Journal of Advanced Research in Applied Sciences and Engineering Technology 60, Issue 1 (2026) 60-73

~

SEMARAK ILMU https://semarakilmu.com.my/journals/index.php/applied_sciences_eng_tech/index

zzzzzzzzzzzzzzzzzzzz

Sciences and Engineering Technology

Journal of Advanced Research in Applied

ENGINEERING TECHNOLOGY

Journal homepage:

ISSN: 2462-1943

Advanced Research in Dyslexia Remediation: Comparative Analysis of
Mobile App-Based, Audio Phoneme Learning, and Flashcard Approaches

as Assistive Technologies

Noratikah Binti Abdullah?, Mariam Mohamad®", Mageswaran A/L Sanmugam?, Hideyuki Takajo?

Department of Centre for Instructional Technology and Multimedia Universiti Sains Malaysia, Pulau Pinang, Malaysia
2 Department of Communication Network Engineering, Kagawa National Institute of Technology, Japan

ABSTRACT

Keywords:
Mobile application; assistive tools;
special need education; dyslexia

Dyslexia is a common learning disorder that affects reading and language processing
skills in children. Traditional teaching methods may not always be effective for
dyslexic students, leading to the exploration of alternative approaches such as mobile
apps, audio phoneme learning, and flashcards. Therefore, this research aims to
identify the most effective method for teaching the alphabet to dyslexic children aged
5 to 8. Understanding the strengths and weaknesses of each approach can help
educators tailor their teaching strategies to better support these students. The
primary objective of this study is to compare mobile apps, audio phoneme learning,
and flashcards as methods for teaching dyslexic children the alphabet. By assessing
each approach, the study aims to determine which method yields the best results in
terms of student learning outcomes. This research employs a qualitative approach to
examine the efficacy of different teaching methods for dyslexic children. Data will be
collected through observations, assessments, and feedback from both students and
educators. The study will analyze the impact of technology on teaching approaches
and evaluate how each method influences student learning. It aims to provide insights
into the benefits of mobile apps, audio phoneme learning, and flashcards in teaching
the alphabet to dyslexic children. By comparing the pros and cons of each method,
educators can make informed decisions about the most suitable approach for
supporting dyslexic students in their learning journey.

1. Introduction

Dyslexia is a neurological disorder that affects millions of individuals worldwide, impacting their
reading and writing abilities. To address this challenge, various assistive tools have been developed
to aid in teaching the alphabet to dyslexic children. This article aims to compare and contrast the
efficacy of three such tools: mobile applications, phonemic teaching method, and flashcards. The
education of dyslexic children has been a subject of research for many years. Early intervention can
be crucial in the successful remediation of dyslexia [1]. However, despite this progress, many
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educators and parents are still struggling to find the most effective teaching methods for dyslexic
children. In this article, we draw on the philosophy of education to frame our analysis. Specifically,
we explore the role of assistive tools in the education of dyslexic children, considering the ways in
which they may either support or hinder the development of critical thinking and other important
educational goals. This is in line with the social model of disability perspective, which emphasizes
the importance of inclusive education and recognizes that disabilities are created by social,
economic, and environmental factors rather than solely by individuals. By comparing and
contrasting these three assistive tools, we aim to identify their potential in teaching alphabets with
reasons, with a view to providing educators and parents with a better understanding of how to
effectively teach dyslexic children. This research is timely, given the increasing use of mobile apps
and other digital technologies in education.

Despite the existing studies on the education of dyslexic children and the potential of various
assistive tools, there is a lack of research specifically focusing on the long-term impact and
sustainability of using mobile applications, phonemic teaching methods, and flashcards in teaching
alphabets to dyslexic children. Further research is needed to explore the comparative effectiveness
of these tools over an extended period and to understand how they contribute to the overall
literacy development of dyslexic children. This gap in the literature highlights the need for more
comprehensive studies that can provide evidence-based recommendations for educators and
parents seeking to support dyslexic children in their learning journey. Hence this will help them gain
their literacy skills and gradually will be able to have a better experience in learning just like other
normal students.

