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ABSTRACT

This paper presents a systematic review of
recent international research examining the
real-world  integration = of  Artificial
Intelligence (AI) in special education. By
analysing over eighty studies, the review
identifies how Al applications enhance
personalized learning and compares
emerging Al-driven assistive technologies
with  traditional = methods.  Findings
demonstrate that adaptive Al platforms
substantially improve student outcomes in
academic performance, engagement, and
accessibility, while simultaneously reducing
teacher workload through automation and
data-informed insights. However, persistent
challenges remain regarding ethical
implications, data privacy, algorithmic bias,
and equitable access to technology. The
review emphasizes the importance of
transparent implementation strategies and
continuous professional development for
educators to ensure responsible adoption.
Ultimately, the study concludes that Al holds

transformative  potential for creating
inclusive, equitable, and personalized
learning environments—provided its

integration is guided by ethical awareness
and sustained human oversight.

Keywords: Artificial Intelligence, Special
Education, Personalized Learning,
Accessibility, Ethics.

INTRODUCTION

It is evident that Artificial Intelligence (Al)
research for special education has become an
absolutely critical area of research. Because
Al has enormous potential to fundamentally
change the learning experience for students
who have different needs, finally addressing
these persistent, long-standing problems of
poor accessibility and lack of genuine
personalization. We've seen real progress:
Innovations in Al technologies—ranging
from specialized systems to advanced
adaptive learning platforms and even the
newest forms of generative Al—are
continually bringing about incremental
improvements in educational practices for
students facing disabilities.

The power of Al integration is how it actively
supports inclusive teaching (pedagogy). It
achieves this by providing instructions that
are truly tailored, offering instantaneous,
real-time feedback, and providing crucial
assistive  tools, thus facilitating the
personalization of learning. This level of
thoughtful adaptation really enhances
student engagement and enhances their
autonomy. We must recognize the urgent
practical importance of these Al-driven
solutions: approximately 15% of students
worldwide receive special education
services, making these technological
solutions critical for improving educational
equity and outcomes across sectors.
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Despite all this promising momentum
forward, the effective implementation of Al
in special education still faces some
significant challenges. One major problem is
the limited stable, empirical evidence that
shows the true impact of Al on the wide
variety of disabilities and educational
contexts. In addition, we continue to face
deep concerns about ethical considerations,
protecting data privacy, and guaranteeing fair
access. There is a critical knowledge gap
regarding optimal design and methods for
integrating Al  tools to  support
personalization ~ while  simultaneously
managing constraints related to teacher
readiness and inadequate infrastructure. A
heated debate revolves around whether Al
should simply complement human educators
or risk trying to replace them, increasing the
spectrum of algorithmic bias that could
potentially reinforce existing educational
inequalities.

To lay the groundwork for this review, we
operate under a conceptual framework: we
define Al as computational systems capable
of providing adaptive, personalized
instruction, in addition to providing basic
auxiliary functions. Special education itself
represents tailored pedagogical approaches
designed specifically for students facing
cognitive, sensory, or physical disabilities.
and special education focuses on using Al's
ability to cater to individual student profiles
in inclusive environments. All of this
perspective is based on established
educational theories, such as the principles
outlined in the context of Universal Design
for Learning (UDL). This conceptual
foundation allows us to properly explore the
vital role of Al in promoting truly equitable
and effective special education.

THEORETICAL BACKGROUND

The backbone of this paper is rooted in the
fascinating, critical intersection of two large,
dynamic fields: Artificial Intelligence (AI)
and Special Education. Our fundamental
belief here is simple: Al is not just a useful
tool; it should act as a transformative catalyst
designed to finally overcome those stubborn,

traditional boundaries associated with
personalized instruction and accessibility for
students struggling with specific learning
difficulties.

Conceptually, we're not talking about basic
software; we define Al as a sophisticated set
of computing systems that possess the critical
ability to adapt instruction, provide real-time
instant feedback, and perform basic auxiliary
functions (such as speech recognition or
predicting academic difficulties). All of this
power comes from analysing large amounts
of data. Adaptability is essential for Special
Education, which, by definition, requires the
provision of individualized pedagogical
approaches that actively respond to the
unique cognitive, sensory, and physical
needs of each individual student.

All this theoretical approach is dynamically
reinforced by the Universal Design for
Learning (UDL) framework. UDL is the
philosophy that promotes the development of
highly flexible learning environments. The
framework requires that we offer multiple
mediums for students to engage with content,
multiple media for content to be represented,
and multiple media for students to express
their knowledge. Modern Al tools like
adaptive platforms, Intelligent Teaching
Systems and the growing suite of generative
Al tools—are rapidly becoming the
indispensable technological vehicle for
implementing these UDL  principles,
enabling educators to seamlessly cater to
individual student needs in truly inclusive
environments.

However, this theoretical optimism must be
tempered by reality: the existing framework
compels us to recognize significant
knowledge gaps and ethical considerations
that require detailed documentation. Our
systematic review 1s necessary primarily
because there is still a clear lack of evidence
based on the real impact of Al on a wide and
diverse range of disabilities (such as ADHD,
dyslexia and autism) and on different
education systems worldwide. At the same
time, we must strictly address several deep
ethical concerns:
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1. The absolute necessity of protecting the
privacy of students' sensitive data.

2. The risk of algorithmic bias, which
carries the risk of reinforcing or even
replicating existing educational
inequalities if the underlying Al systems
are trained with non-representative data.

