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CHAPTER – 1

INTRODUCTION

1.1 Introduction

Education is universally recognized as both a fundamental human right and a

powerful driver of personal and societal development. However, access to quality

education and equitable learning outcomes remains a challenge for many learners,

particularly those with disabilities. In developing countries like India, students with

learning disabilities are among the most marginalized groups within the education

system. These students often encounter academic, social, and structural barriers that

hinder their progress, leading to significant learning gaps when compared to their

typically developing peers.

Despite constitutional guarantees and progressive policies like the Right to Education

(RTE) Act and the more recent National Education Policy (NEP) 2020, inclusive

education in India continues to face implementation hurdles. Although mainstream

schools are now more likely to enroll students with disabilities, the classroom

practices, curriculum design, and teaching strategies often fail to accommodate their

specific learning needs. A significant proportion of students with learning disabilities

continue to experience poor academic performance, low motivation, and reduced

participation, which ultimately leads to high dropout rates and limited career

opportunities.

According to the 2011 Indian Census, approximately 2.21% of the population, or

nearly 26.8 million individuals, live with some form of disability. Among these, a

substantial number are children of school-going age who face challenges not only in

accessing education but also in achieving learning outcomes comparable to their non-

disabled peers. The literacy rate among children with disabilities lags significantly

behind the national average. For instance, only 54.4% of visually impaired individuals

were found to be literate, compared to the 74% literacy rate in the general population.

Similarly, children with hearing and speech impairments, autism spectrum disorders,
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and specific learning disabilities such as dyslexia and dyscalculia struggle to achieve

basic reading, writing, and numeracy skills.

These disparities are not just statistics they represent a systemic failure to provide

equitable educational opportunities to all learners. The traditional model of teaching,

which assumes a uniform pace and style of learning, does not cater to the diversity of

cognitive and sensory profiles found in today’s classrooms. Teachers are often

underprepared to deal with special educational needs (SEN) due to lack of specialized

training and resources. Furthermore, existing teaching aids are often generic and fail

to meet the specific needs of children with disabilities. As a result, these students are

not only academically behind but also emotionally disengaged, which further widens

the learning gap.

In this context, the integration of Artificial Intelligence (AI) into education emerges as

a potentially transformative solution. AI, defined as the simulation of human

intelligence by computer systems, is increasingly being applied in various sectors,

including healthcare, transportation, finance, and education. In the field of education,

AI offers unprecedented opportunities for personalization, adaptability, and data-

driven decision-making. It enables the creation of intelligent tutoring systems, speech-

to-text converters, adaptive assessments, and real-time feedback mechanisms—tools

that can significantly enhance the learning experience of children with disabilities.

One of the most promising features of AI in education is its ability to offer

personalized learning pathways. Unlike traditional instructional models that adopt a

one-size-fits-all approach, AI tools can analyze student data to identify individual

learning styles, strengths, weaknesses, and pace of learning. Based on this analysis,

the system can adapt the content, format, and difficulty level of lessons, ensuring that

students receive instruction tailored to their needs. This level of customization is

particularly beneficial for learners with cognitive or language processing difficulties,

who may require repeated practice, simplified instructions, or multisensory input to

grasp concepts.

AI technologies are also making education more accessible for students with sensory

impairments. For example, screen readers powered by AI can read digital text aloud

for visually impaired students, while speech recognition tools can convert spoken
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words into written text for those with mobility or writing challenges. Augmentative

and alternative communication (AAC) devices enhanced by AI can assist children

with speech impairments in expressing themselves. Such innovations not only

improve academic outcomes but also foster independence and self-confidence among

learners with disabilities.

Another significant advantage of AI is its capacity to continuously assess student

progress. Traditional assessments, often paper-based and conducted at fixed intervals,

may not capture the real-time learning trajectory of students, particularly those with

fluctuating attention spans or specific processing delays. AI-based systems, on the

other hand, can provide immediate feedback, highlight areas of difficulty, and

recommend remedial content on an ongoing basis. This continuous assessment loop

ensures that learning remains dynamic and responsive, reducing the likelihood of

academic failure and disengagement.

In recent years, the use of AI tools in education has gained momentum globally.

Platforms like Microsoft Immersive Reader, Google Read Along, and Khan Academy

use AI algorithms to deliver interactive and adaptive learning experiences. Some of

these platforms also support multiple languages, including regional Indian languages

like Malayalam and Hindi, thereby enhancing their utility in multilingual classrooms.

These tools incorporate gamification, voice input, visual aids, and AI-generated

feedback, which collectively create a rich and engaging learning environment.

In the context of inclusive education, AI is not merely an assistive technology, it is an

enabler of equity. It empowers teachers to differentiate instruction, helps students to

learn at their own pace, and allows schools to identify and address learning gaps more

efficiently. Moreover, AI tools are scalable and can be deployed across different

settings, making them a cost-effective solution in resource-constrained environments.

While the potential of AI in education is immense, its actual impact on learning

outcomes, particularly among students with learning disabilities, remains

underexplored. Most existing studies focus on general education populations, with

little emphasis on how AI tools affect learners with specific cognitive or

developmental challenges. There is also a lack of comparative research assessing

whether AI can reduce the learning gap between students with and without disabilities.
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This gap in the literature is particularly evident in the Indian context, where cultural,

linguistic, and infrastructural factors play a crucial role in shaping educational

experiences.

This research seeks to address that gap by conducting a comparative study on the

effectiveness of AI in bridging learning gaps between children with and without

learning disabilities. The study focuses on three core academic domains reading,

writing, speaking and numeracy, which are often the most affected in children with

LD. By using AI-based instructional tools and measuring pre- and post-intervention

performance, the study aims to evaluate whether these tools can significantly improve

the academic achievement of children with learning disabilities and bring their

performance closer to that of their typically developing peers.

The study also examines how AI tools can be integrated into multilingual learning

environments, specifically targeting students learning in Malayalam, English, and

Hindi. This aspect is particularly relevant given India’s linguistic diversity and the

need for inclusive solutions that accommodate regional and national languages. By

assessing students’ progress across multiple languages and skill areas, the study offers

a comprehensive understanding of the role AI can play in inclusive, language-rich

educational settings.

Furthermore, the research incorporates observational checklists and student feedback

surveys to assess non-academic outcomes such as engagement, motivation, and

confidence—factors that are critical to sustained academic success. The use of

multiple data sources ensures that the analysis captures both quantitative gains in test

scores and qualitative improvements in learning experiences.

It is also worth noting that the AI tools selected for this intervention are free and user-

friendly, ensuring that they can be easily adopted by schools and educators with

limited technical expertise or financial resources. This aligns with the goals of

sustainable and scalable educational innovation, especially in public education

systems.

Hence, the integration of Artificial Intelligence into the learning environment presents

a unique and timely opportunity to address the educational challenges faced by
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children with learning disabilities. By offering personalized instruction, continuous

assessment, and adaptive support, AI tools can help reduce the academic gap between

these students and their peers. However, for this potential to be realized, it is essential

to generate empirical evidence on the effectiveness of such interventions in real

classroom settings. This study aims to contribute to that evidence base and to the

broader goal of making education more inclusive, equitable, and effective for all

learners.

1.2 Statement of the problem:

A COMPARATIVE STUDY ON THE EFFECTIVENESS OF ARTIFICIAL INTELLIGENCE IN

BRIDGING LEARNING GAPS BETWEEN CHILDREN WITH AND WITHOUT LEARNING

DISABILITIES

This study investigates the effectiveness of Artificial Intelligence (AI) in reducing

academic performance gaps between children with learning disabilities and their

typically developing peers. Focusing on core skill areas such as reading, writing,

speaking and numeracy, the research applies AI-integrated teaching methods to a

group of students with learning disabilities and compares their outcomes to those of

non-disabled students. The study aims to determine whether AI tools can personalize

learning, enhance engagement, and improve achievement. By evaluating pre- and

post-test performance, the research explores AI's potential to support inclusive

education and promote equitable learning outcomes in diverse classroom settings.

1.3 Rationale of the Study

Inclusive education seeks to provide equitable learning opportunities for all students,

including those with learning disabilities. However, in practice, many children with

learning disabilities continue to lag behind their typically developing peers,

particularly in foundational areas such as reading, writing, speaking and numeracy.

