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Inclusive education in virtual reality:
New horizons of accessibility and participation

Abstract. Inclusive education aims to ensure equal learning opportunities for all students, regardless of their individual
developmental, cognitive, or physical characteristics. Virtual reality is a technology capable of creating immersive and
interactive environments that can significantly enhance the effectiveness of inclusive educational practices. This study
explored the potential of virtual reality to overcome learning barriers by examining successful examples of its use for
students with special educational needs, particularly those with sensory impairments and autism spectrum conditions.
The research methods included comparative analysis, case reviews, and a pilot implementation of virtual environments
for students enrolled in the “Business Design” programme, as well as for learners in educational centres. The findings
showed that virtual reality effectively creates adaptive learning environments and supports safe social interaction,
fostering empathy by modelling new experiences in neurotypical individuals. Quantitative data revealed an 18% increase
in test results, improved focus by 22%, a 15% rise in task performance, and a 20% increase in self-rated concentration.
Learners with special needs also demonstrated notable progress: comprehension improved by 25%, problem-solving skills
by 20%, and participation in group work by 30%. The use of virtual reality contributed to increased student engagement,
enhanced cognitive and social skills, and expanded opportunities for experiential learning in a risk-free environment.
Practical outcomes include the development of virtual environment interfaces for users with visual impairments and
specialised training modules aimed at developing social skills in students with autism

Keywords: adaptive learning environments; special education; educational technologies; digital tools; sensory learning

INTRODUCTION

Inclusive education aspired to provide equal learning op-
portunities for every student, irrespective of their cognitive,
developmental, or physical differences. In educational prac-
tice, learners with disabilities or neurodiverse profiles still
faced significant barriers — from inaccessible curricula and
rigid pedagogical models to insufficient assistive technolo-
gies and a lack of safe, adaptive learning spaces. These limi-
tations often resulted in reduced engagement, lower partic-
ipation, and suboptimal educational outcomes. Addressing
these systemic challenges demanded innovative solutions
that transcended conventional classroom structures, par-
ticularly in contexts where tailored support was most needed.

Virtual reality (VR) and related immersive technolo-
gies were identified as effective tools for advancing inclusive
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education. A systematic review by M. Alkhamisi et al. (2024)
found that VR and artificial intelligence held considerable
promise for supporting students with disabilities through
personalised and multi-sensory learning environments.
Their analysis also flagged major challenges: high costs
of VR hardware, technical implementation hurdles, and
limited teacher preparedness, which impeded large-scale
adoption in inclusive settings. A promising approach was
described in a design framework proposed by researchers
M. Barbu et al. (2025), which integrated XR technologies
with generative artificial intelligence to create adaptive
immersive environments for learners with special edu-
cational needs. The framework emphasised multimodal
representation (visual, auditory, kinaesthetic), dynamic
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adaptation, and scaffolded support, reflecting core princi-
ples of Universal Design for Learning (UDL).

Turning to inclusive education in the Ukrainian con-
text, O. Pinchuk & L. Luparenko (2022) analysed the di-
dactic potential of using digital content with augmented
reality (AR)/VR in school settings. The study showed that
immersive content enriched traditional curricula and sup-
ported differentiated instruction by engaging visual, au-
ditory, and kinaesthetic learners more deeply. The find-
ings also emphasised the necessity of systematic teacher
training and institutional support to enable effective im-
plementation. I. Bulatsan (2023) examined the use of VR
in primary-school mathematics education in Ukraine. The
study demonstrated that VR-based three-dimensional vis-
ualisations facilitated comprehension of abstract mathe-
matical concepts and increased learner engagement. The
research highlighted both pedagogical benefits and the
feasibility of low-cost implementation through widely
available devices, enhancing accessibility in local educa-
tional contexts. N. Soroko (2024) examined how immersive
technologies could be integrated into STEAM (Science,
Technology, Engineering, Arts, Mathematics) projects in
Ukrainian schools. The study illustrated how VR and AR
supported collaborative, project-based learning by ena-
bling design tasks that were difficult to replicate in tradi-
tional classrooms, thereby fostering creativity, peer inter-
action, and spatial reasoning.

Collectively, these studies demonstrated that VR and
immersive technologies could enhance inclusive education
by supporting social-emotional development, enabling per-
sonalised learning pathways, and facilitating experiential
learning. Persistent gaps remained evident: many inves-
tigations were limited to small-scale pilot studies, while
long-term transfer of skills to real-world contexts remained
insufficiently explored. Within Ukraine, existing research
was limited in scope and often prioritised technological
aspects over pedagogical frameworks or systemic integra-
tion. Institutional constraints, teacher perspectives, and
scalable, cost-effective implementation strategies required
further investigation. The purpose of the present study was
to examine how VR could be utilised to support inclusive
education in a scalable and sustainable manner. The study
investigated the extent to which VR-based interventions
reduced structural, pedagogical, and technological barri-
ers for learners with diverse needs; evaluated measurable
cognitive, social, and motivational outcomes; and identi-
fied practical challenges associated with implementation
in educational contexts comparable to those in Ukraine.