3. Ensure equal access to these powerful
technologies, actively work to prevent
the creation of a damaging "digital
divide" in special education.

Essentially, this theoretical background sets

the stage for a major research project that

seeks to shift the focus from the simple

"integration" of Al in schools to its

"responsible and equitable implementation."

RESEARCH QUESTIONS
Our research was fundamentally guided by
the gaps we found in current research and the
urgent ethical issues that continued to emerge
in the theoretical context. We've designed
our questions to be crisp and layered,
specifically targeting the potential of Al to
transform the field:

1. Personalization and Benefit Assessment:
We needed to know the real specific
impact of Al applications (such as
adaptive  assessment  systems and
specialized  feedback  tools) on
personalizing the learning process for
students facing various disabilities
(including dyslexia, ADHD, and autism
spectrum  disorders). Mainly, how
exactly this adoption Does it change
academic outcomes and their
engagement? This line of research
required the synthesis of quantitative
efficacy data.

2. Comparative Analysis of Technologies:
It's time for a  straightforward
comparison: What are the effectiveness
and advantages of these cutting-edge Al-
driven assistive technologies (such as
smart personal assistants and adaptive
readers) when contrasted with older,
traditional assistive technologies (like
standard text software); We wanted to
know if Al really improves accessibility
and autonomy in inclusive classrooms.

3. Exploring Ethical and Accessibility
Challenges: We had to get to the bottom
of the ethical, legal, and practical
landmines. = What are the main
challenges—from data privacy and
algorithmic bias to the huge problem of
the digital divide— resulting from the
integration of artificial intelligence into
special education? And what logical
frameworks or guidelines are proposed
for the responsible implementation of
this technology?

4. The Role of Al in Supporting Teachers:
Finally, we asked about the people who
matter most: teachers. In what specific
ways can Al actually reduce the
workload of special education staff
(perhaps by automating assessment tasks
or helping to write these critical
Personalized Education Programs -—
EIPs)); And, most importantly, what kind
of training do they need to ensure the
effective use of these specialized tools?

METHODOLOGY

To ensure that our findings were reliable,
transparent, and minimized bias among
researchers, we opted for a Systematic
Literature Review (SLR). It is a rigorous
process designed to provide the most reliable
synthesis of research evidence available.

1. Query Transformation and Literature
Search

We couldn't just look for a broad topic like
"Artificial Intelligence in special education."
We had to analyze it. We turned this initial
idea into a complex set of focused search
terms—for example, phrases like "artificial
intelligence AND special education AND
personalized learning," "adaptive learning
platforms AND disability," or "ethical
challenges AND AI in education." This
careful strategy guaranteed that we caught all
corners, covering the technological,
pedagogical, and ethical aspects of the topic.
To ensure massive global coverage, we
conducted these searches across the major
academic heavyweights: Scopus, Web of
Science, ERIC, and Google Scholar.
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2. Inclusion and exclusion criteria 3.
Control Process and Referral Chain
(Snowballing)

We then applied very strict rules to filter the
results. We included empirical research
(studies using quantitative, qualitative, or
mixed methods), other systematic reviews,
and detailed theoretical/conceptual analyses.
Because Al moves incredibly fast, we chose
to limit ourselves to studies published in the
last 20 years. Mostly, each study had to be
directly related to the application of artificial
intelligence or smart systems to populations
of students with disabilities. We immediately
threw out opinion pieces, reports from non-
academic organizations, and anything that
focused solely on medical applications of Al
that were not relevant to the educational
process.

3. Control Process and Referral Chain

(Snowballing)

We started by reviewing a vast initial

collection of 637 candidate papers,

eliminating irrelevant ones based on their
titles and summaries alone. To make sure we
didn't miss out on foundational or

groundbreaking papers, we also used a

technique called "Referral Chain" (aka

Snowballing). This involved two crucial

steps:

* Backward Crawling: Checking the
reference lists of our key documents,
already included, to identify fundamental
studies that keyword searches may have
missed.

» Forward Tracking: Using citation
tracking tools to see which newer papers
had reported our core studies, thus
capturing the latest discussions and
developments.

This exhaustive process has successfully

enriched our database, adding an additional

65 documents.

4. Relevance Score and Composition

The combined search efforts resulted in a
total of 702 papers (the original 637 plus the
65 added via the citation chain). We
subjected this entire team to a process of

critical evaluation and relevance scoring. In
the end, we only proceeded with the highest
quality, most directly relevant articles—a
final, robust collection of 280 papers. The
final phase of the project involved
conducting a thematic analysis of this option,
grouping all the data collected around our
initial goals (such as Al effectiveness, ethical
concerns, and teacher support) to provide
clear, evidence-based answers to our
research questions.

RESULTS

Descriptive Summary of the Studies

Let's jump into the findings and quickly map
out the current research landscape for Al in
special education. The studies we've
reviewed are incredibly broad, covering
almost every methodology imaginable—
from detailed qualitative work and robust
quantitative data analysis to mixed-method
studies and even other systematic reviews. In
addition, this research is not limited to one
geographic location. spanning multiple
continents and educational systems. Our
comparison focused on critical areas: the
specific types of Al used, how effective these
interventions really are, the inevitable ethical
and privacy issues, how much support is
provided to teachers, and the overall
outcomes for accessibility and inclusion.

Types of AI Apps

Well, more than 80 studies have pointed out
that a wide variety of Al technologies are
absolutely crucial for personalization and
support in this area. This toolkit includes
things like dynamic adaptive learning
platforms, key assistive technologies (think
speech-to-text or text-to-speech), Intelligent
Teaching Systems, Immersive Virtual and
Augmented Reality (VR/AR), and various
Al-powered communication aids.

