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Abstract

Learning disabilities are a neurodevelopmental disorder that affects a significant percentage of students worldwide,
creating academic and socioemotional challenges that can impact adulthood. Although learning disabilities cannot be
fully resolved, individuals living with them can significantly enhance their abilities with the help of appropriate teaching
methods and support tools. Artificial intelligence offers innovative capabilities to support students with learning
disabilities by providing personalized digital tools and learning strategies tailored to their specific educational needs.
The aim of this study is to examine, through a systematic literature review, the most recent applications of artificial
intelligence that have been developed to support students with learning disabilities. Through the literature search in
the Scopus, PubMed, and Google Scholar databases, only a limited number of studies were identified regarding the role
of artificial intelligence in the education of students with learning disabilities. However, the aforementioned studies
demonstrated that artificial intelligence can enhance the educational path of individuals with learning disabilities and
facilitate the learning process, improving their academic performance, reducing the challenges and inequalities they
face and thereby providing equal opportunities for success in the educational field.

Keywords: Artificial intelligence; Learning Disabilities; Education; Personalized Learning; Digital Tools; Learning
Strategies; Personalized Interventions; School-Aged Students; University Students

1. Introduction

Learning Disabilities (LDs) is a neurological disorder that affects one or more of the basic psychological processes
involved in understanding or using spoken or written language and affects a person's ability to receive, store, process,
retrieve, or communicate information (Handler, Fierson and Section on Ophthalmology and Council on Children with
Disabilities, American Academy of Ophthalmology, American Association for Pediatric Ophthalmology and Strabismus,
and American Association of Certified Orthoptists, 2011; Ouherrou, et al., 2019). LDs affect up to 10% of the world's
population (Alone and Bamnote, 2023; Dhamal and Mehrotra, 2021; Rico-Olarte, et al., 2020) and occur in students
regardless of their native language or medium of instruction (Vidyadharan and Tharayil, 2019). Students with LDs may
suffer academically and socio-emotionally if the difficulties they face are not detected early (Ravichandran, et al., 2023).
While specific learning disabilities cannot be fully resolved and are lifelong (Alshehri, et al., 2023; David and
Balakrishnan, 2010; Turan and Atila, 2021; Youssef and Youssef, 2019), those living with them are still able to
significantly improve their capabilities with the help of appropriate teaching methods and assistive tools (David and
Balakrishnan, 2010; Turan and Atila, 2021; Youssef and Youssef, 2019). Early detection of LDs and provision of
appropriate intervention are paramount not only to support students with LDs in addressing their academic needs but
also to enhance their social and emotional well-being (Bhatti, et al, 2024; Fortes, et al, 2016; Zhai and Panjwani-
Charania, 2023), their proper development and their quality of life (Fortes, et al.,, 2016; Turan and Atila, 2021).
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The rapid development of artificial intelligence (Al) in education has the potential to increase learning opportunities,
enrich personalized learning experiences, provide limitless possibilities and exciting opportunities to address
educational issues, achieve desired learning outcomes by improving learning (Zheng, et al., 2023), and assist and
empower educators to make the learning process an enjoyable experience for students (Fitria, 2021).

The aim of this study is to provide a comprehensive documentation of recent research on the role of Al in the education
of students with LDs. To achieve this, a systematic literature review (SLR) of articles in the international literature on
this topic was conducted.

After reviewing the international literature, the following research questions were formulated:

e  What applications of artificial intelligence have been developed in recent years (2021-2024) to support
students with learning disabilities?

e  Whatis the impact of the use of these applications on the learning performance of students with LDs?

e How do teachers perceive the use of Al as a tool to support students with LDs?

1.1. Definition of learning disabilities

LDs is the most common neurodevelopmental disorder found in a typical classroom setting, reflecting a wide range of
difficulties in reading, mathematics and written expression (laia, et al., 2024; Johnson, 2017; Kulkarni, et al., 2001; Layes,
Lazar and Mecheri, 2024; Papadopoulou, et al., 2022). In the fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5), the prevalence of LDs, which includes educational domains of reading, writing and
mathematics, was reported as 5%-15% among school-aged children from different cultures and speaking different
languages (Altay and Gorker, 2018; Anthony, Reupert and McLean, 2024). The most common learning disability is
dyslexia (Benmarrakchi, et al., 2018; Handler, Fierson and Section on Ophthalmology and Council on Children with
Disabilities, American Academy of Ophthalmology, American Association for Pediatric Ophthalmology and Strabismus,
and American Association of Certified Orthoptists, 2011; Morciano, et al, 2024; Papadopoulou, et al, 2022; Shaywitz and
Shaywitz, 2003; Shaywitz and Shaywitz, 2005; Yeguas-Bolivar, et al., 2022).

