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Abstract. The rapid advancement of emerging educational technologies has
opened new avenues for inclusion and innovation in special education. This paper
presents findings from a mixed-methods study conducted in Cyprus, focusing on
the integration of Artificial Intelligence (AI), educational robotics,
virtual/augmented reality (VR/AR), and adaptive learning software in classroom
environments supporting students with special educational needs (SEN).
Drawing on both qualitative and quantitative data collected from over 120
participants, including teachers, parents, and learners, the research investigates
the pedagogical impact, user acceptance, and challenges of deploying such
technologies in real-world educational settings [1, 3].

Observational data and structured interviews highlight how these tools foster

motivation, autonomy, and engagement, particularly among students with
learning disabilities, autism spectrum conditions, or visual/hearing impairments.
The study further identifies barriers such as lack of teacher training,
infrastructural constraints, limited digital content in native languages, and the
need for ethical considerations when implementing Al-driven tools [4-6].
To address these gaps, the paper proposes the “Assistive EdTech Adoption
Framework”, a phased roadmap for schools aiming to deploy inclusive
educational technologies aligned with the Universal Design for Learning (UDL)
model [3, 10]. This framework emphasizes scalable implementation,
interdisciplinary collaboration, and alignment with the European Digital
Competence Framework (DigCompEdu). The paper concludes with policy and
practice recommendations to enhance digital equity and empower teachers in the
use of smart educational ecosystems [13], as illustrated in Figure 1.

Keywords: Special education, Artificial Intelligence, Educational robotics, VR/AR,

Inclusive learning, Assistive technologies, DigCompEdu, Universal Design for
Learning.

1 Introduction

Inclusive education has become a fundamental principle for 21st-century schooling,
calling for flexible, responsive, and highly personalized teaching approaches that
address the diverse needs of all learners. Across the globe, policymakers and educators
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are striving to remove barriers and promote equitable opportunities for students with
disabilities or additional learning needs.

In this context, the rapid advancement of artificial intelligence (Al), educational
robotics, and immersive technologies such as virtual and augmented reality (VR/AR)
has opened new possibilities for tailoring pedagogy and curriculum to the unique
profiles of each learner. These tools can enable more adaptive, interactive, and data-
informed instruction, helping teachers to better support cognitive, emotional, and social
development [4],[5].

While the theoretical promise of technology-driven inclusion is well documented,
real-world application remains complex. This study explores how Al-powered and
digital tools are currently being used in special education settings in Cyprus, examining
both their practical benefits and the challenges of scaling such innovations. The
research aims to provide insights for practitioners and policymakers interested in
maximizing the positive impact of technology in inclusive classrooms [1],[3].

2 Theoretical Background

The field of special education increasingly relies on a broad spectrum of technological
solutions designed to meet the individualized needs of students with diverse abilities
and learning profiles. Effective inclusion requires tools that facilitate sensory access,
enable differentiated instruction, and promote learner autonomy, ensuring that every
student can participate meaningfully and achieve their full potential within the learning
process [4], [5], [6]-

Artificial intelligence (Al) offers significant capabilities in personalizing content
delivery, assessment, and feedback, adapting resources dynamically to the learner’s
abilities, pace, and evolving progress [4], [10]. Al-powered analytics can identify
learning gaps, recommend targeted interventions, and even predict potential learning
difficulties, thus enabling preventive pedagogical measures. Similarly, virtual and
augmented reality (VR/AR) environments provide multisensory, immersive
experiences that enhance engagement, scaffold complex concepts, and create simulated
scenarios for practicing real-life skills in safe, controlled environments. This is
particularly valuable for students with attention disorders or sensory processing
differences, who may benefit from tailored sensory inputs and adjustable interaction
levels [5].

Educational robotics combines physical interaction with problem-solving and
gamification, fostering not only academic learning but also social-emotional
development, collaboration, and communication skills [6]. Robots can act as mediators
in peer interactions, enabling inclusive participation for students with autism spectrum
conditions or speech/language impairments.

