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ABSTRACT

Background: This study explores the transformative potential of
Artificial Intelligence (AI) in Physical Education (PE), examining its
capacity to enhance instructional quality and student engagement.
It also critically addresses ethical concerns and implementation
challenges across culturally diverse and resource-variable contexts.
Methods: This qualitative study employed the Sample, Phenomenon
of Interest, Design, Evaluation, and Research type (SPIDER)
framework to systematically retrieve and synthesize 41 peer-
reviewed articles from academic databases including ScienceDirect,
Elsevier, ProQuest, ERIC, Taylor & Francis, and UNESCO. The
studies were preliminarily screened and then appraised for quality
utilizing the Mixed Methods Appraisal Tool (MMAT). Lastly,
thematic synthesis was done in a bid to discern significant patterns
and results regarding the research point of emphasis.

Results: Thematic synthesis identified six key themes in the
integration of Al in PE: performance optimization, individualized
learning, data-informed assessment, engagement and motivation,
improvement in the educational process, and ethical challenges
in implementation. Whereas Al shows considerable promise in
remodeling PE practices, implementation remains differential
across locations. Inhibitors like restricted access to equipment
and technology, ethical concerns, and differences in institutional
emphasis persist in dictating the course of Al implementation.
Comparative analysis across locations also served to emphasize
differences in approach and areas of emphasis in Al-infused
pedagogy.

Conclusion: Effective Al integration in PE is contingent upon
context-aware design, improved instructor readiness, and effective
ethical leadership. Inclusive professional development and culturally

informed frameworks ought to initiate balanced and resilient use.
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Introduction

Pursuits of educational quality and
effectiveness are understood as an overriding
concern for educational systems around the
world and the embedding of technology
as a routine teaching method and policy
initiative (1). Within this evolving landscape,
Artificial Intelligence (AI) has emerged as a
transformative force, offering the potential to
redefine Physical Education (PE) through data-
driven personalization and enhanced student
engagement (2). Research findings indicate
that Al integration in PE has led to measurable
improvements in both instructional quality
and learner motivation (3). Tools such as
computer vision and wearable sensors now
enable real-time biomechanical feedback (4),
while Al-powered platforms support targeted
instruction, personalized training programs,
and precise performance assessments (5-7).
These innovations have shown promise in
boosting intrinsic motivation and supporting
athletic development among students (8).

Despite these advancements, the
technological shift toward Al in PE remains
fraught with three core tensions that
complicate sustainable adoption. The first
challenge is the privacy paradox. While deep
learning models rely on extensive biometric
data, concerns regarding student surveillance
and data protection remain pressing (9),
particularly in immersive Virtual Reality
(VR) environments, where motion capture
technologies may infringe on personal
privacy boundaries (10).

The second challenge is the competency
gap. There is a notable disparity between
the technical capabilities of Al systems and
the readiness of educators to implement
them effectively (11, 12). This gap is further
exacerbated by insufficient professional
development infrastructure, which limits
meaningful adoption even in technologically
equipped settings (2, 8).

The third concern is the equity divide.
While well-funded institutions take advantage
of Al-enhanced instruction, under-resourced
schools continue to face barriers in adopting
even basic digital platforms (13).
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These interconnected challenges reveal
deep systemic limitations that threaten the
scalability and sustainability of Al in PE.

In addition to logistical and infrastructural
challenges, the cultural and ethical aspects
of Al implementation also raise significant
concerns. Perceptions of Al are influenced by
the sociocultural context; for instance, parental
expectations regarding student data privacy
differ notably between Middle Eastern and
European regions (1), while understandings
of algorithmic fairness often diverge between
collectivist and individualist societies (14).
Ethical frameworks for the use of Al in
education are primarily based on Western
norms and often remain mostly theoretical
(15), providing little practical guidance
for institutions in developing countries.
This issue is particularly concerning since
almost 70% of these institutions do not have
sufficient systems to deploy Al safely and
in compliance with regulations (2). Scholars
also caution against more general risks, such
as data privacy breaches (16), algorithmic
bias in movement analysis (17), and unequal
access to Al infrastructure across educational
systems (18). Together, these issues challenge
the assumption that Al-driven PE is neutral
and universally beneficial. Instead of viewing
Al as a panacea, its role must be critically
reassessed as a complex and context-
dependent intervention. This reevaluation
requires careful alignment with curricular
goals, preservation of teacher agency (19),
and the incorporation of culturally responsive
design (20).