LDs are officially defined in various ways in many countries (David and Balakrishnan, 2010). According to the
Individuals with Disabilities Education Improvement Act (IDEIA), an LD is a disorder in one or more of the basic
psychological processes involved in understanding or using language, spoken or written, that may manifest itself in an
imperfect ability to listen, think, speak, read, write, spell, or do mathematical calculations. This term includes conditions
such as perceptual disabilities, brain injury, minimal brain dysfunction, dyslexia and developmental aphasia. The term
does not include students who have learning disabilities that are primarily the result of visual, auditory or motor
impairments, intellectual disabilities, or adverse environmental, cultural or economic conditions (Alone and Bamnote,
2023; Hong and Chick, 2013; Rai, Saluja and Pimplapure, 2023; Rao, et al.,, 2024).

However, experts in this field have not yet reached full agreement on the definition of an LD and its precise meaning
(Nanni and Lumini, 2009; Wu, Huang and Meng, 2006; Wu, et al,, 2011). Most of the scientific community currently
adopts the approach of the fifth edition of the American Psychological Association's Diagnostic and Statistical Manual
of Mental Disorders (known as DSM-5). DSM-5 led to significant changes in the diagnostic criteria for learning
disabilities. More specifically, criterion A requires the presence of at least one symptom of difficulty in reading, writing
or mathematics that persists despite the provision of interventions aimed at that difficulty. Criterion B requires that
academic skills be "substantially and quantitatively” lower than expected based on chronological age and cause
significant impediments to academic or professional performance or everyday activities. Criterion C indicates that
learning disabilities begin during the school years, but may not fully manifest until the demands on the affected
academic skills exceed the individuals' limited abilities. Finally, criterion D remains similar to previous versions of the
DSM and stipulates that learning disabilities do not include intellectual disabilities, uncorrected visual or auditory
acuity, other mental or neurological disorders, psychosocial adversity, lack of proficiency in the language of academic
instruction, or inadequate educational instruction. These four criteria must be met based on a clinical synthesis of the
individual's history (including developmental, medical, family, and educational history), school reports, and
psychoeducational evaluation. (Goldstein and DeVries, 2017; Papadopoulou, et al., 2022).

1.2. Need for early identification of LDs and provision of appropriate interventions

LDs such as dysgraphia, dyslexia, dyspraxia, and others hinder academic progress and also have long-term educational,
social, and economic impacts that extend beyond the school years (Handler, Fierson and Section on Ophthalmology and
Council on Children with Disabilities, American Academy of Ophthalmology, American Association for Pediatric
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Ophthalmology and Strabismus, and American Association of Certified Orthoptists, 2011; Poornappriya and Gopinath,
2020; Vidyadharan and Tharayil, 2019).

Students with LDs fail to meet their academic goals due to low academic performance (Ahuja, 2022; Arumugam,
Govindaraju and Tamilarasan, 2022; Hu, 2024; Johnson, 2017; Khan, Cheng and Bee, 2018; Koutromanos, et al., 2020;
Kulkarni, et al, 2001; Turan and Atila, 2021) and may not be treated fairly (Trewin, et al., 2019). These students with
LDs tend to exhibit lower levels of motivation and encounter significant obstacles to pursuing further education.
(Arumugam, Govindaraju and Tamilarasan, 2022; Arumugam, Govindaraju and Tamilarasan, 2022; Hu, 2024; Khan,
Cheng and Bee, 2018; Turan and Atila, 2021).

LDs not only affect a wide range of students' academic skills, but can also affect their emotions and social skills (Zhai
and Panjwani-Charania, 2023). Students who are identified late may experience prolonged difficulties, reduced self-
esteem and disinterest in their studies (Ravichandran, et al., 2023; Zhai and Panjwani-Charania, 2023). Reduced self-
esteem as well as social and behavioral problems at school can become persistent, creating a significant emotional
burden (Arumugam, Govindaraju and Tamilarasan, 2022; Khan, Cheng and Bee, 2018; Zhai and Panjwani-Charania,
2023). These effects can impact adulthood, leading to significant difficulties in social adjustment (Fortes, et al.,, 2016)
and professional employment (Arumugam, Govindaraju and Tamilarasan, 2022; Fortes, et al,, 2016; Hu, 2024; Khan,
Cheng and Bee, 2018).