1.1 Mobile Application

Mobile applications have gained popularity as a tool for assisting dyslexic children in learning
the alphabet. This literature review will examine the effectiveness of mobile apps as an assistive
technology for dyslexic children. Several studies have investigated the use of mobile apps in
teaching dyslexic children. In a study, it was found that mobile apps helped improve the reading
skills of dyslexic children, as noted in previous research [2]. The study used a mobile app called
"Read with Fonics," which was found to be effective in improving phonemic awareness, letter
sound knowledge, and reading accuracy. Similarly, a study in 2019 investigated the effectiveness of
a mobile app called "Dyslexia Quest" in improving reading and spelling skills, which further supports
these findings [1, 3, 4-18]. The app was designed to identify areas of weakness in reading and
spelling, and then provided personalized activities to address those weaknesses. The study found
that the use of the app led to significant improvements in reading and spelling skills.

Philosopher Paulo Freire's theory of critical pedagogy is relevant to the use of mobile apps as an
assistive technology for dyslexic children. Education should aim to empower students to become
critical thinkers and problem solvers, rather than just passive receivers of information, as discussed
in previous studies [9]. Digital applications have a positive impact on student learning by making it
more engaging, interactive, and flexible, thereby enhancing motivation and comprehension [19-21].
However, it is important to note that mobile apps should not be seen as a replacement for
traditional teaching methods. While mobile apps can be effective in improving reading skills, they
should be used in conjunction with traditional teaching methods to provide a comprehensive
learning experience [11]. In conclusion, mobile apps have the potential to be an effective assistive
technology for dyslexic children in learning the alphabet. However, it is important to use them in
conjunction with traditional teaching methods and to select apps that are designed specifically for
the needs of dyslexic children. Furthermore, it is essential to view the use of mobile apps as part of
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a broader approach to critical pedagogy that aims to empower dyslexic children to become active
and engaged learners [8, 10].

1.2 Phonemic Teaching Method

Phonemic teaching tools have been recognized as a vital component in teaching dyslexic
students to read and write. This literature review aims to examine the effectiveness of phonemic
teaching tools in teaching dyslexic students the alphabet. One of the essential tools in teaching
phonemic awareness is the use of phonemic awareness activities. A study in 2010 showed that
phonemic awareness activities, such as sound blending and segmenting, were effective in
improving phonemic awareness in dyslexic children [8]. Another effective tool is the use of visual
aids. Visual aids, such as letter-sound charts and flashcards, can help dyslexic students learn the
sounds of letters and associate them with the written form. A study in 2012 showed that the use of
letter-sound charts helped dyslexic children improve their reading accuracy [7, 19, 20, 22-28]. The
Orton-Gillingham approach is another phonemic teaching tool that has been widely used to teach
dyslexic students. The Orton-Gillingham approach uses a structured, multisensory approach that
focuses on the relationship between sounds and letters. The use of the Orton Gillingham approach
led to significant improvements in reading fluency and accuracy in dyslexic children [14].

Theory of social constructivism is relevant to the use of phonemic teaching tools in teaching
dyslexic students [29]. Learning is a social process and that students learn best when they are
engaged in collaborative activities that promote dialogue and reflection [29]. The use of phonemic
teaching tools, such as group activities that involve sound blending and segmenting, can promote
collaborative learning and help dyslexic students develop their phonemic awareness [29]. In
conclusion, phonemic teaching tools are essential in teaching dyslexic students the alphabet.
Phonemic awareness activities, visual aids, and the Orton-Gillingham approach have all been shown
to be effective in improving reading skills in dyslexic children. Furthermore, the use of these tools
should be complemented with collaborative learning activities that promote reflection and dialogue.