Traditional instructional methods often fail to meet the diverse needs of these learners

due to limitations in personalization, pacing, and adaptability. As a result, learning

gaps remain a significant barrier to academic success and social inclusion for these

students.
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The rapid advancement of Artificial Intelligence (AI) in the field of education offers

new possibilities for addressing these challenges. AI tools can deliver personalized,

adaptive, and data-driven instruction that responds to individual learning needs. Such

tools are especially promising for children with learning disabilities, who benefit from

repeated practice, real-time feedback, and multisensory input. Despite this potential,

there is a lack of empirical research examining the role of AI in bridging learning

gaps in inclusive classrooms, particularly in the Indian context.

This study aims to fill that gap by evaluating whether AI-integrated teaching methods

can significantly improve academic outcomes for students with learning disabilities,

and whether these improvements help narrow the performance gap with their typically

developing peers.

1.4 Operational Definition of Key Terms

1. Artificial Intelligence (AI): Refers to computer-based educational tools and

systems that use machine learning, data analytics, and adaptive algorithms to

provide personalized instruction, real-time feedback, and content adjustment

based on student performance.

2. Learning Disabilities (LD): Neurodevelopment disorders that significantly

affect a child's ability to acquire and use academic skills such as reading,

writing, or mathematics, despite having average or above-average intelligence.

In this study, LD includes conditions like dyslexia, dysgraphia, and

dyscalculia.

3. Typically Developing Peers: Children who do not exhibit learning disabilities

and progress through academic milestones at the expected age-appropriate

level.

4. Learning Gaps: The measurable difference in academic performance,

particularly in reading, writing, and numeracy, between students with learning

disabilities and their typically developing peers.

5. AI-Integrated Teaching: A teaching approach that incorporates AI-based tools

(such as adaptive learning apps, text-to-speech software, or intelligent tutoring

systems) into the instructional process to enhance student learning outcomes.
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1.5 Objectives of the Study

The study aims to investigate the role of Artificial Intelligence (AI) in bridging

academic performance gaps between children with and without learning disabilities.

The specific objectives are:

1. To assess and compare the academic performance of children with and without

learning disabilities in reading, writing, and numeracy.

2. To evaluate the effectiveness of AI tools in improving the post-test academic

performance of students with learning disabilities compared to their pre-test

academic performance

3. To determine whether AI-based instruction reduces the learning gap between

students with learning disabilities and their typically developing peers.

4. To examine the effect of AI-based instructional tools on the behavioral,

cognitive, and emotional engagement of children with learning disability.

1.5 Hypothesis of the study

 Null Hypotheses (H₀)

 Null Hypothesis (H0₁): There is no significant difference in the academic

performance (reading, writing, speaking and numeracy) between children with

learning disabilities and those without learning disabilities.

 Null Hypothesis (H0₂): AI-integrated teaching methods do not significantly

improve the academic performance of students with learning disabilities.

 Null Hypothesis (H03): AI-based instruction does not significantly reduce the

learning gap between students with learning disabilities and their typically

developing peers.

 Null Hypothesis (HO4): The use of AI instructional tools does not significantly

impact the behavioral, cognitive, or emotional engagement of children with

learning disabilities.
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 Alternative Hypothesis (H1)

 Alternative Hypothesis (H1₁): There is a significant difference in the academic

performance (reading, writing, numeracy) between children with learning

disabilities and those without learning disabilities.

 Alternative Hypothesis (H1₂): AI-integrated teaching methods significantly

improve the academic performance of students with learning disabilities.

 Alternative Hypothesis (H1₃): AI-based instruction significantly reduces the

learning gap between students with learning disabilities and their typically

developing peers.

 Alternative Hypothesis (H14): The use of AI instructional tools significantly

impacts the behavioral, cognitive, or emotional engagement of children with

learning disabilities.

1.6 Delimitations of the Study:

This study is delimited to a specific context for focused and manageable research. It is

conducted in a single school located in Kannur, Kerala, where Malayalam is the

medium of instruction. The study specifically involves students of Class 10, generally

aged around 15 years.

The research focuses on evaluating the effectiveness of AI tools in bridging learning

gaps among children with and without learning disabilities within this group.

Consequently, the findings may primarily reflect the experiences of this particular age

group, linguistic medium and geographic location.

The study does not extend to students from other classes, age groups, schools, or

regions, or to those studying in other language mediums. Limitations related to

sample size, available resources, and time frame within the selected school may also

affect the generalizability of the results to broader populations.



9

CHAPTER -2

REVIEW OF RELATED LITERATURE

2.1 Introduction

This chapter deals with the review of literature that is directly or indirectly related to

the study proposed by the investigator. Resourceful information on the problem to be

investigated is one of the most important steps in the planning of any research. Every

piece of ongoing research needs to be connected with the work already done to attain

overall relevance and purpose. The review of literature acts as a link between the

studies already conducted in the field/area and the research proposed. There are

mostly three stages in most of the reviews which are- finding relevant information,

appraisal of relevant and contextual information and synthesizing and summarizing

findings into a set of collective conclusions.

2.2 Review of Related Literature

Athanasios S. Drigas and Rodi-Eleni Ioannidou (2012) conducted a review-based

research study in the field of Special Education at the Institute of Informatics and

Telecommunications, NCSR Demokritos, Athens, Greece. The research is titled, "A

Review on Artificial Intelligence in Special Education". This study presents an

analytical overview of research conducted during the decade 2001–2010 that

examined the role of Artificial Intelligence (AI) in supporting students with special

educational needs, particularly those with learning difficulties or learning disabilities.

The researchers focused on how AI tools have been applied in two main areas:

diagnosis of learning disabilities and intervention strategies for academic

improvement.

The authors adopted the definition of learning disabilities from the Individuals with

Disabilities Education Act (IDEA), referring to disorders in basic psychological

processes that affect a student’s ability to read, write, speak, or perform mathematical

tasks. The study highlights that AI applications such as expert systems, intelligent

tutoring systems, and machine learning-based tools have increasingly been used to
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support personalized education and real-time learner assessment. These AI-based

educational approaches are designed to simulate expert human decision-making to aid

in identifying learning challenges and delivering tailored instructional support.

The review concluded that Artificial Intelligence has a significant potential to bridge

academic gaps for students with learning disabilities by offering timely interventions

and differentiated instruction. The authors advocate for the increased integration of AI

in inclusive education frameworks, emphasizing its value in both school and home

learning environments. This work supports the notion that AI can transform special

education by improving the quality of diagnosis, personalizing learning pathways, and

ultimately promoting equity in academic achievement.

Rashi Kohli, Sparsh Phutela, Anchal Garg, and Mark Viner (2021) contributed a

scholarly chapter titled "Artificial Intelligence Technology to Help Students With

Disabilities: Promises and Implications for Teaching and Learning" in the Handbook

of Research on Critical Issues in Special Education for School Rehabilitation

Practices. This work investigates the promises of artificial intelligence (AI) in

addressing the diverse learning needs of students with disabilities. The authors

emphasize that with proper design and implementation, AI technology can be

transformative in diagnosing learning difficulties, enhancing classroom instruction,

and personalizing learning pathways.

The study explores existing AI applications, including Natural Language Processing

(NLP), robotics, neural networks, and expert systems, and explains how they can

support both teachers and students. These technologies aid in differentiating

instruction, providing real-time feedback, and engaging learners in more interactive

and adaptive educational environments. Of particular note is the way AI enables

instructors to better identify academic gaps and apply targeted interventions,

especially for learners with learning disabilities. The chapter also discusses AI's

potential in facilitating inclusive practices by making education more accessible and

responsive to individual student needs.

The authors conclude that the thoughtful integration of AI can significantly bridge

learning gaps, especially for students with special educational needs, and promote a

more equitable and effective educational system.
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Prabal Datta Barua et al. (2022) conducted a comprehensive review titled

"Artificial Intelligence Enabled Personalized Assistive Tools to Enhance Education of

Children with Neurodevelopment Disorders—A Review." This study offers a wide-

ranging analysis of the use of artificial intelligence (AI) and machine learning (ML)

technologies in addressing learning challenges associated with neurodevelopment

disorders (NDDs), such as ADHD, autism spectrum disorders (ASD), and specific

learning disabilities including dyslexia.

