data and if
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that P-value is less than 0.05(p<0.05), it is believed that there is a significant improvement
associated with that intervention statistically. The data has to be normally distributed in
order to do the paired T-test. To check whether the data set is normally distributed, Shapiro-
Wilk test is done. And it generates a p value and it has to be greater than 0.05 (p>0.05).

Shapiro-Wilk Test: stat=8.883, p=0.086
# Data is approximately normally distributed.

Shapiro-Wilk Test: stat=e.961, p=0.814
® Data is approximately normally distributed.

Figure 5.4: Normal Distribution - Pre and Post Test Marks

T-statistic: 4.8107862354423639

P-value: ©.00858091872192478

Figure 5.5: P value - Treatment Group

After testing the pre test marks and the post marks of the treatment group, they generated
p=0.086 and p=0.814 accordingly as figure 5.4, qualifying to do the paired T test. After
generating a p value for paired T-test using the pre test marks and post test marks it gener-
ated 0.0085 shown in figure 5.5 which is 0.0085< p shown in the indicating that there is a

significance in the intervention.
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Shapiro-Wilk Test: stat=8.803, p-0.086
¥ Data is approximately normally distributed.

Shapiro-Wilk Test: stat=8.852, p=é.2E!1
¥ Data is approximately normally distributed.

Figure 5.6: Normal Distribution - Pre and Post Test Marks¢

T-statistic: 1.0

P-value: 0.373900966300059

Figure 5.7: P value - Control Group

If we consider the pre test marks and the post test marks of the control group, both of the
marks are normally distributed according to the Shapiro-Wilk test as shown in figure 5.6
When we tested the two scores for paired T-test it generated p value of 0.373 shown in fig-
ure 5.7 which is p<0.373. And it is not significant enough according to the paired T-test.
So we can deduce that our writing application has made some kind of a good impact on the

dyslexic children which is statistically provable.

The time that it took to complete the pre-test and post-test for the treatment group are shown
in Table 5.3 below.

Figure 5.8 below are represented based on the completion times that it takes to finish the

pre test and post test by the treatment group.
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Student Completion Time - Completion Time -
Pre Test (In Seconds) | Post Test (In Seconds)

Student 1 264 137

Student 2 345 164

Student 3 234 127

Student 4 302 185

Student 5 215 148

Table 5.3: Pre Test and Post Test Completion Times - Treatment Group

B Completion Time - Pre Test B Completion Time - Post Test
400

300

200

100

Student 1 Student 2 Student 3 Student 4 Student 5

Figure 5.8: Pre Test and Post Test Completion Times - Treatment Group

The time that it took to complete the pre-test and post-test for the control group are shown
in Table 5.4 below.

The figure 5.9 depicts the completion times that it took to finish the pre-test and post-test
by the control group.
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Student Completion Time - Completion Time -
Pre Test (In Seconds) | Post Test (In Seconds)
Student 6 251 243
Student 7 208 216
Student 8 318 309
Student 9 297 268
Student 10 247 255
Table 5.4: Pre Test and Post Test Completion Times - Control Group
B Completion Time - Pre Test B Completion Time - Post Test
400
300
200
100

Student 6

Student 7

Student 8 Student 8

Student10

Figure 5.9: Pre Test and Post Test Completion Times - Control Group

All students in the treatment group completed the post test faster than the pre test. The

average completion time between the post test and the pre test was reduced nearly by 2

minutes, indicating improved confidence and fluency in writing. Control group’s minimal

improvement is seen. Two students had taken more time in the post test than the pre test,

while three students managed to complete the post test with less time compared to the pre

test. Out of those 3 students, there is only one student took substantial less time.

Apart from the pre-test and post-test evaluation, we have generated table 5.5, based on the
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accuracy scores of the exercises that the treatment group has done using the application.

Students have tried out all the exercises in the application twice within the two weeks. The

table below shows the results of the accuracy of the two attempts. Accuracy scores are cal-

culated out of 100.

