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Abstract Dyslexia and dysgraphia are two learning disorders that significantly impact students' reading and writing skills,
often leading to academic challenges. High school students with these conditions face increasing difficulties in
understanding complex texts and developing advanced writing abilities crucial for their academic success. This study
explores the potential of artificial intelligence (Al)-based applications as a technological innovation to support these
students. Using a qualitative approach with a case study method, data were collected through observations, in-depth
interviews, and focus group discussions with Indonesian language teachers in a high school in Sukoharjo Regency. The study
employed thematic analysis to categorize findings related to Al-based learning methods, visual-auditory-kinesthetic
strategies, and the effectiveness of multimedia in the learning process. The findings indicate that Al applications improve
reading comprehension, writing accuracy, and motivation among students with dyslexia and dysgraphia. These
technologies provide a personalized, interactive, and adaptive learning experience, enabling students to overcome learning
obstacles more independently and confidently. Furthermore, Al-driven tools assist educators and developers in designing
more inclusive and effective educational solutions. Al-powered adaptive learning platforms, grammar and spelling
correction software, and gamified learning applications have been found to create an engaging and supportive
environment for students with special needs. Despite these advancements, challenges such as accessibility, teacher
training, and technological infrastructure must be addressed to ensure optimal implementation. This study contributes to
the growing body of research on Al applications in education and provides valuable insights for educators, policymakers,
and educational technology developers. By leveraging Al innovations, educators can offer more inclusive learning
environments that cater to students with dyslexia and dysgraphia, ultimately enhancing their academic achievements and
self-confidence.
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1. Introduction

Due to neurological development, dyslexia is a neurodevelopmental issue that manifests as difficulty with spelling and
reading (Snowling et al., 2019). The term dyslexia, which comes from the Greek words "dys" (difficulty) and "lexia" (language),
is frequently identified in elementary school and affects people with normal intelligence, many of whom have above-average
intellectual capacity (Hasibuan, 2019). According to research, dyslexia is significantly influenced by genetics; heritability
estimates range from 50% to 60% (Brimo et al., 2021; Erbeli et al., 2022).

Up to 80% of children are diagnosed with dyslexia, making it one of the most common learning disorders (Algahtani et
al., 2023). Dyslexic students frequently have trouble verbally repeating words or non-words (Adlof et al., 2021). Figurative
creativity is often prioritized over verbal creativity in dyslexia. According to Taylor and Vestergaard (2022), children with
dyslexia are frequently more eager to explore figurative creativity in media, installations, photography, or film. Learning
strategies that assist dyslexic children in overcoming challenges with spelling, writing, or reading should be the main focus of
their education. But in practice, a lot of dyslexic students don't get enough help to improve their reading skills (Ong et al., 2023).
One learning strategy that can help dyslexic students remember and identify word forms is the multisensory method. Research
has demonstrated that by optimizing students' tactile, kinesthetic, visual, and auditory inputs, the multisensory approach
successfully explores a variety of modalities in learning activities (Wijaya & Supena, 2023; Saputra et al., 2023). Furthermore,
assessments of dyslexia symptoms reveal delays or difficulties in spoken language that go beyond phonological problems, like
difficulties expressing oneself fluently, a limited vocabulary, or even poor syntactic competence (Habib, 2021; Komesidou et
al., 2022).
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On the other hand, dysgraphia is a disorder that mainly affects writing, including words, sentences, and letters.
Furthermore, dysgraphia affects grammar, spelling, and word and sentence structure. For students with dysgraphia, improving
communication skills calls for extra care. Additionally, dysgraphia impacts communication in school settings, academic
achievement, and normal development. The following are important characteristics such as, slower than average handwriting
speed, messy handwriting, irregular capitalization and letter spacing, pain or discomfort when writing, fine motor skill issues,
spelling problems, and trouble structuring written work (Danna et al., 2023; Drotar & Dobes, 2020; Gargot et al., 2020; Jolly et
al., 2023; Kunhoth et al., 2024). These problems frequently result in difficulties with self-correction and rereading (Danna et al.,
2023; Drotar & Dobes, 2020; Gargot et al., 2020; Jolly et al., 2023; Kunhoth et al., 2024). From primary to secondary disorders,
dysgraphia can have a wide range of causes that can change depending on an individual's age, gender, and other characteristics.
The main focus of dysgraphia is on a child's writing proficiency.

