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Abstract

This paper explores the transformative potential of artificial intelligence (Al) in physical education
(PE) through a comprehensive review of literature and case studies. With supportive policies, Al
leverages technologies such as machine learning, computer vision, virtual reality (VR), and augmented
reality (AR) toenable personalized instruction, enhance teaching efficiency, streamline administrative
processes, and enrich student learning experiences. However, integrating Al into PE presents
challenges, including the need for teacher and student adaptation, high costs of equipment acquisition
and maintenance, data privacy and ethical concerns, and difficulties in assessing teaching outcomes.
To address these, the paper proposes strategies such as targeted teacher training, student engagement
initiatives, cost- effective equipment sharing, robust privacy frameworks, and diversified evaluation
systems. These solutions aim to provide theoretical and practical guidance for the intelligent
evolution of PE, fostering its high-quality development in the modern era.
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1. Introduction

Artificial intelligence (AI) encompasses theories, methods, technologies, and systems designed
to emulate, extend, and enhance human intelligence, enabling machines to perform tasks requiring
intellectual capabilities [1]. In recent years, global policies have increasingly emphasized Al’s role in
education. For instance, initiatives like the 2017 New Generation Artificial Intelligence Development
Plan and the 14th Five-Year Plan for Sports Development advocate for integrating Al, big data, and
other technologies into educational frameworks, including physical education [2,3]. These policies
highlight Al's potential to revolutionize PE by enhancing teaching methodologies, improving
management systems, and creating immersive learning environments.

Al's applications in education span personalized learning, teaching support, administrative
efficiency, and evaluation systems, leveraging technologies like machine learning, computer vision,
natural language processing, and VR/AR [4]. In PE, Al offers unprecedented opportunities to tailor
instruction to individual student needs, optimize training processes, and enhance engagement
through innovative technologies. However, challenges such as technological adaptation, cost
barriers, ethical risks, and evaluation complexities must be addressed to fully realize Al’s potential.
This study examines Al's prospects in PE, identifies key challenges, and proposes actionable
strategies to support its intelligent transformation.

2. Opportunities for Al in Physical Education

2.1. Personalized Instruction

Personalized instruction is a cornerstone of modern education, aiming to address individual
student needs. Al facilitates this by analyzing data on students” physical fitness, motor skills, and
interests to design tailored training programs. As Keller noted, data-driven personalization is critical
for effective education [5]. Unlike traditional PE, where uniform curricula often overlook individual
differences, Al enables customized learning paths.

For example, wearable devices can monitor heart rate and exercise intensity, allowing Al
systems to adjust training regimens in real time to prevent overexertion or undertraining. Motion
capture technology further enhances personalization by analyzing movement patterns, identifying
errors, and suggesting corrections. These capabilities improve student engagement, cater to diverse
needs, and promote holistic development [6].

2.2. Enhanced Teaching Efficiency

Al significantly boosts teaching efficiency in PE. Guidelines such as the 2021 Quality Evaluation
Guide for Compulsory Education emphasize process-oriented and developmental assessments to
guide improvement [7]. Al supports this by providing real-time data analysis and feedback. For
instance, wearable sensors track students’ physiological metrics, enabling teachers to adjust training
intensity dynamically. Computer vision systems offer instant feedback on movement techniques,
reducing the time needed for manual observation and correction.
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Moreover, Al streamlines lesson planning and resource allocation. Data- driven insights allow
teachers to optimize curricula and focus on instructional quality, creating efficient, interactive, and
personalized learning environments [8]. This shift transforms teachers into facilitators, enhancing
student outcomes.

2.3. Intelligent Administrative Systems

Al-powered administrative systems revolutionize PE management by integrating data analysis
into course scheduling, resource allocation, and student tracking. Virtual simulation platforms enable
real-time monitoring of student progress, allowing teachers to tailor instruction based on individual
performance [9]. For example, Al can analyze student data to optimize class schedules, ensuring
alignment with physical capabilities and skill levels.

These systems also improve resource utilization by allocating facilities and equipment
efficiently. Automated data recording and analysis provide detailed performance reports, enabling
evidence-based decision-making. Such intelligent management enhances overall teaching quality and
creates a structured, data-driven learning environment.

2.4. Immersive Learning with VR and AR

Virtual reality (VR) and augmented reality (AR) technologies transform PE by creating
immersive and interactive learning experiences. VR simulates realistic sports environments, such as
virtual soccer fields, where students can practice against simulated opponents, enhancing technical
skills and engagement. AR overlays real-time feedback onto physical activities, such as displaying
posture corrections during basketball drills.

These technologies also reduce injury risks by allowing students to practice high-risk
movements in safe, virtual settings. Additionally, VR/AR transcends spatial and temporal constraints,
enabling flexible, location-independent training. By fostering engagement and skill development,
these tools redefine traditional PE methodologies [10].