This study aimed to conduct a qualitative
meta-synthesis of Al integration in PE
regarding instructional performance, ethical
issues, and global implementation trends. The
main objective was to critically examine how
Al technologies influence teaching quality
and student engagement in PE, identify
institutional and cultural barriers to effective
adoption, assess PE instructors’ technological
readiness, and explore ethical challenges
within diverse educational contexts. To
achieve these goals, four research questions
were developed, with the themes extracted
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from the meta-synthesis providing enhanced
understanding and clarification:

1. How does Al-driven pedagogy influence
the quality of PE instruction and student
engagement?

2. What are the primary barriers preventing
the effective integration of Al in PE curricula,
particularly in multicultural and resource-
limited settings?

3. How can targeted professional development
programs enhance PE instructors’
technological readiness for Al adoption?

4. What ethical concerns arise from Al-based
PE tools, and how can they be addressed
using culturally adaptive frameworks?

Methods
Study Design

This study employed a qualitative meta-
synthesis methodology to investigate the
role of Al in PE, aiming to produce deeper
conceptual understanding by interpreting
and synthesizing findings from existing
studies. Unlike systematic literature reviews
that generally compile quantitative data
to evaluate effect sizes or intervention
results, meta-synthesis focuses on achieving
conceptual richness, developing theories,
and reinterpreting meanings across different
studies, often based on methodologies
such as grounded theory, ethnography, and
phenomenology (21, 22). A structured and
transparent screening process was designed
to support the inclusion of peer-reviewed
and thematically relevant literature. Guided
by established qualitative meta-synthesis
principles (22), the study followed a multi-
phase procedure involving article selection,
full-text appraisal, and evaluation based
on inclusion and exclusion criteria. In
accordance with a recognized synthesis
framework (21), thematic synthesis was
employed to integrate findings from the
selected studies, enabling the identification
of recurring patterns, conceptual tensions,
and emergent thematic structures (23). This
interpretive synthesis facilitated a rich, theory-
informed understanding of AI’s pedagogical
applications and ethical implications in

PE, highlighting implementation gaps and
evolving trends across diverse educational
and cultural contexts.

Search Strategy

The study systematically identified research
addressing Al applications in PE through
a rigorous meta-synthesis framework. The
SPIDER tool, which encompasses Sample,
Phenomenon of Interest, Design, Evaluation,
and Research type, was employed to develop
the inclusion filters during the screening
process (24). The search included three main
categories: (a) qualitative research focused on
experiential and interpretive aspects of Al-
enhanced pedagogy; (b) quantitative studies
with phenomenological implications; and (c)
mixed-methods designs integrating narrative
and empirical insights. Data collection was
conducted through academic databases
including ScienceDirect, Elsevier, ProQuest,
ERIC, Taylor & Francis, and UNESCO.
The keyword search employed combined
semantic categories such as (‘artificial
intelligence’ OR AI OR ‘machine learning’
OR ‘intelligent systems’ OR ‘educational
technology’ OR EdTech) AND (‘physical
education’ OR PE OR ‘sports education’ OR
‘sports pedagogy’ OR ‘movement education’
OR ‘school-based physical activities’ OR
‘athletic instruction’ OR ‘sports training’ OR
‘coaches’ OR ‘physical literacy’ OR ‘motor
learning’ OR ‘fitness education’). These
search strategies were designed to identify
studies aligned with the conceptual scope of
meta-synthesis, emphasizing instructional
models, technological innovations, and
ethical implications within PE. The 2020-
2024 timeframe was selected to capture recent
pedagogical shifts driven by increased adoption
of Al-based tools in PE. This period reflects
significant integration of intelligent tutoring
systems, adaptive platforms, and interactive
learning environments. Selecting studies from
this span enabled focused qualitative analysis
of emerging trends in Al-based PE (25).

