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Abstract: This study provides a longitudinal exploration of assistive and educational technologies in special education, reflecting
on 60 years of research (1965-2025). The field lacks a review that bridges broad bibliometric structure with deep pedagogical
substance. We address this gap by integrating a systematic review of 334 Scopus publications with a multi-method triangulation
using bibliometrics, t-SNE, text mining, and social network analysis (SNA). Bibliometric findings briefly confirm a recent, rapid
acceleration in research and a significant geographical imbalance, with the USA dominating the field (35%). The thematic analysis,
which forms the core of this study, reveals a clear conceptual journey. The research evolved from foundational, parallel themes
(1965-2010) to a consolidated hub (2011-2021) centered on "special education" and "educational technology". This hub recently
"fractured" into highly specialized, applied topics (2022-2025) like "adaptive learning technologies," "accessibility," and "autism
spectrum disorders". Six triangulated themes were identified, including: (1) the foundational AT-Special Education nexus; (2) the
critical role of teacher training, self-efficacy, and TPACK; (3) the pivot to inclusive pedagogy via UDL; (4) a distinct focus on autism;
(5) support for sensory impairments; and (6) the new frontier of Al, VR, and e-learning. This study maps the field's maturation from
foundational concepts to solving complex, practical challenges.

Keywords: Special education, individuals with special learning needs, assistive technology, educational technology, edtech.

Ozet: Bu calisma, 60 yillik bir arastirma dénemini (1965-2025) temel alarak, 6zel egitimde yardimci ve egitim teknolojilerinin
boylamsal bir incelemesini sunmaktadir. Alanyazinda, genis kapsamli bibliyometrik yapiyi derin pedagojik igerikle iliskilendiren bir
inceleme eksikligi bulunmaktadir. Bu ¢alisma; Scopus veri tabanindaki 334 yayinin sistematik incelemesini bibliyometri, t-SNE, metin
madenciligi ve sosyal ag analizi (SAA) yontemlerini iceren goklu yontemli bir gesitleme (triangilasyon) ile biitiinlestirerek s6z konusu
eksikligi gidermeyi amaglamaktadir. Bibliyometrik bulgular, son donemde arastirmalarda yasanan hizli ivmelenmeyi ve ABD’nin
alana hakim oldugu (%39) belirgin bir cografi dengesizligi kisaca dogrulamaktadir. Bu ¢alismanin 6zini olusturan tematik analiz ise
net bir kavramsal dontisimi ortaya koymaktadir. Arastirmalarin; temel diizeydeki paralel temalardan (1965-2010), "6zel egitim" ve
"egitim teknolojisi" odakli konsolide bir merkeze (2011-2021) evrildigi goriilmektedir. Bu merkez yakin zamanda (2022-2025)
"uyarlanabilir 6grenme teknolojileri”, "erisilebilirlik" ve "otizm spektrum bozukluklari" gibi son derece uzmanlagmis, uygulamali
konulara ayrismistir. Uggenleme yéntemiyle belirlenen alti ana tema sunlardir: (1) temel nitelikteki Yardimci Teknoloji (YT)-Ozel
Egitim iliskisi; (2) 6gretmen egitimi, 6z-yeterlik ve Teknolojik Pedagojik Alan Bilgisi'nin (TPAB) kritik roll; (3) Evrensel Tasarim
Rehberligi (ETR) araciligiyla kapsayici pedagojiye gegis; (4) otizm Uzerine belirgin bir odaklanma; (5) duyu yetersizliklerine yonelik
destekler ve (6) yapay zeka (YZ), sanal gergeklik (SG) ve e-6grenmeyi kapsayan yeni ufuklar. Sonug olarak bu ¢alisma, alanin temel
kavramlardan karmasik ve pratik sorunlarin ¢ézimine dogru gegirdigi olgunlasma siirecini haritalandirmaktadir.
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1. Introduction

Building on McLuhan's (1964) perspective that technology acts as an extension of human capabilities, this concept finds
a significant application in special education, particularly in the use of educational and assistive technologies for
individuals with special learning needs. Special education, being an expansive field, encompasses a variety of sub-
disciplines—including intellectual and developmental disabilities, autism spectrum disorders, learning disabilities,
emotional and behavioral disorders, sensory impairments, and gifted education—each catering to distinct needs and

challenges.

The inherent diversity within special education reflects the varied nature of learning needs among individuals. This
diversity highlights the necessity for a range of technologies tailored to meet these unique requirements. In this sense,
the current study is designed to delve into the research surrounding the application of educational and assistive
technologies in special education. The overall purpose is to uncover and analyze emerging research trends and thematic
research patterns, offering insights into how these technologies are being utilized and adapted to cater to the diverse

spectrum of needs within this field.

1.1. Related Literature

Special education, as a field that emphasizes individual differences and seeks to maximally support the learning process,
is one of the disciplines most profoundly affected by technological advancements. Today, educational technologies not
only transform teaching processes but also significantly expand learning, communication, and social interaction
opportunities (Bozkurt et al., 2026) for individuals with special needs. In this context, the use of assistive and educational
technologies (AT) in special education is of critical importance as it creates individualized teaching opportunities,

increases accessibility, and supports inclusive education practices (Gallud et al., 2021; Lin & Chang, 2015).

The evolution of this field is well-documented. Initial research focused on the effectiveness of computer-assisted
instruction (Pennington, 2010; Woodward & Rieth, 1997). Subsequently, the focus shifted to mobile applications, web-
based platforms, and cloud-based solutions (Wu et al., 2012). Currently, the potential of advanced technologies such as
augmented reality (AR), virtual reality (VR), artificial intelligence (Al), and humanoid robots is attracting significant
attention (Sagdic et al., 2024; Sani-Bozkurt, 2017), with applications moving beyond academic skills to support social

interaction, communication, and independence.