The authors emphasize that AI-based interventions hold significant promise for

enabling personalized learning strategies tailored to the cognitive and behavioral

profiles of children with NDDs. By examining various AI-enabled tools—ranging

from intelligent tutoring systems to emotion-aware learning platforms—the study

highlights how these technologies support individualized diagnosis, improve learning

engagement, and foster better educational outcomes. Notably, the review discusses

how AI contributes to early identification and personalized interventions, thereby

helping to bridge academic gaps for students struggling due to their disabilities.

A unique contribution of this review is its focus on the high co-morbidity of

neurodevelopment and mental health disorders and how AI tools can support complex,

multifaceted learning needs. The authors also explore socio-economic and

environmental factors that affect the efficacy of these tools. They recommend the

development of more inclusive, adaptive, and accessible AI systems that can

dynamically respond to diverse learner profiles. Their findings underscore the need

for a more robust, ethical, and user-centered approach in future AI development to

support children with NDDs in educational contexts.

Sinan Hopcan, Elif Polat, Mehmet Emin Ozturk, and Lutfi Ozturk (2022)

conducted a systematic review titled "Artificial Intelligence in Special Education: A

Systematic Review" to explore recent trends, developments, and implications of AI in

special education. Drawing upon 29 peer-reviewed studies published between 2008

and 2020, this review presents a comprehensive analysis of how artificial intelligence

has been applied to support learners with disabilities in diverse educational contexts.

The findings indicate a growing prevalence of AI technologies, particularly software-

based applications, in enhancing cognitive and affective skill development for
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students with special educational needs. Notably, the review highlights a strong focus

on supporting learners with autism spectrum disorders (ASD), suggesting that AI's

role has been most prominent in this domain. The tools evaluated across studies often

incorporate technical models like Artificial Neural Networks (ANN) and Support

Vector Machines (SVM), emphasizing data-driven decision-making and personalized

learning experiences. Despite the increasing technological sophistication, the authors

point out a relative underrepresentation of educational models that integrate

pedagogical frameworks alongside technical designs.

This review is significant to the discourse on academic gap reduction, as it provides

evidence that AI-based approach though still evolving—can effectively cater to the

diverse needs of learners with disabilities. However, the authors caution that while

technological advances are promising, future developments must incorporate

educational theory and teacher feedback to ensure that AI tools are not only efficient

but also pedagogically sound and inclusive. The study concludes with strategic

recommendations for improving AI integration in special education, including more

interdisciplinary collaboration and emphasis on holistic learner development.

Matthew T. Marino, Eleazar Vasquez, and Jose Blackorby (2023) explore the

evolving role of artificial intelligence (AI) in special education through their article

“The Future of Artificial Intelligence in Special Education Technology.” This

conceptual discussion evaluates the potential of AI as a transformative, disruptive

force within special education, offering both current observations and future

projections based on early-stage evidence and theoretical insights.

The authors outline AI’s developmental milestones—ranging from Alan Turing’s

early contributions to the emergence of deep learning—and contextualize them in

relation to modern applications for individuals with disabilities. AI-based assistive

technologies such as speech-to-text, voice recognition, and personalized tutoring

systems are discussed as powerful tools for increasing accessibility, enhancing

individualized instruction, and improving learning outcomes. Several tools, such as

AI-based assessment platforms and adaptive tutoring systems (e.g., TutorAI,

EducationCopilot), are cited as promising interventions that could support both

students and educators.
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While acknowledging the potential of AI to deliver real-time feedback and

customized educational experiences for learners with physical, cognitive, and sensory

impairments, the authors emphasize the need for caution. They stress that ethical

considerations, teacher training, and data privacy must be integrated into AI policy

and implementation frameworks. Furthermore, they advocate for substantial empirical

research to examine the actual efficacy of AI-based tools before fully integrating them

into educational systems.

This article is particularly relevant to the academic gap discourse, as it presents AI as

a dual-purpose solution: enabling individualized learning pathways for students with

disabilities while supporting educators in making data-driven instructional decisions.

Its forward-looking approach provides valuable insight into how AI might shift

traditional special education paradigms and assist in minimizing disparities in learning

achievement.

Yolanda Mpu (2023) conducted a comprehensive literature review titled Bridging the

Knowledge Gap on Special Needs Learner Support: The Use of Artificial Intelligence

(AI) to Combat Digital Divide Post-COVID-19 Pandemic and beyond. The study

explores how AI technologies—such as intelligent tutoring systems, speech

recognition tools, and wearable devices—can personalize learning for special needs

learners by adapting content, pace, and assessment methods. Mpu emphasizes that

despite the growing use of AI in education, learners with disabilities are still

underrepresented in research. The paper also highlights the widening digital divide

post-pandemic and the need for inclusive, accessible learning environments supported

by AI. Ethical concerns, data bias, and privacy issues are noted as limitations. The

study advocates for equity, representation in datasets, and policy frameworks to

support AI integration in special education.

Vered Vaknin-Nusbaum and Israel Rachevski (2023) conducted a study titled

perpetuating the Gaps: 21st-Century Skills in Students with Learning Disabilities and

Their Typically Developing Peers to examine differences in 21st-century skills among

students with learning disabilities (LD) and their typically developing peers. The

research explored whether these gaps differ across educational stages—high school

and postsecondary. Results showed that postsecondary students, regardless of learner
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type, reported higher self-assessed 21st-century skills than high school students.

However, students with LD consistently scored lower in most skill areas compared to

their peers. Notably, the skill gap widened over time, especially during the transition

to higher education, indicating that some 21st-century competencies develop unevenly.

The study highlights the need for inclusive educational strategies to cultivate essential

skills for lifelong learning and workforce integration, especially among learners with

disabilities.

Sahrish Panjwani-Charania and Xiaoming Zhai (2023) conducted a systematic

review to explore the use of Artificial Intelligence (AI) in supporting students with

learning disabilities (SWLDs). Among 16 reviewed studies, most focused on dyslexia,

with limited research on dyscalculia and broader learning disabilities. Only half the

studies targeted school-age children. The review identified seven AI applications—

adaptive learning (most common), chat bots, facial expression analysis,

communication aids, intelligent tutors, interactive robots, and mastery learning. Using

the SAMR-LD model (Substitute, Augment, Modify, Redefine), the authors classified

the integration levels of AI tools, noting most fell within substitution and

augmentation categories. The findings highlight AI’s potential to enhance learning

experiences for SWLDs, but also underscore a significant research gap. Most studies

concentrate on identifying disabilities rather than offering sustained educational

interventions. The study calls for more empirical research to explore AI's broader,

long-term role in inclusive education.

Johny Daniel (2023) investigates the persistent academic achievement gap between

students with special educational needs and disabilities (SEND) and their typically

developing peers in England. Drawing on data from the National Pupil Database, the

study analyzed academic performance in reading, writing, and mathematics among

approximately 2.5 million Year 6 students across four academic years. The research

highlights significant and consistent achievement gaps, with the most pronounced

deficits observed in students with intellectual disabilities. While some variation

existed across different SEND categories, the overall trend showed that all SEND

groups underperformed compared to their peers. Furthermore, these achievement gaps

have widened over time despite existing legislative efforts to support inclusive

education. The study emphasizes the urgent need to reassess current educational
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policies and practices to ensure that students with SEND receive more effective

support to bridge these enduring academic disparities.

R. Krishna Kumari (2024) explores the transformative potential of Artificial

Intelligence (AI) in Special Education (SE), focusing on how AI can enhance learning

outcomes for students with disabilities. The chapter highlights key areas where AI

contributes—personalized learning, early detection of learning disabilities, and

improved communication among stakeholders. AI tools can tailor instruction to

individual student needs and analyze performance data to identify learning difficulties

early, enabling timely interventions. The chapter also discusses ethical concerns, such

as data privacy and algorithmic bias, emphasizing the need for fairness and human

oversight. While AI cannot replace the empathy of human educators, it can augment

teaching and support inclusive practices. Through case studies and practical insights,

the work offers guidance for educators and policymakers to responsibly integrate AI

into SE settings. Ultimately, it aims to empower stakeholders to leverage AI for

equitable and effective education for students with disabilities.

