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Abstract 

This article focuses on learning disabilities and various strategies and tools that can assist in addressing them. Learning 
disabilities may affect a child's ability to acquire skills in reading, writing, and mathematics, and are not related to their 
intelligence. Specific learning disabilities such as dyslexia, dyscalculia, and dysgraphia are common and require 
specialized intervention methods. Diagnosis of learning disabilities can be based on three main categories of causes: 
biological, genetic, and environmental factors. Tools used for intervention include digital media, e-learning applications, 
and support systems such as robots and specialized software, which provide personalized solutions to enhance learning 
abilities.  
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1. Introduction

Modern education faces many challenges, especially in supporting students with specific learning disabilities. According 
to the World Health Organization (2015), 15% of the global population has some form of disability, and special 
education aims to address the needs of these individuals (Doğan & Delialioğlu, 2020). However, the complexity and 
variety of learning disabilities, such as dyslexia, dyscalculia, and dysgraphia, require specialized methods and 
technologies for support (American Psychiatric Association). Although there are many types of disabilities managed by 
special education, specific learning disabilities (SLD) are the most common.  

2. Learning Disabilities

Learning disabilities refer to a variety of disorders that affect an individual's ability to acquire, understand, and use 
specific academic skills, such as reading, writing, mathematical reasoning, and comprehension of spoken or written 
language. Learning disabilities are not related to intelligence and often occur in children with normal or even high 
intelligence. 

According to Polychronopoulou (2012), the causal factors of specific learning disabilities are generally categorized into 
three main categories: biological, genetic, and environmental. 

Learning disabilities can also be categorized as follows: 

2.1. General Learning Disabilities 

General learning disabilities refer to widespread learning difficulties that affect many areas of academic performance. 
These difficulties are usually associated with general cognitive problems and may affect a child's ability to follow the 
school curriculum in various subjects. Children with general learning disabilities often have lower-than-average 
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intelligence and may face challenges in areas such as memory, attention, language ability, and social skills (American 
Psychiatric Association, 2013). 

2.2. Specific Learning Disabilities 

Specific learning disabilities refer to difficulties in one or more areas of learning despite having normal or superior 
intelligence. These include: dyslexia, dyscalculia, and dysgraphia. Children with specific learning disabilities may 
perform well in other areas of learning and have normal or high intelligence. These difficulties are often 
neurodevelopmental in nature and require specialized educational interventions (Lyon, Shaywitz, & Shaywitz, 2003). 

2.3. Secondary Learning Disabilities  

Secondary learning disabilities arise due to external factors that affect a child's ability to learn. These difficulties may 
be related to: socio-economic factors, environmental factors, emotional and psychological issues. 

While the DSM-5 defines learning disabilities as specific learning disorders and categorizes them into three main areas: 

2.4. Reading Disorder (Dyslexia) 

According to Stasinou (2020), dyslexia is a specific disorder in the acquisition of written language, in which children 
diagnosed with it face significant difficulties in recognizing and decoding individual words. 

2.5. Mathematics Disorder (Dyscalculia) 

Neurologist Cohn (1961) defined dyscalculia as a dysfunction of the central nervous system, causing inexplicable 
difficulties in acquiring mathematical concepts and skills in some children, with effects similar to acquired brain injuries 
in adults (Karagiannakis & Papadatos, 2022). 

2.6. Written Expression Disorder (Dysgraphia) 

Dysgraphia is defined as difficulty in the automatic recall of continuous visual-motor coordination between the hand, 
pencil, and eye, and the control of the muscular movements required for writing letters and numbers. These difficulties 
do not align with the individual's intelligence, normal teaching, and (in most cases) the use of the pencil in non-academic 
tasks. They are neurologically based and vary in degree from mild to moderate. They can be diagnosed and overcome 
through appropriate therapeutic strategies, which, when applied systematically and daily, generally yield results 
(Karampatzaki, 2021). 