To make sense of this growth, researchers have employed two primary methods: systematic reviews and bibliometric
analyses. Systematic reviews have offered granular insights by focusing on specific disability groups, educational levels,
and contexts. For instance, studies have examined AT for visual impairment (Mendes et al., 2025), dysgraphia (Rahim
etal., 2025), and autism (Zhou et al., 2025), and explored impacts on pre-service teacher self-efficacy (Park et al., 2024)
and use in higher education (Soeprapto Putri et al., 2025). While these reviews confirm AT's value in enhancing learning,
access, and independence, they share common limitations: small sample sizes, methodological constraints, a
predominantly Western-centric focus, and the underrepresentation of many disability groups. This suggests a need for

more comprehensive, culturally inclusive, and long-term research.

Concurrently, bibliometric analyses have mapped the field's macro-level structure, revealing thematic orientations and
international collaborations. These studies have identified 25-year trends in key journals (Sinha et al., 2024), mapped

the global rise of STEM and Universal Design for Learning (UDL) (Filiz & Albay, 2025), and highlighted the emergence of
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Al and VR as rising themes (Yang et al., 2025). While valuable for visualizing global trends, these bibliometric studies
mostly focus on publication counts, citation density, and collaboration networks. Consequently, the substantive
application of technology in instructional practice, its impact on learning outcomes, and the nuances of user experience

are not examined in sufficient depth.

This critical review of the literature reveals a significant methodological gap. The field is currently served by two
disparate forms of review: (1) deep, narrow systematic reviews that often lack generalizability and broad temporal
context, and (2) broad, structural bibliometric analyses that often lack pedagogical depth. A comprehensive study that
bridges these two approaches is missing. This epistemic friction between macro-structural landscapes and micro-level
semantic shifts has historically obscured long-term trends. By deploying a multi-method triangulation strategy, research
can move past fragmented viewpoints to map complex, non-linear thematic distances that single-method reviews
systematically fail to capture. Therefore, the present study is designed to fill this gap by integrating a longitudinal, large-

scale bibliometric analysis with a deep, multi-method thematic analysis (including t-SNE, text mining, and SNA).

The objective is to provide a holistic and critical understanding of the research landscape, mapping not only the structure
of the field but also the substance of its thematic evolution over the past half-century. This approach is vital to grasp
the full scope of how these technologies are being implemented, their impacts, and potential future developments, and
it provides the methodological justification for the research design that follows. To bridge the macro-structural

landscape and micro-level semantic shifts, this study addresses three central research questions:

RQ1l: What are the macro-level bibliometric trajectories and geographical distribution patterns in special

education technology research over the past half-century?
RQ2: How has the thematic landscape structurally evolved and fragmented across different historical eras?

RQ3: What core pedagogical, human, and advanced technological dimensions emerge when triangulating text-

mining, t-SNE, and social network analyses?
2. Methodology

This section describes the research method, sampling approach, and study limitations.

2.1. Research Method and Design

To gain a thorough and expansive insight, particularly in recognizing evolving trends and patterns related to the
implementation of educational and assistive technologies in special education, this study integrates a systematic
literature review, as outlined by Gough et al. (2012), and employs bibliometric analysis methods, following Donthu et
al. (2021). The rationale behind this approach is to ensure a comprehensive and methodical examination of existing
literature, thereby capturing a wide array of perspectives and developments in the field. Additionally, the study employs
a triangulation strategy to scrutinize the research material from various dimensions, as suggested by Thurmond (2001).
This includes the utilization of data mining and advanced analytical techniques like t-SNE analysis (van der Maaten &
Hinton, 2008), text mining (Feldman & Sanger, 2007), and social network analysis (SNA; Hansen et al., 2010). The
justification for this multi-method approach is to provide a layered and nuanced analysis of the research questions,
leveraging different methodologies to validate and enrich the findings, thereby offering a more holistic view of the

research landscape.
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2.2. Inclusion Criteria and Research Sampling

In this study, the research material was meticulously gathered from publications indexed in the Scopus database. The
selection of Scopus was strategic due to its broad spectrum of peer-reviewed literature, ensuring a thorough coverage
of the subject matter. The focus was on sourcing documents that were either accessible via library services or available
as open access, specifically those featuring designated search terms related to educational and assistive technologies in

special education in their titles or keywords, as detailed in Table 1.

The construction of the research corpus was guided by these targeted search terms, ensuring relevance and specificity
in the context of the study. Following the principles of the PRISMA protocol, as elaborated by Page et al. (2021), the
research team meticulously curated the final collection of literature. This protocol is renowned for its systematic and
transparent approach in literature selection and review, which is critical for the integrity and credibility of research.
Ultimately, the research corpus culminated in a substantial body of 334 publications, offering a comprehensive
perspective on the topic under investigation. This rigorous selection process, anchored in a respected protocol and a
reputable database, underscores the robustness and breadth of the research approach.

Table 1
Search Strings and PRISMA Protocol

Search Strings

Database Scopus

Title "special education" AND "educational technolog*" OR "assistive technolog*" OR "technolog*"
OR

Keywords "special education" AND "educational technolog*" OR "assistive technolog*" OR "technolog*"

PRISMA Protocol

Identification A total of 466 documents were identified in social sciences.
Screening Document types were limited to conference papers (n=39) and articles (n=338).
Excluded: Book chapter (n=64), Book (n=13), Editorial (n=6), Note (n=4), Erratum (n=2).