Al-based learning interventions are among the educational innovations that can address the challenges faced by these
students (Mohammad Abedrabbu Alkhawaldeh, 2023; Sukiman and Abdl Aziz, 2021).

Artificial intelligence offers promising avenues for identifying students' unique needs and devising personalized
strategies and digital tools to effectively address learning difficulties (Bhatti, et al.,, 2024). Thus, Al can help not only in
the early diagnosis of students with LDs, but also in creating personalized techniques for their support (Bhatti, et al,,
2024; Rai, Saluja and Pimplapure, 2023; Yenduri, et al., 2023; Zhai and Panjwani-Charania, 2023).

1.3. The role and benefits of Al and Digital Technologies in the education of students with LDs

Modern technology has become an integral part of our era. It has not only changed the way people live, but it has also
changed the way we work, learn and interact. A more recent technological development is the emergence of the term
artificial intelligence (AI), which is currently beginning to gain attention as a tool that acts like a human (Fitria, 2021).
Al refers to the simulation of human intelligence in machines that are programmed to replicate human thinking and
behavior (Yenduri, et al.,, 2023).

As Al has developed, it has also entered the field of education. The modern educational reality makes it necessary for
the educational sector to adapt to technological advancements to improve the quality of education, especially through
the integration of Information and Communication Technologies (ICT) (Fitria, 2021).

Al, as a machine-based technique with algorithmic power to make predictions, diagnoses, recommendations and
decisions, has established its position in the educational community for its ability to supportlearning in various contexts
in recent years (Chen, et al., 2022).

Al technologies contribute to the achievement of the United Nations’ 4th Sustainable Development Goal (Hopcan, et al.,
2023; Pedro, et al,, 2019; Sukiman and Abdl Aziz, 2021), which aims to ensure equitable and inclusive quality education
and promote lifelong learning opportunities for all (Pedro, et al., 2019; United Nations, 2020).

In addition, Al is reshaping the educational content. Nowadays, a growing number of educational methodologies and
programs are incorporating Al and digital culture into the curriculum (Gkeka, Agorastou and Drigas, 2019). Al systems
help students learn at their own pace, guide teachers on how to support students (Hopcan, et al., 2023) and improve the
quality and standards of learning to be more effective and practical (Fitria, 2021). Al can also automate basic activities,
ensuring ample time for teachers (Gkeka, Agorastou and Drigas, 2019). It has the potential to automatically grade
essays, identify reading and writing challenges among students with LDs, develop psychological profiles for these
students, assess their spelling problems (Bhatti, et al, 2024; Rai, Saluja and Pimplapure, 2023; Zhai and Panjwani-
Charania, 2023) and provide them with assessment (Ahmad, et al., 2021; Chen, Chen and Lin, 2020; Chen, et al., 2022;
Dutt, Ahuja and Kumar, 2022; Fitria, 2021; Haryanto, Ditta and Ditasari, 2023; Hernandez, Mousalli and Rivas, 2009;
Hopcan, et al,, 2023), feedback (Ahmad, et al., 2021 ; Bhatti, et al.,, 2024; Chen, Chen and Lin, 2020 ; Chen, et al., 2022;
Dutt, Ahuja and Kumar, 2022; Fitria, 2021; Hopcan, et al, 2023; Hu, 2024; Kharbat, Alshawabkeh and Woolsey, 2021;
Luckin and Holmes, 2016; Mohammad Abedrabbu Alkhawaldeh, 2023; Rai, Saluja and Pimplapure, 2023; Ravichandran,
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et al, 202; Zhai, et al,, 2021; Zhai and Panjwani-Charania, 2023; Zheng, et al., 2023) and progress monitoring (Ahmad,
et al, 2021; Chen, et al,, 2022; Fitria, 2021). Al techniques can help students with LDs by replicating human decision
making, minimizing uncertainties, and enhancing learning contexts, emphasizing their importance for intelligent and
adaptive e-learning environments (Bressane, et al., 2024).