This section draws upon international literature to review the pedagogical
affordances of these technologies, highlighting both opportunities, such as enhanced
engagement, personalization, and inclusivity, and potential pitfalls, including ethical
considerations, accessibility barriers, and the digital divide. It also underscores the
pivotal role of structured frameworks, notably Universal Design for Learning (UDL)
[10] and the European Digital Competence Framework for Educators (DigCompEdu)
[3], which provide evidence-based guidelines for integrating digital tools effectively
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into diverse educational contexts. However, despite promising results, gaps remain in
understanding how these technologies can be sustainably scaled across diverse
educational contexts, particularly in small or resource-constrained systems. Addressing
these gaps is essential to inform policy, guide teacher training, and ensure that
innovations are equitably accessible to all learners

3 Methodology

This study employed a convergent mixed-methods design, combining quantitative
survey data with qualitative interviews and classroom observations to explore the
pedagogical impact of emerging technologies in special education.

Participants The sample comprised 120 participants in Cyprus, including 85
educators (special and mainstream teachers) and 35 parents of students with special
educational needs (SEN). The educators represented primary and secondary school
levels, with teaching experience ranging from less than 5 years to more than 20 years.
Parents came from diverse socioeconomic backgrounds, reflecting the heterogeneity of
the SEN community.

Instrument Data were collected using a structured questionnaire developed and
validated during a previous MSc research project (Kontis, 2024). The instrument
consisted of 32 closed-ended items organized into six thematic domains:

1. Perceived effectiveness of technology (e. g. , “The use of Al tools improves
my students’ learning outcomes™),
Ease of use and accessibility,
Impact on motivation and engagement,
Support for autonomy and self-regulation,
Collaboration and social interaction,
Barriers and challenges (e. g. , cost, lack of training, language resources).

All items were rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly
agree). Example items included: “VR/AR environments help students with learning
disabilities engage more actively in lessons” and “Robotics activities improve peer
collaboration among students with autism. ”

The questionnaire was subjected to expert validation by three academics in
educational technology and special education, ensuring content validity and internal
coherence.

Qualitative component To complement survey data, 12 semi-structured interviews
were conducted with teachers, alongside 6 non-participant classroom observations. The
interviews explored practical experiences, benefits, and difficulties in implementing
technologies such as Al, robotics, and VR/AR. Observations documented student
engagement, autonomy, and social interaction patterns.

Procedure Surveys were administered both online and in print form between
February and May 2024. Interviews lasted 3045 minutes and were audio-recorded
with participant consent. Observations took place in inclusive classrooms during
normal teaching hours.

Data Analysis Quantitative data were analyzed using SPSS v. 28, applying
descriptive statistics (means, standard deviations, and frequency distributions) and
cross-tabulations by participant group (teachers vs. parents). Qualitative data were
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analyzed thematically following Braun & Clarke’s (2006) six-step framework, enabling
identification of recurring themes and triangulation with quantitative results

4 Results

The quantitative findings revealed clear trends regarding the pedagogical impact of
emerging technologies in special education. Descriptive statistics were computed in
SPSS (v. 28), including frequencies, percentages, and means across the main domains
of the instrument

Table 1. Perceived impact of emerging technologies on student outcomes (N = 120)

Indicator % of respondents reporting improvement
Student engagement 82%
Task completion rates 74%
Motivation and emotional confidence 67%
Peer collaboration and interaction 71%

These results suggest that teachers and parents perceived significant benefits in terms
of engagement, collaboration, and motivation, particularly for students with learning
disabilities and autism spectrum conditions.

Table 2. Reported barriers to implementation (N = 120)

Barrier % of respondents identifying barrier
Lack of teacher training 63%
Financial costs of equipment 58%
Limited digital resources in Greek 41%
Infrastructure/technical support 37%

The most frequently cited barrier was insufficient teacher training, followed by the
cost of acquiring and maintaining advanced technologies.

Qualitative insights further enriched these findings. Teachers described how robotics
facilitated social interaction among students with autism, while adaptive reading
software supported learners with dyslexia in overcoming literacy challenges. As one
participant noted: “For the first time, I saw my student initiate a conversation with a
peer without prompting. ” These narratives highlight how emerging technologies not
only improved academic outcomes but also contributed to autonomy, confidence, and
social inclusion.