Excluded if the articles were not written in English (n=47).

Inclusion A total of 334 documents were included in the final research corpus.

2.3. Limitations

This research, while extensive, recognizes inherent limitations in its scope and interpretation of results. The primary
constraint arises from the exclusive reliance on the Scopus database for sourcing peer-reviewed publications. Despite
Scopus being one of the most comprehensive databases in this field, this singular dependence implies that the study's

findings are based solely on the literature indexed within it.

This approach, while yielding a significant research corpus, inherently excludes potential contributions from other
databases, sources, and formats. Notably, relevant articles on educational and assistive technologies in special
education could be present in alternative databases or in various forms of grey literature, which encompasses materials
like reports, theses, and conference proceedings that are not typically subject to the same level of peer review as

published journal articles.
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The recognition of this limitation is critical in contextualizing the findings of the study. It suggests that while the research
provides a comprehensive overview based on available Scopus-indexed literature, it may not encompass the complete
spectrum of existing scholarly work on the subject. This acknowledgment highlights the need for a cautious
interpretation of the results, bearing in mind the potential existence of additional relevant studies and insights outside

the Scopus database.
3. Findings and Discussion

This section reports bibliometric trends and research patterns.

3.1. Bibliometric Trends

The research corpus assembled for this study spans an impressive duration of over sixty years, ranging from 1965 to
2025, as depicted in Figure 1. This extensive temporal coverage provides a comprehensive historical and contemporary
perspective on the subject.. Within this corpus, a total of 334 publications, comprising both articles and conference
papers, were compiled from 148 distinct sources.

Figure 1
Time Trend of Publications
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This temporal expansion, spanning six decades, demonstrates the field's evolution from niche to nascent sub-discipline
to mainstream research agenda. Beyond publication volume, the composition of the corpus reveals critical
characteristics about the research community itself. A notable aspect of this corpus is the collaborative nature of the
research in this field. Out of the 334 publications, an extensive network of 1048 researchers contributed as co-authors,
illustrating the collaborative and interdisciplinary nature of research in this domain. Furthermore, the final research
corpus is characterized by its diversity and richness in terms of content, as evidenced by the inclusion of 775 distinct
keywords. This variety reflects the wide range of topics and subtopics covered within the field. Additionally, the corpus
is substantiated by an extensive reference list, encompassing 10,775 references. This substantial number of references
not only underpins the depth of research conducted but also highlights the interconnectedness of the works within this

corpus, providing a robust foundation for the study.
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Figure 2
Geographical Distribution of the Corresponding Authors
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The geographical analysis of the authors contributing to the research corpus (n=1048) reveals a notable pattern in terms
of regional representation, as illustrated in Figure 2. The top four countries in terms of contributions are the USA
(n=362), China (n=88), Turkey (n=47), and Spain (n=42), collectively accounting for more than half of the total
contributions. This concentration indicates a significant skew towards these regions in the field of educational and
assistive technologies within special education. The USA's dominant position, contributing 35% on its own, highlights a
considerable imbalance. It suggests that much of the research and development in this field is concentrated in, and
potentially influenced by, a single country. This dominance raises questions about global diversity and inclusivity in the
development and application of these technologies. The lesser representation from other countries implies a limited
engagement or interest in the use of technology in special education in these regions. This could be due to various
factors such as resource availability, policy priorities, or research focus areas. The data suggests a need for more globally
diverse contributions to ensure a broader, more inclusive understanding and application of educational and assistive

technologies in the field of special education.

3.2. Thematic Research Patterns

The plot in Figure 3 illustrates a clear temporal evolution in the research field, highlighting a significant paradigm shift
from foundational concepts to high-tech, specialized applications. The early research landscape, prominent from the
1980s through the 1990s, was dominated by foundational terms such as "education, special," "disabled person,"
"computer-assisted instruction," and "United States." This suggests an initial focus on establishing the field and
addressing basic access, often within a specific national policy context. A critical shift is also evident in the terminology
itself; the plot captures the field's move away from pathologizing labels like "handicapped persons" toward more
inclusive, person-first language such as "students with disabilities" and "students with special needs," reflecting a

significant socio-cultural and theoretical maturation.
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Figure 3
Temporal Evolution in Special Education from the Perspective of Educational Technology
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The analysis of research trends (See Figure 3) reveals three distinct eras, each with a unique thematic focus. The first,
the "Foundational Period" (1980s-1990s), was concerned with establishing the field's core elements. Dominant terms
like "education, special," "disabled persons," and "computer-assisted instruction" suggest that research was primarily
focused on basic access, early technological interventions, and policy, often within the "United States" context. This was
followed by a "Transitional Period" (c. 2000s), which marked a clear pivot toward integration and inclusivity. The

emergence of terms such as "mobile learning," "inclusion,

assessment," and "ICT (Information and Communication
Technologies)" indicates a growing interest in moving beyond basic instruction. The research focus expanded to
embedding technology systemically into education, adopting inclusive practices, and developing methods to measure
their effectiveness. Finally, the "Acceleration Period" (2010s-Present) demonstrates a significant sharpening and
specialization of the research agenda. This modern era is characterized by the high frequency (indicated by the larger

bubble sizes) and rapid proliferation of advanced technologies. Terms like "artificial intelligence (Al)," "virtual reality,"
"augmented reality," and "assistive technologies" are no longer niche topics but have become dominant themes. This
signals a major shift where research is driven by rapid technological advancements and a strong emphasis on leveraging
these tools for diverse learners. The plot confirms that the intersection of "technology integration" and "special

education" has evolved from a sub-topic into the critical nexus of the modern research field.