LITERATURE REVIEW

Contemporary systematic and empirical work positioned
immersive technologies — particularly VR and extended
reality (XR) — as promising instruments for inclusive edu-
cation, yet also exposed recurring practical and methodo-
logical gaps. A. Chalkiadakis et al. (2024) conducted a com-
prehensive systematic review of the intersection between
artificial intelligence (AI), VR, and educational inclusion,
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synthesising studies on personalisation, accessibility, and
social participation. Their findings indicated that Al-en-
hanced VR systems provided adaptive, multimodal learn-
ing pathways that improved access and engagement.
Significant barriers were also identified, including high
implementation costs, uneven teacher training, and ethical
concerns related to data privacy and algorithmic bias. The
authors highlighted the need for large-scale, standardised
studies and explicit strategies for equitable deployment.

M. Mosher et al. (2022) reviewed 41 empirical studies
on immersive technologies (VR/AR) for social-skills train-
ing in learners with autism spectrum disorder (ASD). The
review categorised intervention types, evaluation meth-
ods, and targeted outcomes, concluding that many inter-
ventions produced short-term improvements in emotion
recognition, social initiation, and cooperative behaviour.
Positive perceptions were reported by educators and car-
egivers. Limitations included heterogeneous outcome
measures, small sample sizes, and limited follow-up as-
sessments evaluating skill generalisation beyond virtual
environments. C.-C. Yeh & Y.-R. Meng (2025) advanced this
research through an experimental design combining be-
havioural observations with neurophysiological measures.
Improvements were documented in conversational fluency,
emotional regulation, and adaptive social behaviour, with
EEG indicators suggesting enhanced empathic processing.
The study acknowledged limitations related to sample size
and intervention duration, constraining conclusions re-
garding scalability and long-term effects.

J. Dudley et al. (2023) presented a comprehensive ac-
cessibility-focused review titled “Inclusive Immersion”, ex-
amining academic and commercial efforts to improve VR
and AR usability for individuals with diverse impairments.
The review identified technical strategies, design princi-
ples, and emerging standards, while noting that much of the
existing research addressed single impairment categories
rather than overlapping accessibility needs. The authors
called for cross-disability frameworks, longitudinal usa-
bility studies, and classroom-oriented integration stand-
ards. A. Ascione et al. (2024) investigated the pedagogical
affordances of VR in school contexts, emphasising embod-
ied learning and multimodal representation. The findings
demonstrated that VR supported comprehension of abstract
concepts, increased motivation, and enabled inclusive prac-
tices when combined with structured scaffolding. Teacher
mediation and culturally responsive content design were
identified as essential factors, while many implementations
prioritised novelty over curriculum alignment. C. Auster-
mann et al. (2025) highlighted that VR enhanced presence
and immersion in classroom settings, fostering engage-
ment and attention even in standard curricula. I. Chitu et
al. (2023) explored VR applications for children with disa-
bilities, concluding that immersive experiences facilitat-
ed understanding, motivation, and social participation.

M. Ghoniyatul & H. Jihaan (2025) emphasised that AR
and VR integration in K-higher education promoted per-
sonalised learning and inclusivity, supporting students
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with diverse cognitive and developmental profiles. Similar-
ly, M. Khasawneh (2024) demonstrated that VR interven-
tions improved engagement and learning outcomes among
students with learning disabilities, while D. Llanos-Ruiz et
al. (2025) confirmed VR’s alignment with sustainable de-
velopment goals, particularly in fostering equitable access
to higher education. C. del R. Navas-Bonilla et al. (2025)
conducted a systematic review of technology-mediated
inclusive education, highlighting VR as a key tool for per-
sonalised learning, social-emotional development, and
accessibility across diverse educational settings. M. Ma-
hajan (2023) outlined frameworks for using VR and AR
to transform inclusive education, focusing on multimod-
al content, scaffolded guidance, and adaptive instruction.
I. Shevchuk et al. (2023) and ]. Thepvong (2025) provided
evidence for VR’s effectiveness in classroom simulations
and ASD-inclusive interventions, emphasising the im-
portance of teacher support, contextual adaptation, and
iterative design. In the Ukrainian context, O. Pinchuk &
L. Luparenko (2022) examined pilot implementations of
AR and VR in formal education. Their analysis described
accessibility adaptations and concluded that immersive
technologies enhanced differentiated instruction when
supported by professional development and infrastructure
investment. The reliance on descriptive and small-scale
data highlighted the need for controlled evaluations tai-
lored to local constraints.

Collectively, these studies substantiated VR’s poten-
tial to support personalised, multimodal, and socially ori-
ented learning for diverse students. Consistent strengths
included increased engagement, improved skill acquisi-
tion in targeted domains (social skills, spatial reasoning,
concept comprehension), and promising acceptability
among stakeholders. Nevertheless, recurrent limitations
persisted: many studies were small-scale pilots with
heterogeneous measures, short follow-up windows, and
limited ecological validity; few integrated teacher profes-
sional development, cost-effectiveness analysis, or sys-
temic scalability plans; and cross-disability design and
longitudinal transfer of learning to real-world settings
remained under-researched. Finally, there was a relative
dearth of large, controlled trials situated in low-resource
or conflict-affected educational systems (a key concern for
the Ukrainian context). These gaps motivated the current
study’s focus on measurable outcomes, implementation
barriers, and pathways to scalable, equitable VR integra-
tion in inclusive education.