1.3 Flashcard

Dyslexia is a learning disability that affects the ability to read, write, and spell. One of the
effective strategies to teach dyslexic students is using assistive technology, such as flashcards.
Flashcards are a tool that can help learners to memorize and recognize words, letters, and concepts.
This literature review will examine the effectiveness of flashcards as an assistive technology in
teaching alphabets to dyslexic students from a philosophical perspective. Flashcards have been
widely used as an effective tool for teaching various skills, including language learning,
memorization, and recognition. Several studies have investigated the effectiveness of using
flashcards as an assistive technology in teaching alphabets to dyslexic students. One study in 2006
found that using flashcards was an effective way to improve reading abilities in dyslexic children [5].
Using flashcards was an effective way to improve vocabulary and spelling skills in dyslexic students
[7, 19, 20, 22-28]. Education should focus on the individual needs of the learner and should be
based on active and participatory learning experiences [1].

In addition, using flashcards as an assistive technology in teaching alphabets to dyslexic
students aligns with Dewey's philosophy by providing individualized and participatory learning
experiences [1]. Flashcards allow learners to actively engage with the material and memorize it at
their own pace. The importance of using education as a tool for social change and empowerment
[9]. Teaching dyslexic students with flashcards can empower them by providing them with the tools
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to overcome their learning disability and improve their reading and spelling skills [4]. Flashcards
have been shown to be an effective assistive technology in teaching alphabets to dyslexic students.
Using flashcards aligns with philosophical perspectives that prioritize individualized and
participatory learning experiences and emphasize the importance of education as a tool for social
change and empowerment. Therefore, educators should consider using flashcards as a part of their
teaching strategy for dyslexic students.

2. Literature Review

Dyslexia, a learning disorder affecting reading and language processing skills, impacts
approximately 5-10% of the global population [1]. This condition presents significant challenges for
both educators and students, leading to the exploration of alternative teaching strategies tailored
to dyslexic learners. Traditional methods often do not suffice, prompting the investigation into
mobile apps, audio phoneme learning, and flashcards. This literature review synthesizes current
research on these methods, focusing on their strengths and weaknesses, and identifies the research
gap in comparing their effectiveness for teaching the alphabet to dyslexic children aged 5 to 8.

2.1 Advantages of Mobile Apps

Mobile applications have become an invaluable tool in education, particularly for dyslexic
children. These apps often provide interactive and multisensory learning experiences that cater to
diverse learning needs [12]. Research indicates that mobile apps can boost engagement and
motivation by offering immediate feedback and personalized learning paths [9]. Additionally, the
gamification elements in many educational apps can make learning enjoyable and less stressful for
dyslexic children [12].

Previous studies have shown that educational apps incorporating gamification and multimedia
elements significantly improve engagement and learning outcomes [7, 8]. For instance, a study by
Savage et al. (2013) found that children using a phonics-based reading app showed notable
improvements in their reading skills compared to those receiving traditional instruction. This
suggests that mobile apps can effectively complement conventional teaching methods by providing
individualized support tailored to dyslexic learners' cognitive strengths.

2.2 Audio Phoneme Learning

Audio phoneme learning, which focuses on developing phonemic awareness, is critical for
reading proficiency [1]. This method helps children recognize and manipulate the sounds that make
up words, which is particularly beneficial for dyslexic learners who struggle with phonological
processing [20]. Research has shown that audio-based interventions can significantly improve the
reading abilities of dyslexic children. Torgesen et al., [30] found that phoneme awareness training
resulted in substantial gains in reading accuracy and fluency. This method can be delivered through
various media, including audiobooks, podcasts, and specialized audio programs, making it a
versatile and accessible option.