The trend observed in Figure 3 demonstrates that technology in special education has transcended its role as mere
instrumental support to become a fundamental paradigm shaping the field's trajectory. This evolution reveals a
transformation characterized not by a quantitative increase in tools, but by qualitative shifts in educational practice:
from limited applications focused on access and computer-assisted instruction, where technology served as auxiliary
support, to systemic, inclusive, and individualized applications that position technology as integral to participation,

autonomy, and inclusion (Abdelwahab et al., 2025; Yang et al., 2025).
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This development also signifies a concurrent linguistic and conceptual maturation; the move away from pathologizing
terms like "handicapped" toward person-first language such as "students with disabilities" is an indicator of a growing
ethical and pedagogical awareness within the discipline. This change signals a fundamental transformation not only in

the technological tools but in the field's core perspective on knowledge and learning.

In essence, the central research question has shifted from, "Does technology facilitate learning?" to, "How does
technology transform learning and redefine inclusion?". This shift in perspective can be framed as an epistemological
transformation of the field. Technology is no longer viewed as a mere support mechanism but as an integral agent that
actively reshapes the very nature of learning. This transformation is driven not only by high-end, advanced technologies
but also by the proliferation of low-cost, accessible, and multi-modal solutions (Mendes et al., 2025; Mukhtarkyzy et al.,
2025). The current proliferation of advanced technologies like artificial intelligence, augmented reality, and social robots
signifies a crucial pivot in special education—from a perspective focused merely on compensating for deficits to one
centered on unlocking human potential. Thus, this technological evolution has become a direct reflection of the field's

own intellectual and theoretical maturation.

Figure 4
Thematic Evoluation of Educational and Assistive Technologies in Special Education Research.
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The thematic evolution diagram (Figure 4) illustrates the field's conceptual journey, revealing a clear progression from

foundational, parallel themes to a consolidated, and subsequently, highly specialized and applied research landscape.

The Centrality and Shifting Role of "Special Education”

"Special Education" acts as the unwavering conceptual spine of the entire research domain, demonstrating high
centrality in all three time periods. Its role, however, changes significantly. In the foundational period (1965-2010), it
runs as a primary, but parallel, theme alongside other core concepts like "assistive technology," "learning," and
"teaching." By the consolidation period (2011-2021), it evolves into the field's dominant gravitational hub, absorbing
and integrating nearly all other foundational themes, including "inclusion," "internet," "students," and "learning." In the
current period (2022-2025), this massive hub "fractures" into numerous applied specializations, feeding into emergent
topics like "self-efficacy," "higher education," and "music," while also retaining a smaller, self-perpetuating "special

education" theme.
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The analysis shows distinct shifts in how the position of special education within the research field has evolved and has
become an interdisciplinary centre of gravity. While special education was initially a field progressing in parallel with
foundational concepts such as "teaching," "learning," and "assistive technology," since the 2010s, it has acquired a
structure that incorporates these themes and has become the center of inclusivity, digitalization, and pedagogical
transformation processes (Saini et al., 2025; Sinha et al., 2024). During this period, special education has become a
fundamental reference point for both educational technologies and teacher training programs (Filiz & Albay, 2025; Park
et al., 2024). Today, the field of special education, expanding with themes such as "self-efficacy," "higher education,"
and "music," is generating new sub-specialization areas that include not only pedagogical but also cultural and creative
dimensions (Buli-Holmberg & Jeyaprathaban, 2016; Yang et al., 2025). This trend indicates that special education has
now transcended its own boundaries to become an innovative, inclusive, and sustainable knowledge production

ecosystem integrated with diverse disciplines.

The Evolution of Technology as an Integrated Environment

The diagram vividly maps the maturation of technology within the field. It begins in the 1965-2010 period with two
distinct themes: "assistive technology" and "internet." By 2011-2021, these concepts merge and are re-conceptualized
under the broader, more systemic theme of "educational technology," which becomes the second major hub. This
signals a critical shift from viewing technology as a discrete tool (like AT) to viewing it as an integrated environment
(EdTech). This "educational technology" hub then becomes the primary engine for specialization in the 2022-2025

period, branching directly into today's most prominent research fronts: "adaptive learning technologies," "accessibility,"

and "e-learning."

These findings are consistent with the technological transformation emphasized in the related literature. Florian (2004),
for instance, noted that the proliferation of technology in special education has been systematically supported through
legislation, policies, and investments. Since the 2000s, this support has accelerated the integration of educational
technologies with special education, making it one of the field's fundamental dynamics (Lépez-Belmonte et al., 2021;
Rodriguez Jiménez et al., 2019). Furthermore, inci and Kése (2024) emphasize that while tools like computers were
prominent in the early periods, current research highlights advanced technologies such as augmented reality and
machine learning. Moreover, the COVID-19 pandemic has had a decisive impact on the prominence of the "e-learning"
concept in recent years, with research focus increasingly shifting toward this area. This situation demonstrates that
technology has evolved from being merely a tool that facilitates instruction to becoming an inclusive and sustainable
learning environment that shapes the nature of learning, interaction modalities, and accessibility. This dramatic shifting
role—where a consolidated 'educational technology' hub suddenly fractured into highly specialized applications post-
2022 —reflects systemic and socio-political catalysts. The confluence of mobile ubiquity, cloud computing infrastructure,
and accelerated digital transformations during global disruptions forced the field to abandon generalized models.
Research swiftly decentralized to address immediate, hyper-localized operational crises, driving the sudden
fragmentation into independent fronts like digital accessibility policies, e-learning resilience, and targeted autism

interventions.