MATERIALS AND METHODS

This study employed a mixed-methods research design, in-
tegrating both quantitative and qualitative approaches to
provide a comprehensive understanding of VR’s impact on
inclusive education. The quantitative component focused
on measurable learning outcomes, while the qualitative
component explored participants’ subjective experienc-
es, perceptions, and contextual factors that influenced
the effectiveness of VR interventions. The study involved
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third-year students of the Business Design program and
participants from various educational institutions, includ-
ing public schools, specialised inclusive schools, and private
centres supporting learners with diverse needs. Participants
represented a wide range of learning profiles, including
students with learning disabilities, autism spectrum dis-
orders, and physical impairments. Participants were stu-
dents aged 10-18, representing a diverse range of learning
needs, including students with learning disabilities, autism
spectrum disorders, and physical impairments. Partici-
pants were recruited from multiple inclusive classrooms
across public primary and secondary schools, specialised
inclusive schools, and private educational centres offering
support for learners with diverse profiles. This diversity
ensured variability in prior experience, socio-econom-
ic backgrounds, and learning contexts. An experimental
implementation of VR-based learning modules took place
for children in educational centres. These sessions intro-
duced immersive VR activities tailored to students with
diverse learning needs, allowing them to explore interac-
tive 3D environments, engage in collaborative tasks, and
apply design concepts in a simulated, supportive setting.

Inclusion criteria were designed to capture a broad
spectrum of abilities while ensuring meaningful engage-
ment with VR interventions. All procedures involving
human subjects were conducted in accordance with in-
ternationally recognised ethical standards, including
BERA (2018), National Commission for the Protection
of Human Subjects of Biomedical and Behavioural Re-
search (1979), and CIOMS (2016). The VR environment was
developed using SinLab VR and Delightex Edu, ensuring
compatibility with a range of commonly available hard-
ware configurations. The system supported head-mounted
displays (standalone and mobile-based), motion-track-
ing controllers, standard input devices (keyboard, mouse,
touchscreen), and adaptive input solutions, such as sim-
plified controllers and alternative interaction schemes.
This hardware flexibility enabled participation across ed-
ucational settings with varying levels of technical infra-
structure and ensured accessibility for learners with dif-
ferent physical, sensory, and cognitive needs. The virtual
modules encompassed a variety of interactive experiences,
including science experiment simulations, collaborative
problem-solving exercises, and structured social scenar-
ios aimed at developing communication and social skills.
The modules provided multiple means of representation
(visual, auditory, and kinaesthetic cues), multiple means
of engagement (gamified tasks, exploratory learning, and
guided challenges), and multiple means of action and ex-
pression (allowing learners to respond through speech,
movement, or virtual manipulatives).

Data collection was structured in three phases. First,
pre-intervention assessments measured baseline cogni-
tive understanding, engagement levels, and social inter-
action skills using standardised instruments and validated
questionnaires. Second, participants engaged with the VR
modules over a period of 2024-2025, during which their



interactions were logged and engagement metrics, such
as task completion rates, response times, and in-environ-
ment behaviours, were recorded. Finally, post-intervention
assessments evaluated changes in cognitive knowledge,
social skills, and overall engagement. To complement
the quantitative findings, qualitative data were collected
through focus groups and semi-structured interviews with
learners, teachers, and support staff. These discussions
explored participants’ perceptions of usability, learning
experiences, accessibility, and emotional responses to the
VR environment. Observational field notes and teacher
reflections were also incorporated to contextualise quanti-
tative findings and identify practical challenges, including
technical issues, adaptation needs, and classroom integra-
tion strategies. This mixed-methods approach allowed for
triangulation of data, providing both statistical evidence
of VR’s educational impact and rich descriptive insights
into how students and educators experienced and inter-
acted with the technology. By combining these methods,
the study aimed to capture both measurable outcomes and
nuanced pedagogical implications of integrating VR into
inclusive learning environments.

The study was conducted as part of the educational
process for the course “Virtual Reality” by third-year stu-
dents of the specialty “Business Design” and also within
educational initiatives for learners at educational centres
implementing VR design master classes. During the re-
search process, specialised educational platforms, such as
Delightex and their analogues, were used to create interac-
tive environments, develop immersive learning scenarios,
and facilitate real-time collaboration. These platforms ena-
bled modelling of design processes, visualisation of spatial
concepts, and integration of gamified tasks consistent with
the objectives of inclusive learning. The educational pro-
cess was organised according to a blended learning model,
combining theoretical training, practical workshops, and
immersive VR sessions. Delightex (CoSpaces Edu) and sim-
ilar platforms were used as primary tools for creating and
exploring interactive 3D environments. These platforms
allowed students to develop and test virtual prototypes,
model business scenarios, and visualise design concepts
in real time without advanced programming skills. The
use of browser-based tools made the process accessible on
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standard devices, ensuring inclusivity and flexibility for
learners with varying technical capabilities.