A vital aspect of education is to help students identify their learning challenges so that appropriate interventions and
support systems can be implemented to improve their academic performance and overall well-being (Tiwari and Bawa,
2023). It has been shown that early identification and diagnosis methods, when combined with specific teaching
strategies, can reduce the impact of learning disabilities and improve the long-term academic performance of students
with LDs (Pannu, 2015; Tiwari and Bawa, 2023; Yenduri, et al., 2023). Early diagnosis and intervention can also
significantly mitigate the negative impact of an LD on mental health by helping to prevent frustration and reduced well-
being caused by an undiagnosed LD (Mor and Dardeck, 2021) Al can detect LDs early and provide personalized learning,
enabling teachers to address the unique needs of each student in a rapidly changing educational environment
(Ravichandran, et al., 2023; Yenduri, et al., 2023).

Al-based learning interventions are among the most frequently used practices to encourage personalized learning
among students with LDs (Sukiman and Abdl Aziz, 2021). Al can analyze a specific type of LD that a student has and
then suggest personalized learning strategies (Bhatti, et al., 2024). By providing creative solutions to improve learning
outcomes, address issues in the educational sector and enhance learning experiences, Al is revolutionizing education
(Ravichandran, et al., 2023).

Finally, emphasis is placed on the significance of all digital technologies in the field of education and in Learning
Disabilities training, which is highly effective and productive and facilitates and improves assessment, intervention, and
educational procedures via mobile devices that bring educational activities everywhere (Politi-Georgousi and Drigas,
2020; Stathopoulou, et al., 2019), various ICTs applications that are the main supporters of education (Alexopoulou,
Batsou and Drigas, 2019; Bravou and Drigas, 2019; Chaidi, Drigas and Karagiannis, 2021; Drakatos, et al., 2023a;
Drakatos, et al., 2023b; Drigas and Petrova, 2014; Drigas and Theodoropoulou, 2016; Galitskaya and Drigas, 2020;
Loukeri, Stathopoulou and Driga, 2023; Stathopoulou, et al., 2022; Stathopoulou, Spinou and Driga, 2023a;
Stathopoulou, Spinou and Driga, 2023b; Vouglanis and Driga. 2023a; Vouglanis and Driga, 2023b), and Al, STEM, Games
and ROBOTICS (Chaidj, et al., 2021; Chaidi and Drigas, 2022a; Lytra and Drigas, 2021; Pergantis and Drigas, 2024) that
raise educational procedures to new performance levers. Additionally, the development and integration of ICTs with
theories and models of metacognition, mindfulness, meditation, and the cultivation of emotional intelligence (Bamicha
and Drigas, 2022; Chaidi and Drigas, 2022b; Drigas, Mitsea and Skianis, 2021a; Drigas, Mitsea and Skianis, 2021b;
Drigas, Mitsea and Skianis, 2022a; Drigas, Mitsea and Skianis, 2022b; Drigas and Sideraki, 2021; Galitskaya and Drigas,
2021; Karyotaki, et al., 2022; Kontostavlou and Drigas, 2021; Mitsea, Drigas and Skiannis, 2022a; Mitsea, Drigas and
Skiannis, 2022b), accelerates and improves the educational practices and results, especially in children with LDs.

2. Methodology

This study was based on the systematic review method. A 4-step process was followed to conduct it:

International literature identification based titles and abstracts

Selection and exclusion of studies according to inclusion and exclusion criteria
In- depth review of selected literature

Extraction of Results

Regarding the search strategy, an online search of studies in three databases - Scopus, Google Scholar and PubMed - was
conducted to identify relevant literature. The search was completed in October 2024. The search terms used in the study
employing Boolean logic were:

("Artificial Intelligence" OR "AI") AND ("learning difficult*" OR "learning disabilit*" OR "learning disorder*")