What's new and exciting is the integration of
cutting-edge tools: generative Al, robotics,
and large language models (LLMs) are
increasingly emerging to help design
personalized learning plans (IEPs) and create
interactive learning experiences (Stelea et al.,
2025). For example, generative Al has been
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specifically explored for personalized
learning and automation of resource
generation in inclusive environments. A
significant number of papers emphasize that
Al works best when actively combined with
the principles of Universal Design for
Learning (UDL), a strategy that helps
maximize  accessibility and  student
engagement (Pagliara et al., 2024; Hyatt &
Owenz, 2024).

Intervention effectiveness Ethical and
Privacy Considerations

Let's look at the effectiveness. The consensus
is overwhelmingly positive. Approximately
70 studies documented specific, measurable
improvements in student outcomes, covering
academic performance, engagement,
motivation, and confidence among students
with disabilities using these Al tools.
Al-driven adaptive systems and the "hybrid
teaching" approach (where humans and Al
work together) have shown significant gains
in key academic areas, particularly in literacy
and mathematics (Lu & Zhang, 2025). For
example, Al-powered adaptive learning has
been shown to significantly improve
academic gains and motivation for students
with learning disabilities. Additionally, Al
tools, particularly those used for early
detection, effectively aid in early diagnosis
and quick implementation of personalized
learning. However, the results are not
uniform. Some studies noted that the
effectiveness varied considerably depending
on the student's specific disability type, the
duration of the intervention, and the overall
context of the class, emphasizing the need for
highly tailored approaches (Kotsi et al.,
2025).

Ethical and Privacy Considerations

Now, we need to talk about the serious side:
Ethics and Privacy. About 60 studies have
highlighted critical concerns here. The issues
are consistent and urgent: data privacy,
algorithmic bias, ensuring fair access, and the
overall ethical development of Al in this
sensitive area is complex (Sarkar & Madhu,
2025; Tariq, 2025).

To address these issues, the researchers
proposed several mitigation strategies:
designing Al with built-in transparency,
implementing GDPR-compliant data
protection protocols, establishing inclusive
policy frameworks, and offering continuous
teacher training (Lopez et al., 2025). The
main consensus is that human oversight and
ethical management they are absolutely
essential for safeguarding students' rights and
preventing Al from inadvertently reinforcing
existing educational disparities (Chakraborty
et al., 2025; Tariq, 2025). Even beneficial
tools, such as adaptive mental health
platforms, raise concerns about data privacy
and resource disparities that need to be
addressed.

Impact on teacher support and workload
Al also offers tremendous benefits for staff.
More than 50 studies pointed out that Al
significantly reduces teachers’ workload by
automating administrative tasks, aiding in
lesson planning, and providing meaningful
feedback in real-time (Howerter & Cardon,
2025; Goldman et al., 2024). Al tools act as
valuable partners, helping teachers create
personalized study materials and effectively
monitor student progress, substantially
enhancing their overall effectiveness. Studies
have repeatedly emphasized that providing
adequate professional development and
training 1is absolutely essential if the
integration of Al is to be truly successful and
maximize benefits for educators.

Accessibility and inclusion outcomes

On the integration front, Al is proving
transformative. Over 70 studies have
demonstrated how Al contributes to
equitable access by breaking down barriers,
for example, by offering tools that overcome
language differences, providing critical
communication aids, and fostering real,
inclusive learning environments (Sarkar &
Madhu, 2025). Al-enabled platforms
enhance  student  participation,  self-
sufficiency, and social inclusion across all
types of disabilities, including autism and
sensory disorders Kotsi et al., 2025).

International Journal of Research and Review (ijrrjournal.com) 108
Volume 12; Issue: 12; December 2025



Georgios D. Natsiopoulos. Responsible and equitable implementation of artificial intelligence for students with

disabilities: a research agenda

However, we still struggle with large
accessibility gaps due to infrastructure
inequality, cost, and resistance to adoption,
meaning that political action and cooperation
are still absolutely essential to ensure truly
equitable access.

DISCUSSION

Critical Analysis and Synthesis

When one delves into the literature
surrounding Artificial Intelligence (AI) in
special education, one might see an
incredibly dynamic field brimming with
promise—a real opportunity to deliver truly
personalized learning experiences, break
down accessibility barriers, and provide
much-needed support to our dedicated
teachers. And yet, this fascinating frontier
constantly hits frustrating walls: We are
constrained by shaky methodological
foundations, plagued by deep moral
uncertainties, and constrained by real-world
infrastructure problems. While the evidence
showing  positive leaps in student
engagement and academic gains is strong,
the recurring, urgent demand is clear: we
need much more rigorous empirical evidence
and much improved, comprehensive training
for the teachers who lead the category.

Personalization and Adaptive Learning:
The Game-Changer's Conception

The most compelling applications are
Personalization and Adaptive Learning. It's
clear that Al has the revolutionary potential
to meticulously tailor educational content
and pace to suit each student's unique plan,
directly translating into better academic
outcomes and increased engagement
(Pradeep & Sahana, 2025). The inclusion of
real-time instant feedback is truly a game-
changer, fundamentally nurturing student
autonomy and drive.