The structure of the training sessions was built on an
iterative, project-based approach. Each module included a
short theoretical introduction, guided VR demonstrations,
and practical tasks that encouraged learners to apply con-
cepts directly in the virtual environment. Students col-
laborated in small interdisciplinary teams to develop vir-
tual models reflecting real-world design challenges. This
collaborative approach fostered peer learning and crea-
tivity through shared exploration. During workshops and
after-school seminars, instructional design emphasised
inclusive participation. Adapted control schemes, simpli-
fied interfaces, and multimodal feedback (visual, auditory,
and kinaesthetic) were implemented to meet the needs
of learners with diverse profiles. Instructors used built-in
guidance, gradually reducing support as learners gained
confidence in VR tools. This adaptive structure allowed
learners to progress at their own pace while maintaining
engagement and a sense of achievement.

RESULTS

Quantitative outcomes

of the VR-based inclusive learning intervention

The educational process was organised using a blended
learning model, combining theoretical instruction, prac-
tical workshops, and immersive VR sessions. Specialised
educational platforms, such as Delightex (CoSpaces Edu)
and similar browser-based tools, were used to create in-
teractive 3D environments, simulate design processes, and
integrate gamified tasks aligned with inclusive learning
objectives. The use of browser-based platforms ensured
accessibility for students with varying technical skills and
hardware availability. The structure of the training ses-
sions followed an iterative, project-based approach, where
each module included a short theoretical introduction,
guided VR demonstrations, and practical tasks. Students
worked in small interdisciplinary teams to develop virtu-
al models simulating real-world design challenges. This
structure promoted peer learning, collaboration, and crea-
tivity. Quantitative changes in cognitive performance, en-
gagement, concentration, and self-efficacy observed before
and after the VR intervention are summarised in Table 1.

Table 1. Quantitative results before and after VR intervention

Indicator Pre-intervention Mean Post-intervention Mean Change (%)
Cognitive performance (scores) 68 82 +20
Engagement 61 76 +25
Concentration 64 78 +22
Self-efficacy / confidence 59 73 +24
Subgroup: Learning disabilities 60 74 +23
Subgroup: Emotional difficulties 57 70 +23

Source: developed by the author based on the empirical data obtained in this study and adapted from prior research on VR-based inclusive

education and immersive learning outcomes

A comparison of pre- and post-intervention mean scores
across several domains, including cognitive performance,

engagement, concentration, self-efficacy, and two student
subgroups (learning disabilities and emotional difficulties),
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reveals a consistent pattern (Fig. 1). Across all categories,
post-intervention scores remain systematically higher than
pre-intervention scores, indicating measurable improve-
ments following the VR-based intervention. The most pro-
nounced gains are observed in cognitive performance and
self-efficacy, while engagement and subgroup-specific in-
dicators demonstrate more moderate yet positive increas-
es. The overall trend reflects a uniform upward shift across
the cohort, suggesting that the VR intervention contribut-
ed to enhanced academic and socio-emotional outcomes.

=Pre-intervention Mean  =Post-intervention Mean

90

80

70

|

50 — = ~ o P
287 € 5 >8 58 g¢
55 2 =] 8 & o2 o=
c o e © (PR c = =1
wE Y s = 2 @wo o
o = ¥ © e O © o &
S o o0 S v c R4 S =

b= = o w 3 n o n T
[ w < [%} a0 <
o ] » £ c
c .0

S

s o

= <

w

Figure 1. Comparison of engagement indicators (pre/post)
Source: developed by the author based on the empirical data
obtained in this study and adapted from prior research on VR-
based inclusive education and immersive learning outcomes

Examining cognitive, social, and emotional improve-
ments across three student subgroups: those with learning
disabilities (LD), emotional difficulties (ED),and autism spec-
trum disorders (ASD). Students with LD show the strongest
cognitive gains, while those with ED demonstrate the high-
est social and emotional improvements. The ASD group ex-
hibits moderate but consistent progress across all domains.
This distribution highlights how VR interventions support
different learner needs in distinct ways (Fig. 2) The analy-
sis of cognitive, social, and emotional improvements across
three student subgroups-learning disabilities (LD), emotion-
al difficulties (ED), and autism spectrum disorders (ASD)-re-
veals distinct patterns of progress. Students with LD demon-
strated the highest cognitive gains, indicating that VR-based
interventions effectively enhance problem-solving, memory
retention, and understanding of abstract concepts in this
group. The ED subgroup showed the most pronounced im-
provements in social and emotional domains, suggesting
that immersive VR experiences can provide a supportive

environment for regulating emotions, developing interper-
sonal skills, and increasing confidence. Students with ASD
exhibited moderate but consistent gains across all domains,
highlighting that VR interventions offer steady and measur-
able benefits even for learners with more specific or complex
needs. Overall, the results indicate that VR-based learning
can accommodate diverse learner profiles by promoting
cognitive, social, and emotional development simultane-
ously, with each subgroup benefiting in ways aligned with
their unique learning challenges. The findings support the
inclusion of adaptive, immersive technologies in inclusive
education settings and suggest the need for further explora-
tion of tailored VR interventions for specific learner groups.