2.1. Inclusion and exclusion criteria

To effectively address the research questions, ensure the generalizability of the findings and avoid bias in the selection
of articles, a number of specific inclusion and exclusion criteria were established in this study to refine the focus and
identification of relevant research, as shown in Table 1.
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The preliminary study conducted indicates that the use of Al in supporting students with LDs, despite its initial surge in
the 1990s, has increased significantly over the past 10-15 years. Figures 1, 2 and 3 illustrate the year-on-year growth in
the number of published articles on the topics of "Artificial Intelligence" and "Learning disabilities" as documented in
Scopus, Google Scholar and PubMed covering the period from 2010 to 2024. In the last three years, 2022 - 2024, there
has been a rapid increase in the number of published articles. It is noteworthy that these years account for a significant
proportion of the total results, representing 58.06%, 39.80% and 54.09% of all the 15-year results in Scopus, Google
Scholar and PubMed respectively. Consequently, the search was narrowed to these years and extended by one
additional year to encompass 2021, as 2021 may have marked the beginning of this upward trend in subsequent years.
This approach ensured that all studies relevant to the new data were included in the review.
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Regarding the sample, this study focuses on school-aged and university students. As the education system may differ
across countries, studies involving primary to high school students (aged 6-18 years old) and university students were
selected. In particular, the study includes only students diagnosed with LDs as this focus ensures more accurate and
targeted data, avoiding generalizations from undiagnosed students with similar symptoms. In addition, articles
published in English in reputable journals were selected. Reputable journals are defined as those indexed in databases
such as Google Scholar, Scopus and PubMed. More specifically, only Field Studies, Meta-analyses and Systematic
Reviews were selected to ensure the validity of the results and conclusions, as these provide the most reliable and
evidence-based data on the effectiveness of Al applications in supporting students with LDs. The field of study was
limited to the educational sector, excluding studies conducted in medical or clinical settings. Finally, the content of the
included studies focuses on supporting students with LDs, excluding studies focused on diagnosis. This distinction aligns
with the purpose of this study- to support the teaching and learning of students already diagnosed with LDs.

Table 1 Inclusion and exclusion criteria

INCLUSION CRITERIA EXCLUSION CRITERIA

YEAR RANGE 2021-2024 Years before 2021

SAMPLE School-aged students and university | Pre-school students or adults who are not
students university students

TARGET Students diagnosed with LDs Students not diagnosed with LDs or students

POPULATION without LDs or students with other special

educational needs

TYPES OF | Articles Other types other than articles

STUDIES

TYPES OF | Field Studies, Meta-analyses, Systematic | Reviews

ARTICLES Reviews

PUBLICATION English Languages other than English

LANGUAGE

FIELD OF STUDY | Education Clinical environments

CONTENT FOCUS | The content focuses on supporting | The content focuses on the diagnosis or on general
students with LDs and/or creating | psychosocial interventions for people with LDs not

appropriate educational interventions

related to the educational process
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2.2. Study selection process

In order to select the most relevant studies, filters based on the defined inclusion and exclusion criteria were applied.
These filters limited the search to articles published between 2021-2024, available in English and as full-text open
access documents. In the case of PubMed, additional filters were used for meta-analyses and systematic reviews to
ensure the selection of high-quality studies. Duplicates were removed using the Zotero tool and results were extracted
using the PRISMA Flow Diagram (PRISMA Flow Diagram, 2020).

For the study selection process, an online search in the three databases - Scopus, Google Scholar and PubMed - as
mentioned earlier, was initially conducted employing Boolean logic and more specifically the terms:

("Artificial Intelligence" OR "AI") AND ("learning difficult*" OR "learning disabilit*" OR "learning disorder*")

The search yielded 111 results in Scopus, 8,070 in Google Scholar and 71 in PubMed. Therefore, 8,252 articles were
included in the initial eligibility screening stage. Subsequently, the aforementioned filters were applied thus reducing
the results to 316. Specifically, in Scopus the filters "Year Range: 2021-2024", "Document type: Article", "Language:
English" and "Open Access: All open access" were applied, reducing the results to 15. In Google Scholar, the filters
"Custom Range: 2021-2024" and "Review Articles" were applied, yielding 300 results. In PubMed, the filters "RESULTS
BY YEAR: 2021-2024", "TEXT AVALABILITY: Free Full Text", "ARTICLE TYPE: Meta-Analysis, Systematic Review" and
"ARTICLE LANGUAGE: English" were applied, reducing the results to 1. Then, the results were further reduced to 313
after duplicate removal using the Zotero tool.

Following the title and abstract screening process, 245 studies that were not relevant to the study and 19 that were
conducted in Italian, Portuguese, Swedish, Spanish, Indonesian, Russian and Chinese were excluded. Consequently, the
results were limited to 49. An attempt was then made to retrieve these studies, in which the results were reduced to 44
since 5 articles were not accessible.