Abdulaziz S. Alsolami (2024) investigated the effectiveness of artificial intelligence

(AI) in enhancing academic skills among Saudi school-aged boys with mild

intellectual disabilities (ID). Seventy students aged 9–12 were divided into

experimental and control groups. The experimental group received AI-assisted

instruction over ten sessions, while the control group followed the standard special

education curriculum. Assessment was conducted using the Woodcock-Johnson IV

test before, after, and one month post-intervention. The AI-assisted group showed

significant improvements in reading and math skills, with moderate to large effect

sizes (η² = 0.685–0.921). These gains persisted at follow-up, highlighting AI's

potential in personalizing instruction and addressing learning challenges in students

with ID. The study emphasized the importance of integrating AI tools within the

“whole child” educational framework and called for future research to explore long-

term and broader applications of AI for inclusive education across diverse learning

environments.

Chalkiadakis et al. (2024) conducted a systematic review exploring the impact of

Artificial Intelligence (AI) and Virtual Reality (VR) on educational inclusion for
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students with disabilities. Grounded in the principles of the UN Convention on the

Rights of Persons with Disabilities (CRPD), the review highlights how AI-driven

adaptive systems can personalize learning by analyzing individual needs, while VR

offers immersive environments that enhance experiential learning. These technologies

hold promise to improve educational accessibility, engagement, and social inclusion

for learners with physical, cognitive, sensory, and intellectual disabilities.

Despite the potential benefits, the review identifies several barriers to widespread

adoption, such as high costs, technical challenges, and insufficient teacher training.

Ethical issues, including privacy concerns and algorithmic bias, also require careful

attention. The authors emphasize that AI and VR should be integrated thoughtfully

within existing education systems to create equitable and inclusive learning

environments. They advocate for further empirical research on the long-term effects

and call for equitable access to these technologies, especially in underserved

communities. Ultimately, the review underscores AI and VR as essential tools for

transforming education to meet the diverse needs of all students and advance inclusive

education globally.

Zhang et al. (2024) conducted the first meta-analysis to examine the effects of AI-

based interventions on learning outcomes for students with disabilities (SWDs) in pre-

K–12 education. Drawing on 29 quasi-experimental studies worldwide, the research

reports a moderate positive effect (Hedges’ g = 0.588) of AI tools—including robots,

computer software, and intelligent VR systems—on SWDs’ academic and social-

emotional development. The study uniquely applies Cultural-Historical Activity

Theory (CHAT) as a framework to analyze the complex interactions between AI tools,

learners, and stakeholders such as educators and families. Despite identifying no

statistically significant moderators, the authors emphasize the sociocultural context of

disabilities and advocate for AI systems that promote agency and active participation

of SWDs rather than a deficit-based approach. The review highlights the

interdisciplinary nature of AI, its growing capabilities in natural language processing,

computer vision, and machine learning, and its transformative potential for

personalized and inclusive education. Finally, the study calls for more rigorous

research to ensure AI tools not only enhance accessibility but also empower SWDs to

contribute meaningfully in AI-mediated learning environments.
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In conclusion the integration of artificial intelligence (AI) and assistive technologies

has shown promising potential in addressing the unique learning needs of children

with disabilities. Studies reviewed reveal that AI-driven interventions can

significantly improve cognitive, emotional, and behavioral engagement, particularly

through personalized learning, adaptive feedback, and interactive support.

Technologies such as socially assistive robots, virtual reality, and AI-based diagnostic

tools have demonstrated benefits across various disability categories—including

learning, sensory, physical, intellectual, and behavioral challenges. Despite these

advancements, several critical research gaps remain. Many existing studies are limited

in scope, often focusing on specific disabilities or conducted in controlled settings

with small sample sizes. There is also a lack of longitudinal research to assess long-

term impacts, and limited exploration of real-world classroom integration.

Additionally, ethical concerns around accessibility, equity, and data privacy are

underexplored in practical application. This highlights the urgent need for inclusive,

large-scale, and interdisciplinary research that bridges these gaps. Understanding the

full impact of AI tools on engagement and learning outcomes is crucial for developing

effective, equitable, and scalable educational interventions. Therefore, future research

should prioritize user-centered design, inclusive testing environments, and cross-

curricular implementation to ensure that AI technologies truly enhance the

educational experiences of all learners, especially those with special needs.
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CHAPTER – 3

RESEARCHMETHODOLOGY

3.1 Introduction

The present chapter is devoted to the description of the methodology given in the

present study. In this chapter, the discussion will be in detail about the variables,

population, sample, tool used for collecting the data, steps for tool construction, the

procedure of the data collection, and statistical techniques used for the given study.

3.2 research design

The present study adopts a quasi-experimental research design with a pre-test and

post-test comparison. This design is chosen to evaluate the effectiveness of Artificial

Intelligence (AI)-integrated instruction in bridging learning gaps between children

with and without learning disabilities.

The study involves two groups:

 An experimental group consisting of students with learning disabilities who

receive AI-based teaching intervention.

 A comparison group consisting of typically developing peers whose pre-test

scores is used as a benchmark.

Academic performance in four areas—reading, writing, speaking and numeracy—is

measured using standardized tools both before and after the intervention for the

experimental group. The comparison group is assessed only during the pre-test phase

to establish the initial performance gap.

This design enables the researcher to determine whether there is a significant

improvement in the academic achievement of children with learning disabilities after

the AI intervention, and whether the gap between the two groups has been reduced.

The quasi-experimental approach is suitable for educational settings where random
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assignment is not feasible, but where group comparisons can still yield meaningful

insights into intervention effectiveness.

3.3 Research Methods

The present study employs a quantitative research method to examine the

effectiveness of Artificial Intelligence (AI) in bridging learning gaps between children

with and without learning disabilities. The method involves the collection and

analysis of numerical data obtained through standardized tests administered before

and after the intervention.

The quasi-experimental method used in this study includes a pre-test and post-test

design applied to the experimental group (students with learning disabilities). The

scores of a comparison group (typically developing students) are used to evaluate the

extent of the learning gap and to measure the relative improvement of the

experimental group after the AI intervention.

This method allows for objective measurement of academic performance in four core

skill areas: reading, writing, speaking and numeracy. It also provides a framework to

statistically analyze the impact of AI-based instruction on learners with disabilities,

using tools such as t-tests to determine the significance of observed differences.

By applying a structured and systematic research approach, the study aims to generate

reliable and valid conclusions regarding the role of AI in enhancing educational

outcomes in inclusive classroom settings.

3.4 Population

The population for the present study consists of students aged 15 years who are

enrolled in mainstream schools located in the Kannur district of Kerala. This

population includes both students with learning disabilities and their typically

developing peers. The study focuses on this age group as it represents a crucial stage

in the academic journey where foundational skills in reading, writing, speaking and

numeracy are expected to be well established. Selecting students from mainstream

schools ensures that the learning environment reflects inclusive educational practices
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and allows for a meaningful comparison between students with and without learning

disabilities within the same academic context.

3.5 Sample

The sample for the present study consists of 20 students aged 15 years, selected from

mainstream schools in the Kannur district of Kerala. The sample was purposefully

chosen to include students with and without learning disabilities, allowing for a

comparative analysis of academic performance before and after the intervention.

Among the 20 students:

 10 students identified with learning disabilities formed the experimental group,

who received instruction through AI-integrated learning tools.

 10 typically developing students served as the comparison group, and their

pre-test scores were used to measure the initial academic gap.

The selection was guided by the objective of the study—to explore the effectiveness

of Artificial Intelligence in reducing learning disparities. All participants were chosen

in consultation with school authorities, based on academic records, teacher

recommendations, and observed learning difficulties in reading, writing, speaking or

numeracy. This focused sampling ensures that the study addresses its aim with

relevance and precision.

3.6 Sampling

The present study employed a purposive sampling technique, a form of non-

probability sampling that involves selecting participants based on predefined

characteristics relevant to the research objectives. This method was chosen to ensure

the inclusion of students who specifically fit the criteria of having learning disabilities,

as well as their typically developing peers for comparison.