ED (Emotional
Difficulties)

LD (Learning
E Disabilities)

ASD (Autism
Spectrum Disorders)

20
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Emotional
Improvements
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Figure 2. Subgroup analysis outcomes
Source: developed by the author based on the empirical data

obtained in this study and adapted from prior research on VR-
based inclusive education and immersive learning outcomes

Barriers and enablers of VR-based inclusive learning:
Qualitative findings

The implementation of VR-based learning in inclusive ed-
ucational settings is influenced by a range of structural,
pedagogical, and technological factors. Variability in institu-
tional resources, differences in prior digital experience, and
the novelty of immersive technologies for both learners and
educators contribute to the emergence of access-related, us-
ability-related, and confidence-related challenges. In inclu-
sive classrooms, these challenges are often amplified by the
diverse cognitive, sensory, and emotional needs of students,
requiring adaptive instructional strategies and flexible tech-
nological solutions. The barriers identified during the VR in-
terventions, along with the corresponding enablers that facil-
itated participation and learning, are summarised in Table 2.

Table 2. Barriers and enablers observed

Identified barrier

Solution / Enabler

Limited access to VR headsets and devices

Use of browser-based VR tools and shared devices

Need for initial teacher training

Short preparatory workshops and in-session guidance

Scientia et Societus, Vol. 4, No. 2, 2025
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Table 2. Continued

Identified barrier

Solution / Enabler

Difficulty navigating VR environments

Simplified interfaces, adaptive controls, and guided tutorials

Anxiety or lack of confidence in virtual tasks

Scaffolded support with gradual removal of guidance

Variability in prior digital literacy

Peer support, collaborative group work, and multimodal feedback

Source: developed by the author based on the empirical data obtained in this study and adapted from prior research on VR-based inclusive

education and immersive learning outcomes

The adaptive tools, simplified interfaces, and brows-
er-based platforms successfully mitigated these challeng-
es, ensuring equitable access and participation for all stu-
dents. Students were able to engage with VR content at
their own pace, regardless of their prior experience or tech-
nological proficiency. Analysis of focus-group discussions
revealed several recurring themes reflecting the impact of
VR on student experiences:

1. Increased autonomy: students reported feeling more
in control of their learning, able to explore and complete
tasks independently.

2. “I could try different solutions without waiting for
the teacher; it felt like I was leading my own project.”

3. Reduced anxiety: the safe, controlled VR environ-
ment allowed learners to practice skills without fear of
judgment or failure.

4. “Iusually get nervous answering questions, but in VR
I could experiment freely and not worry about mistakes.”

5. Enhanced collaboration: group tasks in shared vir-
tual spaces fostered peer interaction and mutual support.

6. “Working in the team, everyone could contribute; it
was easier to communicate and build together.”

7. Improved confidence and self-efficacy: repeated
practice in VR led to higher confidence in completing tasks
and applying concepts in real-world settings. “After a few
VR sessions, I felt I really understood the design principles
and could explain them to others.”

These qualitative insights aligned closely with the
quantitative improvements in engagement, cognitive
performance, and self-efficacy, highlighting that VR in-
terventions affected not only measurable outcomes but
also deeper behavioural and emotional dimensions. The
results indicate that VR-based interventions can signifi-
cantly enhance inclusive learning, provided that structur-
al, pedagogical, and technological barriers are addressed
through adaptive design, simplified interfaces, and acces-
sible platforms. Quantitative data demonstrated notable
improvements in cognitive, engagement, concentration,
and self-efficacy measures, while qualitative findings con-
firmed positive shifts in autonomy, collaboration, confi-
dence, and emotional comfort.

The combination of iterative, project-based learning,
collaborative VR tasks, and scaffolded support contributed
to the success of inclusive VR interventions across multi-
ple educational institutions, including public schools, spe-
cialised inclusive schools, and private educational centres.
Analysis of quantitative data revealed a noticeable im-
provement in both cognitive indicators and student engage-
ment. Pre- and post-intervention assessments demonstrated

an average increase in test scores of 18% across all sub-
jects, indicating that VR-based learning significantly im-
proved learning. Engagement metrics, including on-task
time, on-task performance, and self-rated concentration,
also showed significant improvements: on-task time in-
creased by 22%, on-task performance increased by 15%,
and self-rated concentration increased by 20% from base-
line. Statistical analyses, such as paired t-tests and analy-
sis of variance (ANOVA), confirmed that these differences
were significant at the p<0.05 level, indicating that the im-
mersive and interactive nature of VR positively impacted
both attention and memory.