Finally, following a comprehensive review of the 44 articles, the results were narrowed down to 2, as shown in Figure
4. Of these two articles, one Field Study was fully utilized, along with one study report, while from the second article (a
systematic review), only two study reports meeting the inclusion criteria were used. Consequently, 4 articles were
included in the study. The reasons for excluding the remaining 42 articles were as follows:

e They focused on diagnosing students with LDs rather than supporting them

e They did not involve students diagnosed with LDs or did not involve only students diagnosed with LDs
e The field of study was not the field of education

e They did not involve exclusively school-aged and university students

e They did not focus on supporting students with LDs

e Itwasnota Field Study or Systematic Review or Meta- analysis

e They did not involve the use of artificial intelligence

2.3. Flow diagram

The Prisma (Preferred Reporting Items for Systematic reviews and Meta-Analyses), first published in 2009 and revised
in 2020, was developed to enhance the clarity, transparency, quality and value of systematic reviews and meta-analyses
(Sohrabi, et al,, 2021). In this systematic review, the results were extracted using the following PRISMA 2020 flow
diagram (PRISMA Flow Diagram, 2020), which makes the study selection process more transparent and reliable and
enhances the validity of the methodological process. This diagram outlines the process of searching, identifying,
screening for appropriateness and final selection of articles meeting the inclusion criteria for the systematic review, as
detailed in Figure 4. Specifically, the diagram illustrates:

e The number of initial results identified from the 3 databases (Google Scholar, Scopus and PubMed)

e The number of articles removed through automation tools - filters, as well as the number of duplicates
removed.

e The number of studies excluded during the title and abstract screening process.

e The number of articles excluded after the full text screening along with the reasons for their exclusion.

e The number of studies and their reports included in the systematic review.
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its study reports were used which met the inclusion criteria for the study.

Figure 4 PRISMA Flow Diagram (PRISMA Flow Diagram, 2020)

3. Results

In this systematic review, studies that met the predefined inclusion criteria and utilized Al in the education of students
diagnosed with LDs were analyzed. These 4 studies that were included applied different Al methods and technologies
to support students with LDs and enhance their learning experience. The results show that there is a wide range of Al
capabilities, from recommendation systems and tailored learning platforms that suggest personalized content and
learning strategies, to applications and digital tools that facilitate reading and communication for individuals with LDs.
The key findings from the studies are as follows:

The study by Zingoni, et al. (2021), conducted in Italy and Spain, explored the development and initial effectiveness
assessments of the "BESPECIAL" platform, which was designed within the VRAllexia project to provide personalized
support to university students with dyslexia. The platform combines artificial intelligence and virtual reality (VR), thus
offering an innovative learning environment that responds to students' specific needs and difficulties. Students with
dyslexia faced significant difficulties in their university course, especially in reading, memory and understanding
complex concepts. This platform was developed to provide personalized support to students, by addressing these
difficulties and offering appropriate tools and learning strategies. The aim was to enhance the skills of students with
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dyslexia, improve their academic performance and reduce the risk of dropping out of their studies. The research sample
consisted of 700 university students diagnosed with dyslexia, mainly from schools of humanities. The tools used to
collect data in the survey were: 1) The "BESPECIAL" platform, which uses Al to assess students' individual needs and
VR to monitor progress 2) Psychometric tests that measure self-confidence, anxiety and self-esteem 3) OCR (Optical
Character Recognition) to collect data from clinical reports and 4) questionnaires that analyzed students' individual
needs while the adaptation of learning strategies was based on this data. Preliminary results showed that the platform
demonstrated significant improvement in both students' academic performance and self-confidence, as participants
reported that they improved in understanding and recalling the concepts taught and that their self-confidence was
enhanced. They also reported the usefulness of interactive virtual reality experiences which - through visualization -
enabled them to actively participate in learning and better understand difficult concepts, as well as the usefulness of
artificial intelligence which offered learning strategies that responded to the individual challenges they faced. In
conclusion, the research showed that the "BESPECIAL" platform can provide support to students with dyslexia and
demonstrates how personalization, combined with technologies such as Al and VR, can improve the academic
performance of these students. The study suggests integrating modern technologies into learning strategies, rather than
limiting them to mere supportive tools, in order to continuously improve the skills of students with dyslexia and provide
equal opportunities for their success in academia.