3. Working Memory, Brain Anomalies, and SLD 

Learning difficulties have been extensively studied, with an emphasis on brain abnormalities and their consequences 
on working memory (WM). Neuropathological studies have revealed abnormalities in the white matter of the brains of 
individuals with dyslexia through 3D magnetic resonance imaging (MRI), allowing for the quantification of gyral 
thickness and the analysis of the cerebral cortex through spherical harmonic analysis (Drigas & Galitskaya, 2023). 
Furthermore, structural differences have been observed in the temporal lobe of the left hemisphere of the brain, linked 
to the processing of linguistic information, and differences in the ratio of gray to white matter (Vlachos, 2010, as cited, 
Karampatzaki, 2021).  

The analysis of brain regions shows that in individuals with learning difficulties, there is reduced activation of the 
temporo-parietal area and the associative visual cortex, with dysfunction in the connection between the Wernicke and 
Broca areas, which affects language comprehension and expression, respectively (Vlachos, 2010, as cited, Karampatzaki, 
2021). 

The dysfunction of the cerebellum, which is associated with motor control and automation, may also affect the learning 
of phoneme-grapheme correspondence and create difficulties in articulation and writing (Stoodley & Stein, 2011, as 
cited, Karampatzaki, 2021).  

Beyond brain abnormalities, learning difficulties are strongly associated with deficits in working memory. Research 
shows that children with learning difficulties, including dyslexia, have significant deficits in working memory, which 
affect the execution of arithmetic operations and the temporary storage of verbal and audiovisual information (Drigas, 
2023). Visual and visuospatial working memory are important predictors of students' performance in geometric 
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problems (Bizzaroa et al., 2018). Furthermore, difficulties in geometry are associated with deficits in the representation 
and development of problem-solving strategies (Mayer, 2013). 

The theory of neurological basis supports that dysfunctions in brain regions and their connections lead to reading 
problems in individuals with dyslexia (Vlachos, 2010, as cited, Karampatzaki, 2021). Abnormal eye movements and 
deficits in phonological processing are significant factors contributing to the difficulties dyslexic children face in reading 
and writing (Pavlidis, 2005, as cited, Karampatzaki, 2021). Deficits in phonological awareness, verbal short-term 
memory, and naming speed largely explain the difficulties in working memory (Morris et al., 1998). 

4. Intervention Tools 

4.1. Digital media 

A study on the rehabilitation of dyslexia through digital television (DTV) has been presented, focusing on children in 
Italy. This is an ICT-based service aimed at individuals who do not have access to the internet or the necessary skills to 
use it but are familiar with television. The T-islessia program is a health initiative involving six-year-old children at risk 
of dyslexia, who perform daily rehabilitation exercises at home or at school.  

An interactive service developed in this project is called "Magicabra," offering highly interactive games to develop 
reading and writing skills. The results of the study were very positive, showing that the more interactive the sessions, 
the higher the level of skills acquired by the children (Drigas & Dourou, 2013). 

Another study conducted in the United Kingdom examined how digital media affect the learning outcomes of individuals 
with dyslexia. Using Dual Code Theory (DCT) and contemporary theories of dyslexia, the research found that different 
combinations of digital media have varying effects on students with dyslexia compared to those without it. The findings 
highlight the need to adapt the design of e-learning educational materials to enhance their effectiveness (Beacham, 
2006). 

4.2. E-learning and Special Learning Difficulties 

If one reads the introduction to the law on special educational needs and disabilities (SENDA), it is easily understood 
that learning websites and educational materials must undergo reasonable adjustments to facilitate individuals with 
learning difficulties (Woodfine, 2005, as cited in Drigas, 2023). 

Woodfine et al. (2008) in their research examine how a modern, text-based e-learning environment creates challenges 
for dyslexic students. They found that students with dyslexia face more difficulties, such as reading, spelling, and 
argumentation issues, compared to non-dyslexic students, which may discourage them and reduce their performance. 