Average Accuracy

Student 1

Student 2

Student 3

Student 4

Student 5

Avg Accuracy 1st Time
- Letter Writing

74.68

77.26

82.88

91.49

79.42

Avg Accuracy 2nd
Time - Letter Writing

90.11

76.49

98.71

87.42

78.87

Avg Accuracy 1st Time
- Word Writing

67.67

53.34

71.13

70.50

73.22

Avg Accuracy 2nd
Time - Word Writing

72.50

67.30

77.20

69.50

79.17

Avg Accuracy Ist Time
- Letter Writing with
Modifiers

52.10

63.48

56.37

72.53

41.14

Avg Accuracy 2nd
Time - Letter Writing
with Modifiers

60.69

74.03

74.01

69.28

52.77

Avg Accuracy 1st Time
- Word Writing with
Modifiers

63.89

62.83

64.52

55.53

62.50

Avg Accuracy 2nd
Time - Word Writing
with Modifiers

75.64

61.59

72.89

62.50

77.96

Table 5.5: Average Accuracy Comparison of the Two Attempts
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The figure 5.10 below shows the data based on table 5.5 above.

W istatempt W@ 2nd Attempt

Letter Writing

Word Writing

Letter Writing with
Modifiers

Ward Writing with
Maodifiers

0.00 2500 50.00 75.00

Figure 5.10: Average Accuracy Comparison of the Two Attempts

When comparing the two attempts of four main levels, all the four levels showed improve-
ment in the second attempt than the first attempt following +5.17, +5.96, +9.03, and +8.26
average change comparing the two attempts. The highest improvement was seen in letter
writing with modifiers and word writing with modifiers main levels recording 9.03 and 8.26
average positive change. This suggests that repetition and exposure through personalized,
gamified exercises significantly helped students tackle even the complex language compo-
nents, such as modifiers in Sinhala writing.

In addition to the experimental evaluation, we conducted a survey to gather feedback from
special educators, speech therapists and primary school teachers. A structured question-
naire was provided to them as a google form, which included a series of statements and two
open-ended questions to capture their opinions regarding the mobile application. For the
list of statements, respondents were asked to indicate their level of agreement using a Likert

scale, as outlined below.

1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly Agree
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2 4.1
3 4.3
4 3.8
E 5 4.1
;% G 42
& 7 44
a 4.2
9 4.4
10 4.5
0 1 2 3 4 5
Mean Score

Figure 5.11: Quantitative analysis of feedbacks from domain experts

The figure 5.11 shows the average scores for the 10 statements that the medical practitioners
have answered to. 4.5, highest mean score is achieved for the statement 10 which is I
recommend this game for dyslexic students as a supporting tool/assistive technology.” 4.5
indicates respondents are between agreeing or strongly agreeing to the statement 10. Apart
from that, there are three statements that got the second highest mean score. Statement 1,
statement 7 and statement 9 has got 4.4 mean score and those statements are mentioned

below.

» ”The application effectively addresses the writing challenges faced by dyslexic stu-

dents.”

 ”The application includes effective assessments to measure improvements in writing

skills among dyslexic students.”

* I recommend this game for dyslexic students to improve their writing skills as a

supporting tool/assistive technology.”

Apart from these statements, there are two open ended questions in the google form. These
are the feedback that the respondents had given.
Question: What is your overall impression regarding the gaming application for students

with dyslexia?
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» ”This gaming application is an innovative and encouraging step forward in support-
ing students with dyslexia. It makes learning more interactive and enjoyable while

addressing their unique challenges in a thoughtful and empowering way.”
* ”Accessibility is quite good.”
» ”Very Useful application for students with dyslexia.”
* ”Good application”

» “Excellent application. It’s inspiring to see technology being used to make learning
more accessible. This app has great potential to transform how students with dyslexia

experience education.Good application”

» ”It’s truly inspiring to see such an engaging and thoughtful tool designed to support
dyslexic students. The concept is not only inclusive but also promotes confidence
and enjoyment in learning, which is so important. It’s clear that a lot of care has gone
into making the experience user-friendly and accessible. I really believe this has great
potential as an effective assistive technology, and I’m excited to see how it continues
to make a difference for learners who need that extra support.”

» ”Excellent effort”

» ”Atruly creative approach to inclusive education! This app not only supports students

with dyslexia but also helps boost their confidence through fun and engaging way.”