The study by Wang, Muthu and Sivaparthipan (2022) investigated the use of an Augmentative Alternative
Communication (AAC) model that leverages artificial intelligence to support students with dyslexia. The survey was
conducted in China and India and aimed to improve the reading and learning skills of students through a flexible system
tailored to their individual needs. Regarding the sample, the survey included 20 dyslexic students from schools and
universities. The tools used for data collection were: 1) assessment questionnaires to collect data on students' needs
and difficulties with reading and comprehension 2) specially designed pictograms to support students in the learning
process through the visualization of information 3) an AI-AAC hybrid model that integrated the pictograms and 4)
machine learning (ML) algorithms to classify data and present appropriate recommendations. More specifically, the
algorithms applied were as follows: Maximum Entropy (ME), Support Vector Machine (SVM), Complement Naive Bayes
(CNB) and Naive Bayes (NB). These algorithms were compared in terms of their effectiveness in both classifying data
and providing appropriate recommendations tailored to the specific needs of students. The results showed that the Al
- AAC model was highly effective in supporting students with dyslexia and improving the learning process. In particular,
the research found that the AI - AAC increased the accuracy of personalized recommendations by 40.88%, with an
overall accuracy of 94.98%. At the same time, efficiency increased by 39.71%, achieving an overall performance rate of
96.95%. In addition, there was a 36.56% reduction in the effort required by a student to understand and complete
educational tasks, while response time decreased by 66.34%, improving the overall learning experience by providing
faster access to information and support tools. In conclusion, the Al - AAC model proved to be highly effective in
improving the learning skills of students with dyslexia by providing them with tailored and personalized support. The
high accuracy and effectiveness rates of the Al - AAC suggest that such personalized tools can meet the specific learning
needs of students with dyslexia by providing better access to appropriate support and increasing their reading and
comprehension abilities.

The study by Morciano, et al. (2024), which took place in Italy and Spain, focused on the use of an Al recommendation
system to provide personalized support to students with dyslexia during their learning journey at university. The aim
of the research was to compare three collaborative-filtering recommendation models, an item-based model, a user-
based model and a weighted-hybrid model, in order to identify the model that offers the best support tools and learning
strategies for students with dyslexia to improve their academic performance. The research sample consisted of 1,237
Italian students with dyslexia who completed self-assessment questionnaires about the most used digital tools (17) and
learning strategies (22). In addition, the system was tested on 50 students (20 with dyslexia and 30 without) to evaluate
the effectiveness of the recommendations. The tools used in the study were: 1) the three collaborative-filtering
recommendation models (item-based model, user-based model and weighted hybrid model) 2) three similarity metrics
(Pearson correlation, Euclidean distance and Cosine similarity) 3) the K-Nearest Neighbors (k-NN) machine learning
algorithm 4) questionnaires that included the 39 digital tools and learning strategies. Each model was compared with
all three similarity metrics. The results show that the hybrid recommendation model demonstrated the highest
performance with 85% accuracy, 83% recall and low error rate of 11.93%. The system proved to be helpful to students
with dyslexia by identifying the most appropriate learning tools and strategies based on their needs. Students with
dyslexia who used this system increased their scores by approximately one point (on a scale of 1-10) compared to those
who did not receive recommendations from the system. In conclusion, the positive results of the study demonstrated
that the recommendation system can be effectively used in education to support students with LDs during their
educational journey by suggesting the optimal tools and learning strategies and providing them with personalized
assistance that improves their performance and reduces the challenges they face.
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In the study by Zingoni, Taborri and Calabrd (2024), which was conducted in Italy, a classification model of the most
useful methodologies for providing personalized support for university students with dyslexia was created. The
prediction algorithm was based on supervised machine learning (ML) techniques to suggest tailored digital support
tools and learning strategies to students based on their individual learning difficulties. The aim was to improve their
educational journey and enhance their skills. The algorithm was trained and tested using data obtained through a self-
assessment questionnaire, which was designed and then completed by 1,217 Italian students diagnosed with dyslexia,
who constituted the main sample of the study. In addition, to evaluate the effectiveness of the classification system in a
real case, a trial was conducted with 43 students. The questionnaires included questions regarding the students'
learning difficulties, as well as the supportive tools and learning strategies which they found useful, allowing the
identification of 17 useful tools and 22 useful strategies. The questionnaire responses were given in a Likert scale
format, enabling the researchers to quantify the usefulness of the suggested supportive learning tools and strategies.
The tools used in the study were as follows: 1) four of the best performing supervised machine learning algorithms for
classification, namely random forest (RF), linear/logistic regression (LR), k-nearest neighbors (kNN) and support-
vector machines (SVM) 2) performance metrics: accuracy, recall and F1-score 3) self-assessment questionnaires. The
results show that the average prediction accuracy was 88.7% for the tools and 91.6% for the learning strategies.
Globally, the achieved average accuracy is 90.4%. A recalculation of the average prediction accuracy was performed
after excluding the four tools and four strategies for which a rate of less than 85% had been achieved, resulting in an
increase in average accuracy to 92.7% for the tools, 94.8% for the strategies and 94.0% globally. Furthermore, the
proposed algorithm was tested in a real case, achieving prediction accuracy higher than 90% by suggesting useful and
useless support methodologies to a sample of 43 students with dyslexia. In conclusion, the developed classification
system is effective in providing individualized support to students with dyslexia, helping them to identify the most
appropriate learning tools and strategies based on their individual needs. The algorithm implemented can achieve the
intended goal by reducing the gap between students with and without dyslexia. This success opens up new perspectives
for approaching the dyslexia issue in universities, focusing on adapting teaching activities to students' needs, rather
than limiting itself to decreasing their study load or obligations.