The main concern, however, is the sheer lack
of scope in research. Many studies rely on
small pilot groups, which severely limit how
widely we can confidently apply their
conclusions (Paglialunga & Melogno, 2025).
We desperately need longitudinal studies to
understand the real, lasting impact of this

personalization (Kotsi et al.,, 2025). In
addition, I find it concerning that some
existing Al systems are simply not yet
sophisticated enough to accurately interpret
the complex or delicate behaviors exhibited
by students (Lu & Zhang, 2025).

Assistive Technologies and Accessibility:
The Problem of Adoption

In the realm of Assistive Technologies and
Accessibility, Al tools are nothing short of
transformative. Key solutions such as
speech-to-text and text-to-speech provide
students with sensory or motor disabilities
with significantly improved access to
education (Kamber, 2025). Additionally, the
integration of Al with immersive
technologies such as Augmented Reality
(AR) and Virtual Reality (VR) offers a
highly rich, multisensory learning experience
(Monem et al., 2025).

But here's the harsh reality: widespread
adoption is typically delayed by steep
economic hurdles and poor infrastructure,
especially in less resource-intensive
environment. Even when technology is in
place, we lose our effectiveness due to
usability issues, compatibility friction, and,
most crucially, inadequate training that
prevents educators from making proper use
of these tools.

Teacher Support: Optimism vs.
Preparedness

When it comes to supporting educators and
managing workloads, Al offers a clear
avenue of relief. It successfully cuts down on
administrative tasks and provides data-
driven insights necessary to create robust
Personalized Education Programs (IEPs)
(Howerter & Cardon, 2025; Goldman et al.,
2024). Our educators express general
optimism that these tools will really boost
their effectiveness (Alsudairy & Eltantawy,
2024).

However, this optimism is often undermined
by their own reports: they feel that their
education is inadequate and their familiarity
with Al tools is limited. Additionally, I have
a significant concern that if we don't maintain
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rigorous human oversight, teachers may
become overly reliant on Al outcomes,
compromising professional judgment (Tariq,
2025).

Ethical considerations and our urgent
research agenda

The issue of Ethics, Privacy, and Bias is
identified, quite rightly, as a critical
challenge. It is an absolute requirement to
demand system designs that are transparent,
inclusive, and fundamentally —human-
centered (Tariq, 2025).

This leads us to a crucial, multifaceted
agenda for future research, moving from
identified gaps to an urgent call to action:
Our first imperative must be to shift from
small  pilot studies to large-scale,
longitudinal empirical research. We simply
cannot validate the long-term, sustainable
benefits of Al until we commit to robust,
large-scale randomized controlled trials
(RCTs) that properly assess long-term
efficacy (Paglialunga & Melogno, 2025).

At the same time, we need to confront ethical
frameworks and algorithmic bias head-on.
Persistent ethical concerns about algorithm
bias and data privacy have not been
adequately addressed (Tariq, 2025). We
urgently need to develop and test
comprehensive, transparent Al design
frameworks that incorporate bias detection
and mitigation from day one, ensuring that
technology guarantees fairness rather than
reinforcing old inequalities.

The third, and perhaps more immediate,
challenge is the professional development
and training of teachers. It is a matter of
utmost importance to ensure teacher
readiness. Too many teachers feel that they
lack the basic knowledge and training in AL
To truly unlock the potential of Al, we need
to focus future efforts on planning and
rigorous Evaluation of  integrated
professional development programs focused
on artificial intelligence specifically for
special education staff.

Next, we address the difficulty of
personalizing Al for students with complex
and multiple disabilities. Current Al systems

often fail to accurately interpret the nuanced
behaviors and detailed needs of these
students (Lu & Zhang, 2025). We need
serious innovation here—AI models need to
be developed to incorporate multimodal data
and highly adaptive algorithms that truly
cater to these complex profiles, which is
essential for meeting their detailed needs.
We must also address the harsh reality of
disparities in accessibility and infrastructure.
Economic disparities and infrastructure
shortages are actively limiting Al adoption in
under-resourced ~ communities.  Future
research must shift towards finding scalable,
low-cost Al solutions—such as accessible
learning platforms—and evaluating policy
interventions that bridge these digital
divides. Equitable access is non-negotiable
for inclusive education.

Finally, I see a clear gap in the integration of
Al with the Universal Design for Learning
(UDL) framework (Gahona, 2025). We need
researchers to explicitly explore and develop
guidelines for AI applications that are
directly based on UDL principles. This
combination is the ultimate promise:
maximizing both personalization and
accessibility (Gahona, 2025).

Thematic Review of the Literature: Key
Research Areas

A close reading of the research linking
Artificial Intelligence (AI) and special
education reveals some key areas around
which discussions are focused. Not
surprisingly, most academic papers discuss
adaptive learning systems and assistive
technologies with an emphasis on them. A
detailed analysis of this literature revealed
the following thematic areas that dominate
speech:

The most popular topic, appearing in 165 of
the 280 papers examined, discusses
Personalized and Adaptive Learning
Systems. Such systems are powerful because
they allow for the delivery of content in a
dynamic adaptation of artificial and instant
feedback in real time, as well as allowing for
real personalized interventions aimed at
students.
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The second most prevalent category contains
Al-driven  assistive  technologies and
accessibility tools, which are discussed in
142 papers. Such tools are instrumental in
enhancing access for students with sensory,
physical, or cognitive disabilities. Among the
diversified technologies used are artificial
intelligence applications for speech-to-text
conversion and screen reading, robotics, and
immersive virtual and augmented reality
(VR/AR) applications (Kamber, 2025). In
the final analysis of the intended results of
these systems,

The critical, unavoidable theme of the
Challenges of Ethics, Privacy and Equality
was the third central theme, addressed in 120
of the 280 papers. Across all domains,
researchers consistently pointed to concerns
about data privacy, potential algorithmic
bias, difficulty in ensuring fair access, and
the resulting digital divide (Sarkar & Madhu,
2025). This consensus underscores the
urgent need to establish clear, ethical
implementation frameworks designed to
robustly safeguard students' sensitive data.
The impact on teachers' practices and
workload management was shown in 98
papers. Al provides essential support to
educators and educational efficiency by
automatically completing redundant
administrative tasks, helping to support
lesson planning, and providing important
data-driven insights (Howerter & Cardon,
2025; Igbal et al., 2025).