Question: What are your suggestions to improve this game application for dyslexic students

as a supporting tool/ assistive technology?
* ”Make available as an mobile application for all platform”

* ”Make this available in google play store & App Store for both Android and 10S

users”

» ”Make it available in google playstore for free of charge.”
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Chapter 6
Discussion and Conclusion

Dyslexia is one of the most common learning disabilities, affecting approximately 15 to
20 percent of the global population, as reported by the International Dyslexia Associa-
tion (IDA). This condition primarily impairs reading abilities due to difficulty correlating
speech sounds with their respective letters. These challenges often extend beyond reading,
adversely impacting writing skills, oral communication, comprehension, and short-term
memory. Each dyslexic student is different from one another, and conventional teaching
approaches such as ”One Size Fits All” are unable to address the individual needs. Over-
all, they are having a negative impact on their self-esteem. Because of these reasons, re-
searchers have found effective learning interventions that cater to dyslexic students’ needs.
We can divide the interventions mainly into two sections. One is an assistive technology-
based interventions and the other is not. Assistive technology-based one is the use of tech-
nologies like mobile phones, tablets, etc. to teach and improve the literacy skills of the
dyslexic students with less interaction with therapists, special educators, etc. Other inter-
ventions are programs that are being conducted to improve the literacy skills of dyslexic
students with the presence of a therapist, special educator, etc. Three effective learning
strategies are mainly used under those interventions, namely multi-sensory learning, game-
based learning, and personalized learning. This research proposed to explore the combina-
tion of game-based learning environments and personalized learning to enhance the writing
skills of dyslexic students in the Sinhala language. By investigating these technologies, the
study hoped to uncover new methods to provide a more engaging, personalized, and effec-
tive educational experience for students with dyslexia. Through this exploration, we were
able to contribute to the development of improved educational strategies that address the

diverse needs of dyslexic students learning the Sinhala language, fostering their academic
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growth and emotional well-being.

6.1 Discussion

The objective of our study was to create an effective intervention for dyslexic students who
have difficulties with Sinhala writing through a Design Science Research approach. The
study resulted in the creation of a mobile application with game-based design incorporating
personalization, multisensory features, and visually appealing user interfaces, design ele-
ments determined through the literature review as being key to enhancing success rates in

assistive technologies.

The results of the evaluation showed that the students who used our application had higher
writing accuracy compared to students who didn’t use the application. A key element of our
design was the integration of specific game elements that significantly enhanced student en-
gagement. Our level system provided a structured progression model that accommodated
the transition from basic pre-writing activities to more complex letter and word creation
exercises. This increasingly demanding progression contained an appropriate amount of
challenge while also giving the students a sense of achievement. By completing exercises,
the students were rewarded with badges, which gave them positive reinforcement and a tan-
gible sense of achievement that particularly motivated dyslexic students who struggle with

the traditional teaching approach.

Our research objectives directed the development and evaluation processes, respectively,
leading to significant outcomes for each objective under consideration. By consulting do-
main experts and teachers, we successfully identified key writing challenges specific to
Sinhala language faced by dyslexic students, which directly affect the design of our appli-
cation. Our personalized learning space effectively targeted individual writing challenges
through an adaptive algorithm that changed levels of difficulty according to user perfor-
mance. The incorporation of gamified elements such as levels, rewards, systems, and game
characters enhanced student focus and interest, as confirmed by special educators’ feedback.
Most significantly, our study found that the integration of personalization and gamification
techniques effectively enhanced writing ability in Sinhala dyslexic students, thereby fulfill-
ing our primary research goal.
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The design of personalized learning experiences within the gamified environment has had a
significant impact on addressing the unique Sinhala writing difficulties faced by the dyslexic
students. We observed that tailoring activities to address each student’s specific writing
challenges provided targeted support to students that a traditional, one-size-fits-all approach
could not provide. This adaptability, with the system dynamically adjusting the difficulty
and focus of exercises based on a student’s real-time performance, helped the students to

mitigate their weaknesses through repetition without a disinterest in the exercises.

6.2 Limitations

Sample size limitation
The evaluation was conducted with only ten dyslexic students, which limits the generaliza-
tion of findings. Resource limitations and the difficulties in finding and recruiting volun-

teers with a diagnosis of dyslexia contributed to this small sample size.