The Specialization of Research
This flow from general concepts to applied specializations is the diagram's most compelling story. The initial period
(1965-2010) is defined by broad themes. The middle period (2011-2021) not only consolidates these but also introduces

a new, critical focus on the human element: "special education teacher preparation," "special education teachers," and
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"attitudes." The current period (2022-2025) is defined by this specialization. Research has clearly pivoted to address
specific, high-need areas, with "autism spectrum disorders" and "accessibility" emerging as dominant new fields of
inquiry, fed directly by the consolidated themes of "educational technology" and "special education." This indicates a

mature field that is now channeling its foundational knowledge to solve specific, complex, and practical challenges.

These findings reveal an increasing thematic specialization in special education research as the field matures. Saini et
al. (2025) show that, over the past two decades, studies on intellectual disabilities and inclusive education have been
conducted with greater interdisciplinary collaboration, and the research focus has gradually shifted toward specific
subfields such as inclusive education practices and specialized instructional approaches. Similarly, Mukhtarkyzy et al.
(2025) and Heredia-Solérzano & Villafuerte-Holguin (2025) report that research is now concentrated in distinct areas of
need such as autism, accessibility, and mobile learning, with technological tools serving as catalysts that facilitate this
specialization. In addition, Yang et al. (2025) indicate that artificial intelligence, augmented reality, and social robots
have transformed applied research themes in special education, while Zhou et al. (2025) note that studies in

employment contexts increasingly focus on real-life skills such as social participation and independence.

This trend suggests that the field is evolving from abstract theoretical discussions toward an applied research structure
that responds to individual needs and addresses complex practical problems. This shift also marks a critical turning point
for the sustainability of special education. The emerging research trajectory—characterized by technology-supported,
individualized, and real-life-oriented approaches—offers resilient solutions not only to current needs but also to future
challenges related to learning, accessibility, and participation. Sustainable special education requires continuously
adaptable systems, accessible digital ecosystems, and interventions that support long-term independent living skills. In
this sense, the field’s move toward applied, technology-enhanced, and individualized research demonstrates that
innovative tools provide a sustainable framework for developing lasting, scalable, and inclusive educational models.
Consequently, these emerging research trends strengthen not only the academic knowledge base but also the
infrastructure of a more sustainable special education system that enhances lifelong learning, social participation, and

employment opportunities for individuals with special needs.

3.3. Research patterns
By synthesizing the findings of t-SNE (Figure 5), text mining (Figure 6) and SNA analysis (Figure 7), thematic research
patterns were identified. Accordingly, the following themes were identified by triangulating the findings of three

analysis strands:
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Figure 5

t-SNE Analysis of the Titles on Educational and Assistive Technologies in Special Education Research
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Figure 6

Text Mining of the Abstracts on Educational and Assistive Technologies in Special Education Research
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Figure 7
SNA of the Keywords on Educational and Assistive Technologies in Special Education Research
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Theme 1: The Core Nexus of Assistive Technology and Special Education

See key nodes in Figure 5: special, education, technology, assistive, technologies, students, disabilities, needs, learning;
See connected paths in Figure 6: special, education, support, disabilities, students, technology, assistive, needs,
computer; See the strategic nodes in Figure 7: special education, assistive technology, technology, disability, disabilities,

students with special needs.

This theme represents the foundational, gravitational center of the entire research corpus. The analysis shows that
"special education" and "assistive technology" are the dominant, inseparable hubs. This core inquiry of the field focuses

on how technology is identified, adapted, and used to support students with diverse learning needs and disabilities.

In special education, technology has evolved from a mere support tool into a fundamental component that shapes the
very nature of education, from instructional methods to the design of learning environments. Developments in
literature demonstrate that assistive technologies have integrated with special education to form an inseparable
structure. A wide body of research confirms that these technologies play a critical role in increasing the levels of
educational access, participation, and independence for individuals with special needs (Abdelwahab et al., 2025). This
represents a significant shift from early-period studies, which were primarily concentrated on computer-assisted
instruction tools and hardware-based solutions (Alper & Raharinirina, 2006; Woodward & Rieth, 1997). However, as
Mendes et al. (2025) note, in subsequent years assistive technology has been reconceptualized as a multidimensional
learning ecosystem, encompassing software, mobile applications, and digital systems. Similarly, the rise of next-
generation technologies, such as augmented reality and mobile applications, signifies the field's pivot away from
individual support tools and toward system-level solutions that empower participation (Mukhtarkyzy et al., 2025).
Consequently, technology has transcended its role as a simple tool to support the learning process; it now redefines the
holistic structure of education, establishing an increasingly strong equilibrium between pedagogical innovation and

technological advancement.

Theme 2: The Educator's Role in Technology Implementation
See key nodes in Figure 5: teachers, pre (pre-service), service, professional, attitudes, efficacy; See connected paths in

Figure 6: teachers, educators, training, knowledge, implementation, curriculum, practice, self-efficacy, content; See the
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strategic nodes in Figure 7: teachers, professional development, teacher preparation, pre-service teacher, special

education teacher, attitudes, self-efficacy, tpack.

This theme highlights that technology is not implemented in a vacuum. The research corpus places significant emphasis
on the human element: the teacher. This includes pre-service training, ongoing professional development, teacher
attitudes toward technology, and the development of pedagogical content knowledge (TPACK) and self-efficacy

required for successful classroom implementation.