Considering that individuals with dyslexia face challenges in e-learning activities, a study was developed focusing on a 
personalized e-learning environment for dyslexic students. The framework includes: the application of a 
phenomenological approach to learning, adapting the learning process to the needs of dyslexic students, activities 
focusing on reading ability, and collaborative features for creating an educational environment. It allows teachers to 
compile various learning modules, using educational material from different databases and applying learning models 
(Drigas & Dourou, 2013). 

Another study developed a customizable e-learning environment for personalized education of dyslexic students. The 
framework is agent-based and supports the automatic production of learning setups based on ontology, as well as the 
management, reuse, and retrieval of external resources. It includes agents such as Knowledge Expert, Teacher, Dyslexic 
Learner Personal, Collaboration, Evaluator, Ontology Search, Web Search, Mapping, Annotation, and External Resource. 
This framework ensures an effective e-learning environment by utilizing the capabilities of semantic technologies and 
agents to achieve flexibility and semi-automation (Drigas & Dourou, 2013). 

"SEVERI," an e-learning environment developed by Starcic et al. in 2010, presents the results of its application to 
students with reading, writing, and perception difficulties. SEVERI includes various tools such as guidance messages, a 
learning diary, library, tasks, and discussions tailored to specific groups of students. The program has been applied in 
five countries, helping students make progress in their learning while simultaneously supporting teachers in improving 
their teaching planning and organization. Furthermore, it enhances networking and collaboration between specialists 
and parents (Drigas & Dourou, 2013). 
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4.3. Robotics and STEM 

In 2018, Zhong and Liying conducted a literature review of 20 studies to examine whether educational robots can assist 
in learning arithmetic and geometry. Their research sample included individuals aged 3 to 33 years. They found that in 
the majority of the studies, LEGO robots were used, and students improved their mathematical skills when interacting 
with the robot (Drigas & Galitskaya, 2023). 

In Spain, a pilot STEM program conducted with sixth- and seventh-grade students showed improvements in spatial 
perception abilities and understanding of algebraic, geometric, and mechanical concepts. The students completed 26-
28 sessions, once a week, using seven different Fischertechnike sets (Drigas & Galitskaya, 2023). 

In Israel, Brainin et al. conducted a study with kindergarten students using the Bee-Bot robot, finding improvements in 
spatial relationships and mental rotation (Drigas & Galitskaya, 2023). In Italy, Lieto and her collaborators conducted a 
study with first-grade students using the Bee-Bot robot. The results of the study showed significant improvements in 
inhibition skills and visual-spatial working memory (Lieto et al., 2020). 

In Turkey, an intervention program with the Robotis Dream ER kit in elementary school students lasting 31 weeks 
showed that the use of robotics in education improved the students' spatial perception (Drigas & Galitskaya, 2023). 

In Hungary, Kálózi-Szabó et al. conducted a study (part of the RIDE project) with students aged 8-14 using the ArTec 
Robot, with results showing improvements in visual-constructional abilities and a reduction in reading errors, as well 
as improvements in text comprehension and spatial orientation ability (Kálózi-Szabó et al., 2022). 

In Greece, Papadopoulou and her collaborators conducted a study using the NAO robot with third- and fourth-grade 
students. The study concluded that the NAO robot is equally effective as traditional interventions in improving reading 
and phonological awareness skills in children with special learning difficulties, and that it had no significant impact on 
emotional or behavioral outcomes compared to the traditional method (Papadopoulou et al., 2022). 

In Greece, Chaidi and her collaborators conducted a study in 2021 using the Lego Boost kit with students from the 11th 
Primary School of Maroussi. The study included twelve students, five of whom had diagnoses, including learning 
difficulties, developmental disorders, and ADHD. The process included blended learning, combining in-person and 
remote teaching. Students with special needs developed skills, improved their self-esteem, and socialized. The use of 
the Lego Boost kit can develop cognitive and social skills in both students with and without learning difficulties (Chaidi 
et al., 2021). 