Selection Criteria
Eligible studies included full-text, peer-
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reviewed journal articles published in English
from 2020 to 2024. The papers had to
present primary data derived from empirical
research conducted in PE settings. Inclusion
was contingent on studies showing clear
methodological transparency and relevance
to the review’s conceptual framework.
Publications were included if they addressed
experiential, interpretive, or technology-
enhanced dimensions of Al-integrated
pedagogy, performance enhancement, and
ethics in PE. Additionally, these works
needed to align with the thematic focus of
the established synthesis framework.

The initial search yielded only abstracts
and titles. Duplicate records, clearly
irrelevant studies, and those not meeting the
predefined inclusion criteria were excluded.
In accordance with a meta-synthesis
framework (21), the next phase involved
full-text screening to determine whether the
studies employed qualitative, quantitative
(with phenomenological relevance), or
mixed-method approaches to investigate
Al-enhanced pedagogy in PE. The specific
methodological orientation; such as grounded
theory, phenomenology, or ethnography was
not used as an exclusion criterion, given their
shared interpretive focus on meaning-making
and experiential understanding. Studies based
on predominantly quantitative designs with
minimal qualitative supplementation were
excluded, as their analytical scope did not
support the depth of interpretation required
to explore participants lived experiences
with Al-integrated pedagogy, performance
enhancement, and ethics in PE contexts.
Quality  Assessment of the Included
Documents

To assess the methodological rigor and
transparency of the selected studies, the
Mixed Methods Appraisal Tool (MMAT),
version 2018, was applied (26). MMAT
provides a structured framework for
evaluating qualitative, quantitative, and
mixed-methods research across five study
categories, each assessed through five core
criteria related to sampling, data collection,

Interdiscip J Virtual Learn Med Sci 2025, Vol. 16, No. 3

analysis, interpretation, and integration.
Each of the 45 articles was independently
assessed by three researchers with expertise
in technology-enhanced pedagogy, followed
by peer validation from an external reviewer
to enhance credibility. Studies were excluded
if they failed to meet 3 out of 5 key MMAT
indicators; such as lacking empirical
grounding, omitting sampling details, or
failing to justify analytical choices. These
shortcomings undermined the interpretive
trustworthiness necessary for inclusion in the
meta-synthesis.

Screening and Data Collection Process

A structured screening and data
collection process was conducted to identify
conceptually relevant qualitative studies on
Al integration in PE. Initial searches were
guided by the SPIDER tool to target studies
involving relevant samples (e.g., educators/
students), the phenomenon of Al-enhanced
pedagogy, qualitative designs or methods,
evaluative insights into learning experiences,
and empirical research types. Titles and
abstracts were screened for alignment with
the study’s focus and guiding questions,
followed by full-text evaluations emphasizing
methodological transparency, contextual
richness, and thematic relevance. Screening
decisions were collaboratively reviewed
and cross-validated to ensure credibility
and conceptual coherence across diverse
instructional settings.

Data Extraction and Analytical Framework

Data extraction and analysis followed
a systematic and interpretive approach,
utilizing thematic checklists alongside the
constant comparison method to identify
recurring concepts across the selected
qualitative studies. Study characteristics,
including publication year, methodology,
participant profiles, and research focus were
recorded. Key findings, including participant
quotes and thematic interpretations, were
imported into NVivo, a leading qualitative
data analysis software, for line-by-line
inductive coding. Using a well-established
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coding framework (27), initial concepts were
generated through open coding, organized
into thematic clusters during axial coding,
and synthesized into broader analytical
insights via selective coding. The frequency
and consistency of emergent patterns across
studies further reinforced the descriptive
themes, and a second round of narrative
reading confirmed contextual relationships.
This iterative process produced a hierarchy
of core and descriptive themes centered
on Al-integrated pedagogy, performance
enhancement, and ethics in PE, aligning with
the conceptual goals of the meta-synthesis.

To identify relevant literature for the
meta-synthesis, a multi-stage search and
screening process was conducted across six
major academic databases: ScienceDirect
(n=87), Elsevier (n=68), ProQuest (n=170),
ERIC (n=92), Taylor & Francis (n=65), and
UNESCO (n=21).

