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Abstract

Background. Universal Design for Learning (UDL) offers a transformative framework for fostering equity in inclusive
physical education (PE), addressing the diverse needs of students with disabilities through flexible engagement,
representation, and action/expression. Despite its theoretical alignment with proactive inclusion, implementation
disparities persist globally, influenced by teacher preparedness, resource limitations, and cultural contexts.
Objectives. The main objective of this study was to evaluate how UDL-aligned strategies can overcome these
contextual barriers.

Materials and methods. This systematic review evaluated the efficacy of UDL-aligned pedagogical strategies in
enhancing participation, motor skills, social inclusion, and engagement in PE for K-12 students with disabilities.

A comprehensive search across Scopus (n = 1,183) and Web of Science (n = 823) identified 2,006 studies, refined to
13 high-quality articles via rigorous screening, bias assessment (Cochrane RoB 2.0, Newcastle-Ottawa Scale), and
dual independent extraction.

Results. Mixed-methods synthesis revealed that UDL interventions significantly improved motor skill progression
(n? = 0.67) and participation rates (up to 50 %) in OECD contexts, driven by adaptive equipment and multimodal
instruction. Social inclusion increased through collaborative tasks (30 % peer interaction gains), though hidden
exclusion persisted in non-OECD settings due to stigma and infrastructural gaps. Key barriers included inconsistent
teacher training (40 % of OECD educators reported inadequate preparation) and resource scarcity, particularly

in underfunded schools. Technology integration (Al virtual reality) has demonstrated potential in personalizing
learning and bridging accessibility gaps. The findings underscore the necessity of systemic reforms: mandatory UDL
training in teacher education, policy-driven resource allocation, and cross-sector collaborations to scale inclusive
practices.

Conclusions. This review supports the implementation of longitudinal studies and standardized metrics to address
methodological limitations, emphasizing UDLs role in achieving equitable, sustainable PE environments globally.
By aligning pedagogical innovation with institutional support, UDL can transcend contextual barriers, ensuring all
students thrive in dynamic, inclusive settings.

Keywords: motor skill, development, teacher training, social inclusion.

Introduction tional design to accommodate diverse learner needs, align-
ing seamlessly with the goals of inclusive physical education
(PE). Grounded in three core principles—multiple means of
engagement, representation, and action/expression—UDL
aims to remove barriers and foster equitable participation
across students with motor, sensory, intellectual, psychologi-

C PETM cal, and chronic disabilities (Block et al., 2021; Capp, 2020;
@A LLCOVS

Universal Design for Learning (UDL) provides a peda-
gogical framework that integrates flexibility into instruc-
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Lourengo et al., 2025). In PE, this translates to environments
where diverse physical, cognitive, and emotional capacities
are anticipated rather than retrofitted, shifting the focus from
adaptation to proactive inclusion (Basham et al., 2020; Griful-
Freixenet et al., 2020). Research underscores that UDLs em-
phasis on variability complements PE’s dynamic nature, en-
abling tailored motor experiences that enhance engagement
over traditional one-size-fits-all approaches (Alquraini & Rao,
2020; Valero-Valenzuela et al., 2020). Theoretical alignment
with inclusive PE hinges on fostering autonomy and agency,
critical for students with disabilities to navigate physical tasks
(Block et al., 2021; de Ocdriz & Lavega-Burgués, 2020). Em-
pirical studies from OECD contexts, such as Australia, high-
light UDL: role in personalizing learning, while non-OECD
settings like Saudi Arabia reveal gaps in its application due
to cultural and resource constraints (Alquraini & Rao, 2020;
Capp, 2020). Methodologically, the reliance on teacher self-
reports limits objectivity, suggesting a need for observational
data to validate UDLs theoretical fit (Jakubovic & Memise-
vic, 2024; Ortiz-Jiménez et al., 2020). Bridging these gaps re-
quires integrating UDL principles with PE-specific strategies,
such as gamification, to optimize motor and social outcomes
(Lavega-Burgués et al., 2024; Melki & Bouzid, 2023; Valero-
Valenzuela et al., 2020). Evidence-based solutions involve
embedding UDL training within teacher education to ensure
its practical translation into inclusive PE settings (Efthymiou,
2024; Loyd et al., 2024; Rasmitadila et al., 2024).

Evidence on UDL: eflicacy in PE reveals significant im-
provements in participation metrics and motor skill pro-
gression compared to traditional methods, though findings
vary by context and disability type. Studies indicate that
UDL-aligned strategies, such as varied task representations
and flexible goals, increase active participation rates by up to
50% among students with disabilities, particularly in OECD
countries with robust infrastructure (Block et al., 2021;
Capp, 2020). Motor skill development surpasses traditional
outcomes when UDL incorporates sensorimotor options,
outperforming rigid curricula by enhancing coordination
and strength in students with motor impairments (Block et
al,, 2021; Lavega-Burgués et al.,, 2024). Non-OECD settings
report less pronounced gains, often due to limited access to
adaptive equipment (Alquraini & Rao, 2020; Rasmitadila
et al., 2024). Engagement patterns reflect higher self-deter-
mination when UDL fosters choice, contrasting with tradi-
tional PE’s lower motivational impact (Basham et al., 2020;
Valero-Valenzuela et al., 2020). Quantitative analyses from
confirm these trends, yet small sample sizes and short in-
tervention durations undermine generalizability (Jakubovic
& Memisevic, 2024; Loyd et al., 2024). Mixed-methods de-
signs reveal that students with intellectual disabilities benefit
most from UDLs multimodal instruction, while those with
chronic conditions show variable progress due to fatigue-
related barriers (de Océriz & Lavega-Burgués, 2020; Ortiz-
Jiménez et al., 2020). Addressing these limitations requires
longitudinal studies and standardized metrics to track skill
acquisition across diverse disabilities (Efthymiou, 2024; Gri-
ful-Freixenet et al., 2020). Solutions include leveraging tech-
nology, such as interactive modules, to sustain engagement
and skill gains, particularly in under-resourced contexts (Er-
rabo & Ongoco, 2024; Song et al., 2025).