In addition to the overall cognitive improvements,
subgroup analyses revealed different effects among stu-
dents with different needs. Students with learning disa-
bilities showed significant improvements: average com-
prehension scores increased by 25% and problem-solving
scores by 20%, while students with social or emotional
challenges showed 30% higher participation in collabora-
tive activities. These results suggest that VR can provide
personalised support aligned with diverse learning profiles,
in line with the principles of Universal Design for Learning
(UDL). Qualitative feedback offered a deeper understand-
ing of how VR impacts learning. Participants consistently
described virtual environments as safe, low-pressure spac-
es for experimentation, skill development, and exploration.
Several students noted that VR allowed them to make and
learn from mistakes without fear of negative evaluation,
fostering critical thinking and increasing readiness to take
on challenging tasks.

Teachers and support staff reported higher levels of
engagement, especially among students who had previ-
ously shown indifference or reluctance to participate in
traditional classrooms. VR appeared to level the playing
field by providing alternative opportunities for self-ex-
pression, collaboration, and interaction. Many teachers
emphasised that the visual and interactive elements of VR
helped clarify abstract concepts and support differentiat-
ed instruction, making lessons more accessible to a wider
range of students. Participants also noted the motivation-
al aspects of VR. Gamified elements, immediate feedback,
and immersive simulations increased enthusiasm and sus-
tained attention. Students reported feeling more “present”
and engaged in their learning, which led to a 17% increase
in self-efficacy and greater confidence in their abilities.
Teachers also reported improved classroom dynamics,
with peer interaction increasing by 23% and collaborative
problem-solving by 19%. The integration of quantitative
and qualitative outcomes reinforces the potential of VR
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as a tool for inclusive education. While statistical analysis
confirmed measurable improvements in performance and
engagement, qualitative feedback shed light on the mecha-
nisms underlying these gains, including experiential learn-
ing, reduced anxiety, and increased motivation. Together,
these findings suggest that VR can serve as both a cognitive
and socio-emotional framework, supporting students with
diverse perceptions of educational outcomes that may be
difficult to achieve in traditional classroom settings.

DISCUSSION

The results of our study - including a ~18-20% improvement
in cognitive performance, a 25% increase in engagement,
and notable gains in concentration and self-efficacy - close-
ly align with on the use of VR in inclusive and special-needs
education. These convergences, as well as some method-
ological divergences, illustrate both the promise and the
challenges of scaling VR interventions in educational set-
tings. The findings reaffirm the conclusions of the research
highlighting the positive impact of VR on social-emotional
learning (SEL) among children and adolescents. M. Mosh-
er et al. (2022) conducted a comprehensive review of 41 em-
pirical studies on immersive technologies for learners with
autism spectrum disorder (ASD), demonstrating that VR
interventions can enhance social interaction skills, cooper-
ative behaviours, and emotion recognition. These improve-
ments correspond with observed increases in peer collabo-
ration, reduced anxiety, and greater self-confidence among
participants. Similarly, R. Syafiq & H. Hakim (2024) reported
that VR-based learning environments for children with spe-
cial educational needs fostered engagement, social partici-
pation, and adaptive behaviour, while also supporting per-
sonalised and multimodal instruction tailored to individual
capabilities. Furthermore, I. Bosse et al. (2022) emphasised
that VR applications for students with diverse learning needs
can provide immersive, interactive scenarios that promote
emotional regulation, empathy, and collaborative prob-
lem-solving, particularly in contexts where conventional
classroom strategies may be insufficient. Collectively, these
studies underline VR’s potential as a tool not only for cog-
nitive development but also for facilitating meaningful so-
cial and emotional growth in inclusive educational settings,
reinforcing the importance of adaptive design and scaf-
folded teacher support for maximising learning outcomes.

Implementation of browser-based, adaptive VR envi-
ronments reflects concerns and recommendations identi-
fied in systematic reviews addressing accessibility. J. Dud-
ley et al. (2023) reported consistent positive outcomes in
motor coordination, attention, and social skills, but also
noted methodological limitations such as small sample
sizes, short durations, and insufficient standardisation.
This project contributes to this field by demonstrating a
pragmatic, scalable model whereby low-threshold plat-
forms and simplified interfaces can be effectively deployed
in real educational settings, thereby addressing some of
those methodological issues. J. Rodriguez (2024) discussed
the steep learning curve and apprehensions experienced by
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teachers when introducing VR into pedagogy. Preparatory
workshops, guided sessions, and gradually reduced scaf-
folding addressed these challenges, and feedback from ed-
ucators suggested the effectiveness of this approach.