3. Challenges of Al in Physical Education

3.1. Inappropriate Use by Teachers and Students

While Al offers significant benefits, inappropriate use by teachers and students poses challenges.
Some teachers over-rely on technology, diminishing student-teacher interactions, while others use Al
superficially to meet administrative requirements, limiting its impact [11]. Students, accustomed to
traditional instruction, may struggle with Al tools due to unfamiliarity, reducing learning efficiency.
Over-dependence on Al feedback can also weaken critical thinking and problem-solving skills, as
students may follow system prompts without understanding underlying issues.

3.2. High Costs of Equipment and Maintenance

Implementing Al in PE requires substantial investment in hardware, such as wearable devices,
high-definition cameras, and servers. These costs can be prohibitive, particularly for underfunded
schools. Maintenance expenses, including hardware repairs and software updates, further strain
budgets. Without adequate technical support, schools face challenges in sustaining Al systems,
limiting adoption and scalability [12].

3.3. Data Privacy and Ethical Risks

Al's reliance on sensitive student data, such as health metrics and performance records, raises
privacy and ethical concerns. Data breaches or misuse could compromise student privacy,
necessitating robust protection measures [13]. Ethical issues, such as ensuring fairness and
transparency in Al-driven decisions, also require careful consideration to prevent biases and
maintain trust.
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3.4. Difficulties in Evaluating Teaching Outcomes

Assessing Al's impact on PE is complex due to the lack of standardized evaluation metrics.
Traditional assessments, focused on physical performance and subjective teacher evaluations, are ill-
suited for Al-driven personalized training and virtual environments. Factors like equipment
accuracy, algorithm reliability, and student engagement further complicate assessments, hindering
continuous improvement [14].

4. Strategies to Address Challenges

4.1. Enhancing Teacher Training and Student Engagement

To fully harness Al's potential in physical education, comprehensive teacher training and
improved student engagement are critical. Teachers must develop proficiency in Al tools to integrate
them effectively into their pedagogy. Structured training programs, including workshops, seminars,
and hands-on sessions, can equip educators with the necessary skills to navigate Al systems, interpret
data outputs, and incorporate them into lesson plans [15]. For example, training could focus on using
motion capture systems to analyze student movements or leveraging wearable devices to monitor
physiological data. Collaborative initiatives, such as inviting experts to demonstrate Al applications
in PE, can further enrich teacher training by showcasing real-world case studies and best practices.

For students, user-friendly interfaces and guided tutorials are essential to reduce resistance to
Al tools and enhance engagement. Schools can implement onboarding programs that introduce
students to Al-driven devices, such as smart wristbands or AR glasses, through interactive tutorials
and gamified learning experiences. These initiatives foster familiarity and confidence, enabling
students to leverage Al tools effectively. Additionally, fostering a collaborative learning environment
where students and teachers co-explore Al applications can strengthen teacher-student interactions,
countering the risk of over-reliance on technology. By aligning training with practical classroom
needs, these efforts ensure a seamless transition to technology-enhanced PE, promoting both teaching
efficacy and student motivation.

4.2. Securing Funding and Optimizing Equipment Use

The high costs associated with Al equipment acquisition and maintenance pose significant
barriers, particularly for resource-constrained schools. To address this, innovative funding strategies
are essential. Governments and educational institutions should prioritize dedicated budgets for Al
integration in PE, allocating funds to support the procurement of advanced equipment like sensors,
cameras, and VR/AR systems. Partnerships with private sectors, such as technology companies, can
further alleviate financial pressures through subsidies, donations, or discounted pricing models. For
instance, corporate sponsorships or grants from tech firms specializing in educational technology
could offset initial investment costs.

To optimize resource utilization, schools should adopt cost-effective equipment selection
strategies, prioritizing devices with high durability and versatility to meet diverse teaching needs.
Establishing regional equipment-sharing networks can further maximize resource efficiency. By
creating shared repositories of Al tools, such as motion capture systems or wearable devices, schools
within a district can access advanced technology without incurring redundant costs. These networks
can be managed through centralized scheduling systems to ensure equitable access and minimize
equipment downtime. Such collaborative approaches not only reduce financial burdens but also
promote scalability, enabling broader adoption of Al in PE [16].

4.3. Strengthening Data Privacy and Ethical Frameworks

The integration of Al in PE necessitates robust data privacy and ethical frameworks to protect
sensitive student information, such as health metrics and performance data. To safeguard privacy,
schools must implement stringent measures, including data encryption, anonymization, and role-
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based access controls, to prevent unauthorized access or breaches. Compliance with international
regulations, such as the General Data Protection Regulation (GDPR) and the Health Insurance
Portability and Accountability Act (HIPAA), ensures that data collection and usage adhere to legal
and ethical standards [17,18]. Additionally, schools should establish clear policies outlining the scope
and purpose of data use, ensuring transparency and accountability.