A total of 20 students, aged 15 years and enrolled in mainstream schools in the

Kannur district of Kerala, were selected as the sample. Among them:
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 10 students with learning disabilities constituted the experimental group, who

received instruction through AI-integrated tools.

 10 typically developing students formed the comparison group, whose pre-test

academic scores served as a reference point for evaluating the performance

gap.

The purposive sampling method was deemed appropriate for this study, as it allowed

the researcher to target individuals directly relevant to the investigation, thereby

ensuring the validity and focus of the study outcomes.

3.7 Tools Used

The following tools were developed and employed in the present study to collect data

and measure the effectiveness of Artificial Intelligence (AI) in bridging learning gaps

between children with and without learning disabilities:

a) Numeracy Test (Operations and Reasoning)

A teacher-made test was constructed to assess basic mathematical operations—

addition, subtraction, multiplication, and divisionand reasoning ability. The test was

adapted to suit the learning level of students with disabilities, with simple and age-

appropriate word problems. The total marks were 25, and the test duration was 45

minutes.

b) Literacy Assessment

The literacy component was assessed through three skill areas:

 Reading: Simple reading passages were given in Malayalam, English, and

Hindi to evaluate fluency and comprehension.

 Writing: Students were asked to write a short paragraph about “The Most

Memorable Day of My Life” in all three languages.

 Speaking: Students were asked to introduce themselves in Malayalam, English,

and Hindi to assess oral expression and language confidence.
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c) Observation Checklist

A structured observation checklist was used to assess behavioral, cognitive, and

emotional engagement, as well as overall improvement. It consisted of 15 statements

rated on a 5-point Likert scale ranging from 1 (Never) to 5 (Always).

Each tool was carefully aligned with the objectives of the study and designed to

provide both quantitative and qualitative insights into the impact of AI-assisted

instruction.

3.8 Procedure of Data Collection

The data collection process began with the researcher visiting mainstream schools in

Kannur district, Kerala, and obtaining formal permission from the school authorities

to conduct the study. Once approval was granted, students aged 15 years were

selected using purposive sampling. The final sample consisted of 20 students—10

students identified with learning disabilities (experimental group) and 10 typically

developing peers (comparison group). A pre-test was administered to both groups to

assess their academic performance in reading, writing, speaking and numeracy using

teacher-made tools adapted from the WIAT-III framework. Following the pre-test, the

experimental group received instruction through AI-integrated learning tools designed

to support foundational skills. This intervention took place over a specific period

during regular school hours. During the sessions, the researcher used an observation

checklist to record students’ behavioral, cognitive, and emotional engagement. After

the completion of the intervention, a post-test was administered to the experimental

group using the same academic tools to evaluate improvement. This systematic

procedure enabled a comprehensive assessment of both academic gains and the

effectiveness of AI-assisted instruction.
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CHAPTER – 4

DATA ANALYSIS AND INTERPRETATION

4.1 Introduction

The present chapter focuses mainly on the analysis and interpretation of the data that

was collected for the study. Data analysis is the process of inspecting, cleansing,

transforming, and modeling data with the goal of discovering useful information,

informing conclusions, and supporting decision-making.

4.2 Analysis of the Data

Data is a collected form of facts for extracting factual information from the set of raw

data. Analysis of data in a structured and systematic procedure of categorizing,

arranging, ordering, and summarizing the data to discover facts and for getting

answers related to the research purpose. The basic purpose of data analysis is to

reduce data into a simple and interpretable form so that inferences may be drawn from

it (Kothari, 2004). Analysis and interpretation of data are helpful in knowing the

relationship between the variables and drawing appropriate conclusions. Data analysis

is the process of breaking the data into smaller parts to extract useful information for

forecasting the outcomes. Careful analysis with the help of appropriate statistical

techniques leads to better prediction and accurate assessment. Therefore, data analysis

is an important step that involves a whole composite procedure for assessing data

utilizing appropriate descriptive and inferential statistics.

4.3 Objective-wise Analysis, Interpretation and Discussion of Result

To facilitate and bring clarity, the entire analysis is presented and the result based on

it is discussed under the following sections.

4.3.1 OBJECTIVE-1: To assess and compare the academic performance of

children with and without learning disabilities in reading, writing, speaking and

numeracy.
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Analysis of Pre-Test Scores: Normal vs. LD Students:- To investigate the initial

academic gap between students with and without learning disabilities, an independent

samples t-test was conducted using the pre-test total scores of both groups. The test

compared the means of normal students (Group 1) and students with learning

disabilities (Group 2) to determine if there was a statistically significant difference at

the beginning of the study.

Table 4.1 Pre-Test Total Scores of Students With and Without Learning Disability

Total scores
of students
without
learning

disability(pre-
test)

44 44 43 44 43 42 43 43 44 44

Total scores
of students
with learning
disability(pre-

test)

12 12 12 12 12 14 14 14 14 14

Table 4.2 T-Test Analysis of Pre-Test Scores of
both the Groups

Normal

Students

LD

Students

Mean 43.33333 13.11111

Variance 0.5 1.111111

Observations 10 10

Hypothesized Mean

Difference 0

df 14

t Stat 71.4307

P(T<=t) one-tail 1.2E-19

t Critical one-tail 1.76131

P(T<=t) two-tail 2.41E-19

t Critical two-tail 2.144787
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Interpretation

 The mean pre-test score of normal students (M = 43.33) was substantially

higher than that of students with learning disabilities (M = 13.11).

 The t-statistic value of 71.43 far exceeds the critical value of 2.14, indicating a

highly significant difference between the two groups.

 The p-value (two-tailed) = 2.41 × 10⁻¹⁹ is far below 0.05, confirming that the

difference in means is statistically significant.

These results clearly show that before the AI-based intervention, there was a

significant academic performance gap between students with learning disabilities and

their typically developing peers.

Table 4.3 Mean Score of both the Groups

Figure 4.1: Mean Comparison of Pre-Test Scores of Normal Students and LD

Students

group Mean score

Normal students 43.33

LD students 13.11
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Findings;-

The statistical analysis confirms the presence of a substantial and statistically

significant academic performance gap between students with and without learning

disabilities at the pre-test level. This validates the need for targeted interventions, such

as AI-integrated teaching, to help bridge this gap and promote educational equity.

4.3.2 OBJECTIVE-2: To evaluate the effectiveness of AI tools in improving the

post-test academic performance of students with learning disabilities compared

to their pre-test academic performance

Analysis of LD Students (Pre-Test) vs. LD Students (Post-Test);-

To assess the improvement in academic performance among students with learning

disabilities (LD) following the AI-based intervention, an independent samples t-test

was conducted between their pre-test and post-test scores.

Table 4.4 Pre-Test and post-test total scores of students with learning disability

Total scores of
students with

learning
disability(pre-

test)

12 12 12 12 12 14 14 14 14 14

Total scores of
students with

learning
disability(post-

test)

28 28 28 28 28 30 30 30 30 30
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Interpretation

 The post-test mean score of LD students increased significantly to 29.11,

compared to a pre-test mean of 13.11. This 16-point gain reflects a marked

improvement in academic performance after the implementation of the AI-

based teaching strategy.

 The calculated t-statistic is -32.20, which far exceeds the critical t-value of

±2.12, indicating a highly significant difference.

 Additionally, the two-tailed p-value is 5.63 × 10⁻¹⁶, well below the

conventional alpha level of 0.05, confirming that this improvement is

statistically significant and unlikely due to chance.

Table 4.6 Means Score of the LD Students

Mean score

Pre-test 13.11

Post- test 29.1

Table 4.5 t-test analysis of pre-test and post-test scores
of LD students

Pre-test
(LD)

Post-
test(LD)

Mean 13.11111 29.11111
Variance 1.111111 1.111111
Observations 10 10
Pooled Variance 1.111111
Hypothesized Mean Difference 0
df 16
t Stat -32.1994
P(T<=t) one-tail 2.81E-16
t Critical one-tail 1.745884
P(T<=t) two-tail 5.63E-16
t Critical two-tail 2.119905
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Figure 4.2: Mean Comparison of Pre-Test and Post-Test Scores of LD Students

Findings:-

The results show a statistically and educationally significant improvement in the

academic performance of students with learning disabilities after the AI-based

intervention. The mean score nearly doubled, rising from 13.11 to 29.11. This finding

strongly suggests that the AI-supported learning strategy was effective in enhancing

academic outcomes for LD students and holds promise as a supportive tool in

inclusive education settings.