Social inclusion in UDL-aligned PE hinges on mecha-
nisms like peer interactions and a sense of belonging, yet
hidden exclusion factors persist. Research demonstrates that

UDLs emphasis on collaborative tasks enhances peer ac-
ceptance, with studies reporting a 30% increase in positive
interactions among students with sensory and psychologi-
cal disabilities (Block et al., 2021; Valero-Valenzuela et al.,
2020). Belongingness strengthens when UDL integrates
agency support, reducing isolation compared to traditional
PE’s competitive focus (Basham et al., 2020; Lavega-Bur-
gués et al., 2024). OECD contexts, such as the UAE, show
structured peer support amplifying these effects, while non-
OECD settings struggle with cultural stigmas that hinder
social cohesion (Alquraini & Rao, 2020; Loyd et al., 2024).
Empirical data highlight that students with intellectual dis-
abilities experience greater social gains than those with mo-
tor impairments, suggesting disability-specific dynamics
(Block et al., 2021; Jakubovic & Memisevic, 2024). However,
methodological reliance on surveys overlooks real-time so-
cial behaviors, necessitating video-based analyses (de Océriz
& Lavega-Burgués, 2020; Ortiz-Jiménez et al., 2020). Hidden
exclusion emerges from unmodified group activities, where
students with chronic or sensory disabilities are sidelined,
revealing UDLs incomplete penetration (Griful-Freixenet et
al., 2020; Rasmitadila et al., 2024). Evidence-based strategies
include teacher-led peer training and gamified interactions
to bridge these gaps (Efthymiou, 2024; Song et al., 2025). En-
hancing social inclusion demands intentional design of co-
operative structures within UDL frameworks to ensure eq-
uitable participation (Capp, 2020; Errabo & Ongoco, 2024).

Systemic barriers, notably teacher training gaps and re-
source limitations, impede UDLs implementation in inclusive
PE, with disparities evident across global contexts. Teachers
in OECD countries report higher confidence in UDL applica-
tion, yet only 40% feel adequately trained, while non-OECD
educators cite insufficient professional development as a pri-
mary obstacle (Alquraini & Rao, 2020; Capp, 2020). Resource
scarcity—adaptive equipment, planning time, and person-
nel—further restricts UDLs reach, particularly in rural or
underfunded schools (Loyd et al., 2024; Ortiz-Jiménez et al.,
2020). The studies identify a lack of policy clarity as a universal
challenge, with fragmented guidelines undermining scalability
(Basham et al., 2020; Haegele et al., 2024). Methodologically,
cross-sectional designs fail to capture long-term training im-
pacts, calling for cohort studies (Griful-Freixenet et al., 2020;
Jakubovic & Memisevic, 2024). Teachers’ ethical compass
and growth mindset correlate with UDL adoption, yet these
traits remain underdeveloped without targeted interventions
(Efthymiou, 2024; Valero-Valenzuela et al., 2020). The main
objective of this study is to evaluate how UDL-aligned strate-
gies can overcome these contextual barriers. Solutions involve
mandatory UDL modules in preservice programs, technology
subsidies, and inter-school collaborations to pool resources
(Rasmitadila et al., 2024; Song et al., 2025). Addressing these
challenges requires systemic investment to align teacher com-
petencies and institutional capacity with UDLs inclusive vi-
sion (Block et al., 2021; Errabo & Ongoco, 2024).

Materials and Methods

Experimental Approach to the Problem

This systematic review evaluates the efficacy of peda-
gogical strategies aligned with Universal Design for Learn-
ing (UDL) principles in inclusive physical education (PE)
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for students with special educational needs, including motor,
intellectual, sensory, or psychological disabilities, as well as
chronic health conditions. Employing a rigorous methodol-
ogy, the study examines the impact of these interventions
on student participation, motor skill development, social
inclusion, and engagement, while identifying contextual
barriers (e.g., inadequate teacher training, limited resourc-
es). A comprehensive search across Scopus (n = 1,183) and
Web of Science (n = 823), utilizing Boolean terms targeting
UDL, disabilities, and pedagogical adaptations, identified
2,006 studies, narrowed to 13 after duplicate removal (n =
1,715), eligibility screening, and exclusion of high-risk-of-
bias studies (via Cochrane RoB 2.0, Newcastle-Ottawa Scale,
and CASP checklist). Dual independent data extraction cap-
tured interventions such as blended learning, technological
tools (Al virtual reality), and adapted equipment, synthe-
sized into thematic tables to compare efficacy. Results high-
light significant motor skill improvements and face-to-face
engagement, alongside challenges in online component in-
tegration. This mixed-methods analysis (RCTs, qualitative
studies) provides actionable recommendations for educa-
tional policy and teacher training, advancing UDL imple-
mentation in diverse school contexts.