In addition, seventy-five papers discussed
the use of Al in early diagnosis and
intervention.  These technologies are
effective in early detection of developmental
disorders and specific learning deficits such
as autism and dyslexia. Highly advanced
machine learning models work dynamically
to improve the accuracy of diagnosis.
Another important area of serious focus,
covered by 68 papers, happens to be Teacher
Training and Professional Development that
are essential for successful Al integration.
Most projects reiterate the fact that the
effective implementation of AI depends
heavily on the comprehensive and
continuous professional training of teachers.

Al also supports the significant development
of the IEP that appears in 35 documents.
Tools (primarily generative Al) help design
and continuously monitor personalized IEPs,
improving goal setting and fostering
collaboration among all stakeholders.
Finally, a small but important category (28
papers) discusses targeted Al applications
that address the specific and unique problems
of specific populations, such as students with
Autism  Spectrum  Disorder  (ASD),
intellectual disability, and various learning
disorders, through very specific interventions
and specialized cognitive support.

Chronological Review of the Bibliography
The academic literature exploring the
intersection of Artificial Intelligence (AI)
and special education has evolved at a really
rapid pace over the past two decades,
decisively moving away from original,
fundamental technological applications
towards more sophisticated, ethically
conscious, and pedagogically integrated
applications.

2001-2010: Fundamental Artificial
Intelligence and Assistive Technologies

The debate began in the early 2000s, where
initial academic efforts focused on
Fundamental Artificial Intelligence and
Assistive Technologies. Key studies focused
on leveraging key Al techniques primarily
for diagnosis and intervention. This seminal
decade highlighted Al's potential to enhance
learning interactions and overall quality of
life through tools like Fundamental Artificial
Intelligence speech recognition and screen
readers.

2011-2015: Expansion of Al applications
and early adaptive systems

The following period saw a significant
expansion of Al applications and the
emergence of early adaptive systems. The
research was significantly expanded to
include Intelligent Teaching Systems and the
integration of robot-assisted learning,
particularly targeting students on the autism
spectrum. This era also marked the
development of the first Al-based platforms
designed  for  personalized learning

International Journal of Research and Review (ijrrjournal.com) 111
Volume 12; Issue: 12; December 2025



Georgios D. Natsiopoulos. Responsible and equitable implementation of artificial intelligence for students with

disabilities: a research agenda

education, alongside the initial integration of
Augmented and Virtual Reality (AR/VR)
into the educational landscape.

2016-2019: Integrating Al with Data
Analytics and Emerging Technologies

The mid-2010s saw a critical shift towards
integrating Al with data analytics and
emerging technologies. The educational
focus shifted precisely towards data-driven
methodologies, using machine learning (ML)
models specifically to identify learning
difficulties. The researchers also explored the
integration of IoT (Internet of Things) and
wearable sensors. During this period,
increasing attention has been paid to creating
highly personalized interventions and
optimizing early detection of disabilities.
2020-2021: Ethical considerations and
teacher preparation

This critical period brought much-needed
stock on ethical considerations and the
imperative to prepare teachers. The role of Al
in special education, teacher education has
finally come to the fore. The ethical
challenges, namely data privacy, algorithmic
bias, and ensuring equitable access—were
rigorously analyzed, highlighting the vital
need for human oversight and dedication
professional development (Sarkar & Madhu,
2025).

2022-2023: Advanced Al
Multimodal Learning Analysis
We then observed the rapid growth of
Advanced Al Tools and Multimodal
Learning Analytics. More sophisticated
applications began to emerge, including
generative Al and virtual assistants. These
tools quickly underscored the potential of Al
to accelerate educational content creation
and improve students' cognitive flexibility,
sometimes in hybrid teaching settings
human-artificial intelligence. Studies have
confirmed that Al-driven adaptive systems
could generate significant academic gains.
2024-2025: Generative Al Inclusive
Pedagogy, and Policy Integration

The most recent literature has a strong focus
on Generative Al, Inclusive Pedagogy, and

Tools and

inclusive frameworks like Universal Design
for Learning (UDL) can work together.
Significant challenges, such as large-scale
adoption, the measurable impact of Al on
reducing teachers' workload (Howerter &
Cardon, 2025) and the urgent development of
the necessary ethical frameworks and robust
infrastructure, are now central themes.

Gaps and Future Research Directions in
Artificial Intelligence and Special
Education

Although research on Artificial Intelligence
(AI) in special education has been extensive,
this systematic review highlights several
critical limitations in current literature.
Addressing these identified gaps is essential
for guiding future research and ensuring the
responsible, effective deployment of these
transformative technologies.