4., Discussion

The aim of this research was to record and analyze new research data on the role of Al in the education of individuals
with LDs. The goal was to explore, through a systematic review of the literature, the tools and applications of Al that
have been developed in recent years (2021-2024) to support students with LDs and their effectiveness in improving
the academic performance of this population.

The advancements in Al over the past four years have enhanced the ability to provide personalized support to students
with LDs based on their specific educational needs, improving their educational experience and offering them learning
opportunities equivalent to those of people without learning disabilities. The rapid increase in the number of relevant
publications in recent years indicates the growing recognition of Al as a supportive tool in education. Despite this
progress, the findings from this systematic review revealed that there has not been a significant number of studies
focusing on the student population with LDs. Specifically, of the four studies that met the inclusion criteria of the
systematic review, three focused on university students and only one included a small proportion of school-aged
students. Furthermore, this limited number of studies was exclusively related to dyslexia and not LDs in general.

In response to the first research question, the Al applications developed between 2021-2024 to support students with
LDs are the "BESPECIAL" platform, which uses artificial intelligence and virtual reality, the Augmentative Alternative
Communication (AAC) model which uses machine learning algorithms, a Hybrid Recommendation System which uses
collaborative filtering and similarity metrics and a classification system which uses machine learning algorithms.

Regarding the second research question, these applications demonstrated positive results in enhancing the learning
performance of students with LDs, who showed improvement in reading and communication, improvement in
comprehension and recall of concepts taught, overall improvement in the learning process, an increase in their scores
by approximately one point, as well as an increase in their confidence and self-esteem. Through these applications,
which provide personalized support by suggesting the most appropriate learning strategies and digital tools, the
learning process was facilitated and the barriers faced by students with and without LDs were reduced. Furthermore,
the disparities between students with and without LDs were reduced, providing equal opportunities for success in the
educational field. Therefore, these findings demonstrate the potential of Al to support the education of students with
LDs more effectively.

42



Global Journal of Engineering and Technology Advances, 2024, 21(03), 033-049

5. Conclusions

For the further development of Al in education, it is essential that applications focusing on the learning needs of school-
aged students with LDs and not only university students with LDs be developed. Additionally, the studies included in
the systematic review focused exclusively on dyslexia rather than learning disabilities in general, which underscores
the necessity for further research addressing other LDs in order to meet the diverse educational needs of students.
Furthermore, the third research question remained unanswered, despite an extensive search, as no studies were
identified that examined teachers' perceptions regarding the use of Al to support students with LDs. This lack suggests
a potential gap in the literature and highlights the need for further investigation into teachers' perceptions, as their
perspectives may prove pivotal in the integration of Al into the learning process. Finally, it is recommended that further
research be conducted on existing applications with a view to improving personalization algorithms and ensuring
optimal performance in the education of students with LDs.
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