Technical limitation

Throughout the development process, we encountered a few technical challenges:

» There were compatibility issues with the machine learning model that was used to
check the accuracy of the handwritten letters written by dyslexic students across var-
ious operating systems. Certain libraries and packages performed inconsistently be-

tween Windows and macOS.

* There were some compatibility issues with React Native with I0S, where some react

native components, like picker, do not work well with IOS devices.

6.3 Conclusion

In comparing our solution to existing approaches, our application addresses a significant
gap in the literature: a lack of writing support tools for dyslexic students in Sinhala lan-
guage. Whereas numerous applications are available for mainstream languages like En-

glish, our work is one of the initial attempts at developing expert writing assistance for
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dyslexic students in the setting of the Sinhala language. The smooth blending of person-
alization features, particularly crafted to cater to the unique performance of each student,
sets our solution apart from more conventional solutions that fail to consider the diverse

difficulties faced by dyslexic students in writing.

6.4 Future Work

Future work include

* Increase the performance of the application, especially game-level saving and loading

features.

* Development of the game to cover all the letters of the Sinhala language through level

game design.
* Development of the game to write more letter words and sentences.
* Include features that allow therapists/teachers to change the content.

 Evaluation of the model using a good sample representation.
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PARTICIPANT INFORMATION SHEET
A Study on Developing and Evaluating a Mobile
Application to Enhance Sinhala Writing Skills in
Dwwslexic Studenis: Focusing on Letter Formation

and Letter-Sound Correspondence through
Personalized and Gamified Leamning

I'am Dr. L N C De Silva, attached to the University of Colombo School of
Computing. My current designation is Senior Lecturer. | would like to invite you to
take part in the research project titled “Enhancing Sinhala Writing Skills in
Dyslexic Swudents through Personalized and Gamified Learning” conducted by
D.G.DH. De Silva, K.M.G.5 Kulasekara , 5. Pranavan at University of Colombao
School of Computing.

1. Purpose of the study

The purpose of this research project is to explore and develop effective strategies
for designing personalized game-based leaming platform to improve the Sinhala
language writing skills of dyslexic students,

1. Voluntary participation

Your participation i this study 15 voluntary. You are free not to participate at all or
to withdraw from the study at any time despite consenting to take parn carlier.
There will be no loss of medical care or any other available treatment for vour
illness or condition to which you are otherwise entitled. If you decide not 1o
participate or withdraw from the study you may do so at any time.

3. Participant Selection

A student diagnosed with dyslexia and aged between & and 10 years, who also
exhibits difficulties in Sinhala wnting.
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4. Imitial Contact and Recruitment

Participanis will be recruited from an age range of § to 10 years and must be
dyslexic students facing writing difficultics, Additionally, students should not have
other diagnosed conditions affecting intelligence or leaming and must possess a
basic knowledge of using a device. The recruitment of participants will be
conducted under the supervision of teachers at a primary school in Kurunegala
with consideration of above criteria,

5 Duration, procedures of the study and participant’s responsibilities
a) The procedure's to be carried out is/are ;

# Initial Assessment: At the stant of the study, an initial assessment will be
conducted to establish baseline writing skills. This will involve evaluating
participants’ current writing abilities to provide a reference point for
MEasuring improvement,

& Final Assessment: At the end of the study, a final assessment will be
performed to evaluate the effectiveness of the apphication. This assessment
will compare participants’ progress and writing skills against the initial
baseline to determine the impact of the intervention,

* Data collection : Participants’ wrnting outputs will be collected. This
includes recording and analyzing the content of their written responses. This
data will be included in the dataset, allowing for personalization of the
leaming experience.

b} Participants will undergo a series of procedures over o 2-week period, with
sessions lasting 20 minutes per day.

¢) Mo biological material is collected.
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6. Potential benefits Participation in this study

Potential benefits for participants are benefit in improvement in writing skills and
molivate participants (o engage in study sessions.

7. Risks, hazards and discomforts

The primary poteniial risk associated with this study is the use of the application,
Participanis may experience mild discomfort from extended screen time, including
eye strain or fatigue, particularly if they are not accustomed 1o regular use of
digital devices.