Teachers emphasized that these technologies fostered greater autonomy, self-
advocacy, and metacognitive awareness in students, while also stressing the importance
of ongoing guidance, culturally relevant content, and personalized instructional
approaches [7], [11].
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5 Discussion

The findings of this study highlight the transformative potential of emerging
technologies in special education, while also exposing critical systemic barriers that
must be addressed for sustainable impact. When effectively integrated, Al, robotics,
VR/AR, and adaptive software foster engagement, autonomy, and social participation
among students with special educational needs [4], [5], [17]. The evidence presented
supports the principles of Universal Design for Learning (UDL) and the DigCompEdu
framework, demonstrating how structured approaches can guide inclusive digital
pedagogy [2], [8], [15].

At the same time, barriers such as insufficient teacher training, financial costs, and
lack of accessible resources in native languages remain significant challenges [3], [6].
Addressing these requires a whole-school approach, combining long-term professional
development, collaborative design of lessons, and sustained infrastructural support.
From a policy perspective, ministries and school leaders should prioritize strategic
investment in digital capacity-building, ensuring that educators are equipped with both
the technical and pedagogical skills required to implement new tools effectively [11],
[19]. Pilot projects and co-design initiatives involving teachers, learners, and families
can further ensure that innovations reflect real classroom needs.

Finally, embedding AI ethics throughout the process, from system design to
classroom practice, is essential to safeguard transparency, privacy, and fairness [9],
[10], [14]. Only through ethically responsible and pedagogically grounded integration
can emerging technologies contribute to sustainable inclusion and equity in education.

6 Proposed Framework: Assistive EdTech Adoption

Based on the findings and identified needs, this study proposes a three-phase model for
the structured and ethical adoption of assistive educational technologies in special
education (Figure 1). The framework was developed by the authors and is grounded in
the principles of Universal Design for Learning (UDL) and the European Digital
Competence Framework for Educators (DigCompEdu) [2], [8], [15].

Phase 1 — Exploration. Schools begin with low-cost or freely available tools (e. g. ,
text-to-speech software, browser-based accessibility extensions). The focus is on ease
of use, inclusivity, and minimal training, encouraging educators to take first steps
toward digital inclusion.

Phase 2 — Integration. As familiarity increases, more advanced solutions are
introduced, such as educational robotics, immersive VR/AR scenarios, and adaptive
learning management plugins for SEN learners. Teacher training and peer collaboration
are emphasized, ensuring that technology use aligns with pedagogical objectives.

Phase 3 — Optimization. Institutions adopt Al-driven personalization systems,
wearable sensors, and real-time analytics to tailor interventions and predict learning
needs. At this stage, explicit integration of Al ethics—transparency, privacy, and
fairness—is required to guarantee safe, equitable, and sustainable adoption.

This phased roadmap promotes a gradual, scalable, and pedagogically aligned
transition, allowing both educators and students to thrive in inclusive and ethically
responsible digital ecosystems.
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7 Conclusions and Recommendations

The findings of this study underscore the urgent need for well-structured policies that
guide the effective integration of assistive technologies in special education. Successful
implementation requires more than the deployment of tools, it demands a
comprehensive strategy encompassing professional development, inclusive
instructional design, and sustained support mechanisms.

Policymakers, school leaders, and education ministries should prioritize investment
in teacher training programs, co-design initiatives involving both educators and
learners, and small-scale pilot projects that reflect the realities of inclusive classrooms.
These actions should be aligned with established digital competence frameworks and
accessibility standards.

Future research should investigate the long-term impact of these technologies on
learner outcomes, comparing implementation strategies across diverse educational
systems and cultural contexts. Studies should also examine the factors that influence
successful adoption, including teacher readiness, resource availability, and ethical
considerations, particularly in relation to Al ethics, to ensure equitable and sustainable
integration.

Phase 1 - Exploration Phase 2 - Integration th?e 3- Opﬁ;mli:z.atlon
Free/low-cost tools Robotics P%:;é%igg 101
Text-to-speech VR/AR Analytics
Accessibility extensions Adaptive LMS ‘AT ethics

Fig. 1. Assistive EdTech Adoption Framework (Authors’ own work)
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Fig. 2. AR tool used in inclusive classroom context (Source: Pixabay, free to use under Pixabay
License)
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