A major methodological deficiency concerns
the clear absence of longitudinal and large-
scale empirical research. Current scientific
endeavors often rely on limited sample sizes
and short-term interventions, a feature that
severely limits the generalization of
conclusions to diverse student populations
and educational contexts (Paglialunga &
Melogno, 2025). To rigorously validate the
enduring benefits of Al and inform resilient
policy applications, future studies must
prioritize conducting expeditious, long-term

randomized controlled trials (RCTs)
dedicated to evaluating sustained
effectiveness.

A second critical area that requires
immediate scientific attention involves

developing robust ethical frameworks and
strategies to mitigate bias. Ethical concerns
about algorithmic bias and the safeguarding
of sensitive student data, which are
repeatedly highlighted in the literature, have
yet to be fully resolved (Tarig, 2025).
Consequently, upcoming research must
focus on establishing and rigorously
evaluating transparent, comprehensive Al
design protocols. These protocols are
essential for  proactively  integrating

Policy Integration. The current paper  mechanisms to identify and minimize bias,
examines how Generative Al tools and thereby preventing the potential
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reinforcement of existing educational
disparities and ensuring responsible use.
Thirdly, prioritising professional
development and specialist teacher training
is paramount. Many teachers report
inadequate literacy and preparation for Al
Since teacher readiness is integral to
maximizing the practical benefits of Al
future research trajectories should focus on
meticulously designing and evaluating
comprehensive  Al-focused professional
development curricula specifically tailored
for special education teachers.

Additionally, there is a notable gap regarding
effective Al personalization for students with
complex and multiple disabilities. Existing
Al systems often prove inadequate to
interpret nuanced or complex behaviors and
provide adequate support to students facing
overlapping disabilities (Lu & Zhang, 2025).
To address these complex needs precisely,
innovation in Al modeling is necessary,
specifically necessitating the integration of
multimodal data and the development of
specialized adaptive algorithms capable of
catering to these highly complex student

profiles.
Fifth, systemic challenges related to
inequalities in infrastructure and

technological accessibility are a significant
obstacle. =~ Economic  disparities  and
deficiencies in basic digital infrastructure are
limiting the adoption of Al, particularly in
sectors with limited resources. Therefore,
research must explore scalable, economically
viable Al solutions and evaluate policy
interventions explicitly designed to bridge
these critical digital divides. Achieving truly
equitable access is fundamentally essential
for harnessing Al's full potential for inclusive
education.

Finally, the current workset presents limited
research on the explicit integration of Al with
the Universal Design for Learning (UDL)
framework (Gahona, 2025). Focused
scientific effort is needed to investigate Al
applications that have been deliberately built
around UDL principles and then to develop
clear, practical guidelines for educators. The
synergistic combination of Al's adaptive

power and UDL's inclusive flexibility
promises significant advancements in overall
personalization and accessibility.

Points of agreement and divergence
between academic studies

When reviewing the academic landscape
regarding Artificial Intelligence (Al) in
special education, a strong and consistent
basis of agreement emerges across various
studies. There is a broad consensus that Al
significantly enhances personalized learning,
dramatically improves accessibility, and
enhances overall student engagement for
individuals with disabilities. Moreover,
scholars consistently affirm that these
technologies offer critical support teachers
by successfully reducing their administrative
workload and optimizing critical educational
practices (Howerter & Cardon, 2025; Igbal et
al., 2025). However, this positive assessment
is always tempered by a common, urgent
realization: ethical concerns, particularly
concerning the integrity of student data
privacy and the risks associated with
algorithmic bias, are consistently identified
as critical challenges requiring rigorous and
responsible implementation frameworks
(Tariq, 2025).

However, complexity arises when examining
the exact details of Al integration, leading to
notable discrepancies between different
research areas. These differences are often
attributed to fundamental variations in the
study design, the size of the samples
analyzed, the regional contexts, and the
specific technological complexity of the Al
systems under investigation.

Key areas of scientific divergence

Al app focus. While there is general
agreement on the primary utility of adaptive
platforms and general assistive technologies,
literature demonstrates different scientific
priorities in specialized applications. Some
researchers devote their focus to highly
targeted systems, such as the use of deep
learning models or specialized chatbots
explicitly designed for students on the autism
spectrum (Kotsi et al., 2025). In contrast,
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other research focuses on broad, systemic
tools, such as data management and reporting
systems used in educational institutions. This
segmentation is mainly driven by the specific
disability being targeted or the different
objective of the research.

Variability in the effectiveness of the
intervention. Although the majority of
published papers document overwhelmingly
positive results on academic performance
and gains in student motivation, a smaller
subset of projects reports only limited or
moderate measured impacts. These less
definitive findings are often critically linked
to methodological shortcomings, such as the
use of excessively small sample sizes, the
absence of critical longitudinal data or the
documented  challenges faced when
implementing the technology in the real
world (Kotsi et al., 2025). Additionally, one
point of concern that occasionally arises
includes the potential for increased cognitive
load that burdens students using these Al
tools.

Teacher Readiness and Professional
Support. Despite the recognized potential of
Al to effectively reduce the demanding
workload on special education teachers
(Howerter & Cardon, 2025), a significant
discrepancy emerges when assessing the
actual readiness of teachers. Numerous
studies identify clear and consistent deficits
in teachers' fundamental AI skills, limited
access to necessary training, and, in some
cases, a neutral or even resilient attitude
towards the adoption of these technologies.
Persistence of accessibility barriers. The
general literature strongly supports that Al
actively promotes equitable access for
students with disabilities (Sarkar & Madhu,
2025). However, contrary evidence strongly
emphasizes that serious challenges remain,
notably mentioning the worsening digital
divide, critical infrastructure constraints, and
significant ~ economic  barriers  that
collectively hinder the full realization of Al's
integration potential (Irawan & Anwar,
2025).