8. Reimbursements

There will be no monetary compensation provided for participation in this research
project. The study 15 self-funded by undergraduate students and aims to contribute
to acadenmic knowledge and practical applications in the field.

9, Confidentiality.

Confidentiality of all records is guaranteed and no information by which you can
be identified will be released and only anonymous data will be published, These
data will never be used in such a way that you could be identified in any way in
any public presentation or publication without your express permission. Data
without identification information may be shared with other researchers as many
Jouridals expect the authors 1o make their data available to other researchers.

10, Sharing the Results

Participants will have the opportunity to view their progress and results through the
application's built-in features, The app will provide detailed analytical reports that
track individual improvement over time, allowing participants 1o see their
achievements and areas for further development
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11. Termination of study participation

You may withdraw your consent to participate in this study at any time, with no
penalty or effect on medical care or loss of benefits. Please notify the investigator
as s00n as you decide to withdraw your consent.

12, Clarification

If you have questions about any of the tests / procedures or information please feel
free to ask any of the persons listed below,

1. Mame : G.IDVH. De Silva
Contact ; 076-3226646

Email: 2020cs03 8@ stu uese.cmb.ac 1k

2. Name: K.M.G.5. Kulasckara
Contact : 07 1- 6694654
Email: 2020cs0%8 6 siu.uese.cmb.ac.lk

3. Name : 5. Pranavan
Contact: 077-13193339
Email: 2020¢z | 3860 su.uese.cmb aclk

Figure 7.1: Participation Information Sheet - English
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7.2 Annexure II: Participant Information Sheet - Sinhala

500D BDAEE eENERS; 5FED
Btieculfic o8 Beded Bowp Bde® neem etdoBmishc BE 50
BD6Hs BE 900D B8 Wi DEEgs B8P
“Enhancing Sinhala Writing Skills in Dyslexic Students through Personalized and
Gamified Learning™

20 eoned dd0demeed 8w DanEad nGEnd st
DImEhEs 6@ ctda @dm Mmhéa OE O B ¢ A3 D8 .cmg®
BdDBemEed s8wehm demeed D.G.D.He BEKM.G.5.ac6thd,s
500 an qdes Detied cnd getivunds J8s sdddn cae
‘Beferulis Byded Bowe Eded® nescm D) 86 S8® e eSon®
6D eeDEDma B0 e #080 B gBcHsE: NinERsHs Bg
et Beh e gerdD i aRc: tHER 65 NG rRE EBECH
4Ohed 6nE) 80" B8 ulsdush DBmBaE0 snmd Do sEn BT
220 ®HHE B8P0 @ Ecns.

1. gdncsened ¢ogEh

00 sbsdus Dmuatled acgeh Dded DeleaBy Bpxed Boroe
e BDe® mesemn 88 dgeh B0 e péoediBn HE) e
PeONE cBemi e5cp® D8P sewm a8 cms Bhbo wedmsis
S8® ese0 50050 BDEBE.

2. tic88eH eseoenBulDes

D0 GABEBSE0 Ded) esmBEDs tedfehedd B 8. BET eseotnd
800 wEEn 8 96 By, Bieeile ewem® e el Bwm:@
aDeindn aanamess @i 800 R0 Hewes gm. B cDmsl
HECSHE DT Ded gesHe nESDS el nEWVDS esesn cedens
8m6 6! 508® Dnd OO ¢LBPE B¢ cmnsd. B FABGEWSD

ese0en® eend@D ceof @D 5D Bddha Wi ©8, PR Bo®
aDEMNDD O BE .
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3. swmddds suldho B9

sbedughud send 8 guled agce svd 108 god Daostd sgd

Beferulficn edlns D€ &8 , Bowe B8e® guwmym ¢ coxln® wom
G @i,

4. YB» sBATn o A 0 B8

£30enBDEn Daes gRGE 8 £ 10 D) Deased uhesc B0 e OF
cdn gad B8ed cuncm DED e ccn Deicrmts Begx Do g,
80 9@ucD, Bpdo QDGO el 9emHPD DD cOuyw 6din SBED
0 DS emBDS g IS M@ den H8e8 FBn cmBe
83 gae. |

5. mnE8®D, gdscsensd Hoesdmd sw swmdddmed D8

q) SndPn 9g gu Sedends/d=s ;