Stage 1: Initial Screening Using SPIDER
The SPIDER tool was employed to guide
the initial screening, particularly suited for

qualitative and mixed-methods research.
This approach allowed for a focused retrieval
of studies that addressed experiential,
interpretive, and context-rich data.

Out of the total pool, 45 articles were
identified as potentially relevant based on
SPIDER criteria. These included studies
involving teachers, students, and educational
experts, focusing on Al integration,
personalization, motivation, ethics, and
assessment in PE contexts.

Stage 2: Quality Confirmation Appraisal
Using MMAT

To enhance the credibility and
methodological rigor of the selected studies,
MMAT was applied during the second stage
of the synthesis. This step involved evaluating
each article’s empirical grounding, design
coherence, data collection clarity, and the
analytical transparency.

Following this appraisal, 41 studies met the
final inclusion criteria and were retained for
in-depth thematic analysis. The selection and
screening process is illustrated in Figure 1.

II' Initial Search in Databases — p Total Retrieved: 503 articles

ScienceDirect
87 articles

ProQuest ERIC
170 articles 92 articles

UNESCO
21 articles

Elsevier
68 articles

Taylor & Francis
65 articles

N

@ Initial Screening Using SPIDER Tool — Selected: 45 articles

Focus on: Sample, Phenomenon of Interest, Design, Evaluation, Research Type

A4

Quality Assessment Using MMAT Tool — Remaining: 41 articles

Evaluation of methodological transparency and
relevance

X Excluded: 4 articles

NS

E Final Input for Meta-Synthesis

@. Total Included: 41 articles (18 qualitative + 23 quantitative)

High-quality qualitative studies:
18 articles

Relevant and complementary quantitative studies:
23 articles

Figure 1: Flowchart of Article Selection and Screening for Meta-Synthesis. MMAT: Mixed Methods
Appraisal Tool; SPIDER: Sample, Phenomenon of Interest, Design, Evaluation, and Research type.

Interdiscip J Virtual Learn Med Sci 2025, Vol. 16, No. 3



Gorzinmataee Z et al.

Al in Physical Education: Performance, Ethics, and Global Trends

Inclusion of Quantitative Studies

The initial preference was to focus on
qualitative studies because of their depth
and contextual detail; however, the topic
of Al in physical education required the
inclusion of certain quantitative studies.
These quantitative studies offered strong
generalizability, robust statistical analysis,
and evidence-based findings that aligned
well with the synthesis’s thematic objectives.
Although only few quantitative studies were
incorporated (4, 28), they made significant
contributions to understanding motivation
and stress reduction through Al tools, with
their methodological rigor and thematic
relevance justifying their inclusion.
Similarly, longitudinal and cohort studies
examining machine learning in performance
enhancement and injury prevention enriched
themes related to real-time feedback, adaptive
learning, and ethical considerations (2,
5, 29). Despite being mainly quantitative,
these studies closely aligned with themes of
personalization, motivation, and responsible
Al integration.

Conversely, four studies (17, 30-32)
were excluded following methodological
appraisal. Although they offered conceptual
or technical insights, they lacked sufficient
empirical grounding or participant-centered
data required for thematic synthesis. Their
exclusion was solely based on the synthesis
criteria and did not undermine their wider
academic significance. This selective

approach  maintained methodological
diversity while ensuring the synthesis
remained thematically consistent, effectively
balancing qualitative detail with appropriate
quantitative evidence.

Results

The synthesis initially reviewed 45
conceptually relevant studies. After
conducting a methodological appraisal using
the MMAT, four studies were excluded due
to inadequate quality scores. The remaining
41 studies were selected for thematic analysis,
forming the basis of the interpretive synthesis.
Methodologically, the included studies
presented a diverse yet uneven landscape.
Qualitative designs, particularly interviews,
Delphi techniques, and content analysis,
were the most prominent, offering rich
insights into pedagogical, cultural and ethical
dimensions of Al integration in PE. Quasi-
experimental and mixed-methods approaches
also contributed valuable understanding
regarding performance, engagement, and
contextual adaptation. While the studies
spanned multiple regions, geographic
details were condensed to maintain the
thematic focus. Table 1 summarizes all
the 45 studies assessed, including those
excluded, and outlines their methodological
features, geographic origins, and conceptual
relevance. This comprehensive overview
supports transparency and contextualizes the
interpretive findings.