Dimauro et al. (2020) believed that children with dysgraphia frequently have trouble writing because of issues like
uneven handwriting, difficulty moving their hands smoothly on paper, discomfort when holding writing instruments, and
improper posture when writing, such as leaning too forward or failing to place their elbows on the table. Diagnosing dysgraphia
requires specific attention because (1) writing difficulties demand intervention, and (2) handwriting-related interventions affect
observable motor movements and the legibility of written output (Biotteau et al., 2019; Jolly et al., 2023). Students with
dysgraphia may also communicate verbally more effectively. In many cases, occupational therapists or qualified psychologists
are needed to treat dysgraphia. But it's important to remember that synthesis and evaluation also require the involvement of
experts like pediatric neurologists who specialize in neurodevelopmental disorders or child and adolescent psychiatrists, in
addition to the knowledge of speech and psychomotor therapists. Cognitive abilities, motor skills, and language and
phonological skills are the three primary domains into which evaluation categories can be clearly divided, in accordance with
standard methods in the literature on dysgraphia assessment.

A learning system that uses media like pictures, handwritten text, or dynamic writing elements is necessary to diagnose
dysgraphia. A successful dysgraphia diagnostic system can be established with the support of media-based learning. Supportive
tools for dyslexia and dysgraphia, such as digital handwriting identification instruments, are crucial for better development in
the digital age (Asselborn et al., 2020). The study on computer technology's role in dyslexia emphasizes its effectiveness in
learning but emphasizes the need for specific needs and supervision to ensure optimal use (Lorusso et al., 2022; Stein, 2023).

In today's digital age, technology has become an essential foundation in many aspects of life, including education
(Saputra & Saddhono, 2021). Artificial intelligence (Al) technology, also known as machine learning or deep learning, influences
every aspect of our lives, including education (Dogan et al., 2023). Al technology has the potential to aid in a variety of learning
processes (Yim & Su, 2024). In addition, Carissa Putri et al. (2023) found that Al technology in language learning has created
more interactive and personalized instruction opportunities. The rapid advancement of time has influenced technological
advancements to make human tasks in daily life easier, such as communication, education, work, or ideas to improve self-
quality (Dawson et al., 2019; Zingoni et al., 2021). However, nowadays, technology is utilized as a therapeutic tool, particularly
for children suffering from dyslexia and dysgraphia. Al technology provides therapy supported by key components such as
progress in writing activities such as email writing, improving written results as measured by written image descriptions and
limited functional writing tasks, developing reading comprehension, and influencing social participation, mood, or quality of
life. Using Al assistance, fine motor skills and handwriting instruction have shown trained results and improved handwriting
performance (Al-Dokhny et al., 2022; Moss et al., 2024).

Al technology assistance also help people to express their ideas more smoothly. For individuals with dyslexia,
technological assistance is crucial for diagnosing and accurately identifying the condition beforehand (Smith & Hattingh, 2020).
Touchscreen devices, such as tablets, offer various writing and drawing applications that provide a more interactive platform.
Villegas-Ch et al. (2023) emphasized The WriteWell app measures children's writing speed and legibility using motion tracking.
Furthermore, people can overcome spelling and grammar errors with the aid of auto-correction and predictive text features
(Denton et al., 2021; Nneka Nwikpo, 2024). The findings may improve decoding abilities and close the gap with readers who
are not impacted, among other reading-related outcomes (Almgren Back et al., 2024; Robaa et al., 2024; Svensson et al., 2021).

Various Al applications designed specifically to support the learning process, such as text translation, text generation,
and hand writing analysis, are becoming more advanced and offering flexible and individualized learning methods. Al
technology has the ability to adapt teaching methods to each student's unique needs, provide real-time feedback, and assist
students in experiencing keterampilan in a constructive manner. With more interactive and responsive design, Al applications
can provide more inclusive learning experiences, enabling students with disabilities to learn more independently without being
hindered by their own struggles.) Al-based learning can also integrate local wisdom materials to support students with dyslexia
and dysgraphia through a more contextual and culturally relevant approach (Saputra et al., 2022).