4.3.3 OBJECTIVE-3: To determine whether AI-based instruction reduces the

learning gap between students with learning disabilities and their typically

developing peers.

Analysis of Normal Students (Pre-Test) vs. LD Students (Post-Test):-

To evaluate the effectiveness of the AI-based intervention in reducing the academic

performance gap, an independent samples t-test was conducted between the pre-test

scores of normal students and the post-test scores of students with learning disabilities.
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Table 4.7 Pre-Test total Scores of Students Without Learning Disability and Post-Test

Score of Students With Learning Disability

Total scores of
students
without
learning

disability(pre-
test)

44 44 43 44 43 42 43 43 44 44

Total scores of
students with

learning
disability(post-

test)

28 28 28 28 28 30 30 30 30 30

Table 4.8 T-Test Analysis of Pre-Test Scores of Normal Students and Post-Test Scores

of Students With Learning Disability

44 28
Mean 43.33333 29.11111
Variance 0.5 1.111111
Observations 10 10

Hypothesized Mean
Difference 0
df 14
t Stat 33.61445
P(T<=t) one-tail 4.33E-15
t Critical one-tail 1.76131
P(T<=t) two-tail 8.66E-15
t Critical two-tail 2.144787

Interpretation

 The mean score of LD students after AI intervention increased to 29.11, up

from 13.11 in the earlier pre-test.

 The performance gap between LD and normal students narrowed from a 30-

point difference to a 14-point difference.

 However, the t-statistic (33.61) is still much larger than the critical value

(2.14).

 The p-value = 8.66 × 10⁻¹⁵ is far below 0.05, indicating the difference between

the groups is still statistically significant.
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Table 4.9 Mean Score of Normal Students (Pre-Test) Vs. LD Students (Post-Test)

Figure 4.3: Mean Comparison of Pre-Test Scores of normal students and post-test

scores of LD students

Findings:-

Although the difference between the two groups remains statistically significant, the

results indicate a substantial improvement in the academic performance of students

with learning disabilities following the AI intervention. The mean post-test score of

LD students rose from 13.11 to 29.11, suggesting that the AI-based teaching strategy

was effective in partially closing the learning gap. These findings support the

potential of AI as a beneficial tool in inclusive education.

4.3.2 OBJECTIVE- 4: To examine the effect of AI-based instructional tools on

the behavioral, cognitive, and emotional engagement of children with learning

disabilities in comparison to traditional teaching methods.

A) Behavioral Engagement

group Mean score

Normal students 43.33

LD students 29.11
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QUESTION NO. 1: The student shows consistent interest in interacting with AI tools.

Table 4.10 Observations

Marks in percentage

Always Often Sometimes Rarely Never

50% 40% 10% 0% 0%

Figure 4

QUESTION NO. 2 : The student actively participates in AI-based learning activities.

Table 4.11observations

Marks in percentage

Always Often Sometimes Rarely Never

40% 30% 30% 0% 0%

Figure 5
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QUESTION NO. 3: The student seeks help or clarification when facing difficulties

with AI tools.

Table 4.12 observations

Marks in percentage

Always Often Sometimes Rarely Never

40% 40% 20% 0% 0%

Figure 6

QUESTION NO. 4: The student maintains focus and concentration during AI-
assisted sessions.

Table 4.13 Observations
Marks in percentage

Always Often Sometimes Rarely Never

20% 70% 10% 0% 0%

Figure 7



33

B) Cognitive Engagement

QUESTION NO. 5: The student demonstrates understanding of concepts introduced
through AI tools.

Table 4.14 Observations
Marks in percentage

Always Often Sometimes Rarely Never

20% 80% 0% 0% 0%

Figure 8

QUESTION NO. 6: The student applies learned skills and knowledge to other tasks
effectively.

Table 4.15 Observations
Marks in percentage

Always Often Sometimes Rarely Never

0% 0% 50% 50% 0%

Figure 9
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QUESTION NO. 7: The student accurately responds to AI-generated questions and

exercises.

Table 4.16 Observations

Marks in percentage

Always Often Sometimes Rarely Never

10% 40% 30% 20% 0%

Figure 10

QUESTION NO. 8: The student completes tasks independently with minimal
guidance.

Table 4.17 Observations

Marks in percentage

Always Often Sometimes Rarely Never

0% 50% 50% 0% 0%

Figure 11
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C) Emotional Engagement

QUESTION NO. 9: The student shows enthusiasm and enjoyment while using AI
tools.

Table 4.18 Observations
Marks in percentage

Always Often Sometimes Rarely Never

50% 50% 0% 0% 0%

Figure 12

QUESTION NO. 10: The student expresses satisfaction or pride upon successfully

completing activities.

Table 4.19 Observations
Marks in percentage

Always Often Sometimes Rarely Never

10% 70% 20% 0% 0%

Figure 13
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QUESTION NO. 11: The student displays reduced frustration and anxiety during AI-

assisted learning.

Table 4.20 Observations

Marks in percentage

Always Often Sometimes Rarely Never

0% 50% 50% 0% 0%

Figure 14

QUESTION NO.12: The student maintains a positive attitude towards AI-based

learning activities.

Table 4.21 Observations

Marks in percentage

Always Often Sometimes Rarely Never

100% 0% 0% 0% 0%

Figure 15
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D) Overall Improvement

QUESTION NO. 13: The student shows noticeable improvement in overall language

skills across all languages and in numeracy.

Table 4.22 Observations

Marks in percentage

Always Often Sometimes Rarely Never

0% 100% 0% 0% 0%

Figure 16

QUESTION NO. 14: The student demonstrates a consistent improvement in

engagement and participation.

Table 4.23 Observations

Marks in percentage

Always Often Sometimes Rarely Never

20% 50% 30% 0% 0%

Figure 17
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QUESTION NO. 15: The student’s achievement level has increased as a result of AI-

integrated teaching.

Table 4.24 Observations

Marks in percentage

Always Often Sometimes Rarely Never

100% 0% 0% 0% 0%

Figure 18

Findings:-

The analysis of the observation checklist revealed positive outcomes across

behavioral, cognitive, emotional, and overall improvement domains among students

with learning disabilities following AI-integrated instruction. In the behavioral

engagement domain, students showed consistent interest and active participation,

with most scoring “always” or “often” in maintaining focus and seeking help when

needed. This reflects high attentiveness and involvement during AI sessions.

Cognitive engagement showed mixed responses. While most students understood the

concepts presented by the AI tools, fewer were able to independently apply this

knowledge or respond accurately to AI-generated tasks. This suggests that while

comprehension was achieved, the ability to transfer learning still requires

reinforcement.

In contrast, emotional engagement was remarkably strong. All students expressed

enthusiasm, enjoyment, and satisfaction during learning, and none showed signs of
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anxiety or frustration. A positive attitude was consistently observed, highlighting the

emotionally supportive nature of AI-based learning.

In terms of overall improvement, all students demonstrated visible academic growth,

with increased engagement and performance in literacy and numeracy. The AI tools

evidently played a significant role in bridging learning gaps, not only academically

but also by enhancing student motivation, confidence, and participation.
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CHAPTER-5

SUMMARY, FINDINGSAND CONCLUSION

5.1 Introduction

The investigator arrives at this stage after a rigorous exercise of analyzing the data

and providing insight to make objectives more high-yielding and significant. The

writing of research findings is usually the concluding task of a research endeavor.

Research is directed towards the goal of discovering new knowledge which can

contribute to the expansion of the ocean of knowledge.

5.2 Summary of the Study

Education is the cornerstone of personal and societal development, and equitable

access to quality education remains a primary goal of inclusive schooling. However,

children with learning disabilities often experience significant challenges in achieving

educational outcomes equivalent to their typically developing peers. These challenges

include difficulties in reading, writing, numeracy, language comprehension, and

classroom participation. Traditional methods of teaching, although effective for many

learners, often fall short in addressing the unique needs of students with learning

disabilities. In this context, the present study investigated the role of Artificial

Intelligence (AI) in bridging academic performance gaps between children with and

without learning disabilities, specifically within the mainstream educational setting.