Table 1: An overview of studies highlighting methodological features and conceptual insights on Al

integration in physical education
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Thematic Synthesis Overview

To synthesize the findings across the
selected studies, a thematic synthesis approach
was employed following the framework
proposed by Thomas and Harden (23). This
method involved three iterative stages:
first, extracting descriptive codes from the
primary data reported in each study (e.g., Al
applications, pedagogical strategies, ethical
concerns); second, organizing these codes
into analytical categories that reflect shared
patterns and conceptual similarities; and
third, generating higher-order synthesized
themes that capture the overarching constructs
emerging across the literature. This process
enabled the identification of six core themes
related to Al integration in PE: performance
optimization,  personalized learning,
data-driven assessment, engagement and
motivation, educational process improvement,
and ethical implementation challenges. These
themes are outlined in Table 2, along with the
coding framework and essential references
that support each synthesized construct.
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Table 2: Synthesized themes from thematic synthesis of Al in physical education

Discussion

Through thematic synthesis of 41 studies,
six key conceptual themes were identified
that encapsulate the multifaceted role of Al in
PE. Each theme, ranging from performance
optimization to ethical implementation,
offers a distinct lens through which the core
research questions can be further explored
and addressed. These synthesized concepts
not only reflect the current landscape of Al
integration in PE but also serve as strategic
entry points for deeper inquiry. By connecting
each theme to specific educational challenges,
this framework clarifies and addresses key
study concerns, offering a more nuanced
understanding of how AI can enhance
physical literacy, instructional quality, and
equitable access in educational settings.

RQI: To address the first research
question, three synthesized themes were
primarily drawn upon: Al for Performance
Optimization, Engagement and Motivation,
and Data-Driven Assessment.

Together, these themes illustrate how Al

11
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technologies are reshaping PE by enhancing
instructional precision, fostering immersive
engagement, and enabling data-informed
teaching strategies.

1. Precision Personalization of Instruction:
This mechanism directly corresponds to the
theme “Al for Performance Optimization”.
Al technologies such as wearable sensors,
motion analysis systems, and machine
learning platforms enable hyper-personalized
feedback, replacing the traditional one-size-
fits-all model. Real-time biomechanical
corrections (17) and dynamic training
adaptations allow educators to address
individual differences in physical ability and
progress. This level of personalization reflects
the principles of Vygotsky’s Zone of Proximal
Development, positioning Al as a “digital
scaffold” that bridges current and potential
competencies (34). Such personalization not
only enhances instructional precision but also
promotes student confidence and autonomy.

2.  Immersive and Motivational
Engagement: This mechanism aligns with
the theme “Engagement and Motivation”.
Gamified Al tools, including VR
simulations, AR-enhanced challenges, and
adaptive chatbots, have proven to be as
powerful catalysts for intrinsic motivation.
Research studies demonstrate that real-time
encouragement, competitive dynamics,
and interactive feedback foster deeper
engagement (16, 45). However, some studies
warn that gamification must be pedagogically
grounded to avoid distracting from core
learning objectives (50). When applied
thoughtfully, these tools have the potential to
shift PE from a passive activity to a dynamic
and emotionally engaging experience.

3. Data-Driven Instructional
Improvement: This mechanism reflects the
theme ‘“Data-Driven Assessment”. Al’s
analytical capabilities allow educators to
tailor instruction based on real-time data.
Automated assessments help identify skill
gaps (36), while predictive analytics optimize
group dynamics and learning trajectories
(10). These insights support both immediate
instructional decisions and long-term

12

curriculum planning (39), enhancing the
overall quality of teaching and learning.