BB wuleeds® (Initial assessment): gBEDS POBweEE BEm 888
RESEE) D0EG; BB e FRH vEleticErs Be win EEa. DEiege
S8 BB e 6 culescss 5888 e swmdidnded
DbnEhn B8 wBmds #odd s8¢ Hres 6.

aDenm el O(Final assessment): gRBEHE FBEHDGES, GEEED
5ORmDs GOB e ¢Dehn Betds0d Be Won . 08

G0E® BB eswmdddnded yuds tw 35:8 puen YR tendd
D660 tsotsEemns WOR .

eddm dtef B8@ (Data collection) : eseoen@DSmaiecd EHe8 pEamasal
Omy WoE @eh. 6@ud Bded Rin n8thdde gdundnns sdom

B8® ese0 FdeEmane B8P ames 8. PP o cdm @IOEED
Fes w6, 9enHcd guled® sdoBmdsa 8D e esEed.
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@) BT DS 58 2 @ mESS e FcHesdend MHEDDD Fmeh
@eH) G, tB6 Ermd Send) 15-20 & 8O8.

&) 80 8dorddPm On Ovy oY cNEER.
6. 80D ¥
eseenRDdns eee ¢8 do 0 B ©8 E8e® neEmn D88

HB8c® 380 389 qDB® 3 BOE Hom HPD eseenBDBS
cERNIDAS,
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@0 qBEBS ) 58D PR Hwd gD Ded) sce® &
B8, smddEnsld a8 puds e coemdld Grdd &y 86
MRS cnedd Bag gemendoas gudes o, Sedvens BES
889E cmom HSsm 655 B8P o 8 @S 8.

8. y8usEa

sbedwsh Dreadlcs sewm e d B8R sPw H8¢ c0dRd een® ©d
IS qs O3 cnd getiTesnds BBY BDk. gsgeE e OHBS
BOH D ey 8.

9. Geoesrnemdcs

Bae® Do BE Swewstmds 58D eWEtD O DD HEEIOD S
BB condnss Hs canwde gud BSmEm ¢ 8P&rd E®Ed

8 s, Ped PYMHBD gDBSEE cndd Bo® g §28us BEPHE
) FDRDHE DD S8 EisSs wem 0B 0l eEdess @
edde B88c0m ndon conewes. cahee) 8w BYDGE B® ede

o8 sledumssid Eay &80 geddle wén B wemmHe®
ENORG; DB cBD Do sledvmsd BI® G OB DB
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10.5989c DB

esmddannd DDed BeSs 6w B8OR euge® gEbon Sew®m
06 BP0 GDEND 6. exe® HRSE 5P® Blue EEnsy BB
B8Swehes wom edduncden Sdedus hbm sy am,
50EDd8nsld DRSed dammen e DEES sdEDms e DB
sedy R399 9B sEed.

11.9d5¢D 50e0d8Ds gD B8@

66O BMS e BB cRORE el DeLPE el B® ¢OHP
BoBS cencd, PO Be® DD @R ALBHEDED esen® HPO Vel
D 9EE qEis ©B . DD Ded DEB® EE® aLwsS O EHPD
B me Dd BVEem@O css®.

12.220:88 B8

DO BB:E u8duses | §o 8dmd el eandys; BEde yEm
GEe8 B6ENDS v AL B G5 Bo® geunens SRS
DG DD,

1. Name : D.G.D.H. De Silva
Contact : 076-3226646

Email:2020¢s038@stu.ucsc.cmb.ac.lk
2. Name: K.M.G.S. Kulasekara

Contact : 071- 6694654
Email: 2020cs098(@stu.ucsc.cmb.ac.lk

3. Name: S, Pranavan
Contact: 077-13193339
Email: 2020¢s138@stu.ucsc.cmb.ac.lk

Figure 7.2: Participation Information Sheet - Sinhala
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7.3 Annexure III: Informed Consent Form

INFORMED COMSENT FORM
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T be completed by the participant.