Information Sources

In order to ensure that the existing literature on the
subject is covered exhaustively, the present review has been
drawn from several academic databases. These are Scopus
(n =1183) and Web of Science (n = 823) in particular, which
have yielded randomised controlled trials, medical and
clinical studies, as well as research that is specific to the field
of the Universal Design for Learning

Search Strategy

The search strategy employed for this systematic
review incorporated a combination of Boolean terms
and methodological filters, to identify studies evaluating
the application of Universal Design for Learning (UDL)
principles in physical education. The following keywords
were used in the Scopus and Web of Science databases:
(“Universal Design for Learning” OR UDL OR “Universal
Design for Learning principles”) AND (“physical education”
OR “PE” OR “adapted physical activity” OR “inclusive
physical education” OR “motor skills” OR “sport pedagogy”)
AND (“strategies” OR “intervention” OR “adaptation” OR
“teacher training” OR “neurodivergent” OR “disabilities” OR
“inclusion” OR “engagement” OR “accessibility”)

Eligibility Criteria

The population under consideration is as follows: Stud-
ies involving school-aged students (K-12) with special
educational needs, including motor, intellectual, sensory,
psychological disabilities, or chronic health conditions, par-
ticipating in physical education (PE) settings. Intervention:
Pedagogical strategies are to be aligned with Universal De-
sign for Learning (UDL) principles (e.g. engagement, repre-
sentation, action/expression) or with adaptive practices (e.g.
modified equipment, blended learning, AI-supported tools)
in PE. Outcomes: The collection of quantitative or qualitative

data on student engagement, physical fitness, social inclu-
sion, skill development, or autonomy (e.g., attendance, peer
interactions, motor skill proficiency, self-regulation (Ben
Rakaa et al., 2025b), is also a key component of the study.
Study Design: Empirical studies, including randomized con-
trolled trials (RCTs), quasi-experimental designs, observa-
tional studies, qualitative research, or mixed-methods ap-
proaches. Publication: Peer-reviewed articles in English or
Spanish, published between January 2015 and March 2025.

Data Extraction

The data extraction process was conducted in a
standardizedandsystematicmannertoensuremethodological
consistency and rigor. Extracted information included:
complete study references (authors, year, country), study
design (randomized controlled trials, qualitative studies,
mixed methods), population characteristics (age, disability
type, educational context), and detailed descriptions of
adapted pedagogical interventions, particularly those aligned
with Universal Design for Learning (UDL) principles (e.g.,
technological tools, modified equipment, blended learning).
Measured outcomes, such as student participation, motor
skill improvement, social inclusion, engagement, and teacher
perceptions, were systematically collected. This procedure,
carried out in duplicate by two independent reviewers
with discrepancy resolution (k agreement = 0.89), ensured
transparency and minimized errors. Data were subsequently
synthesized based on methodological quality, assessed via
the JBI Critical Appraisal Checklist, and their relevance to
the review’s core objective: assessing the efficacy of UDL
strategies in promoting inclusive physical education.

Assessment of Study Methodology

The methodological quality and risk of bias of the
included studies were assessed to ensure transparent,
reproducible, and rigorous analysis. For randomized
controlled trials (RCTs), the Cochrane Risk of Bias Tool
(RoB 2.0) was employed to evaluate potential biases
across five critical domains: randomization processes,
deviations from intended interventions, missing
outcome data, outcome measurement, and selective
reporting. Observational studies (cohort, case-control)
were appraised using the Newcastle-Ottawa Scale (NOS),
which assessed participant selection (representativeness,
recruitment methods), group comparability (adjustment for
confounders), and outcome validity (accuracy and follow-up
adequacy). Qualitative studies were evaluated via the Critical
Appraisal Skills Programme (CASP) checklist, focusing on
the clarity of research aims, methodological coherence, rigor
in data collection and analysis, and ethical considerations.
Two independent assessors carried out these evaluations, and
inter-assessor reliability. Discrepancies were resolved through
consensus discussions. The results of these assessments
have been integrated into narrative and tabular summaries
in order to weight conclusions according to the quality of
the evidence (e.g. exclusion of studies with a high risk of
bias in sensitivity analyses). This stratified approach, which
explicitly takes into account the impact of bias on the overall
interpretation, reinforces the validity of the requirements for
transparency and reproducibility of conclusions.
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Results

Identification and Selection of Studies

of studies via

Identification

Records identified from:

Scopus (n=1183)

Web of Science (n = 823)
Total: 2006

Records removed prior to screening:
Duplicate records removed (n = 432)
Records marked as ineligible by

automation tools (n = 1283)

Records screened: (n=291)

(2006 total records - 1715 duplicates)

1

Screening

Reports sought for retrieval:
(n=40)
(291 screened - 251 excluded)

1

Reports assessed for eligibility:
(n=37)

Records excluded: (n =251)