Despite these benefits, the synthesis also
highlights challenges that intersect with
the theme “Ethical and Implementation
Challenges”. Educators must redefine
their roles, not as passive recipients of Al
recommendations, but as critical facilitators
who integrate technology within broader
pedagogical frameworks (6). Excessive
dependence on automation can undermine
the quality of instruction and erode student
trust (33). Additionally, differences in
infrastructure and digital preparedness could
worsen current achievement disparities if
inclusive policies are not implemented (1).

In summary, Al-driven pedagogy shows
strong potential to improve PE instruction
and student engagement by fostering
personalized, interactive, and evidence-based
learning. However, its long-term success
depends on thoughtful integration, teacher
agency, and equity-driven deployment.
Future longitudinal research is needed to
evaluate whether these engagement gains
lead to sustained physical literacy and holistic
development.

RQ2: To address the second research
question, three synthesized themes
were primarily drawn upon: Ethical and
Implementation Challenges, Educational
Process Improvement, and Data-Driven
Assessment.

Together, these themes highlight the
key barriers to Al integration in PE,
including  infrastructural  limitations,
cultural misalignment, and gaps in teacher
preparedness. They emphasize that
successful implementation requires not
only technological access but also inclusive,
context-sensitive educational strategies.

1. Infrastructural and Resource
Constraints: This barrier is closely linked
to the theme “Ethical and Implementation
Challenges”, as well as “Educational Process
Improvement,” since it reflects systemic
limitations that hinder equitable access
to Al technologies in PE. Successful Al
implementation in PE requires a robust
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infrastructure, yet many underfunded
schools lack basic access to digital resources.
Studies have highlighted critical shortages
in equipment such as internet bandwidth,
sensors, and VR headsets, making advanced
tools like motion capture systems or adaptive
analytics platforms practically inaccessible
(1,4, 5, 18). Moreover, even where Al is initially
deployed, sustainability remains elusive due
to maintenance costs and limited technical
support (30). These patterns raise concerns
that Al may deepen rather than bridge digital
divides, favoring institutions with stronger
funding and technical infrastructures (39).

2. Cultural and Pedagogical Misalignment:
This issue aligns with “Ethical and
Implementation Challenges”, highlighting
how cultural norms and rigid curricula
can conflict with Al-driven approaches
in diverse educational settings. In many
regions, particularly those with deeply
rooted pedagogical traditions or standardized
curricula, Al faces resistance not only as a
technical innovation but also as a cultural
intrusion. In East Asian school systems, Al
is often deprioritized due to its perceived
misalignment with rigid, exam-driven
PE programs (3). Similarly, hesitation
has been observed in European contexts,
where Al is seen as undermining teacher—
student relational dynamics (20). Cultural
friction is also evident in tool design;
Western-built chatbots have shown limited
relevance in Middle Eastern settings, where
language, gender norms, and classroom
structures diverge significantly from design
assumptions (13). For instance, the effective
implementation of Al in Malaysia depended
greatly on thorough contextual adaptation,
a critical process that is often neglected in
global applications (43).

3. Gaps in Teacher Preparation and
Professional Trust: This challenge relates to
both “Ethical and Implementation Challenges”
and “Data-Driven Assessment,” emphasizing
the lack of teacher readiness and skepticism
toward algorithmic decision-making in
PE instruction. Teachers play a pivotal
role in mediating between Al capabilities
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and pedagogical goals, yet many feel ill-
equipped or skeptical about the technology.
Educators often lack formal training in Al
which can lead to misuse or abandonment
of technological tools (19, 42). Even among
trained professionals, reconciling algorithmic
outputs with core educational principles
like autonomy, fairness, and formative
assessment, continues to be difficult (36).
Studies conducted in Latin America and
North Africa reveal that some educators
perceive Al as a threat to their professional
identity, particularly in its role in student
performance evaluation (30, 46).

These barriers underscore that Al
integration in PE is not solely a technological
challenge but also a social, cultural, and
institutional one. If concerns related to
equity, teacher empowerment, and cultural
responsiveness are not addressed, Al could
perpetuate the inequalities it seeks to
eliminate. Future implementation efforts
should prioritize pilot testing in diverse
environments, integrate community co-
design frameworks (20), and support low-
tech, context-appropriate alternatives such
as SMS-based systems (32). Ultimately,
for Al to enhance PE equitably, it must be
embedded within inclusive, sustainable, and
locally grounded strategies.