Several studies presents that artificial intelligence (Al) technology possitively immpact students’ reading and writing
skills, particularly who have both dysgraphia . However, research on the application of Al for high school students (SMA) in
Indonesia is still relatively limited. This study aims to explore the potential and benefits of using Al applications to assist senior
high school students with dyslexia and dysgraphia. By analyzing current Al applications, this study is expected to offer new
insights into the potential of Al technology to create inclusive and effective learning programs. It will also provide
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recommendations for educators and application developers on how to address the dyslexia and dysgraphia challenges faced
by high school students.).

2. Materials and Methods

This study applied a qualitative method with a case study approach. The current study took place in one of the senior
high school (SMA) in Sukoharjo Regency using Focus Group Discussions (FGD) with Indonesian language teachers. Data were
gathered through observations, in-depth interviews, and focus group discussions with Indonesian language teachers who have
previously taught students with special needs such as dyslexia and dysgraphia. The study draws on Richard E. Mayer's
multimedia learning theory, which emphasizes the importance of using text, images, sound, and multimedia elements to
enhance the learning effectiveness of students with dyslexia and dysgraphia (Mayer, 2002).

During the first phase, the researcher observed and interviewed students with dyslexia and dysgraphia to better
understand their characteristics. The observations aimed to assess: (1) word and sentence reading ability; (2) text reading
ability; (3) question formation skills; and (4) sentence construction through observation. The purpose of these observations
and interviews was to identify alternative learning strategies for students with dyslexia and dysgraphia, such as visual, auditory,
kinesthetic, and Al technology. Thematic analysis waa used to categorize the results of observations, interviews, and focus
group discussions into specific themes related to Al-based learning methods, visual-auditory-kinesthetic strategies, and the
effectiveness of multimedia in the student learning process. By employing an iterative inductive approach, the researcher was
able to extract meanings and patterns from the experiences of both teachers and students.

This study used both source and method triangulation techniques to guarantee the validity of the data. By contrasting
the findings of teacher and student interviews with firsthand classroom observations, source triangulation is carried out. To
guarantee consistency in the results, method triangulation compares information from observations, interviews, and focus
group discussions. To guarantee the accuracy of the data interpretation, member checking was also used by asking the
respondents for input on the interview outcomes and preliminary conclusions. This method should greatly aid in the
development of Al-based learning strategies for students with dyslexia and dysgraphia by enhancing the validity and precision
of the research findings.

3. Results and Discussion
3.1. Identifying students’ needs
3.1.1. Word reading accuracy

The analysis of students’ word reading accuracy reveals varying levels of fluency and familiarity with words. Most
students were able to read commonly used words easily and fluently, indicating good phonological awareness. However, they
experienced minor difficulties when encountering unfamiliar or rarely used vocabulary, which affected their reading pace and
confidence. Figure 1 shows the percentage distribution of students’ word reading accuracy. It can be observed that 53% of the
students demonstrated high reading fluency for familiar words, while 36% showed normal spelling ability. The remaining
students struggled primarily with decoding and pronunciation of less familiar terms. This finding indicates that limited exposure
to certain words may hinder reading performance.

WORD READING ACCURACY
STUDENTS ARE ABLE TO READ WORDS ACCURATELY.

H1VERYPOOR MW2POOR MW3ENOUGH m4GO0OD

Figure 1 Pie chart of word reading accuracy.
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This study shows that the students good reading skills, though they had a little trouble with unfamiliar words they had
hardly ever heard of or read before. Nonetheless, they read words that are widely used in everyday life with ease and fluency.
Although 36% of students demonstrated normal spelling ability, the reading fluency rate for words was comparatively high at
53%. The finding shows that students may find it difficult to read some words because they are not exposed to them frequently,
which makes them appear foreign when read.