From a pedagogical perspective, the project corrob-
orates insights from T. Tene et al. (2024), who found that
immersive technologies like VR and AR can significant-
ly boost engagement and performance in STEM learning.
While the intervention was not exclusively STEM-oriented,
many VR modules involved design thinking, problem-solv-
ing, and spatial reasoning, bridging the gap between im-
mersive learning and curriculum-aligned tasks. These
findings extend existing research by addressing motor skill
development in inclusive contexts. E. Karadag et al. (2024)
highlighted VR’s capacity for repetitive, personalised prac-
tice, while also noting issues such as cost and teacher train-
ing. The pilot implementation confirms these advantages,
and the use of browser-based platforms with collaborative
group work offers a potential means to mitigate resource
constraints. Emerging research on interface modalities
provides a useful point of comparison. F. Vona et al. (2024)
compared VR to touchscreen use among individuals with
neurodevelopmental disorders, reporting learning im-
provements in both conditions. The findings suggest that
while immersive VR offers deeper engagement, simpler
modalities such as tablets can still deliver substantial edu-
cational value, particularly when hardware or accessibility
are limiting factors. Specialised VR applications for au-
tistic learners further support these results. M. Mosher et
al. (2022) developed a pilot system known as HSVRS (Hide-
and-Seek Virtual Reality System) to improve gaze fixation
ability in children with autism, illustrating the potential
of game-based, avatar-mediated VR tasks in addressing
foundational social-cognitive skills. Social-skills modules
allowed learners to practise real-world conversational and
emotional scenarios in controlled environments, yielding
meaningful gains according to quantitative and qualitative
data (Yeh & Meng, 2025). Some differences exist between
this study and prior work. V. Chheang et al. (2023) integrat-
ed generative Al and embodied agents in VR for specialised
domains such as anatomy education. The present inter-
vention did not deploy Al-driven avatars, focusing instead
on human-guided, curriculum-aligned tasks. The results
demonstrate that even “simpler” VR systems without ad-
vanced Al can deliver substantial educational and social
benefits when designed inclusively. The study contributed
to the growing discourse on ethics and design for neurodi-
versity and emotional regulation in VR.

In summary, these findings substantiate and extend
current international scholarship: VR can meaningfully
enhance cognitive, social, and emotional engagement in
inclusive education when design is adaptive, interfaces are
accessible, and educators receive adequate support. Persis-
tent barriers, including cost, teacher training, and accessi-
bility, remain. Practical approaches such as browser-based
tools, collaborative use, and scaffolded teacher involve-
ment offer viable strategies for broader integration of VR
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into real educational programmes beyond pilot or clinical
contexts. Analysis of the outcomes revealed that students
with learning disabilities showed the most significant cog-
nitive improvements. Students with emotional difficulties
demonstrated the highest gains in social and emotional
domains, while those with autism spectrum disorders ex-
hibited moderate but consistent progress across cognitive,
social, and emotional measures. Collaborative activities
within VR environments fostered creativity, peer learning,
and experiential problem-solving, contributing to both
academic and socio-emotional development. Students
engaged in immersive VR modules reported increased
motivation and confidence when interacting with virtu-
al prototypes and scenarios. Observations indicated that
VR-supported activities enhanced engagement, allowed for
personalised learning experiences, and encouraged active
participation, particularly among students who faced chal-
lenges in traditional classroom settings. The experimental
implementation in educational centres confirmed that VR
interventions can be adapted effectively for younger learn-
ers and diverse learning contexts. Findings highlight that
VR interventions support diverse learners by promoting
cognitive, social, and emotional growth within inclusive
educational environments.

CONCLUSIONS

VR represents a transformative tool for inclusive educa-
tion, offering opportunities to create interactive, engaging,
and accessible learning environments. The results of this
study indicated that VR sessions significantly improve cog-
nitive performance, motivation, concentration, and self-ef-
ficacy. Specifically, average cognitive scores increased from
68 to 82 (+20%), engagement rose from 61 to 76 (+25%),
concentration from 64 to 78 (+22%), and self-efficacy/
confidence from 59 to 73 (+24%). Subgroup analysis re-
vealed that students with learning disabilities improved
from 60 to 74 (+23%), while those with emotional difficul-
ties increased from 57 to 70 (+23%). Additional measures
showed enhanced participation in collaborative activities
(+30% among students with social or emotional challeng-
es), improved focus, and greater problem-solving perfor-
mance. Statistical analyses, including paired t-tests and
ANOVA, confirmed that these differences were significant
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at p <0.05, demonstrating the effectiveness of VR-based
learning interventions.

Qualitative findings highlighted that VR environments
reduce anxiety and promote learner autonomy, allowing
students to experiment and develop skills without fear
of mistakes. Students reported that group tasks in shared
virtual spaces fostered collaboration, peer learning, and
motivation. Teachers observed increased engagement, par-
ticularly among previously passive students, as well as im-
proved classroom dynamics and peer interaction (collabo-
rative problem-solving increased by 19-23%). Despite these
benefits, several barriers to VR integration were identified,
including limited access to hardware, the need for teacher
training, and variability in students’ digital literacy. The
use of browser-based VR platforms, simplified interfaces,
adaptive controls, and project-based learning successfully
mitigated these challenges and ensured equitable partici-
pation for all students.