4.4. Computer-Based Tools 

Papadaki and Karagianni (2023) developed and tested a lesson plan for teaching English through information and 
communication technologies (ICT) for fourth-grade students with learning difficulties in a Greek private primary school. 
The research focused on Mary, a 9-year-old student with dysgraphia, but the lesson was applied to a group of 16 
monolingual students. The process included the use of direct spelling instruction, the SRSD (Self-Regulated Strategy 
Development) approach, multisensory approaches, and the writing process. Tools used included auditory, visual, 
kinesthetic, and tactile elements, as well as digital ICT tools like songs, games, playdough, and mind maps. The results 
showed significant improvement in students' spelling skills and written expression, as well as increased confidence and 
participation in educational activities. The researchers emphasized the importance of the multisensory approach, 
positive reinforcement, and the use of ICT to develop the skills of students with learning difficulties (Papadaki & 
Karagianni, 2023). 

Researchers designed the "Phonological Awareness Educational Software (PHAES)" to provide interactive and engaging 
activities that train dyslexic students in phonological awareness. These activities include small language units 
(phonemes and letters) presented within words and sentences, both orally and in writing. Focusing on phonological 
awareness, the software aims to improve the core skills required for reading and spelling (Kazakou, 2011). It is also 
designed to be attractive to children with simple graphics, to avoid cognitive overload, with easy navigation and 
compatibility to run on any computer. Additionally, the age group is not strictly defined, and the tool can be used with 
or without supervision, serving as a useful and supportive teaching tool. This application has proven to be educational 
and serves as an example for further research in the field (Drigas & Dourou, 2013). 

As mentioned, dyslexia has a hereditary factor, which is why a study examines early prevention before reading age. 
Children with genetic risk receive home-based education, using a computer to develop phonemic awareness and letter-
sound relationships, based on the "Word Building" technique initially developed by Beck. These children show greater 
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improvement in reading skills compared to non-risk children who have also received additional training and who align 
more with the typical development of phonemic awareness than untrained children at risk. A conclusion of the research 
is that home and school-based education until first grade is the best approach for better outcomes (Drigas & Dourou, 
2013). 

RehaCom is a comprehensive system for the rehabilitation of cognitive and learning difficulties, combining software 
with an optional special handling keyboard. It includes 30 specialized activities to address sensory-perceptual 
disorders, based on audiovisual stimuli from the computer. The difficulty level of each activity automatically adjusts 
according to the trainee's performance, offering personalized training and rehabilitation. The software is available in 
16 languages, with 18 activities in Greek, grouped into five categories: attention training, memory training, executive 
functions, visuomotor skills, and visual field training (Exarchou, 2012). 

Another study by O'Connel et al. (2011) examined how Apple technologies can be used to support the education of 
students with sensory and learning difficulties. The research presented two examples of using Apple products:  

• Peter is an 8th-grade student who struggles with mathematics. To assist him, his teacher used the Voice Memos 
app on her iPhone to record the class lectures. These recordings were then uploaded to the classroom's Mac 
mini, where students could download them via iTunes. Peter could listen to these recordings at home, helping 
him better understand the material. 

• Mary is a deaf 6th-grade student. For a social studies assignment, Mary used iChat to make video calls with her 
sister, enabling them to discuss the assignment using sign language. Mary created a video for her assignment 
by interviewing her sister and edited the video on iMovie. The final video was posted on the class website. 

The results showed that students greatly benefited from using Apple technologies, as they provided tools that facilitated 
understanding and completion of educational tasks, helping them follow their lessons more effectively and complete 
their assignments with less frustration (O’Connel, 2011). 

4.5. Games, Multimedia Tools, and the Web 

Some researchers have used multimedia elements as a core part of strategies, activities, and environments, developing 
a multimedia learning object called IMLO (Interactive Multimedia Learning Object). The methodology was adapted to a 
protocol for possible thinking, which encourages users to think aloud while performing specific tasks. The main idea is 
to present the subject in the form of an interactive story. Its usability was tested on children with dyslexia, and the 
results were positive, demonstrating the usefulness of multimedia in supporting learning for students with dyslexia 
(Drigas & Dourou, 2013). 