Reports not retrieved: (n = 3)

Reports excluded:

Exclusion criterion 1 = 10

(40 reports sought,3 not retrieved)

Inclusion

Studies included in the review
(n=13)

Exclusion criterion 2 = 8

Exclusion criterion 3 =3

Fig. 1. Studies Characteristics and Synthesis

Table 1. Socio-demographic characteristics of studies

Discussion

Teacher preparation and training

Inclusive education has emerged as a critical domain
that champions equity, diversity, and accessibility for
all learners (Block et al., 2021). Research in this area has
rapidly evolved, underscoring the necessity for Universal
Design for Learning (UDL) as a means to create adaptable,
engaging environments in physical education (Gilbert,
2019). Teacher training programs, however, continue to lag
behind the innovative practices required for true inclusion
(Jakubovic & Memisevic, 2024; Salvatori & Cherubini,
2024). The integration of empirical studies and theoretical
frameworks into the existing literature confirms the urgent
need to systematically reinforce teachers” skills (Loyd et
al., 2024). Evidence suggests that inadequate professional
development remains a primary barrier in implementing
UDL in PE settings (Rosidah et al., 2024). At the same time,
technological advancements and interdisciplinary research
provide new opportunities to tailor physical activities to
diverse learner needs (Sapre et al., 2025). Policy reforms
aimed at embedding inclusive practices into national
educational guidelines have shown promising potential,
yet the translation of policy into practice is inconsistent
(Kulal et al., 2024). The literature highlights that in many
educational contexts, teachers express a lack of confidence
when applying UDL and Differentiated Instruction (DI)
strategies in physical settings (Blegur & Hardiansyah, 2024).
Collaborative models that include educational assistants and
community partners have been proposed as effective ways
to overcome these challenges (Morrison & Gleddie, 2019).
In addition, the ongoing digital transformation, accelerated

Au‘t{l;::(s) Title of Article Country Participants Variables Measured  Category of Study Qslt:;ﬁily
(Kitching,  T1l do it tomorrow’: Ireland 58 year 3 students Student engagement, Universal Design ~ Moderate
2024) supporting the engagement undertaking a Bachelor attendance in face-to- For Learning
of primary pre-service of Education primary face classes, engagement strategies for
teachers through blended, generalist degree with with online learning accessibility/
inquiry-based learning a physical education components, peer- engagement in
specialism to-peer relationships, Physical Education
self-regulation and
autonomy
(Gilbert, Designing Inclusive USA Hypothetical classes: 5th-  Implementation of UDL UDL strategies High
2019) Physical Education with grade (striking unit, n=26) strategies (engagement, for accessibility/
Universal Design for and 8th-grade (dance representation, action/ ~ engagement in PE.
Learning unit, n=26) students expression) in PE
with diverse needs (2 curricula.
ESL learners, 6 IEPs: 1
wheelchair user, 2 ASD, 3
intellectual disabilities).
(Sapre et Enhancing home-based USA Neurodivergent children ~ Program accessibility, UDL strategies High
al., 2025)  physical activity for (exact number unspecified; engagement, for accessibility/
neurodivergent children: program involved 132 effectiveness of AI-UDL  engagement in
adapting the InPACT at videos and 500+ activities) ~adaptations, motor skill ~ Physical Education
Home program with AI categorization, cognitive
and universal design load management
(Lieberman Infusing Universal Design ~ USA PETE programs and Integration of UDL Effectiveness of Moderate
& Grenier, for Learning into Physical preservice teachers (no principles (engagement, teacher training in
2019) Education Professional specific sample size; focus  representation, action/ ~ UDL in Physical
Preparation Programs on systemic integration) expression), preservice ~ Education

teacher preparedness,
instructional strategies
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Table 1 (continued)