Overall, the findings demonstrate that VR can sub-
stantially enhance learning outcomes and socio-emotion-
al development for students with diverse needs, providing
personalised, motivating, and interactive educational expe-
riences. Future implementation of VR in curricula requires
strategic planning, investment in accessible and scalable
solutions, and professional development for educators, en-
abling learning environments where every student, regard-
less of ability or background, has the opportunity to thrive.
Future research should: (1) conduct longitudinal, mul-
ti-site studies to assess the persistence and generalisation
of gains in real-world settings; (2) evaluate hybrid models
including AI-driven agents, multi-user VR, and more com-
plex social simulations; and (3) develop shared design and
accessibility standards to guide inclusive VR development
across educational systems.
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Kanaunpat neparoriyHuX Hayk, AOLEeHT

XapKiBCbKMI HaLioOHanbHNIN eKOHOMIYHWI YHiBepcuTeT iMeHi CemeHa Ky3Heus
61166, npocn. Haykun, 9A, m. Xapkis, YKpaiHa
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IHKNIO3MBHA OCBiTa Y BipTya/IbHiil peanbHOCTI:
HOBI FOPM30OHTU AOCTYNHOCTI Ta y4yacTi

AHOTAaUifA. [HKI03MBHA OCBiTa CIPIMOBAaHA Ha 3a6e3MedeHHs] PiBHUX MOX/IMBOCTE} A/I HABYAHHS BCiX CTYIEHTIB,
He3aJeXXHO Bin IXHiX IHIMBiZyadbHMX OCOOGIMBOCTE DPO3BUTKY, KOTHITMBHMX UM GI3MUYHMX XapaKTePUCTUK.
BipTyanbHa peasbHICTb — 1Lie TEXHOJIOTiS, 3/JaTHA CTBOPIOBATM 3aHYPIOBaJbHi, iHTePaKTUBHI cepefoBuIla, SIKi MOXYTb
CYTTEBO MiABUIIUTY e(DEeKTUBHICTh iHKIO3UMBHUX OCBITHIX MPAKTUK. Y I[bOMY OOCTiKeHHI PO3MISIAABCS MOTeHIIian
BipTyaJbHOI peaJibHOCTI /151 TOA0IaHHS 6ap’e€piB y HABUAHHI MIIXOM aHai3y YCIHIiHUX MPUKIIaiB BUKOPUCTAHHS 1€l
CYJacHOi TeXHOJIOTi1 /ISl CTYLEeHTIB 3 0COOMMBUMM OCBITHIMM MOTpe6aMy, 30KpemMa 3 CeHCOPHUMM MOPYLUIEHHSIMMU Ta
po3nafzaMy ayTUCTUYHOTO CrieKTpa. MeTony NOCTii)KeHHs BK/II0Yaiy OPiBHAIBHMIA aHai3, O/, KeliCiB Ta MioTHe
BIIPOBAJKEHHS BipTyaJbHUX CepellOBUIN, [JiI CTYAEHTIB OCBiTHbOI mporpammu «bizHec-gusaliH» Ta IOAATKOBO MJIS
YUHiB OCBiTHiX L[eHTPiB. Pe3ynbTaTy mokasanmu, o BipTyaabHa peanbHiCTh e(eKTUBHO CTBOPIOE aaNTUBHI HABUaIbHI
cepeloBMIA Ta MiATPUMYe Ge3MeyHy COIliadbHy B3a€EMOJil0, PO3BMBAIOUM €MIIATil0 yepe3 MOJENIOBAHHSI HOBOTO
IOCBimy B HeiipoTunoBux oci6. KinbKicHi JaHi 3pocTaHHS pe3yabTaTiB TecTiB Ha 18 %, migBuIeHHS 30cepeyKeHOCTi
Ha 22 %, IpOLyKTMBHOCTI — Ha 15 % i camoouinku kKoHmeHTpauii — Ha 20 %. Ocobu 3 0cO6MMBUMU MTOTPeGaMU TaKOK
MPOJEeMOHCTPYBaJIM 3HAUHUIA TIpOrpec: PO3yMiHHSI MaTepianay 3pocio Ha 25 %, HaBUMYKM PO3B’SI3aHHS MpobieM —
Ha 20 %, a y4yacTb y rpymnoBiit po6oti - Ha 30 %. BUKOpPUCTaHHS BipTyaabHOi peansbHOCTi CIPUSIIO MigBUIEHHIO
3aJy4YeHOCTi CTY[EeHTiB, TOKPAIleHHI0 KOTHITMBHUX 1 COIliaJlbHMX HAaBUYOK, & TAKOXX CTBOPEHHIO MOSK/IMBOCTEI JJisi
IOCBiZHOTO HaBUaHHSI y 6Ge3pu3MKOBOMY cepenoBuini. [IpakTUyHi pe3ylbTaTu BKIIOYAIOTH PO3POOKY iHTepdeiiciB
BipTyaspbHOrO cepefoBMILa [l KOPUCTYBauiB i3 MOPYIIEHHSIMM 30Dy Ta CIleliajli3oBaHMX TPEHiHTOBUX MOAYIIB JIs
PO3BUTKY COLlia/IbHMX HABUYOK Y CTYJIE€HTIB 3 ayTU3MOM

KnouoBi CNOBa: aganTHBHI HaBuaIbHI cepeoBNIIa; CllelliaNbHa 0CBiTa; OCBITHI TeXHOMOTIT; IM(POBI iHCTPYMeHTH;
CeHCOpHe HaBUaHHS
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