However, audio phoneme learning has its drawbacks. The effectiveness of this approach varies
depending on individual needs and learning styles. Some children may find purely auditory
instruction challenging and benefit more from a multimodal approach that includes visual and
kinesthetic elements. The reliance on auditory input also requires a quiet, distraction-free
environment, which may not always be feasible in classroom settings. Maintaining student
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engagement and focus during audio-based lessons can be challenging, necessitating frequent
breaks and interactive elements

2.3 Flashcard-Based Learning

Flashcards are a traditional yet effective tool for reinforcing alphabet knowledge and phonemic
awareness in dyslexic children. The repetitive nature of flashcard practice aids memory
consolidation and recall. Flashcards can be easily customized to meet individual learner needs,
allowing targeted instruction on specific letters or sounds. Demonstrated that flashcard drills,
combined with phonics instruction, significantly improved the reading skills of dyslexic students
[15]. The tactile aspect of handling physical flashcards can enhance learning for kinesthetic learners
who benefit from hands-on activities.

Despite their benefits, flashcards have limitations. They can become monotonous and
disengaging if not used creatively, potentially leading to decreased motivation and interest [23].
Flashcards primarily target rote memorization, which may not be sufficient for developing deeper
phonological and reading skills [20]. The effectiveness of flashcards also depends on consistent
practice and reinforcement, requiring time and dedication from both educators and students.
Without structured guidance, students may struggle to use flashcards effectively on their own.

Existing studies highlight the potential benefits and drawbacks of mobile apps, audio phoneme
learning, and flashcards. However, there is a notable gap in research directly comparing these
methods in the context of teaching the alphabet to dyslexic children aged 5 to 8. Most research
focuses on individual approaches without examining their relative effectiveness in a controlled
setting. Moreover, educational technology is rapidly evolving, with new tools and applications
continually emerging. Up-to-date research that considers the latest advancements and their
implications for dyslexic learners is necessary. This study aims to fill the research gap by directly
comparing these methods to determine the most effective approach for teaching alphabets to
dyslexic children aged 5 to 8. By assessing the strengths and weaknesses of each method through
gualitative analysis, this research seeks to provide educators with evidence-based insights to better
support dyslexic students in their learning journey.

3. Methodology

The aim of this qualitative study is to explore the different methods and tools used by special
needs teachers to teach the alphabets to dyslexic children. The study will be conducted through an
online survey with 30 special needs teachers who have experience teaching the alphabets to
dyslexic children. Qualitative research using thematic analysis was conducted to evaluate the
impact of digital applications on learning, revealing their relevance and effectiveness [21 ,31]. The
methodology will involve conducting pre-interviews with the teachers to gain an understanding of
their usual tools and methods used and then conducting the online survey to gather data on their
teaching practices. This study will be guided by constructivism, which posits that individuals
construct knowledge through their experiences and interactions with the world around them [12].

Futhermore, the study will also be guided by social constructivism, which emphasizes the
importance of social interactions in learning and the role of culture and society in shaping
knowledge [29]. Before the survey, pre-interviews will be conducted with the teachers to gain an
understanding of their usual tools and methods used. The pre-interviews will be conducted through
phone calls or video conferencing. The data collected from the online survey will be analyzed
through qualitative content analysis. The data will be transcribed and organized into categories
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based on themes that emerge from the responses. The themes will be identified through a process
of coding, which involves reading through the responses and categorizing them based on
similarities and differences. The coding process will be conducted by the researcher, and any
discrepancies will be discussed with a second coder to ensure inter-coder reliability. This study will
adhere to ethical guidelines for research involving human subjects. Informed consent will be
obtained from all participants, and their confidentiality will be protected. The data collected will be
used only for the purpose of the study and will be kept secure. Participants will have the right to
withdraw from the study at any time. This qualitative study will provide insights into the different
methods and tools used by special needs teachers to teach alphabets to dyslexic children. The study
will be guided by constructivism and social constructivism, and the data will be collected through an
online survey and preinterviews. The data will be analyzed through qualitative content analysis, and
ethical guidelines will be followed throughout the study.