3.1.2. Text comprehension

The results of the analysis indicate that students with dyslexia display different levels of text comprehension ability.
While most students were able to understand the general meaning of the text, some still struggled with interpreting complex
sentences and maintaining focus during reading activities. Frequent rereading was required for them to fully grasp the message,
and their comprehension was often influenced by the sequence in which they read sentences. Figure 2 presents the percentage
distribution of students’ text comprehension levels. The data show that 58% of students demonstrated good comprehension,
25% were rated as fair, while 14% and 3% experienced difficulty constructing and understanding sentences, respectively. These
results reveal that dyslexic students often skip sentences or read non-sequentially, which disrupts their overall understanding
of the text and affects meaning construction.

TEXT COMPREHENSION
STUDENTS ARE ABLE TO UNDERSTAND THE TEXT
THEY READ.

B 1 SANGAT KURANG ®2 KURANG m3 CUKUP W4 BAIK

Figure 2 Pie chart of text comprehension.

Students with dyslexia made up 25% of the study's "fair" reading comprehension group, whereas 58% of students
demonstrated a good comprehension of the text. Both sentence construction and delivery were found to be problematic for
the 3% and 14% of struggling students, respectively. As a result, reading the sentences several times was necessary to fully
comprehend their intended meaning. Dyslexic students also frequently skipped around while reading. They would begin
reading the first sentence, for example, and then jump to the third, making it difficult for them to understand the meaning of
the sentences in the text (Rahmawati et al., 2022).

3.1.3. Reading speed

The analysis of students’ reading speed highlights that most students were able to read texts in an organized manner
with appropriate pauses and punctuation. Although their reading rhythm was generally good, some students read at a slower
pace, indicating a need for more frequent exposure to simple and familiar texts. Consistent practice and reinforcement are
essential to enhance their reading fluency and automatic word recognition. Figure 3 illustrates the percentage distribution of
students’ reading speed. The chart shows that 58% of students performed well, 25% were rated as fair, and the remaining
students showed slower segmentation and pacing while reading. Despite these challenges, their ability to maintain correct
word segmentation and punctuation use demonstrates potential for improvement through continuous reading exercises.

In terms of reading speed, students were able to read in an organized manner with proper punctuation. 58% of students
performed well, with 25% scoring "fair." Their word segmentation was also done correctly, if slowly. Although their reading
speed is adequate, they require additional practice and frequent exposure to simple texts to improve their literacy skills.
Dyslexia has been a research topic around the world, with experts such as Pollock and Waller noting that children with dyslexia
have difficulties reading, spelling, writing, and, most importantly, understanding words (Chariz et al., 2019; Safitri et al., 2022).
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READING SPEED
STUDENTS ARE ABLE TO READ AT AN APPROPRIATE
SPEED.

B 1SANGAT KURANG  ®2 KURANG m3 CUKUP m4BAIK

Figure 3 Pie chart of reading speed.
3.1.4. Reading aloud skill

The ability to read aloud with proper intonation and fluency remains a challenge for most students with dyslexia. Many
tend to read with a flat tone, making it difficult to convey the intended meaning and emotion of the text. This lack of prosody
often leads to reduced comprehension and engagement with the material. Mispronunciations of similar-sounding letters such
as b, d, p, and q are also common, which disrupts fluency and confidence during oral reading. Figure 4 depicts the percentage
distribution of students’ reading aloud skills. The results indicate that most students demonstrated a fair level of fluency, but
still struggled to apply appropriate stress and intonation while reading. Their difficulties in distinguishing visually and
phonetically similar letters such as b-d, u-n, and m-n, often caused hesitation or repetition of words. This finding suggests the
importance of multisensory reading exercises and auditory training to improve pronunciation accuracy and rhythm in oral
reading.

ORAL READING SKILL STUDENTS ARE ABLE TO READ
ALOUD FLUENTLY AND WITH PROPER INTONATION.

B 1SANGAT KURANG ®m2KURANG w3 CUKUP m4BAIK

Figure 4 Pie chart of reading aloud skill.

Students' ability to read aloud with appropriate intonation and fluency is still rated as fair. Students' intonation remains
flat, preventing them from fully expressing the meaning of the text as they read. This impairs their comprehension of the text,
making it difficult for them to grasp the intended meaning.