The study was conducted among a purposively selected sample of 20 students aged 15

years from mainstream schools in the Kannur district of Kerala. Among them, 10

students were identified with learning disabilities and constituted the experimental

group, while 10 students without learning disabilities formed the comparison group.

The students with learning disabilities were exposed to AI-integrated teaching in the

areas of reading, writing, speaking (in Malayalam, English, and Hindi), and numeracy

(addition, subtraction, multiplication, division, and reasoning). The study was
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structured around a quasi-experimental design employing pre-test and post-test

methodology.

A teacher-made test was used to assess students’ performance in literacy and

numeracy, adapted from the framework of the Wechsler Individual Achievement

Test–Third Edition (WIAT-III). Reading comprehension, written expression, speaking

ability, and mathematical operations were evaluated through simple, grade-

appropriate tasks. In addition to academic tests, an observation checklist was used to

track student engagement across behavioral, cognitive, and emotional domains, and a

student feedback survey was conducted to gather their perspectives on the AI tools

used during the intervention.

Before the AI intervention, the pre-test scores indicated a clear and significant

academic performance gap between the normal students and the students with

learning disabilities. The average total score of normal students was substantially

higher than that of their peers with disabilities, confirming the need for an

intervention. Following this, the experimental group received structured lessons

supported by free and user-friendly AI tools such as Khan Academy for numeracy,

Google Read Along and YouTube Kids for reading, and text-to-speech or speech-to-

text tools for writing and speaking practice.

During the AI intervention, students were observed and rated across 15 behavior

indicators grouped under four domains—behavioral engagement, cognitive

engagement, emotional engagement, and overall improvement. The observation

checklist helped capture the depth of student involvement, responsiveness, and

progress in real-time classroom settings. The Likert scale format allowed the

recording of behavioral trends that offered a qualitative layer to the numerical data.

Post-intervention, the experimental group underwent a post-test using the same

assessment tools administered during the pre-test. The results were then analyzed

using Microsoft Excel, and appropriate statistical techniques, including independent

sample t-tests and paired sample t-tests, were applied to test the significance of

observed differences. The pre-test scores of the normal students were also compared

with the post-test scores of the students with learning disabilities to evaluate the

extent to which AI-based instruction helped reduce the learning gap.
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The data analysis revealed several noteworthy findings. Firstly, a paired sample t-test

comparing pre- and post-test scores of students with learning disabilities showed a

statistically significant improvement in performance. The mean post-test score

increased markedly, indicating that AI tools were effective in improving academic

achievement. Secondly, an independent samples t-test comparing the post-test scores

of students with learning disabilities with the pre-test scores of normal students

indicated that although a performance gap still existed, it had significantly reduced.

This finding strongly supports the idea that AI can play a crucial role in narrowing

learning disparities in inclusive classrooms.

In addition to test scores, the observation checklist showed that most students

demonstrated strong behavioral and emotional engagement during AI-supported

sessions. Items such as "The student actively participates in AI-based learning" and

"The student maintains a positive attitude" received high frequencies of “Always” and

“Often” responses. Cognitive engagement scores were slightly lower, especially in the

ability to independently apply learned concepts, suggesting the need for continued

support and reinforcement. Emotional responses were particularly positive, with

students reporting enjoyment, reduced anxiety, and pride in completing AI-based

tasks.

Based on the analysis of pre- and post-intervention data, it is evident that AI-

integrated teaching methodologies offer significant advantages for children with

learning disabilities. The tools used were not only accessible and free but also

adaptive, visually supportive, and learner-friendly. They allowed for repetition,

immediate feedback, and multimodal learning—all of which are essential for students

with special learning needs.

Overall, the study supports the hypothesis that AI tools can bridge learning gaps

between children with and without learning disabilities, particularly in the domains of

literacy and numeracy. While the intervention did not completely eliminate the

performance gap, it considerably reduced it and led to improvements in student

engagement, self-esteem, and academic participation.

Hence, this study emphasizes the potential of technology to transform inclusive

education. By implementing AI tools in a structured and meaningful way, teachers

can address diverse learning needs and create equitable learning opportunities for all
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students. This research adds to the growing body of evidence that AI, when used

responsibly and with pedagogical intent, can significantly enhance the learning

experience of students with disabilities, empowering them to reach closer to their full

academic potential.

5.3 Statement of the Problem

The problem of the present study is stated as A COMPARATIVE STUDY ON

THE EFFECTIVENESS OF ARTIFICIAL INTELLIGENCE IN

BRIDGING LEARNING GAPS BETWEEN CHILDREN WITH AND

WITHOUT LEARNING DISABILITIES.

5.4 objectives of the study

1. To assess and compare the academic performance of children with and

without learning disabilities in reading, writing, and numeracy.

2. To evaluate the effectiveness of AI tools in improving the post-test academic

performance of students with learning disabilities compared to their pre-test

academic performance

3. To determine whether AI-based instruction reduces the learning gap between

students with learning disabilities and their typically developing peers.

4. To examine the effect of AI-based instructional tools on the behavioral,

cognitive, and emotional engagement of children with learning disabilities in

comparison to traditional teaching methods.

5.5 Sample

The sample for the present study consists of 20 students aged 15 years, selected from

Chembilod Higher Secondary Schools in the Kannur district of Kerala. The sample

was purposefully chosen to include 10 students with and 10 students without learning

disabilities, allowing for a comparative analysis of academic performance before and

after the intervention.
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5.6 Research Tools

The study used a teacher-made achievement test and an observation checklist, to

assess academic performance and engagement levels of the students.

5.7 Research Methodology

The study adopted a quasi-experimental design with a pre-test and post-test approach

to examine the effectiveness of AI-integrated instruction for students with learning

disabilities. A purposive sample of 20 students aged 15 from mainstream schools in

Kannur district was selected, including 10 students with learning disabilities and 10

typically developing peers. The research tools included a teacher-made achievement

test and an observation checklist. Data were collected before and after the AI

intervention, and statistical analysis using t-tests was conducted to evaluate academic

improvement and engagement levels, comparing pre-test, post-test, and between-

group performance.

5.8 Findings of the Study

The main findings that come out of the study according to objectives are listed below:

Objective 1- To assess and compare the academic performance of children with

and without learning disabilities in reading, writing, and numeracy.

Findings related to Objective 1 of the study:

 Students without learning disabilities scored higher than students with learning

disabilities in literacy and numeracy assessments.

 The largest performance gap was observed in numeracy skills between the two

groups.

 Literacy scores showed consistent differences, with students with learning

disabilities scoring lower.

 Overall academic performance was significantly better among students

without learning disabilities.
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Objective 2- To evaluate the effectiveness of AI tools in improving the post-test

academic performance of students with learning disabilities.

Findings related to Objective 2 of the study:

 Post-test scores in literacy improved notably after AI tool intervention.

 Numeracy skills showed significant gains in post-tests following the use of AI

instructional tools.

 Total academic performance increased by approximately 12-15% after AI-

based learning sessions.

 Students demonstrated better retention and application of concepts with AI-

supported instruction.

Objective 3- To determine whether AI-based instruction reduces the learning

gap between students with learning disabilities and their typically developing

peers.

Findings related to Objective 3 of the study:

 The gap in literacy scores between students with and without learning

disabilities narrowed after AI intervention.

 Numeracy performance differences also reduced but remained statistically

significant.

 AI tools contributed to improved overall academic parity between the two

groups.

 The learning gap reduction was more pronounced in literacy than in numeracy.

Objective 4 - To examine the effect of AI-based instructional tools on the

behavioral, cognitive, and emotional engagement of children with learning

disabilities in comparison to traditional teaching methods.

Findings related to Objective 4 of the study:

 Engagement levels of students with learning disabilities increased during AI-

supported lessons compared to traditional methods.

 Improved academic motivation was observed in students using AI tools.
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 Students showed higher participation and interest in learning activities with AI

integration.

 Teachers reported positive changes in student attitudes and engagement

following AI instruction.