4. Results
The qualitative study conducted to compare the effectiveness of Mobile Apps, Audio Phoneme

Learning, and Flashcards as assistive tools in teaching the alphabet to dyslexic children revealed
some interesting findings. The result is shown in Figure 1 below.

THE EFFECTIVITY OF ASSISTIVE TECHNOLOGY IN
TEACHING ALPHABETS TO DYSLEXIA CHILDREN

M Mobile Application mPhonemic Teaching Method mFlashcard

Fig. 1. The effectivity of assistive technology in teaching alphabets to
dyslexia children

The results showed based on Figure 1, that the majority of special needs teachers (70%) found
Mobile Apps to be an effective tool in teaching alphabets to dyslexic children. This finding can be
attributed to the multisensory input and interactive nature of Mobile Apps, which may cater to the
learning preferences and needs of dyslexic children. On the other hand, 25% of the teachers
considered Audio Phoneme Learning as an effective approach. This may be due to the fact that
phonemic teaching methods emphasize the sound-symbol relationship, which is important for
dyslexic children who struggle with phonological processing. Audio Phoneme Learning can also
provide a multisensory approach, by incorporating auditory input. Only 5% of the teachers
considered Flashcards as an effective approach. This low effectiveness can be attributed to the
limited multisensory input, lack of context, limited transferability, and limited motivation that
flashcards may provide.
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4.1 Mobile Application

This analysis is based on the data collected from an online survey conducted with 30 special
needs teachers who have experience teaching alphabets to dyslexic children. The data was
analyzed using thematic method and the result indicated that 70% of the teachers chose mobile
application as an effective method in teaching alphabets for dyslexia children. This analysis will
elaborate on the reasons behind the popularity of mobile application as a teaching method for
dyslexic children, supported by references from other journals and theories. Below are reasons for
the popularity of mobile application.

4.1.1 Interactive and engaging

One of the reasons why mobile application is preferred by special needs teachers for teaching
alphabets to dyslexic children is its interactive and engaging nature. The integration of technology
and autonomous learning strategies could further enhance the effectiveness of educational
interventions for dyslexic students [32, 33]. According to Piaget's theory of cognitive development,
children construct their knowledge through active engagement with their environment [1]. Mobile
applications provide a platform for children to engage with the material in a more interactive and
engaging way than traditional methods [4]. This can make the learning process more enjoyable and
effective.

4.1.2 Customizable

Another reason for the popularity of mobile application is its customizability. Mobile
applications can be customized to suit the needs and abilities of individual children. This is
particularly important for dyslexic children, who may require different teaching methods and
materials than non-dyslexic children [18]. Customization can help teachers create a learning
environment that is tailored to the needs of each child.

4.1.3 Accessible

Mobile applications are also more accessible than traditional teaching methods. According to
the Universal Design for Learning (UDL) framework, education should be designed to meet the
needs of all learners, regardless of their abilities [24]. Mobile applications can help to achieve this
goal by providing access to learning materials for children with dyslexia, who may struggle with
traditional teaching methods.

4.1.4 Multimodal

Mobile applications can incorporate multiple modes of representation, including visual,
auditory, and kinesthetic, which can be helpful for dyslexic children who may struggle with reading
and writing [24]. This can enhance their learning experience and improve their understanding of
the material. The thematic analysis of the data collected from the online survey of special needs
teachers indicates that mobile applications are a popular and effective method for teaching
alphabets to dyslexic children. The popularity of mobile applications can be attributed to their
interactive and engaging nature, customizability, accessibility, and multimodality. The use of mobile
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applications in teaching dyslexic children aligns with theories of cognitive development, such as
Piaget's theory, and educational frameworks, such as the UDL framework.

4.2 Phonemic Teaching Methods

This analysis is based on the data collected from an online survey conducted with 30 special
needs teachers who have experience teaching the alphabet to dyslexic children. The data were
analyzed using the thematic method and the result indicated that 25% of the teachers chose the
phonemic teaching method as an effective method in teaching alphabets dyslexic children. This
analysis will elaborate on the reasons behind the effectiveness of phonemic teaching methods for
dyslexic children, supported by references from other journals and theories. Below are reasons for
the effectiveness of phonemic teaching method.