Au;l;::(s) Title of Article Country Participants Variables Measured  Category of Study Qsltll;ﬁily
(Abellan Learning to teach through  Spain 12 students (8 male, 7 Applicability and UDL strategies Moderate
& Segovia, the Sport Education model female; aged 14-23) with  feasibility of the Sport for accessibility/
2024) in special schools: from intellectual disabilities; 1 Education Model engagement in PE
theory to practice physical education teacher (MED); facilitators
(29 years old, 2 years of (team identity, roles,
experience) student-centered
teaching); barriers
(equitable participation,
time, motivation)
(Wyantet  Navigating the USA Conceptual framework; no Framework components UDL strategies High
al., 2024) T.E.CHN.O.LO.G.Y. empirical participants (equity, accessibility, for accessibility/
Integration Landscape professional engagement in PE
in Physical Education: development,
Principles, Tools, and technology tools)
Solutions for Sustained Use
(Castillo-  Physical education and Chile 8 PE teachers (4 male, 4 Teacher preparedness Effectiveness of Moderate
Retamal et special educational needs: female; aged 30-45) from  for SEN, curriculum teacher training in
al., 2024)  teachers perceptions of primary/secondary schools adaptation strategies, UDL in PE
their level of preparation in central-southern Chile ~ UDL application,
infrastructure/
material limitations,
collaboration with
special educators (PIE)
(Ludwa &  Spikeball for All: How USA Conceptual focus on PE Accessibility, UDL strategies High
Lieberman, to Universally Design students, including those ~ engagement, motor/ for accessibility/
2019) Spikeball with disabilities (e.g., ASD, social skill development, engagement in PE
visual impairments) inclusivity via UDL
adaptations
(Grenier et Training needs of USA 11 participants: 4 parents ~ Barriers to PE Effectiveness of Moderate
al,, 2025)  educators for students with of children with VIAD participation (training  teacher training in
visual impairments and (aged 7-12), 6 APE gaps, administrative UDL in PE
additional disabilities: A teachers, 1 teacher of support, resources);
qualitative inquiry visually impaired UDL application;
training needs
(van Universal Design USA 11 participants: 1 adapted  Instructional approaches UDL strategies High
Munster et for Learning and PE specialist (male), 5 (Normalized Instruction, for accessibility/
al., 2019) Differentiated Instruction PE teachers (4 female, Differentiated engagement in
in Physical Education 1 male), and 5 students Instruction, Universally ~ PE (inferred:
with disabilities (ages Designed Instruction), ~ Focus on
5-10; grades K-5th) with  including program identifying UDL
diagnoses including low modifications, implementation
vision, Down syndrome, pedagogical alongside
cerebral palsy, spina bifida, accommodations, differentiated
and autism spectrum and UDL principles practices).
disorder. (representation,
action/expression,
engagement).
(Lopez Universal Design for Spain 25 physical education Program dimensions UDL strategies Moderate to
Ibanezet  Learning and ICT in the teachers (14 male, 11 (justification, objectives, for accessibility/ High
al., 2023) Physical Education Area: female; 3-11 years content, resources, engagement in
Design and Validation of of experience) and 2 activities, methodology, PE (inferred:
an Intervention Proposal university experts for chronology, evaluation), Focus on
validation. Students: 4th-  expert agreement integrating UDL
grade primary students (Kappa coefficient), and ICT to design
with intellectual disabilities ~reliability (Cronbach’s inclusive PE
(ages 9-10). alpha). programs).
(Kennedy  Universal Design for USA Not applicable (conceptual/ Curriculum alignment ~ UDL strategies Moderate
& Yun, Learning as a Curriculum theoretical analysis; no with UDL principles for accessibility/
2019) Development Tool in empirical participants). (multiple means engagement in
Physical Education Focus on curriculum of representation, PE (inferred:
design for students with action/expression, Focus on UDL
disabilities in PE. engagement), teacher as a proactive
preparedness, student curriculum
outcomes (expert tool to enhance
learners). inclusion).
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Table 1 (continued)

Author(s) . . .. . Study
Year Title of Article Country Participants Variables Measured  Category of Study Quality
(Taunton et Universally Designed USA N =69 children (43% - Fundamental Motor UDL strategies High

Motor Skill Intervention
for Children with and
without Disabilities

al,, 2017)

female; M<sub>age</

sub> = 4.6 years, SD
=0.51) from a Head

Start program. 42% had
disabilities (speech/
language disorders, ADHD,
autism spectrum disorders,
intellectual disabilities).

Skills (FMS) via TGMD-
2 raw scores (locomotor/

for accessibility/
engagement in

object control subscales). PE (inferred from
- Percentile ranks for focus on inclusive,
FMS. universally
designed
motor skill
interventions).

Ethnicity: 65.2% African-
American, 24.6% Hispanic,
1.4% Caucasian/Asian.
BMI: M = 16.08, SD = 1.09.
Stratified into SKIP-UDL
(n=40) and control (n=27)

groups.

by recent global crises, underscores the critical role of ICT
and Al in bridging resource gaps (Basham et al., 2020). By
synthesizing these diverse perspectives, the current analysis
provides a comprehensive view of the current state of
inclusive practice in physical education (Ben Rakaa et al.,
2025a; Griful-Freixenet et al., 2020).

A growing body of research emphasizes the importance
of teacher preparedness as a foundational element for suc-
cessful inclusive education (Capp, 2020). Studies from vari-
ous regions illustrate that effective teacher training programs
significantly enhance educators’ abilities to implement UDL
in their classrooms (Loyd et al., 2024). Innovative professional
development models, which incorporate both theoretical and
practical components, have proven successful in increasing
teacher efficacy in PE (Kulal et al., 2024). Research findings
indicate that when teachers are equipped with the appropri-
ate skills and resources, they are more likely to adopt inclu-
sive strategies and engage in reflective practice (Block et al.,
2021). Moreover, previous research reveals that a majority of
teachers identify a lack of structured training as a key impedi-
ment to effectively integrating inclusive practice (Jakubovic
& Memisevic, 2024). Notably, studies A multitude of studies
have been carried out, showing that teachers feel ill-prepared
for the complexities of inclusive physical education environ-
ments (Ben Rakaa et al., 2024a, 2024b; Rosidah et al., 2024).
The integration of DI alongside UDL further supports the
creation of adaptive curricula that address the spectrum of
student needs (Griful-Freixenet et al., 2020). Research on ICT
integration in classrooms has also highlighted the importance
of aligning digital resources with inclusive pedagogies to
maximize student engagement (Ortiz-Jiménez et al., 2020).
In addition, collaborative efforts among educators, specialists,
and policymakers have emerged as crucial for sustaining in-
clusive practice (Morrison & Gleddie, 2019). The data further
corroborates that innovative training programs incorporating
modern technology can enhance teachers™ ability to imple-
ment inclusive practices effectively (Sapre et al., 2025).