5.9 Educational Implications of the Study

This study offers significant educational implications for enhancing inclusive teaching

practices and optimizing learning outcomes for children with learning disabilities

(LDs) through the integration of artificial intelligence (AI) tools. One of the foremost

implications is the demonstrated effectiveness of AI in improving academic

performance in core areas such as literacy and numeracy. The notable increase in

post-test scores among LD students indicates that AI tools can serve as powerful

instructional aids, providing personalized support tailored to individual learning needs,

which traditional teaching methods may lack.

Furthermore, the study shows that AI-assisted instruction can help narrow the learning

gap between students with and without LDs. This suggests that educational

institutions can adopt AI-based interventions to promote equity and reduce disparities

in achievement, ensuring that every learner has an opportunity to succeed regardless

of their learning challenges. The improved engagement levels—cognitive, behavioral,

and emotional—also highlight the motivational aspect of AI tools, making learning

more interactive, enjoyable, and meaningful for students who often struggle to stay

focused in conventional classroom settings.

Teachers can also benefit from these technologies by using AI-generated analytics to

track student progress and identify specific areas requiring intervention. This data-

driven approach enables more effective lesson planning and individualized instruction.

Additionally, the study underscores the need for teacher training programs to include

digital literacy and AI integration skills, so educators can confidently and effectively

implement such tools in diverse classroom settings.

In conclusion, the findings encourage educational policymakers and school

administrators to incorporate AI-based learning technologies into special education

curricula. With appropriate implementation, these tools have the potential to foster
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inclusive education, bridge achievement gaps, and significantly enhance the overall

educational experience and outcomes for children with learning disabilities.

5.10 suggestions for further study

The investigator while conducting research work observed that still there are many

more research area to be researched, some of the further studies that can be carried

out are as follow

1. Longitudinal Impact Studies:- Future research can explore the long-term

effects of AI-based learning tools on academic retention and progression in

children with learning disabilities.

2. Comparative Studies Across Age Groups:- Studies can be conducted to

compare the effectiveness of AI tools across different age groups or grade

levels to identify developmental variations in outcomes.

3. Tool-Specific Effectiveness:- Research can focus on evaluating specific AI

applications or platforms to determine which tools are most effective for

different types of learning disabilities.

4. Teacher Perception and Readiness:-Investigate teachers’ attitudes,

preparedness, and challenges in implementing AI tools in inclusive classrooms

to inform professional development programs.

5. Parent Involvement and Feedback:- Studies can examine the role of parents in

supporting AI-based learning at home and their perceptions of its effectiveness.

6. Cost-Effectiveness Analysis:- Future studies could assess the economic

feasibility and cost-benefit ratio of implementing AI tools in low-resource

educational settings.

7. Integration with Traditional Pedagogy:- Explore models of blended instruction

combining AI with traditional teaching strategies to evaluate their combined

impact on learning outcomes.

8. Customization for Specific Disabilities:- Investigate how AI tools can be

adapted or customized for specific learning disabilities like dyslexia,

dysgraphia, or dyscalculia.

9. Impact on Non-Academic Skills:- Conduct research on how AI-assisted

learning influences soft skills such as self-confidence, communication, and

problem-solving in students with LDs.
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10. Cross-Cultural Validation:- Comparative studies across different regions or

cultural contexts can assess whether AI tools are equally effective and

inclusive in diverse educational environments.

5.11 Conclusion

The present study critically examined the role of artificial intelligence (AI)-based

instructional tools in supporting children with learning disabilities and bridging the

academic gap between them and their typically developing peers. The research

findings indicate a significant improvement in literacy and numeracy performance

among students with learning disabilities after the implementation of AI tools,

highlighting the potential of these technologies to personalize learning, reinforce

concepts, and offer consistent feedback. Additionally, the study revealed notable

enhancements in behavioral, cognitive, and emotional engagement, demonstrating

that AI-based instruction positively influences student motivation, focus, and

classroom interaction compared to traditional teaching methods.

The literature review further reinforced these findings, showing that AI-assisted

educational technologies have a broad impact across various disabilities—from

improving mobility and communication in children with physical or sensory

challenges to enhancing emotional regulation and social interaction in those with

neurodevelopment and behavioral disorders. However, despite these advancements,

several critical research gaps persist. There is a clear need for longitudinal studies to

measure sustained outcomes, evaluations of specific AI tools, and a better

understanding of teacher and parent perspectives. Issues like ethical concerns,

accessibility, and the digital divide must also be addressed to ensure equitable

implementation.

This study makes a valuable contribution to the growing body of research on inclusive

education, suggesting that AI has the capacity to transform special education by

offering scalable, adaptive, and data-informed learning experiences. Educational

institutions must now consider integrating AI tools not as replacements but as

supplementary aids that support personalized and inclusive teaching. Future research

and policy efforts should aim at refining AI tools, ensuring accessibility, training

educators, and evaluating implementation models across diverse learning

environments. Ultimately, embracing AI in education holds promise for fostering
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equitable learning opportunities and supporting the holistic development of children

with learning disabilities.
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APPENDIX

Tools:-

1) Numeracy ( operations and reasoning)

QUESTION PAPER

Subject:-Mathematics

Topic:- Simple Addition, Subtraction, Multiplication, and Division

Grade Level: Suitable for students with learning disabilities (Adapted for simplicity)

TotalMarks:25

Time: 45 Minutes

Section A: Addition (3 Marks)
(Each question carries 1 mark)

1. 9 + 5 = __________
2. 13 + 12 = __________
3. 78 + 33 = __________

Section B: Subtraction (3 Marks)
(Each question carries 1 mark)

1. 9 - 2 = __________
2. 64 - 12 = __________
3. 72 - 15 = __________

Section C: Multiplication (3 Marks)
(Each question carries 1 mark)

1. 8 × 7 = __________
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2. 22 × 6 = __________
3. 45 × 13 = __________

Section D: Division (3 Marks)
(Each question carries 1 mark)

1. 9 ÷ 3 = __________
2. 75 ÷ 5 = __________
3. 144 ÷ 11 = __________

Section E: Fill in the blanks (8 Marks)
(Each question carries 2 mark)

1. 2, 4, ___, ___, 10
2. 5, 8, 12, 17, ___, ___
3. 3, 5, ___, 9, ___
4. 15, ___, 45, ___, 75

Section D (5 Marks)

Riya went to a shop to buy some school supplies. She bought:

 3 Pens and each pen costs ₹5.
 2 Books and each book costs ₹20.
 4 scales and each scale costs ₹3.

Questions:
1. Howmuch money did Riya spend on the pens? (mark-1)
2. Howmuch money did Riya spend on the books? (mark-1)
3. Howmuch money did Riya spend on the scales? (mark-1)
4. What is the total amount Riya spent on all the items? (mark-2)



54

2) Literacy

I. Reading

a. Malayalam

Read the given passage
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b. English
Read the given passage
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c. Hindi
Read the given passage

II. Writing

Write about the most memorable day of your life in Malayalam, English, and Hindi.

III. Speaking

Introduce yourself in Malayalam, English and Hindi
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3. Observation Checklist Statements

1. Behavioral Engagement

1. The student shows consistent interest in interacting with AI tools.
2. The student actively participates in AI-based learning activities.
3. The student seeks help or clarification when facing difficulties with AI tools.
4. The student maintains focus and concentration during AI-assisted sessions.

2. Cognitive Engagement

5. The student demonstrates understanding of concepts introduced through AI
tools.

6. The student applies learned skills and knowledge to other tasks effectively.
7. The student accurately responds to AI-generated questions and exercises.
8. The student completes tasks independently with minimal guidance.

3. Emotional Engagement

9. The student shows enthusiasm and enjoyment while using AI tools.
10. The student expresses satisfaction or pride upon successfully completing

activities.
11. The student displays reduced frustration and anxiety during AI-assisted

learning.
12. The student maintains a positive attitude towards AI-based learning activities.

4. Overall Improvement

13. The student shows noticeable improvement in overall language skills across
all languages and in numeracy.

14. The student demonstrates a consistent improvement in engagement and
participation.

15. The student’s achievement level has increased as a result of AI-integrated
teaching.

 1 - Never
 2 - Rarely
 3 - Sometimes
 4 - Often
 5 - Always