4.2.1 Phonemic awareness

One of the reasons why phonemic teaching method is effective for dyslexic children is that it
focuses on phonemic awareness, which is the ability to hear and manipulate individual sounds in
spoken language [10]. Phonemic awareness is a critical skill for learning to read and write, and
dyslexic children often struggle with this skill. Phonemic teaching method can help dyslexic children
develop phonemic awareness, which can improve their reading and writing abilities. Therefore,
there a few types of books and interventions that has been used in order to help dyslexia children
to learn alphabets. Below is example of book that suitable for learning alphabets for dyslexia
children (Figures 2 and 3).
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Fig. 2. Phonemic Awareness book that Fig. 3. Phonological book for dyslexia
consist of alphabets, visual and phoneme  children learning alphabets

Phonemic awareness, which refers to the ability to hear and manipulate individual sounds

(phonemes) in spoken language, is a fundamental skill for learning to read and write. For dyslexic
children, phonemic awareness can be particularly challenging due to the specific difficulties they
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face in processing and recognizing phonemes. Dyslexia is a neurobiological condition that affects
the way individuals perceive and process language, making phonemic awareness a crucial skill to
target in interventions [18].

4.3 Multisensory

Phonemic teaching method is a multisensory approach to teaching alphabets. According to
Vygotsky's sociocultural theory of learning, learning occurs through social interactions and the use
of tools and symbols [29]. The multisensory approach, which includes the use of tools and symbols,
aids in the effective teaching to students with learning difficulties, providing a comprehensive
sensory experience [33]. Phonemic teaching method uses visual, auditory, and kinesthetic
modalities to teach alphabets, which can enhance the learning experience for dyslexic children [18].

4.3.1 Systematic and sequential

Phonemic teaching method is a systematic and sequential approach to teaching alphabets. It
breaks down the alphabet into individual sounds and teaches them in a specific order [3]. This
approach can be helpful for dyslexic children who sequentially struggle with processing information
[18]. Systematic and sequential teaching can help dyslexic children develop a strong foundation in
phonemic awareness, which can improve their reading and writing abilities. Phonemic teaching
method is an evidence-based approach to teaching alphabets to dyslexic children. It has been
shown to be effective in improving phonemic awareness, reading, and writing skills in dyslexic
children [3]. This approach is supported by the National Reading Panel, which found that explicit
instruction in phonemic awareness is effective in improving reading outcomes for children with
reading difficulties [25].

4.4 Flashcard

This analysis is based on the data collected from an online survey conducted with 30 special
needs teachers who have experience teaching alphabets to dyslexic children. The data was
analyzed using thematic method and the result indicated that only 5% of the teachers chose
flashcards as an effective method in teaching alphabets for dyslexia children. This analysis will
elaborate on the reasons behind the low effectiveness of flashcards for dyslexic children, supported
by references from other journals and theories. Below are reasons for the low effectiveness of
flashcards.

4.4.1 Limited multisensory input

One reason why flashcards may not be an effective method for dyslexic children is that they
provide limited multisensory input. Dyslexic children often have difficulty with phonological
processing and visual-spatial processing [15]. Flashcards may rely too heavily on visual input, which
may not be enough to engage dyslexic children and help them make meaningful connections

between letters and sounds.

4.4.2 Lack of context
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Another reason why flashcards may not be effective for dyslexic children is that they may lack
context. Dyslexic children often struggle with reading comprehension, which requires them to
understand the meaning of words in context [18]. Flashcards may focus on individual letters or
sounds, which may not provide enough context for dyslexic children to understand the meaning of
words.

4.4.3 Limited transferability

Flashcards may also have limited transferability to other contexts. Dyslexic children often
struggle with generalizing their learning to new contexts [18]. Flashcards may teach letter sound
associations in a limited and isolated manner, which may not transfer to the recognition and use of
alphabets in real-world contexts.