The effective implementation of technology in special education environments is directly correlated with teachers'
knowledge, pedagogical competencies, and attitudes toward technology. In this context, the TPACK (Technological
Pedagogical Content Knowledge) model provides a foundational theoretical framework for assessing teacher
competencies in technology integration (Mishra & Bozkurt, 2026). The literature indicates that the most significant
variables explaining technology adoption by special education teachers are the TPACK components and self-efficacy
beliefs (Chai et al., 2010; Pamuk et al., 2015). However, it is emphasized that increases in technological, pedagogical,
and content knowledge do not automatically guarantee TPACK development. Rather, TPACK is identified as an
independent and holistic construct that emerges from the integration of these knowledge domains within a specific
teaching context, not their mere summation (Kaplon-Schilis & Lyublinskaya, 2020). This finding illustrates that
technology integration is shaped not only by technical skills but also by teachers' pedagogical reasoning, reflective
thinking, and their capacity to design inclusively-oriented learning environments. Despite this, it is also reported that
teachers do not always use assistive technologies at the expected level of efficacy. Insufficient training, a lack of in-class
guidance, and hardware or financial constraints are cited as primary factors limiting the potential of these technologies

(Fernandez-Batanero et al., 2022).

Rather than treating tools as isolated add-ons, modern special education settings require an agile, contextual
understanding to dynamically blend technological pedagogical content knowledge and mitigate equity divides. In this
light, technology implementation must transcend simple accessibility; it must be intentionally leveraged to optimize
affective proximity and minimize transactional distance between the educator and the student, thereby systematically
cultivating learner agency within complex, post-digital environments. These findings mandate that for effective
technology integration in special education; teacher education must move beyond a focus on mere tool usage. Despite
these challenges, the research clearly shows that the integration of technology in special education requires more than
mere tool provision. For effective implementation, teacher education must move beyond a focus on mere tool usage

and embrace holistic TPACK development within inclusive pedagogical frameworks

Theme 3: Inclusive Pedagogy, Accessibility, and Universal Design
See key nodes in Figure 5: inclusive, design, classroom, applications; See connected paths in Figure 6: inclusion, access,
tools, digital, technologies, design, curriculum, field; See the strategic nodes in Figure 7: inclusion, inclusive education,

accessibility, universal design for learning, curriculum.

This theme focuses on the pedagogical frameworks that guide technology use. The research connects technology
integration not just to individual student needs (accommodation) but to the broader systemic goal of creating inherently
inclusive classrooms. The prominence of "accessibility" and "universal design for learning" (UDL) indicates a significant

research focus on proactive, inclusive design rather than retroactive fixes.
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In recent years, special education research has begun to conceptualize technology not merely as a tool to compensate
for individual differences, but as a systemic element that guides the design of inclusive learning environments. In this
transformation, the principles of Universal Design for Learning (UDL) have taken a central position, aiming to integrate
the accessibility, flexibility, and participation dimensions of the learning process through technology. Filiz and Albay
(2025) noted that inclusive STEM research in special education has enhanced accessibility, particularly with an emphasis
on UDL-based curricula and teacher training; however, they also highlighted that this research is concentrated in specific
geographical regions and remains methodologically limited. Similarly, Sdnchez et al. (2023) reported that while UDL
principles have become more prevalent in digital and distance education contexts, the majority of research is limited to
visual and hearing impairments and lacks sufficient applied evidence. These findings demonstrate that despite the
recognition of technology's potential, its interdisciplinary and inclusive integration has not yet been achieved in practice.
This gap emphasizes the need to explicitly tie localized UDL instructional frameworks directly to broader digital
accessibility policies and international human rights conventions, ensuring that inclusive curriculum design transforms

from a theoretical goal into an enforceable, proactive educational standard.

Furthermore, Heredia-Solérzano and Villafuerte-Holguin (2025) revealed that although assistive technologies have
become part of inclusive education policies, inadequacies in teacher training and institutional resources impede the
effective implementation of these policies. This situation stands in contrast to UNESCO's (2020) call for "inclusive
education for all" and the CRPD's (2006) definition of technological access as a fundamental right. Therefore, for
technology to become an effective tool in inclusive pedagogy, it is necessary not only to have legal frameworks in place
but also to disseminate applied pedagogical models that strengthen teachers' skills in designing accessible learning
environments. This recognition of systemic barriers highlights a critical imperative: emerging research trends must
bridge the gap between policy and practice. These trends—characterized by technology-supported, individualized, and
real-life-oriented approaches—not only strengthen the academic knowledge base but also establish infrastructure for

a more sustainable special education system.

Theme 4: Technology for Autism Spectrum Disorder and Social Communication
See key nodes in Figure 5: autism, development, children, social; See connected paths in Figure 6: autism, disorder,
social, interaction, communication, children, robots, multimedia; See the strategic nodes in Figure 7: autism, autism

spectrum disorder.

This theme represents one of the largest and most specific application areas within the corpus. The data shows a strong
convergence of various technologies (including robotics, multimedia, and as seen in Theme 6, VR/AR) with the specific
needs of children with autism. The research focus is heavily oriented toward using technology to develop and support

social, interactive, and communication skills.