"CALDYS2 (Computer-Assisted Learning for Dyslexic Students)" is an e-learning support system designed to help 
students with dyslexia. It was specifically developed for teaching English to non-native dyslexic students. This system 
was created to address the unique needs of this group of students by combining foreign language teaching principles 
with technologies that support dyslexia. It provides lessons and activities aimed at improving reading, writing, and 
comprehension skills in English. It adapts the content and exercises based on the individual needs of the students, 
considering both dyslexia and non-native language status. The system uses multimedia elements such as videos, sound, 
and graphics to make learning more engaging and effective. It also provides support in multiple languages to help 
students better understand the material. It includes assessment tools, an educational rubric, and learning game 
evaluation for monitoring student progress. The goal of this project is to create effective learning software for all 
students, with or without dyslexia, and it has been successfully implemented (Al-Wabil, 2007). 

Since reading is a challenge for individuals with dyslexia, an intelligent tutoring system called R2aft tutor (repetitive 
adaptive reading tutor) has been developed to improve reading fluency for dyslexic students. It trains students in 
appropriate decoding techniques and motivates them to actively engage in the learning process. Initially, the "TASA" 
educational tool was created, which uses automatic speech recognition technology to help dyslexic students with 
reading. The system recognizes and evaluates students' speech as they read aloud, providing immediate feedback on 
their accuracy and pronunciation. This helps students improve their reading skills in real-time. TASA is a set of events 
and rules within the expert system shell Clips (by Giarratano and Rilley), and it includes three types of events: user-
model, story-world, and lexicon. A second aspect is that motivation is generated by the interactive story, which allows 
students to make plot choices that affect the unfolding story. The use of the system has shown positive results in dyslexic 
students, although further evaluations are scheduled to improve and adapt the system in the near future (Drigas & 
Dourou, 2013). 
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There are many studies focused on supporting spelling for individuals with dyslexia. One of these presents a spelling 
check software specifically designed for dyslexic writers, named "BABEL." This software can handle multiple errors and 
incorporates a model of spelling patterns for each user. The operation of this model is based on the creation of rules and 
follows the example of Young and O'Shea. According to this approach, only the incorrect rules are modeled, which stem 
from the cognitive model of Patterson and Shewell. These rules are more complex and describe the errors made by 
dyslexic writers. By using user choices from a list of suggestions as feedback, researchers measured and improved the 
system’s accuracy. Evaluations and tests demonstrated that the system successfully corrects and detects errors, and the 
user model allows for more efficient correction of various mistakes (Drigas & Dourou, 2013). 

According to the study by Lange et al. (2009), the use of a homophone assistance software tool significantly improved 
the performance of students with reading difficulties. Students who used this tool on Windows laptops and read texts 
with highlighted homophones showed a 14.6% improvement in their performance. Additionally, offering homophone 
options provided further benefits, according to Drigas' study (2013). 

Siouli et al. (2020) investigated the impact of a computer-based training program on the emotional state and 
performance of two students with learning difficulties. The participants were a second-grade student with Simpson-
Golabi-Behmel syndrome and a fourth-grade student with learning difficulties. The process involved monitoring 
cognitive training sessions using two tools: 

• BrainHQ: An online software targeting cognitive development improvement. 
• AffectLecture: A mobile app that measures the emotional state of the students before and after each session. 

The students attended 30 and 40 cognitive training sessions, respectively, both at school and at home. The results 
showed that the students' positive emotional state had a positive impact on their performance in cognitive tasks, and 
high performance enhanced their positive emotional state. The researchers concluded that the emotional state of 
students should be considered by those responsible for improving the learning experience of children with learning 
difficulties (Siouli et al., 2020). 