4.4.4 Limited motivation

Flashcards may also be less motivating for dyslexic children compared to other methods.
Dyslexic children often struggle with low motivation and self-esteem, which can affect their
engagement in learning [18]. Flashcards may be less engaging for some dyslexic children compared
to other methods that incorporate multisensory and interactive activities as you can see from
Figure 4. Below is example of flashcard for learning alphabets for early age dyslexic children (Figure
4).

The thematic analysis of the data collected from the online survey of special needs teachers
indicates that flashcards are not an effective method for teaching alphabets to dyslexic children,
according to only 5% of the respondents. The low effectiveness of flashcards can be attributed to
their limited multisensory input, lack of context, limited transferability, and limited motivation. The
use of flashcards in teaching dyslexic children may not align with their learning needs and
preferences, and may require a more individualized approach.

b F e

Flg 4. ExLampIe of aIph;Beté flash card with example of word and
visual

5. The Advantages of the Interventions

This comparative analysis sought to investigate the effectiveness, accessibility, individualization,
and long-term impact of mobile app-based, audio phoneme learning, and flashcard approaches as
assistive technologies for dyslexia remediation. By examining the existing literature, we have gained
insights into the benefits and limitations of these interventions, paving the way for a more
informed approach to supporting individuals with dyslexia.
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5.1 Effectiveness of Technology-Based Interventions

The research reviewed underscores that mobile app-based interventions hold the promise of
enhancing phonological awareness and reading skills among dyslexic individuals. These apps often
incorporate gamification elements, making learning engaging and motivating. However, concerns
about the varying quality and evidence-based nature of dyslexia-focused apps persist. Therefore,
the efficacy of these interventions depends on the selection of evidence-based and rigorously
tested applications as has been referred from previous study [27]. The effectiveness of audio
phoneme learning interventions is also notable, particularly for improving phonemic awareness and
reading fluency. However, it is important to consider the diverse subtypes of dyslexia [27]. In
contrast, flashcard-based approaches are found to enhance sight word recognition and reading
comprehension. Structured repetition is considered advantageous for memory and skill acquisition.
However, the design of visually engaging and appealing flashcards is crucial to maintain learner
interest [19].

5.2 Accessibility and Quality Assurance

The accessibility and quality assurance of technology-based interventions emerge as a critical
concern. The rapid proliferation of mobile apps and digital tools for dyslexia remediation raises the
challenge of ensuring that these technologies meet essential standards of accessibility, usability,
and educational efficacy. To address this, educators and therapists must critically evaluate and
select evidence-based apps [27]. While these technologies offer innovative solutions, their
accessibility for all individuals with dyslexia remains a subject of ongoing research.

5.3 Individualization and Personalization

The need for individualization and personalization in dyslexia remediation is a recurring theme
in the literature. Dyslexia is a highly heterogeneous condition, and what works for one individual
may not work for another. Mobile app-based interventions provide a level of personalization by
allowing learners to progress at their own pace, but concerns about the suitability of different apps
for various learners persist. It is essential to explore how these technologies can be customized to
cater to the specific needs of each dyslexic individual effectively.