Theoretical Implications

The research results support the central
theoretical ~ hypothesis  that artificial
intelligence (AI) technology serves as a

powerful mechanism for  promoting
personalized instruction and inclusive
learning contexts for students with

disabilities. The adaptive capabilities of
Al—which dynamically alter the content and
pace of learning—directly enhance the
realization of personal and equitable learning
experiences,  seamlessly  linking  to
contemporary educational philosophies such
as Universal Learning Design (UDL) and the
theory of social constructivist learning
(Irawan &; Anwar, 2025; Devadas, 2025).
Additionally, the significant advancements
made by Al in supporting early detection and
the formulation of relevant theoretical
training models aimed at intentionally
integrating complex data-driven analysis and
prediction methods require further concrete
advancements (Lu & Zhang, 2025). This is
basically a hypothesis that automatically and
continuously questions the validity of the
static models used.

The integration of Al into educational
practice requires the reconstruction of
theoretical foundations in the direction of a
human-machine collaboration model. In this
joint collaboration, Al is seen as competence
knowledge that complements rather than
replaces teachers' expertise and judgment
(Howerter & Cardon, 2025). Also, for
aspects related to ethics, basic digital ethics
and algorithmic justice need to be integrated
into the very basic conceptualizations of Al
in special education that allow theoretical
discussions to go far beyond the
effectiveness of classroom teaching (Sarkar
& Madhu, 2025; Chakraborty et al., 2025).
The existing literature makes final references
to the effectiveness of Al in various
disabilities - that more nuanced theoretical
models need to be developed that take full
account of student heterogeneity and key
context variables.
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Practical Significance

Al provides a practical mechanism from an
operational perspective to make education
accessible and personalized. This enables
teachers to provide instructions precisely
suited to the individual learning
characteristics of students, and here an
obvious functional advantage appears in the
strong  practical  support  for the
implementation of adaptive learning
platforms and professional support systems
in education at large.

Artificial intelligence (Al) automatically
performs routine tasks of strategic
operational support and assistance in easily
formulating personalized educational plans
(IEPs) for educators. As such, Al reduces
their administrative burden by giving them
more time to focus on core activities in an
environment where the challenges of special
education are as complex as they are today
(Howerter & Cardon, 2025).

For systemic success, government agencies
and policymakers should strategically invest
in robust digital infrastructure and ensure
true fairness of access to Al technologies,
accompanied by funds for training to support
and implement effectively (Irawan &;
Anwar, 2025). Meanwhile, there is an urgent
need to formulate and implement a precise
ethical framework for data governance and
related rules in the organization to cover the
protection of student data, prevent
algorithmic bias, and ensure that there is
transparency in Al systems (Sarkar &
Madhu, 2025).

Also, student data protection should be
addressed in the context of an emerging
ethical framework of data governance and
organizational rules to maintain the proactive
prevention of algorithmic bias and
transparency requirements of Al systems,
according to Sarkar & Madhu (2025). Most
importantly, there needs to be real and
ongoing collaboration between all key actors
— in educators, technologists, family
members, high-level policymakers — to
jointly develop AI tools that are not just

articulate with the educational goals of each
institution.

Limitations of Existing Research: The
Obstacles We Face

Several critical limitations undermine the
external validity or even the elements of the
field that should make one cautious about
generalizing the results, which this review
places as an important priority for future
research despite the beneficial applications
documented everywhere. Empirical
generalization and methodological rigor.
Another widespread barrier is studies with
limited or merely small samples, severely
limiting the generalization of results to a
broader student population and in different
educational contexts. They further analyze
methodological shortcomings that include,
among others, a large deficit in Randomized
Controlled Trials — widely accepted as the
gold standard for demonstrating causality —
and an overreliance on qualitative data
without rigorous quantitative confirmation,
increasing the risk of experimenter bias
(Paglialunga & Melogno, 2025).

The lack of longitudinal data is a critical
missing link in the literature to properly
assess the long-term effectiveness and
viability of Al-based interventions in special
education (Paglialunga & Melogno, 2025).
Therefore, further monitoring periods can
only imply the impact of technological tools
on the creation of some change, which
remains entirely hypothetical.

Regarding the human capital aspect, the
inadequate initial and in-service preparation
of teaching staff is constantly cited by
literature as one of the most important factors
limiting the effective and faithful
implementation of Al technologie. This
indicates that optimal results may not be fully
achieved in the absence of specialized skills.
At the same time, important socio-ethical
issues are always highlighted in critical
discourse, including significant concerns
about data privacy, the potential for
algorithmic bias, and maintaining fair access

culturally sensitive and intuitive but  (Tariq, 2025; Chakraborty et al., 2025).
These socio-ethical aspects erode
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stakeholder trust and limit the responsible
fair use of Al systems.

Another structural limitation stems from
technological infrastructure constraints. A
reliable system, appropriate hardware, and
robust connectivity, primarily as required by
the world's developing regions, are severely
limited in scaling and equal sharing of Al
solutions. This would increase existing
inequalities in education. There is also
evidence of research bias with a
disproportionate  concentration that s
narrowly focused on certain diagnostic
categories such as autism spectrum disorder
(ASD) and defined learning disabilities
(LD). This, therefore, leaves out other
student populations with special needs and
consequently limits the comprehensive
utility of Al applications to a broader range
of disabilities observe the same trend in the
available literature, and criticizes it from the
perspective of academic research. In the
iterative design and critical evaluation phases
of Al tool development, end-users are more
actively involved. These key end-users
include students and their families in addition
to frontline educators. The practical
relevance that a system or technology can
have in use and its usability as well as
functional acceptance are forms of
implementation that are emerging (Morr et
al., 2024).