Dyslexia also makes it difficult to distinguish similar-sounding letters like b, d, p, and g, which leads to mispronunciations.
Furthermore, students with dyslexia struggle to recognize words, causing them to stumble when reading. Aside from similar
sounds, they have difficulty distinguishing syllables that look similar, such as b-d, u-n, and m-n (Haifa et al., 2020; Muawwanah
& Supena, 2021; Wijaya & Supena, 2023).

https://www.malque.pub/ojs/index.php/mr


about:blank
about:blank
https://www.malque.pub/

3.2. Writing skill (dysgraphia)
3.2.1. Handwriting legibility

The analysis of students’ handwriting legibility reveals that most of them can form recognizable letters and words;
however, they still encounter difficulties when composing complete sentences or longer written passages. Students with
dysgraphia tend to perform better in hands-on or multimedia-based activities—such as editing images, creating posters, or
producing videos—compared to traditional writing tasks. Their preference for visual and practical activities suggests that they
benefit more from learning environments that incorporate visual and auditory supports. Figure 5 presents the percentage
distribution of students’ handwriting legibility. The chart indicates that while handwriting is generally readable, some students
exhibit inconsistencies in letter formation, spacing, and alignment. These irregularities often stem from fine motor control
limitations and reduced grip stability when holding writing instruments. The findings underscore the importance of providing
targeted interventions, such as structured handwriting exercises and assistive technology tools, to enhance legibility and overall
writing fluency.

HANDWRITING LEGIBILITY
STUDENTS’ HANDWRITING IS CLEARLY READABLE.

W1 SANGAT KURANG m2KURANG m3CUKUP m4BAIK

Figure 5 Pie chart of the handwriting legibility.

Students' handwriting is generally legible, though they have difficulty writing sentences. Students with dysgraphia prefer
practical activities. They enjoy editing, working with images, and listening to audio. These students are more engaged when
making video edits or posters with visuals. They succeed in hands-on experiences. Their limitations are evident when they have
difficulty holding a pencil, make spelling mistakes, or struggle with composition (lzzati Virliana et al., 2024).

3.2.2. Neatness and organization of handwriting

The analysis of students’ handwriting neatness and organization indicates that many of them still struggle to maintain
consistent spacing, alignment, and structure in their written work. Sentences are often disconnected, with limited coherence
between one idea and another. These issues reflect difficulties in maintaining concentration, sequencing thoughts, and applying
correct capitalization or punctuation in writing tasks. Figure 6 illustrates the percentage distribution of students’ handwriting
neatness and organization. The chart shows that around 50% of students achieved a fair level of neatness, while others
displayed irregular handwriting with inconsistent use of capital letters and uneven letter sizes. Some students also exhibited
slow writing speed due to overattention to letter shape or spacing. These findings highlight the need for guided practice, fine
motor exercises, and the integration of digital writing tools to help students improve both the organization and presentation
of their handwriting.

Students' handwriting neatness is rated as fair, with a score of 50%. One challenge they face is that the sentences they
write are frequently disconnected, with little coherence between preceding and following sentences. In terms of neatness and
organization, their writing is sloppy, and when confronted with similar-looking letters, students write slowly. Furthermore, the
appearance of their handwriting is irregular. The use of capital letters is also not consistent or totally mastered.
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WRITING NEATNESS AND TIDINESS
STUDENTS’ WRITING IS NEAT AND ORDERLY.

B 1SANGAT KURANG m2KURANG m3CUKUP m4BAIK

Figure 6 Pie chart of the neatness and organization of handwriting.

3.2.3. Spelling and grammar

The assessment of students’ spelling and grammar abilities shows that many still experience challenges in constructing
grammatically correct sentences and spelling words accurately. Limited exposure to language practice and reduced verbal
interaction contribute to these difficulties. Some students tend to use minimal responses in conversations, affecting their
vocabulary development and sentence formation skills. This condition impacts their motivation to write and hinders their ability
to express ideas coherently. Figure 7 displays the percentage distribution of students’ spelling and grammar performance. The
chart indicates that 42% of students demonstrated fair proficiency, while others showed noticeable spelling errors and
inconsistent grammatical structures. For instance, students sometimes misorder words in questions or statements, showing a
lack of mastery of sentence patterns. These findings suggest that students with dysgraphia require structured writing guidance,
including the use of mnemonic-based methods such as the ADIK SIMBA approach, to strengthen their understanding of
sentence structure and grammatical accuracy.