1. Have you read the information sheet (Please keep a copy for yourself) YES/MNG
2. Have vou had an opportunity to discuss this study and ask any questions? YESNO
3. Have yvou had satisfactory answers to all your quesions? YESNO
4, Have vou received enotigh information about the stdy? YES™O

5. Who explained the stdy o youT s s e e e
6. Do you imderstand that you have the rght fo wod to parhicipale i this shady? YESWO

7. Do vou imderstaid that you ane free 1o withidraw from the shady at any e, wathout
having to give a reason and without affecting your future medical care? YES™O

8. Sections of your medical notes, melndug those leld by the mvestigatons rélating 1o your
participation m this stwdy may be examimed by other research assistants. All personal detals
will be treated as sincily Coulidential. Do you give your permiission for these individuals 1o

hawve access to your records? YESNOD
9. Have you had sufficient timne 1o come o your decision” YESNOG
10. Do you agree ko lake part i this shdy? YESHNO
Participani’s SIEHATIIE. ... voxiensvmnsrssens cnnsrnsnnem imes s 1.7 T RS ——
Home (BLOCK CAPTTALSBY  coicoiiescesiesssassssssissnsinsnsns bonsnsssnns sasbasssnsnsssmsss

T bee completed by the investigator” person obialning consent
I have explamed the stady 1o the above volunteer and he' she has mheated ber willmgmess to
take part

Participant’s signature......... A e Nty iy T TN S
MName (BLOCK CAPITALS) ....cocovmvimmmmaismn s vms v s na s msa s s sms s smna s

Figure 7.3: Informed Consent Form - English
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7.4 Annexure IV: Informed Consent Form- Sinhala

2RI 55868 58mnd
BeleEBe a8 Beled Bone B86® DEHED 6e9EOEREHS BE 5
Sehdhs g 9eOnS GO Wi DG S8
“Enhancing Sinhala Writing Skills in Dyslexic Students through Personalized and
Gamified Learning”

e sbedem : ads O O 8 ¢ B8ED

. &;&dﬁ@ :

sledeg qIBE®ED0 swm® 880 BD MOV WE® g6
DVed eseoen@ 8O BSes HEPD 30, sBesBeh B WSS @3
e O30 e des REEe cde BG® 850 D Dewd
8. WIS BB EMOCYS; HEOEHRDD BDESPVD Ded MEE

0. DD @S Bo® E®EE @BOD WSS D®.

¢ gBSERS FES :

PO GBS qEPS D BelcrBs Byied Bome men B5:® wHEm

D8 &gy B8O tem yéoEesiBn G M 9ern® BB et
B8O esee dROHB Nt NE® ©edBsHs BED 58 5:05DBs BDEOS.

o OB gEnm S8 :

0 9B B #B ISR B BISS wden @8 VO gom @B

42D Ay god 659l OB B &8 ®o. 9w Jfosd BwS ¢S
GIBEDEO B5en® 5V 60D 6sIC®S qﬁf&sé 580 ¥ O OS.

Figure 7.4: Informed Consent Form - Sinhala
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7.5 Annexure V: Pre-Test/Post-Test

2989 s8nlwenc 8 36Dl sbxiwess (Pre-Test and Post-Test)
23> GO - 80 DDH adniem IBH Bedr) cam 4md Bvwd O DM 85T
2605} o955 9@ DB BId HBG.

1.2
2.0

3.®

4.6

5.2

6.c3
7.5
8.030
9.20
10. ®G3
1. 23¢3|
12. 3
13. 3263

Figure 7.5: Pre-Test/Post-Test
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7.6 Annexure VI: Feedback Form

Teachers and Professionals Feedback
Form

6@ 23Fzs: efEE2s5E3cs) eselm Egans3Eas eI B3en $DWSBY 38N
BE@e85 3 B Sod® eceOm T BB OmNDES e Yacsdeimdss DD
#1030 geened HOR. 69 6c3c® BIed gHecin, gennd BsIDES e
28dEm 353D 923 en DBOD 364 60 . NEE ZEME 60O 6s®
DREes BBO wsen Bedecsitienn ez Bt 0058 dcerd wenwz G 28D
cesznd @d.

(This survey aims to assess the effectiveness and usefulness of a mobile application
designed to address the educational needs of students with dyslexia. The application
focuses on improving writing challenges, the learning process, and the user experience.
Your feedback will help us enhance the application and provide more effective support to
students with dyslexia.)

spranavan008@gmail.com Switch accounts [y
3 Not shared

* Indicates required question

1. 698 66¢® Hedo B 41 Beyrd Gmew eem BD6® gdienin ween
3ES 66 BESD 6ched.