4.6. Mobile Applications 

In 2023, a study was conducted in Jordan to examine the effectiveness of mobile applications in improving learning 
difficulties. The study involved students from five schools, divided into two groups: the experimental group that used 
mobile applications and the control group that followed traditional teaching methods. The applications used in the study 
were designed to assist students with learning difficulties. According to Alzoubi, the best applications for dyslexia are: 

• TAP: A phoneme library that is very popular among teenagers and adults, especially for children with dyslexia. 
• Claro Speak: Allows students to import documents from various sources and listen to the text. Students can 

also use this app for dictation and spell checking. 
• Easy Math: Helps in learning mathematics through games, sounds, images, puzzles, and problems. 
• ABC Reading Magic: Includes a series of apps aimed at children with learning difficulties. The "Attention and 

Dyslexia" app uses text-to-speech technology to read the text aloud. 
• Phonics Genius: Helps students learn and improve their phonological skills through word lists that they can 

listen to. 
• Ginger Grammar Checker: Corrects grammatical rules and offers predictions for the next words that someone 

might type. 
• Learning Ally: A source for audiobooks designed for children. 

The results showed that mobile applications significantly contributed to addressing the learning difficulties of the 
students. 

 The researcher also believes that the increased understanding of mathematical concepts when using smart applications 
is due to the stimulation of the brain through its connection with moving images, which enhances brain abilities and 
improves the students' capacity to think, reason, and focus. A key strategy in mobile applications is the use of a 
multisensory approach (auditory, visual, tactile, and motor) (Alzoubi, 2023). 

The study by Skiada and her collaborators developed and evaluated the "EasyLexia" application, which aims to improve 
the skills of students aged 7-12 with learning difficulties, particularly dyslexia. A total of five dyslexic students 
participated in two rounds of assessment. To compare the results, a control group was created consisting of five 
students of the same age group without learning difficulties. The "EasyLexia" application includes four main categories: 
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• "Words" Category: Aims to improve reading skills and enrich the children's vocabulary. 
• "Numbers" Category: Aims to develop and support mathematical reasoning. 
• "Memory" Category: Focuses on improving short-term memory and concentration. 
• "Books" Category: A unique section that enhances concentration through reading and increases the children's 

interest in reading. 

Each category includes three different games, each with four levels of increasing difficulty, allowing the children to 
progress according to their individual needs and learning abilities. The scoring system is designed to be lenient, 
enhancing the children's self-confidence and motivating them to continue their engagement with the app. 

An important feature of "EasyLexia" is the use of the specially designed Open Dyslexic font, which facilitates letter and 
word recognition, making the reading process less confusing. The application was developed in English due to the higher 
market response, although it was noted that some children without dyslexia faced difficulties in completing certain 
levels due to their knowledge of the English language rather than their inability to learn. 

The study showed that children with dyslexia preferred using the application on mobile devices over the traditional 
paper-and-pencil method. "EasyLexia" helped children focus better and maintain their interest during learning, while 
showing improvements in their reading and spelling skills (Skiada et al., 2014). 

Finalizing this section, we emphasize the significance of all digital technologies in the field of education and in learning 
difficulties training, which is highly effective and productive and facilitates and improves assessment, intervention, and 
educational procedures via mobile devices that bring educational activities everywhere [141-144], various ICTs 
applications that are the main supporters of education [145-167], and AI, STEM, and ROBOTICS that raise educational 
procedures to new performance levers [168-174]. Additionally, the development and integration of ICTs with theories 
and models of metacognition, mindfulness, meditation, and the cultivation of emotional intelligence [175-199] 
accelerates and improves more educational practices and results, especially in children with learning difficulties.  

5. Conclusion 

Technology and innovative educational methods, such as interactive software, educational robots, and mobile 
applications, prove to be extremely useful in supporting students with learning difficulties. The personalized approach, 
the use of multisensory tools, and the integration of ICT in education can significantly contribute to improving academic 
performance and students' self-esteem. The use of these tools and methods can enhance learning and help overcome 
the challenges faced by students with special learning needs, offering new opportunities for their development.  
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