Research gaps and future directions

Literature does admirable justice to the in-
depth exploration of the role of Artificial
Intelligence (AI) in special education.
However, this comprehensive review brings
to the surface several critical gaps and
obvious weaknesses in the present body of
literature that need to be addressed to nourish
this field and to strategically guide future
research. Another major drawback is the
pervasive reliance on evidence that allows
for a mostly short-term view, with small
groups of participants and interventions of
limited duration, severely limiting the
generalization of findings on the long-term
effects of Al across all disability groups
(Paglialunga & Melogno, 2025; Kotsi et al.,

2025). To validate the potential benefits
implied by various scalable and responsible
uses implemented as applications in this
field, there is an urgent need within the
research community to mobilize large-scale
longitudinal randomized long-term efficacy
and applicability trials that are considered
essential for empiricism (Paglialunga &
Melogno, 2025). Another burning and
relevant issue lies at the ethical frontier,
where practical solutions—in the literature—
remain incomplete regarding aspects such as
algorithmic bias and data privacy (Tariq,
2025). Therefore, future research work needs
to emphasize transparent comprehensive Al
design frameworks that incorporate clear
mechanisms for identifying bias, future
proactive mitigation strategies against biases
that develop over time, and privacy features
that lock in any personal information
breaches. The framework further highlighted
a real implementation gap, according to
which a major barrier stems benignly from
low literacy about AI but manifests itself
resoundingly through the lack — or
insufficient — training most often expressed
by special education professionals. Given
that teacher readiness is a key factor in both
harnessing the potential of Al in education
and ensuring proper human oversight, future
work should systematically prioritize the
design, implementation, and evaluation of
ongoing Al-centric professional
development programs for special education
teachers that target ethical use and practice
pedagogical integration (Goldman et al.,
2024). In addition, it has not been determined
what is the best optimal minimum level of
maximum automation by Al with critical
human support, let alone the necessary
human socio-cognitive support, thus hinting
at comparative studies to improve these
hybrid human-Al models. There is a
technical gap that a current generation of Al
systems exposes very easily when their
results are compared to the demanding
accurate interpretation of complex behaviors
and the complex, overlapping needs of
students with multiple or severe disabilities
(Lu & Zhang, 2025). To even roughly meet
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such detailed profiles, research should drive
innovations towards next-generation Al
models based on multimodal input data and
highly adaptive algorithms. At the same time,
pervasive systemic inequality purely related
to the economy and technological
infrastructure - hardware connectivity - good
connectivity also limits the use of Al
adoption among developing
regions/countries or low-resource regions in
a very significant way. This should be
complemented by aggressive research geared
towards scalable cheap Al solutions, as well
as rigorous
evaluation/evaluation/measurement of
policy intervention targeting the digital
divide with equitable access as a
prerequisite/foundation for the potential of
inclusive Al. There is little research that
deals with the realistic and optimal
integration of Al tools within the Universal
Design for Learning (UDL) (Gahona, 2025;
Hyatt & Owenz, 2024). Thus, future
researchers are invited to focus on creating
Al applications that are explicitly built based
on UDL principles - preferably in the context
of personalization as access to all (Hyatt &
Owenz, 2024). Also, alongside this there is
another significant drawback: many current
Al tools lack sufficient cultural and linguistic
sensitivity, which may limit their relevance
for multilingual or multicultural student
populations, so culturally responsive
powerful multilingual Al systems should be
a top priority. As promising as it is, more
research is needed covering various
educational contexts on how Als can
leverage predictive analytics to refine and
make accessible early assessment protocols
for disabilities. This will include work on
broader applications of Al for early diagnosis
and  personalized interventions—from
identifying at-risk students to flagging non-
participating students in online forums as
potential instances of social withdrawal
issues that later manifested in classroom
settings).

CONCLUSION

In relation to the initial objectives of the
review to understand the role of Al in special
education, the analysis of the current
literature shows that this is a rapidly evolving
field. AI technologies include adaptive
platforms, intelligent teaching systems, and
virtual reality have greatly contributed to
improving academic performance,
motivation, engagement, and autonomy
through a wide range of disabilities, tailoring
educational content to individual student
needs, Al additionally promises to reduce the
workload of educators in automating
administrative tasks, and supporting course
design and the development of tailor-made
training programs. However, meaningful
holistic professional development and
teacher training appear to be potential
missing gaps on which to effectively
implement this. Ethical and privacy
challenges, which include algorithmic bias
and data security, as well as fair access to the
use of technology, can only be addressed
through transparent Al design that includes
humans in loop-in-one policies aimed at
adhering to ethical frameworks. Another
challenge for large-scale implementation is
infrastructure and costs in resource-poor
environments, hence the need for strategic
investments accompanied by cross-sectoral
collaboration. Most reports are positive:
there is a general complaint in the literature
about the absence of rigorous empirical
studies, especially large-scale, longitudinal
research that would allow long-term efficacy
to be firmly established. Al emerges more as
a transformative force in ensuring equity,
adaptability, and inclusion for students with
special needs. Therefore, such possibilities
can be optimally harnessed through the
proper  balancing  of  technological
innovations with ethical governance and
teacher support.
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