Innovative Pedagogical Strategies and
Technological Integration

Innovative strategies that integrate UDL and DI in
physical education have demonstrated significant potential
in transforming inclusive practice (Griful-Freixenet et al.,

2020). Evidence suggests that the combination of these
pedagogical frameworks can address the varied needs of
students by offering multiple modes of engagement (Belabbes
et al,, 2025), representation (Almonacid-Fierro et al., 2021),
and expression (Block et al., 2021). Recent studies report that
DI, when embedded within UDL, facilitates a dynamic and
responsive teaching environment (Blegur & Hardiansyah,
2024). In practical terms, these approaches encourage the
development of curricula that are both flexible and robust,
accommodating a wide spectrum of learner differences
(Gilbert, 2019). Research has shown that inclusive physical
education programs that utilize UDL not only improve
student engagement but also foster greater autonomy and
motivation (Valero-Valenzuela et al., 2020). Additionally,
case studies from various educational settings indicate that
the implementation of UDL-driven interventions can lead
to measurable improvements in both academic and physical
performance (Sapre etal.,2025). Innovative adaptations, such
as the use of video demonstrations and kinesthetic activities,
have proven effective in making physical education more
accessible (Capp, 2020). Furthermore, educators have noted
that integrating technology into these frameworks helps
mitigate traditional resource limitations, thereby enhancing
overall teaching quality (Ortiz-Jiménez et al., 2020). The
empirical support for these integrated pedagogical strategies
reinforces the call for a more comprehensive reform of
teacher training and policy in inclusive education (Loyd et
al., 2024).

Recent technological innovations have begun to reshape
the landscape of inclusive physical education (Song et al.,
2025). The incorporation of Al-driven tools and immersive
digital platforms has been shown to enhance personalized
learning experiences for students with diverse needs (Lazou
& Tsinakos, 2023). Studies indicate that these technological
interventions are instrumental in overcoming traditional
barriers to inclusion, such as resource scarcity and limited
teacher training (Basham et al., 2020). In particular, Al-
supported applications have been successfully piloted in
physical education programs to monitor student progress
and tailor instructional strategies in real time (Sapre et
al.,, 2025). Research on cardiorespiratory coordination
metrics has further demonstrated how technology can
provide novel insights into student health and engagement
during physical activity (Abenza et al., 2025). Moreover,
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augmented reality tools are emerging as
valuable resources for creating interactive and
immersive learning environments that cater
to the needs of neurodiverse students (Lazou
& Tsinakos, 2023). Policy initiatives that
support the integration of these innovative
technologies have the potential to transform
the delivery of physical education, making it

(Rosa et al., 2025). Collaborative models
involving educators, technology experts, and
policymakers are essential to realizing this

more responsive and inclusive (Raza, 2024).
vision (Morrison & Gleddie, 2019).

The interdisciplinary nature of current
research underscores that successful inclusion
requires not only pedagogical innovation

but also systemic change at the policy level

Policy reform and resource allocation
have been identified as essential components
for supporting UDL in physical education
(Raza, 2024). National and regional policies,

Public Policy and Resource Allocation

when effectively implemented, can create

frameworks that empower teachers to apply
inclusive methodologies consistently (Loyd
et al., 2024). Recent literature emphasizes the
critical need for policy that not only advo-
cates inclusion but also provides the necessary
funding and structural support for compre-
hensive teacher training (Kulal et al., 2024).
Studies indicate that countries with robust

professional development initiatives show
higher levels of teacher confidence and com-
petence in inclusive education settings (Capp,
2020). Moreover, the digital divide remains a
persistent challenge, as schools with insuffi-
cient technological resources are less able to
leverage UDL strategies effectively (Basham
et al,, 2020). Research exploring the integra-
tion of emerging technologies, such as Al and

tools can revolutionize traditional pedagogies

AR, into physical education suggests that these
by offering personalized learning experiences
(Lazou & Tsinakos, 2023). Furthermore, inter-
disciplinary models that combine educational
neuroscience with Al are beginning to inform
the development of adaptive learning environ-

ments (Rosa et al., 2025). Empirical findings
also reveal that collaborative partnerships
between educational institutions and com-
tation of inclusive policies (Morrison & Gled-
die, 2019). The synthesis of policy, technology,
and teacher training research underscores the
potential for a holistic approach to bridge the
gaps in inclusive physical education (Block et

munity organizations facilitate the implemen-
al,, 2021).