Ethical education is equally critical to fostering responsible Al use. Teacher training programs
should incorporate modules on Al ethics, emphasizing principles like fairness, transparency, and bias
mitigation. For example, educators should be trained to recognize and address potential algorithmic
biases in Al-driven feedback systems. Students, too, must be educated on the ethical implications of
Al including the importance of data privacy and the risks of over-dependence on technology. Schools
can integrate these topics into PE curricula through discussions and case studies, cultivating a culture
of ethical awareness. Furthermore, establishing transparent accountability mechanisms, such as audit
trails for Al system decisions, ensures that any ethical or privacy issues can be promptly identified
and addressed. These combined efforts create a secure and ethically sound environment for Al
integration in PE.

4.4. Developing Diversified Evaluation Systems

The complexity of evaluating Al-driven PE outcomes requires a comprehensive and diversified
evaluation system that integrates multiple assessment methods and leverages advanced analytics.
Traditional metrics, such as physical performance scores or subjective teacher observations, are
insufficient for capturing the nuanced impacts of Al-driven personalized training and virtual learning
environments. A multifaceted approach should incorporate self-assessments, peer reviews, and Al-
driven analytics to provide a holistic view of student progress. Self- assessments encourage students
to reflect on their performance, fostering metacognitive skills, while peer reviews promote
collaboration and mutual learning. These qualitative methods complement quantitative data, creating
a balanced evaluation framework.

Intelligent tools play a pivotal role in enhancing evaluation accuracy and depth. By leveraging
big data analytics and machine learning, Al systems can analyze metrics such as movement patterns,
heart rate variability, and engagement levels to generate detailed performance reports. For instance,
motion capture systems can quantify the precision of a student’s technique, while wearable devices
track physiological responses to exercise intensity. These reports provide actionable insights, enabling
teachers to identify areas for improvement and tailor interventions to individual needs. Longitudinal
tracking further enhances this approach by monitoring student progress over time, revealing trends
and developmental trajectories. For example, comparing a student’s sprint times or skill acquisition
rates across months can highlight growth patterns or persistent challenges.

To operationalize this system, schools should invest in Al-driven evaluation platforms that
integrate seamlessly with existing PE curricula. These platforms can generate real-time dashboards
for teachers, summarizing student performance across multiple dimensions, such as technical
proficiency, physical endurance, and psychological engagement. By combining these insights with
student and peer feedback, educators can develop personalized coaching strategies that address
specific weaknesses and build on strengths. This dynamic, data-driven evaluation approach not only
enhances teaching precision but also supports continuous improvement, ensuring that Al's
transformative potential is fully realized in PE [19].

5. Conclusion

Artificial intelligence (Al) possesses significant potential to revolutionize the field of physical
education by enabling ultra-personalized instruction tailored to individual student needs, thereby
enhancing engagement and improving learning outcomes. Through sophisticated algorithms, Al can
analyze a student’s performance data, physical capabilities, and learning preferences to craft custom
training regimens that address specific strengths and weaknesses. Additionally, Al can streamline

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0864.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 July 2025 d0i:10.20944/preprints202507.0864.v1

6 of 7

administrative processes, such as attendance tracking and scheduling, allowing educators to focus
more on teaching rather than administrative burdens.

Moreover, Al can create immersive learning experiences through virtual reality (VR) and
augmented reality (AR) technologies. These innovative platforms can simulate diverse environments
and scenarios, providing students with unique opportunities to practice skills in a safe yet dynamic
context. However, several challenges must be considered to ensure the sustainable integration of Al
into physical education programs. Key issues include adaptation barriers, particularly for educators
who may lack the technical skills to implement these advanced tools effectively. High
implementation costs pose another significant hurdle, especially for underfunded schools.
Additionally, privacy risks related to data collection and student information management need to be
carefully navigated to protect vulnerable populations. Furthermore, evaluating the effectiveness of Al-
driven methods can be complex, necessitating the development of new metrics to assess learning and
skill acquisition accurately.

To harness Al's full potential in physical education, stakeholders must adopt a multifaceted
approach. This includes providing targeted training for educators to enhance their technical
competency, securing funding to support the integration of Al technologies, and strengthening
ethical frameworks to ensure responsible use of data. Additionally, developing diversified evaluation
systems that recognize varied learning styles and outcomes will be crucial in measuring success
effectively.

Future research should not only explore specific applications of Al in various sports and physical
activities but also refine policy frameworks that govern its use. Addressing emerging challenges, such
as maintaining student privacy and ensuring equitable access to technology, will be vital in
supporting the intelligent evolution of physical education. By focusing on these areas, educators can
cultivate an enriching and high-quality learning environment that leverages the transformative
capabilities of Al
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