Autism spectrum disorder (ASD) represents one of the areas in special education where technology finds its most
intensive application (Elumar-Efe et al., 2026). The literature indicates that technological solutions carry significant
potential for supporting the social interaction, communication, and emotional awareness skills of individuals with ASD
(Grynszpan et al.,, 2014). Systematic analyses in recent years have revealed that robotic-assisted instruction, in
particular, facilitates the development of social prerequisite skills in children, such as making eye contact, turn-taking,
and joint attention (Kouroupa et al., 2022). However, a significant portion of existing research is conducted outside of

natural teaching environments, and the generalizability of acquired skills to real-world social settings often remains
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limited (Lorenzo & Lorenzo-Lledo, 2024). This dynamic requires a distinct shift in focus from rigid, highly structured
laboratory-based robotic interventions toward naturalistic, classroom-embedded assistive platforms. Transitioning to
natural settings allows researchers to observe organic peer interactions and gauge the long-term ecological validity of
tech-supported social skill developmental trajectories. This highlights the need for technology to be systematically

planned not only for the instructional process but also for the generalization phase of social skills.

Theme 5: Supporting Sensory Impairments
See key nodes in Figure 5: learning, skills; See connected paths in Figure 6: impairment, communication, skills, learning,

developmental; See the strategic nodes in Figure 7: deaf, hard of hearing.

This theme, clearly identified in the keyword analysis and supported by the abstract paths, shows a distinct focus on
sensory disabilities. This body of research investigates the use of technology to support learning, skill development
(particularly literacy and language), and communication for students who are deaf or hard of hearing, representing

another major disability-specific application.

The use of assistive technologies for sensory impairments is central to special education research, situated at the
intersection of accessibility and pedagogical inclusivity. The literature shows that technologies developed for visual and
hearing impairments (e.g., screen readers, haptic maps, sign language recognition systems) expand learning
opportunities; however, these applications are often limited to specific disability groups (Sanchez et al., 2023; Soeprapto
Putri et al., 2025). This situation highlights the need for technology in special education to be addressed with a more
holistic and interdisciplinary approach. Filiz and Albay (2025) stated that despite the growing adoption of inclusive
learning and Universal Design for Learning (UDL) principles in STEM-based special education research, pedagogical
practices have not achieved sufficient depth, and systemic barriers persist. When these findings are evaluated
collectively, it can be asserted that the use of technology in the field of sensory impairments is no longer merely about
providing access; rather, it represents the beginning of a transformation that centers inclusivity within instructional

design.

Theme 6: The New Frontier: Al, VR/AR, and E-Learning
See key nodes in Figure 5: artificial, intelligence, virtual, reality, digital, pandemic, covid; See connected paths in Figure
6: artificial intelligence, robots, digital, technologies, multimedia; See the strategic nodes in Figure 7: artificial

intelligence, augmented reality, virtual reality, e-learning, covid-19.

This theme captures the field's cutting edge. While foundational assistive technologies remain central, a distinct and
rapidly growing body of research is exploring novel applications of immersive (VR/AR) and intelligent (Al) technologies.
This new wave of research, accelerated by the challenges of "e-learning" and the "covid-19" pandemic, is focused on

creating adaptive, personalized, and simulated learning experiences.

The literature demonstrates that technological development in special education has moved beyond assistive tools to
create a new paradigm through intelligent, interactive, and adaptive systems. Specifically, artificial intelligence (Al),
virtual and augmented reality (VR/AR), and e-learning applications are playing a transformative role in personalizing
learning experiences and enhancing accessibility. The bibliometric analysis by Yang et al. (2025) reveals that Al
applications in special education are rapidly diversifying—gaining prominence particularly in areas such as autism,
cognitive rehabilitation, and attention tracking—and this process brings ethical responsibilities and teacher training

requirements to the forefront. Mukhtarkyzy et al. (2025), meanwhile, reported that augmented reality and mobile
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learning solutions have positive effects on the participation, motivation, and learning outcomes of individuals with
special needs, but noted that data regarding long-term impacts and pedagogical sustainability remain limited. E-learning
environments, which became widespread with the onset of the COVID-19 pandemic, have shifted technology from being
just a tool to becoming a fundamental component of flexible, inclusive, and personalized learning ecosystems. This
transition toward intelligent software systems also accelerates the production of open educational resources (OER) and
scalable micro-credentials, making complex learning materials infinitely customizable for diverse cognitive profiles.
Immersive simulations offer predictable, low-anxiety spaces for communication training, while generative and agentic
Al models autonomously synthesize personalized pathways, transforming tools from simple support mechanisms into
proactive agents of human potential. While immersive simulations offer predictable, low-anxiety spaces for
communication training, and generative or agentic Al models autonomously synthesize personalized pathways, this
frontier introduces new complexities. The rapid deployment of large-scale Al models creates a critical tension between
hyper-personalization and environmental sustainability. A truly sustainable special education ecosystem must critically
weigh the high computational footprint and ecological costs of agentic systems against their instructional efficacy,
ensuring ethical deployment is balanced with environmental responsibility. These developments show that technology
in special education is no longer merely a pedagogical innovation but has initiated a human-centered and ethically-

grounded transformation process.
4. Conclusion, Suggestions and Future Implications

This study bridged a critical methodological gap in literature by integrating a 60-year bibliometric analysis with a multi-
method thematic synthesis. Our longitudinal exploration reveals a field that has undergone a profound maturation. The
thematic evolution (Figure 4) shows a clear three-stage journey: a Foundational Period (1965-2010) of parallel, core
concepts like "assistive technology" and "special education"; a Consolidation Period (2011-2021) where "special
education" and "educational technology" became dominant hubs, absorbing other themes and introducing a new focus
on the "human element" of teacher preparation; and a Specialization Period (2022—Present), where these consolidated
hubs "fractured" into the highly-applied, high-need topics that define the modern landscape, such as "adaptive learning

technologies," "accessibility," and "autism spectrum disorders".