The application effectively addresses the writing challenges faced by dyslexic
students.

1 2 3 4 5

de ezned (Disagree) O O O O O He®R (Agree)

2. 6652@(App) B)E 2328 (G2, GHER (scores), DD (levels), Z56) *
(badges and rewards), g&iedi(challenges), 8 6esdes e6(feedback) gumes’
B85 BedeciBe 418 9enRD BB W sDed 62® $DB)s%S
2806 ©E6HS.

The app incorporates playing factors like scores, levels, badges and rewards,
challenges, feedback to match the best practices of teaching students with
dyslexia.

1 2 3 4 5

Bme e26d (Disagree) o O O O O DO (Agree)
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3. 85290 (App) B2 200 (22, G2 (scores), DO (levels), 5® *
(badges and rewards), &iacsim(challenges), 88)6xdes.e5(feedback) ez e’
%58 BedocsiBe a8 Bsied e0edside wen adiedencs D8

E3em EB.
Gamification elements in the application (e.g. scores, levels, badges and rewards,
challenges, feedback) enhance student engagement and motivation.

1 2 3 4 5

e 6268 (Disagree) O O O O O SeS (Agree)

4. 6c323(App) Bedecmiiic e Beyx50 B360® das e B6BCH-BHENd *
(user-friendly interface) 2)51@1€625%5 83233 &.

The application provides a user-friendly interface that is accessible for dyslexic
students.

1 2 3 4

26 2168 (Disagree) O O O O D68 (Agree)

5. 6ws£EB(App) esicea® (DEes, Sy caans NS D) Hefe s *
) 83e3550 gages OB 48 caans eDeMEs 4E) MER.

The application design (including colors, fonts, and visuals) is suitable for

students with dyslexia and reduces visual strain.

1 2 3 4 5

D@ 6268 (Disagree) o O O O O S (Agree)

6. 6032® BefoErBon e Bpys gmd 598 meEs» DD ww gemmd *
D00 andEHBHS WE DS

The application is adaptable to various skill levels and learning paces among
dyslexic students.

1 2 3 4 5

3@ @16 (Disagree) O O O O o S®E (Agree)
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7. Bedecmsiticn Bl a6 BIe® meconds’ dBeke H58 e *
83e®) 9Ee B mSeedsy (Activities/Assessments) 26 663200 amess 6d.
The application includes effective assessments to measure improvements in
writing skills among dyslexic students.

1 2 3 4 5

2@ 62068 (Disagree) C O O O O ones (Agree)

8. 603568 ABIBED DG BefeEziElcn 2RBIBHEE 329 YEHHD *
%3208 250® 3.

The exercises in the application align well with teaching practices in dyslexic
education.

1 2 3 4 5

26 62068 (Disagree) O O O O O ones (Agree)

9. BedecmiBosn Begrs e camdm 6wned@nt /emnm Dumleamnn  *
63 306D escEs Ol Exen HE90 98 689 6628 BEGED SS.

I recommend this game for dyslexic students to improve their writing skills as a
supporting tool/assistive technology.

1 2 3 4 5

2@ 62168 (Disagree) C O O O O ones (Agree)

10. Bedo 2588631 23232 839955 e322) 832020320 GOV ED 2/ 83201z *
DI EHHHE 638 69 FPd (Game) 89 HBsdwm WSS,

I recommend this game for dyslexic students as a supporting tool/assistive
technology.

1 2 3 4 5

&me 62068 (Disagree) ©C O O O O ones (Agree)

11. Bedecmifc e:15) S5 tseen B 6632 8ADBDEES D6
©8@edm e dI® @nie?

What is your overall impression regarding the gaming application for students
with dyslexia?

Your answer

12. 259257 GRS /25eDI05% BN BEHE GGes BedeEnitsr Bus
semn 69 I 6635 DB Epen B0 e D6H) GeTemn e6@rmdaa?
What are your suggestions to improve this game application for dyslexic students
as a supporting tool/ assistive technology?

Your answer

Figure 7.6: Feedback Form
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