RQ3: To address the third question, three
synthesized themes were primarily drawn
upon: Educational Process Improvement,
Ethical and Implementation Challenges, and
Data-Driven Assessment.

Together, these themes emphasize that
enhancing teachers’ technological readiness
for Al requires well-designed professional
development (PD) programs, institutional
support, and training that helps educators
interpret and apply Al-generated data
effectively in PE settings.

1. Persistent Deficits in Current Training:
This issue is closely related to the themes
“Educational Process Improvement” and
“Ethical and Implementation Challenges,”
as it reflects gaps in how professional
development is currently designed and
delivered. Many existing PD programs

13
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fall short in preparing PE instructors for
meaningful Al integration. Most training
initiatives focus narrowly on operational
skills, often overlooking pedagogical
purpose and ethical considerations (42, 51).
Without a balanced emphasis on human—
Al collaboration, educators may face
marginalization ~ within  increasingly
automated learning environments (6, 19).
Furthermore, one-off workshops with limited
follow-up contribute to high attrition rates
and minimal classroom impact (27).

2. Features of Effective Professional
Development:  This  point  connects
strongly to the themes ‘“Educational
Process Improvement” and “Data-Driven
Assessment,” as it focuses on how PD can
support meaningful and confident use of
Al in teaching. Successful PD initiatives
share several traits: they embed Al within
authentic teaching practices, emphasize
critical reflection, and promote collaborative
learning. Integrating Al into lesson planning
has been shown to improve tool adoption
(39), while incorporating ethical reflection,
such as bias awareness and data privacy can
foster teacher confidence (25, 36). Peer-driven
communities of practice also play a key role
in encouraging sustained use and pedagogical
exploration (37).

3. Implementation Realities and Cultural
Relevance: This challenge relates to the themes
“Ethical and Implementation Challenges”
and “Educational Process Improvement,” as
it highlights the external and cultural factors
that affect how PD programs are received and
applied. Even well-designed PD programs
face external pressures that limit their impact.
Overloaded teaching schedules often prevent
teachers from fully implementing their
training (18), and professional development
models centered on Western perspectives,
which are not culturally adapted, hold limited
relevance in non-Western settings (3), leading
to gaps between training and real classroom
conditions. Limited evaluation mechanisms
have also been identified; most programs
assess success based on perceived confidence
rather than actual classroom integration (28).

14

In summary, bridging the readiness gap
between fast-evolving Al tools and slow-
moving teacher training systems requires
reimagining PD as an ongoing, reflexive,
and context-sensitive process. Such programs
must balance technical competence with
pedagogical insight and ethical engagement;
positioning educators not as passive adopters,
but as critical agents in Al-enhanced
instruction (33).

RQ4: To address the last question, three
synthesized themes were primarily drawn
upon: Ethical and Implementation Challenges,
Data-Driven Assessment, and Educational
Process Improvement.

Together, these themes highlight that while
Al tools offer new opportunities in PE, they
also raise serious ethical concerns, especially
around data privacy, bias, and teacher—student
autonomy. Addressing these issues requires
culturally adaptive frameworks that respect
local values and ensure responsible use of
technology.

1. Data Sensitivity and Privacy
Vulnerabilities: This concern is closely tied
to the themes “Ethical and Implementation
Challenges” and “Data-Driven Assessment,”
as it involves how student data is collected,
stored, and used in Al-based PE tools. Al-
powered PE systems often rely on biometric
and behavioral inputs to offer personalized
feedback. However, concerns about
surveillance, data misuse, and stigmatization
are prevalent across studies. Commercial
platforms have been criticized for opaque
data practices and third-party sharing (25),
while parental opposition to student tracking
varies widely across cultural contexts (36).
Poor data governance, as seen in cases of
unauthorized access to health information
(46), disproportionately affects marginalized
learners. These findings highlight the urgent
need for culturally sensitive data policies
that respect community values and ensure
consent-driven usage.