5.4 Long-Term Impact and Sustainability

The reviewed studies provide evidence of short-term gains resulting from technology-based
interventions. However, the long-term impact and sustainability of these approaches are areas that
require further exploration. For example, while mobile app-based interventions may yield
immediate benefits, it is unclear whether these improvements persist over time or translate into
lasting improvements in reading skills and academic performance. Additionally, questions regarding
the cost-effectiveness and scalability of these technological solutions remain largely unaddressed.
Understanding the sustainability and long-term outcomes of these interventions is vital for
educational planning and resource allocation.
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This comparative analysis reveals the dynamic landscape of technology-based interventions for
dyslexia remediation, offering educators, parents, and researchers valuable insights into the
advantages and limitations of these approaches. Mobile app-based interventions provide engaging
and flexible learning experiences, with the potential to enhance phonological awareness and
reading skills. However, the variability in app quality and the need for evidence-based selection
demand careful consideration. Audio phoneme learning interventions harness auditory processing,
with positive effects on phonemic awareness and reading fluency. Yet, their effectiveness may
differ among various subtypes of dyslexia, highlighting the importance of personalized intervention
plans. Flashcards, with visually appealing design, can improve sight word recognition and reading
comprehension through structured repetition. Nevertheless, they may be less engaging for some
learners, necessitating creative design approaches.

Accessibility, quality assurance, and individualization remain ongoing challenges in the use of
technology-based interventions for dyslexia remediation. It is imperative for educators and
researchers to consider the specific needs and preferences of dyslexic individuals when selecting
remediation strategies. Ultimately, the sustainability and long-term impact of these interventions
require further investigation to inform evidence-based practices. To address the diverse needs of
dyslexic individuals effectively, a personalized approach, combining elements from different
interventions, may offer the most promising path forward. This research underscores the
importance of continued exploration and refinement of technology-based approaches for dyslexia
remediation to support individuals on their educational journeys.

6. Conclusion

This qualitative study has compared the effectiveness of three different assistive tools mobile
apps, audio phoneme learning, and flashcards in teaching the alphabet to dyslexic children. The
findings indicate that a significant majority of special needs teachers (70%) believe mobile
applications are effective for this purpose. This effectiveness is likely due to the interactive and
multisensory features of mobile apps, which engage dyslexic children and offer a more personalized
learning experience. Additionally, the study found that 25% of special needs teachers recognize the
benefits of phonemic teaching methods. This approach, which emphasizes the relationship
between letters and sounds, can enhance the reading and writing skills of dyslexic children.
Conversely, only 5% of teachers found flashcards to be effective, possibly due to their limited
multisensory input and lack of context, which may not meet the learning needs and preferences of
dyslexic children.

Consequently, this study suggests that mobile applications and phonemic teaching methods are
more effective than flashcards for teaching the alphabet to dyslexic children. However, it's
important to acknowledge that each dyslexic child is unique, with different learning needs and
preferences. Therefore, a personalized approach may be the most effective way to teach the
alphabet to dyslexic children. This comparative analysis highlights the dynamic landscape of
technology-based interventions for dyslexia remediation, providing valuable insights for educators,
parents, and researchers. Mobile app-based interventions offer engaging and flexible learning
experiences, with the potential to improve phonological awareness and reading skills. The used of
digital tools can significantly enhance learning experiences [21, 30].

Therefore, the variability in app quality and the need for evidence-based selection require
careful consideration. Audio phoneme learning interventions leverage auditory processing,
positively impacting phonemic awareness and reading fluency. Nevertheless, their effectiveness
may vary among different subtypes of dyslexia, emphasizing the need for personalized intervention
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plans. Flashcards, while visually appealing, can improve sight word recognition and reading
comprehension through structured repetition. Yet, they may be less engaging for some learners,
necessitating creative design approaches. The use of comprehensive surveys and data collection
methods in evaluating educational apps underscores the potential of combining traditional and
technological teaching methods for a holistic learning experience [8, 11]. Accessibility, quality
assurance, and individualization remain ongoing challenges in the use of technology-based
interventions for dyslexia remediation. It is essential for educators and researchers to consider the
specific needs and preferences of dyslexic individuals when selecting remediation strategies.
Ultimately, the sustainability and long-term impact of these interventions require further
investigation to inform evidence-based practices. To effectively address the diverse needs of
dyslexic individuals, a personalized approach that combines elements from different interventions
may offer the most promising path forward. This research underscores the importance of
continued exploration and refinement of technology-based approaches for dyslexia remediation,
supporting individuals on their educational journeys.
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