SPELLING AND GRAMMAR
STUDENTS USE CORRECT SPELLING AND GRAMMAR.

W 15SANGAT KURANG W2 KURANG m3CUKUP m4BAIK

Figure 7 Pie chart of spelling and grammar.

The students' spelling and grammar skills are rated as fair, with a score of 42%. When asked, one student admitted that
they rarely have conversations or tell stories with those closest to them. This lack of interaction may impact their motivation
to learn (Yulianasari et al., 2023). The student isolates themselves and uses music to relieve boredom. During interactions, they
frequently respond with only one or two words, which has an impact on their spelling and grammar. As an illustration, when
asked to sing a song, one student said, "Eeee... | don't know the lyrics." The phrase "eeee..." is commonly used at the beginning
of their responses.

When one student asked, "Hobinya Bu Dewi apa?" it was clear that they struggled with spelling and grammar (What is
Bu Dewi's hobby?). The student mentioned the object first, rather than asking a proper question. Students with dysgraphia are
not yet accustomed to using the ADIK SIMBA method for spelling and grammar. Despite this, children with dysgraphia continue
to want to express themselves through writing, but they face significant challenges (Ginting et al., 2023). Children with dyslexia
also have motor difficulties, such as writing outside the lines or in a disjointed manner (Yati Fitria Dewi and Herayuni, 2021).

https://www.malque.pub/ojs/index.php/mr
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3.2.4. The organization of ideas text

The ability of students to organize their ideas into coherent written texts remains underdeveloped. Many students with
dysgraphia find it difficult to translate their thoughts or observations into structured sentences and paragraphs. When asked
to describe what they see or to express ideas about their surroundings, they often struggle to connect one idea to another
logically. This indicates a gap in both cognitive organization and linguistic sequencing skills. Figure 8 presents the percentage
distribution of students’ ability to organize ideas in writing. The data show that only a small proportion of students could form
well-structured sentences, while most displayed fragmented or unrelated statements. Their written work often lacks transitions
and topic coherence, making it difficult for readers to follow the intended message. These findings highlight the importance of
scaffolding techniques, such as mind mapping, guided sentence construction, and the use of visual prompts to help students
develop stronger text organization and idea coherence in their writing.

ORGANIZATION OF IDEAS IN TEXT
STUDENTS ARE ABLE TO ORGANIZE IDEAS WELL IN
THEIR WRITING.

B 1SANGAT KURANG ®2 KURANG m3 CUKUP m4BAIK

Figure 8 Pie chart of the organization of ideas in text.

The ability to organize ideas in text is not fully developed. When students are asked to describe what they see around
them and then translate those observations into sentence ideas, they still struggle. Furthermore, when asked to form questions
or statements about their surroundings, students are not yet responsive or engaged in the activity.

4. Final Considerations

This study highlights that Artificial Intelligence (Al) based applications provide significant support for high school
students with dyslexia and dysgraphia, particularly in improving reading comprehension, writing accuracy, and learning
motivation. Al literacy tool such as text-to-speech, speech-to-text, adaptive learning platforms, writing assistants, gamification,
and visual-based applications enable more independent, adaptive, and multisensory learning experiences. These technologies
not only strengthen literacy performance but also increase student inclusion and engagement in the Indonesian language
learning classroom.

Practical implications indicate that schools and teachers should be prepared to integrate Al through the provision of
appropriate infrastructure, training programs for educators, and the use of assistive technologies that align with students’
special needs. Teachers must also employ varied instructional strategies and ensure monitoring support to help students
progress continuously.

However, several limitations remain, including unequal access to technological devices, lack of teacher readiness, and
the need for supportive policies to ensure consistent implementation. Future research may expand this study by involving more
diverse school settings, examining long-term impacts of Al-based interventions, and developing culturally contextualized Al
learning tools for special-needs students in Indonesia.
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