2. Algorithmic Bias and Structural
Inequality: This issue relates to the themes
“Ethical and Implementation Challenges”
and “Educational Process Improvement,”
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as it highlights how Al can unintentionally
reinforce social and cultural inequalities.
Al systems can perpetuate normative
assumptions, unintentionally excluding
learners who deviate from idealized models.
Studies document higher error rates for
students with obesity (17), gender-biased
chatbot responses (28), and body type
misclassifications in South Asian populations
(3). While debiasing techniques offer technical
relief (42), scholars stress the importance of
interdisciplinary responses that address the
social foundations of bias through locally
rooted, inclusive frameworks (34).

3. Erosion of Human Agency and Cultural
Pedagogies: This concern is strongly linked
to the themes “Ethical and Implementation
Challenges” and “Educational Process
Improvement,” as it deals with how Al may
undermine teacher autonomy and cultural
diversity in education. As Al becomes more
common in PE, there’s a risk that teachers
and students rely too heavily on automated
decisions. Studies show that educators
sometimes trust algorithmic feedback
even when it is inaccurate; a phenomenon
known as “automation bias” (6, 33). Globally
designed tools like IVFIT (Intelligent Virtual
Fitness Instruction and Training) (43) may
unintentionally replace local teaching
traditions and promote cultural dominance.
In addition, gamified Al systems can create
addictive feedback loops that affect young
learners’ ability to self-regulate (16), raising
concerns about long-term autonomy and well-
being (11).

To mitigate these ethical challenges,
scholars advocate for culturally adaptive
frameworks that center participation and
contextual integrity. Co-design models
involving teachers (20), community-led ethical
audits and sandboxes (1), and algorithmic
impact assessments attuned to local values (36,
13) offer pathways for responsible integration.
Most critically, fostering critical Al literacy
among educators (19) and cultivating digital
citizenship in students (37) are essential to
building reflective, empowered users capable
of navigating and shaping AI’s role in PE.
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Limitations and Suggestions

While this meta-synthesis provides
valuable insights into how Al is being used
in PE, it has some limitations. The four-
year publication window may not reflect
long-term changes in Al development, and
focusing only on English-language sources
could miss important innovations from non-
English-speaking regions. Most of the studies
rely on mixed or quantitative methods, which
may highlight technical features but overlook
deeper pedagogical and ethical issues. Also,
the regional focus of the research may hide
challenges faced in low-resource or culturally
diverse settings.

To overcome these gaps, future research
should include longer-term studies that
combine data analysis with real classroom
experiences. Including work from a wider
range of cultural contexts will help uncover
local barriers and more effective ways to
implement Al. Using participatory methods
like co-designed tools and community-based
frameworks, can ensure that Al is ethically
grounded and supports teacher agency.
Finally, education policies should aim for
flexible guidelines that promote innovation
while protecting equity and teaching quality
across different school systems.

Conclusion

This meta-synthesis examined 41
conceptually rich studies to explore the
integration of Al in PE, focusing on
pedagogical innovation, educator readiness,
equitable implementation, and ethical
challenges. Findings across four interpretive
domains reveal that Al-enhanced PE holds
transformative potential, but its success
hinges on thoughtful design, contextual
responsiveness, and educator empowerment.

Al-driven pedagogy can elevate
instructional ~ quality and  learner
engagement through personalization, real-
time feedback, and immersive experiences.
Yet, its integration is uneven, especially
in multicultural and resource-limited
settings due to infrastructural constraints,
cultural misalignment, and limited teacher
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preparation. However, the adoption of these
methods is inconsistent, particularly in diverse
and resource-poor environments, because of
issues like inadequate infrastructure, cultural
differences, and insufficient teacher training. It
is essential to reimagine the role of educators;
they should be viewed not as passive adopters
of technology but as reflective, critical agents
who mediate its use. Professional development
must evolve into sustained, participatory,
and ethically grounded processes that align
Al tools with local needs and pedagogical
values. In summary, AI’s role in PE should
not be defined solely by its novelty but by
its capacity to foster meaningful, inclusive,
and sustainable learning. Future research
should investigate the long-term impacts on
physical literacy, student autonomy, and the
collaborative relationship between educators
and Al, particularly through longitudinal and
cross-cultural studies.
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