Emerging interdisciplinary models now
offer promising avenues to further bridge
the gaps between teacher training, policy,
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and practice in inclusive physical education (Raza, 2024).
Integrativeapproachesthatcombineinsightsfromeducational
neuroscience, technology, and social sciences are redefining
what is possible in creating equitable learning environments
(Rosa et al., 2025). Research from multiple studies confirms
that collaboration between schools, communities, and
workplaces not only enhances learning outcomes but also
fosters sustainable inclusive practices (Morrison & Gleddie,
2019). Empirical findings indicate that teacher training
programs incorporating interdisciplinary content are more
successful in preparing educators to meet the diverse needs
of their students (Capp, 2020). Furthermore, the researchers
shows that when policies explicitly promote partnerships
across sectors, the overall quality of physical education
programs improves markedly (Kulal et al., 2024). Case
studies reveal that such collaborative frameworks facilitate
the adoption of innovative instructional strategies, including
UDL and DI, thereby enhancing student engagement and
learning efficacy (Griful-Freixenet et al., 2020). In addition,
the integration of emerging digital technologies within these
models provides teachers with powerful tools to assess and
adapt to individual student needs (Song et al., 2025). The
convergence of policy support, technological innovation,
and robust teacher training is thus essential for advancing
inclusive physical education on a global scale (Block et al.,
2021). This synthesis of research findings and best practices
offers a roadmap for future initiatives aimed at achieving
systemic change in the field (Loyd et al., 2024).

Conclusion

This systematic review underscores the transformative
potential of Universal Design for Learning (UDL) in
fostering equitable and inclusive physical education (PE)
environments for students with disabilities. By synthesizing
empirical evidence from diverse global contexts, the study
highlights that UDL-aligned strategies—grounded in flexible
engagement, representation, and action/expression—
significantly enhance motor skill development, participation
rates, and social inclusion. In OECD settings, adaptive
equipment, multimodal instruction, and collaborative
tasks drove measurable improvements, with motor skill
gains and participation increases of up to 50%. However,
persistent disparities in non-OECD regions, exacerbated
by cultural stigma, infrastructural deficits, and inconsistent
teacher training, reveal the uneven penetration of UDL
principles. Critical barriers, such as inadequate professional
development (40% of OECD educators reported insufficient
preparation) and resource scarcity, underscore the need for
systemic reforms. The integration of emerging technologies,
including Al and virtual reality, emerges as a promising
avenue to bridge accessibility gaps and personalize learning
experiences. To translate UDLs theoretical promise into
universal practice, policymakers and educators must
prioritize mandatory UDL training in teacher education
programs, equitable resource distribution, and cross-
sector collaborations. These efforts must be coupled with
institutional support to ensure pedagogical innovations
align with localized needs, thereby mitigating contextual
challenges and fostering sustainable inclusion.

While this review advances understanding of UDLs
efficacyin PE, critical gaps warrant furtherinvestigation. First,

longitudinal studies are imperative to assess the durability of
motor skill and social inclusion gains, particularly in under-
resourced and non-OECD contexts. Second, mixed-methods
research should explore the interplay between UDL and
cultural factors, such as stigma or gender norms, to develop
context-specific implementation frameworks. Third, the role
of technology—AI, gamification, and immersive tools—
in scaling UDL practices demands rigorous evaluation,
including cost-benefit analyses and ethical considerations in
low-income settings. Additionally, standardized metrics for
assessing UDL outcomes (e.g., universal participation rubrics,
motor skill benchmarks) must be developed to enhance
comparability across studies. Future work should also examine
systemic enablers, such as policy coherence and intersectoral
partnerships, to identify scalable models for institutionalizing
UDL. Finally, interdisciplinary collaborations between
educators, neuroscientists, and technologists could pioneer
adaptive learning environments that integrate UDL with
cutting-edge insights from educational neuroscience.
Addressing these priorities will not only refine UDLs
theoretical foundations but also empower global stakeholders
to dismantle barriers to inclusion, ensuring all students thrive
in dynamic, equitable PE settings.
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BuAaBneHHA BIJINBY YHiBepCasbHOro AnN3anHy
HaB4YaHHSA Ha iHKNI03i10 YYHIB 3 iHBanigHicTio
y ¢isnuHomy BuxoBaHHi: CuctemaTnyHum ornag

Kapmna JIoypenco"***5?, Omap ben Pakaa***“Pt, Mycrada baccipi**®“P, Cainx Totdi* 5P

'Tlonitexniunmit incTutyT Bisey
*YHiBepcuTeT BHYTpilIHIX cripaB beitpn
‘LeHTp pocnmimkeHb OCBiTH Ta iHHOBAIil
*YuiBepcurer Xacana II Kacabmanku

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xorTis

Pedepar. Crarrs: 14 ¢, 2 Tab1., 1 puc., 46 mxeper.

IcTopis nuTaHH:A. YHiBepcanbHuMit fusaitH HapyauHA (Y]H) npornonye TpancdopMaliliHy OCHOBY LA CIIPMAHHSA PiBHOCTI B iH-
KI03uBHOMY (isnuHomy BrxoBaHHi (PB), 3a10BOIbHAIOUN PI3HOMAHITHI HOTPeOM YUHIB 3 IHBa/IIIHICTIO Yepes THyUKe 3a/IydeHHs,
pernpeseHTaliio Ta Aii/ekcrpecito. Ilomnpu TeopeTHYHY BiANOBIIHICTD IPOAKTUBHIl IHK/II0311, B ycbOMY CBiTi 30epiraloTbcs po36ix-
HOCTI y BIIPOBaJKeHHI LIbOTO MiIXOJY, Ha AKi BIVIMBAIOTD Mi/ITOTOB/ICHICTb BUNTEB, 0OMEXEHICTb pecypciB i Ky/IbTypHIIT KOHTEKCT.