This journey is confirmed by our six triangulated themes (see Table 2). The research field has solidified around a core
nexus (Theme 1), while recognizing that the educator is the lynchpin (Theme 2) and that inclusive pedagogy via UDL is
the goal (Theme 3). This mature foundation is now being channeled into major application areas like autism (Theme 4)
and sensory impairments (Theme 5). Finally, the entire field is being propelled into a new era by a technological frontier
of Al, VR, and e-learning (Theme 6), a trend bibliometrically confirmed by the rapid acceleration in publications post-
2010 (Figure 1). In parallel, our findings expose a significant geographical imbalance, with the USA's dominance (35%)

suggesting that much of this progress is not yet a global phenomenon.
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Table 2

Triangulation Matrix of Synthesized Research Themes

Theme

Core Analytical Strands (t-
SNE / Text Mining / SNA)

Primary Pedagogical/Theoretical
Focus

Key Future Research Frontier

Theme 1: The Core
AT-Special Education
Nexus

Theme 2: The
Educator's Role in
Implementation

Theme 3: Inclusive
Pedagogy & Universal
Design

Theme 4: Autism &
Social
Communication

Theme 5: Supporting
Sensory Impairments

Theme 6: The New
Frontier (Al, VR, E-
Learning)

special, education,
technology, assistive,
disabilities, students with
special needs

teachers, pre-service,
professional development,
attitudes, self-efficacy,
TPACK

inclusive, inclusion,
accessibility, universal
design for learning,
curriculum

autism, development,
children, social, interaction,
communication, robots,
multimedia

learning, skills, impairment,
communication, deaf, hard
of hearing

artificial intelligence, virtual
reality, augmented reality,
digital, e-learning,
pandemic

Shift from pathologizing deficit-
compensation tools to holistic,
individual learning ecosystems.

Integrating technical skill with
pedagogical reasoning to minimize
transactional distance.

Transitioning from retroactive
accommodation fixes to proactive,
universal environmental design.

Utilizing interactive and robotic
platforms to facilitate prerequisite
social behaviors.

Enhancing linguistic, literacy, and
multi-modal sensory access within
instructional spaces.

Moving from passive assistance to
proactive, agentic, and generative
human potential optimization.

Development of low-cost, multi-
modal, and customizable open-
source digital toolkits.

Cultivating contextual self-
efficacy and affective proximity
in post-digital environments.

Aligning localized UDL
curriculum frameworks with
international human rights
standards.

Transitioning from highly
structured laboratory
environments to naturalistic,
classroom-embedded platforms.

Interdisciplinary development of
haptic and sign-recognition
digital ecosystems.

Developing ethical, privacy-
preserving, and
environmentally-sustainable
frameworks for agentic Al.

The findings carry significant implications for practice, policy, and research.

For Practice & Teacher Education: The prominence of Theme 2 (The Educator's Role) provides a clear mandate:
simply providing technology is insufficient. The research corpus shows that "teacher preparation," "attitudes,"
and "self-efficacy" are central concerns. This implies that educational institutions must move beyond one-off
training workshops and embed technology, pedagogy, and content knowledge (TPACK) into the core of pre-
service and in-service training. This training should be pedagogically grounded in the principles of UDL and
accessibility (Theme 3), training educators to be designers of inclusive environments, not just consumers of

tools.

For Policy & Global Equity: The stark geographical imbalance revealed in the bibliometric analysis (Figure 2) is
a major policy implication. With 35% of contributions from the USA, there is a significant risk of geographical
bias, where solutions and technologies are culturally monolithic and may not serve diverse global populations.
Policymakers must actively foster international collaboration and fund research in underrepresented regions to

prevent a new "assistive technology divide" and ensure equitable access to innovation.

For Research: The emergence of Theme 6 (The New Frontier) and the specialization in the thematic evolution

map (Figure 4) signal a paradigm shift. Topics like "artificial intelligence," "virtual reality," and "adaptive
learning technologies" are no longer niche; they are the new mainstream. This implies that researchers must
develop new ethical and methodological frameworks to assess these complex, often "black-box" technologies,

moving beyond simple efficacy studies to explore their long-term, systemic, and cognitive impacts.
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The stark geographical imbalance revealed in the bibliometric analysis (Figure 2) is a major policy implication. To actively
dismantle this geopolitical centralization, global funding bodies must prioritize decentralized, open-source digital
toolkits designed specifically for low-resource environments. Establishing cross-cultural research syndicates ensures
that next-generation intelligent platforms develop as a universally accessible ecosystem rather than an exclusive
privilege, thereby safeguarding educational equity on a global scale. Based on the patterns and identified limitations,

we propose several key directions for future research:

e Broaden the Cultural and Geographical Lens: The heavy dominance of US-based research is the study's most
critical finding. Future research must intentionally prioritize cross-cultural, comparative, and non-Western-
centric studies to understand how assistive technologies are adapted and implemented in diverse linguistic,

economic, and policy contexts.

e Investigate the "New Frontier" Longitudinally: While Theme 6 shows a rapid rise in Al, VR, and AR, this research
is still nascent. We call for longitudinal studies that track the long-term impacts of these immersive and
intelligent technologies on student learning, social development, and teacher practice, with a strong focus on

ethics, data privacy, and scalability.

e Address Underrepresented Disability Groups: Our thematic analysis identified strong, specific clusters around
"autism" (Theme 4) and "sensory impairments" (Theme 5) . This implies other disability groups may be
underserved. Future research should systematically investigate the application of modern technologies for
populations that were less prominent in the corpus, such as individuals with intellectual disabilities or complex

physical disabilities.
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