Merta pocnimxenHsa. OCHOBHOIO METOI0 IIbOTO JOCTIIKEHHs OY/I0 OLiHUTY LULIXM IOZOAHHS 3a3HAa4YeHNX KOHTEKCTyasIb-
HMX 6ap’epiB yepes BMKOPUCTAHHA CTpaTeriit, BinnosigHux go npuHummnis YIH.

Marepianu Ta MeToau. Y IIPeCTaBICHOMY CHCTEMAaTIYHOMY OIJIAZli IIPOBefieHa OIiHKa e)eKTMBHOCTI IefjaroTiYHNX CTpa-
Teriit, BignopigHMx o npuHuumiB Y/IH, 1010 posmmpeHHs y4yacTi, pO3BUTKY MOTOPUMKH, COLIialbHOI iHK/II03i] Ta 3amyyeHHs
IO 3aHATH (Pi3UYHOIO KY/IBTYPOIO YUHIB 3 IHBa/Ii/[HICTIO, SIKi HABYAIOTHCA 3a cucTeMolo ocBiTn K-12. KoMItekcHmit mouryk y Ha-
ykoMeTpuyHuX 6asax Scopus (n = 1,183) Ta Web of Science (n = 823) BusiBus 2,006 foCTifXeHb, 3 IKUX 6y/10 BifibpaHo 13 Brco-
KOSIKICHMX CTaTell IIUIAXOM PeTe/IbHOro Binbopy, olinoBanHs ynepemkeHocti (Cochrane RoB 2.0, mkama Hplokacn-OrTaBa) Ta
IIO/IBi/IHOTO HE3a/IEXKHOTO BUTyYEHHS.

Pesynbraru. 3a pesynbTaTaMu CMHTE3y 3MilllaHMX METOJiB BCTAHOBJIEHO, 1[0 iHTepBeHllii i3 3acTocyBaHHAM Y/IH sHauHO
HOKPALLV/IA PO3BUTOK PYXOBMX HaBUYOK (° = 0.67) Ta piBeHb 3aydenocti (5o 50%) B konrekcti OECP, 1110 3yMOB/IEHO BUKOPUC-
TaHHAM aJ]AIITMBHOTO OO/MaJHAHHA Ta MyIbTUMOJAIbHMX 3ac00iB HaByaHHA. CollialbHa iHK/II03iA 3pOC/Ia 3aBAKM BMKOHAHHIO
cIiibHKX 3aBfianb (30% IpUPOCTY 3a paXyHOK B3a€MOJIi 3 ONHOITKAaMN), OfHAK y KpaiHax, 1o He € wieHamu OECP, s6epermacs
IPMXOBaHAa eKCKII03iA yepes CTUrMaTy3aliito Ta iHppacTpyKkTypHi mporamiaim. [lo Kmo4oBux 6ap’epiB Ha/le>KaTh HEIIOCTiIOBHA ITifI-
roroBka Brkagadis (40% ocsitTsin kpain OECP moBifgoMumy po HeHateXXHy IpodeciiiHy miiroTOBKY) Ta Opak pecypcis, 30kpema
B IIIKOJIaX 3 HeJIOCTaTHIM (piHaHCyBaHHAM. IHTerpalis TeXHOOr il (ITy4YHWIT iHTeeKT, BipTya/bHa peanbHICTh) IPOJEMOHCTPY-
BaJIa TIOTEHIIia/l y IIepCcoHaJIi3allil HaBYaHHA Ta IIOJONIAHHI IPOTa/lINH Y JOCTYNHOCTL. OTpyMaHi JaHi MiIKPeCTIoTh HeoOXiTHICTD
IPOBEfIeHHs CUCTeMHIX peopM: 3abe3redeHHs 000B A3KOBOI MiArOTOBKY i3 3actocyBanus Y/IH y megarorivsiit ocBiti, posmopin
PecypciB BilIOBIIHO 10 MOMTITUYHMX PillleHb, a TAKOXX MDKCEKTOPa/IbHA CIIiBIIPALSA /I POSLIMPEHHS iIHK/TIO3MBHUX IIPAKTHUK.

Bucnosku. Lleit ornap migTBepayKye NOLINbHICTD BOPOBA/KEHHA JOHTITIONHMUX NOCIIKEHb 1 CTaHJapTU30BaHMX ITOKa3-
HIIKIB 3 METOK YCYHEHHsI METOZ{O/IOTIYHIX 0OMeXKeHb, HigKpectonyy poab YJH y focsrHeHHI piBHOIIPaBHOTO, CTAJIOTO Cepel-
OBHIIA /I PO3BUTKY (pi3NYHOTO BUXOBAHHA B IJIOOATLHOMY MacIITabi. Y3TOKYI0UH MefaroriyHi iHHOBaIil 3 IHCTUTYLiOHA/Ib-
HOIO HmifTpyMKolo, Y/TH crpusAe MofonaHHio KOHTEKCTYalbHUX 6ap’epiB, 3ab6esmeduyioun po3BUTOK YCiX YYHIB y AMHAMIYHMX Ta
IHK/TI03MBHUX YMOBaX.

Knro4oBi cnoBa: MOTOpMKa, pO3BUTOK, Ii/ITOTOBKA BUNTEIiB, COLjia/IbHA iIHKITIO3id.
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