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ABSTRACT

The digital era has brought unprecedented opportunities and challenges to higher education, particularly in physical education
(PE). Traditional teacher-centered and field-based instruction is increasingly unable to meet the diverse developmental needs of
students. In this context, the integration of digital and intelligent technologies into PE is emerging as a critical pathway for
building a high-quality educational system. Drawing on recent research on digital education transformation, this paper explores
the theoretical logic, practical dilemmas, and development pathways of embedding digital transformation into university PE. The
analysis reveals issues such as insufficient policy support, underdeveloped smart platforms, uneven data governance, and
inadequate digital literacy among teachers and students. At the same time, digital tools such as Al, VR/AR, wearable devices, and
big data analytics are reshaping teaching modes, evaluation systems, and interactive relationships. The study argues that digital
transformation is not merely a technical upgrade, but a systematic reconstruction of PE education, enabling personalized,
intelligent, and lifelong learning.
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1 Introduction

The integration of digital technology and education has become a defining trend in the 21st century. Globally, the
OECD Learning Compass 2030 and UNESCO's Futures of Education frameworks emphasize that digital transformation
must not only modernize instructional methods but also reshape educational philosophy and governance. In this process,
technology is viewed as an enabler of inclusivity, efficiency, and lifelong learning (Zhu & Hu, 2022).

China’s education system reflects this global shift through a series of national strategies, such as the Action Plan for
Building a Digital China (2023 -2035) and the Opinions on Accelerating the Digitalization of Education (2025). These
policies highlight the need to build a “high-quality digital education ecosystem,” where data and intelligent technologies
enhance both teaching and educational equity (Chen & Zhu, 2024). Within this transformation, university physical
education (PE)—a core component of holistic talent cultivation—faces unique opportunities and challenges.

Traditionally, PE in Chinese universities has been characterized by field-based instruction, uniform standards, and
limited feedback mechanisms. While such models contributed to mass fitness and skill training, they have become
increasingly incompatible with contemporary student needs and digital lifestyles (Wang & Cheng, 2025). In contrast,
emerging digital tools—such as artificial intelligence (Al), virtual reality (VR), wearable devices, and big data analytics—
enable real-time monitoring, personalized feedback, and hybrid learning environments (Yin, Guo, & Jia, 2023). This
evolution marks a shift from a teacher-centered model toward a data-driven and student-centered paradigm of “smart
physical education.”

However, digital transformation in PE is more than a matter of technological adoption. It requires systemic change
across three dimensions. First, from a policy perspective, universities must align their PE digitalization efforts with national
frameworks such as Healthy China 2030 and Education Informatization 2.0 to ensure coherent development. Second,
from a pedagogical perspective, digital tools should empower active, self-directed, and reflective learning rather than
reinforce passive participation. Third, from a governance perspective, institutions need to establish mechanisms for data
ethics, cross-departmental coordination, and long-term evaluation (Su, Peng, & Ye, 2022).

Despite significant progress, challenges persist. Many universities still lack comprehensive infrastructure, integrated
digital platforms, and trained educators capable of using data effectively. Policy fragmentation and uneven resource
distribution further hinder progress (Liu, 2025). Moreover, as Qian (2024) notes, the COVID-19 pandemic accelerated
digital adoption but also exposed weaknesses in virtual PE instruction, such as limited interactivity and loss of embodied
engagement. These issues demonstrate that digital transformation must preserve the experiential, social, and value-
oriented nature of physical education while embracing technological innovation.

Theoretically, this transformation aligns with sociotechnical systems theory, which stresses that human and
technological subsystems must evolve together, and with constructivist learning theory, which emphasizes experiential,
collaborative, and self-regulated learning. When applied to PE, these frameworks suggest that intelligent technologies
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can complement rather than replace human instruction—enhancing precision, inclusion, and sustainability.

Accordingly, this paper explores the logic, challenges, and pathways of embedding digital transformation into
university physical education. It seeks to answer three guiding questions:

What are the theoretical foundations and global trends driving digital PE reform?

What structural and pedagogical barriers hinder its implementation in Chinese universities?

What strategies can support the sustainable, value-oriented integration of digital technology in PE?

Through theoretical and policy analysis, this study contributes to understanding how universities can modernize
physical education while preserving its humanistic and developmental essence. It argues that digital transformation is not
merely a technological upgrade but a comprehensive reconfiguration of the educational ecosystem—one that balances
efficiency with empathy, innovation with ethics, and data with human experience.

2 Literature Review and Conceptual Background

The intersection of digitalization and physical education has attracted growing scholarly attention in recent years. Zhu
and Hu (2022) conceptualize education digitalization as a systematic shift in epistemology, emphasizing the
transformation of learning interactions, resource organization, and governance mechanisms. In the sports domain, Wang
and Cheng (2025) propose that digital intelligence technologies create a new paradigm of “data-driven and human-
centered” teaching ecosystems. Similarly, Yin, Guo, and Jia (2023) argue that artificial intelligence not only changes
instructional practices but also redefines the professional competencies required of PE educators.

The digital transformation of PE aligns with broader sociotechnical and constructivist theories of learning. From a
sociotechnical perspective, educational systems are hybrid environments where human actors and technological artifacts
coevolve. This means that successful digital transformation depends not only on technology adoption but also on the
reconfiguration of institutional culture, professional identity, and governance models. From a constructivist perspective,
digitalization facilitates active knowledge construction, peer interaction, and self-regulated learning—elements
particularly crucial for skill-based subjects like PE.

Moreover, Su, Peng, and Ye (2022) highlight that data-driven learning enables dynamic adaptation of teaching
strategies to individual learners’ needs. This notion resonates with global trends in precision education, emphasizing
personalized learning trajectories supported by real-time analytics. Thus, the digital transformation of PE must be
understood as a multilayered process that integrates technological innovation, pedagogical renewal, and organizational
reform.

3 Theoretical Logic of Digital Integration in PE

Digital transformation in PE extends beyond the adoption of smart devices or online resources; it represents a
comprehensive reconfiguration of pedagogy, governance, and student experience.

Epistemological Logic. Digitalization reshapes how knowledge is produced and transmitted. Through cloud-based
platforms and interactive simulations, PE transcends the boundaries of time and space, enabling continuous learning
beyond the sports field. Data visualization tools help students interpret movement patterns, physiological responses, and
performance outcomes, fostering data literacy and scientific thinking.

Methodological Logic. Traditional PE often relies on prescriptive instruction and standardized drills. In contrast, digital
transformation introduces adaptive methodologies driven by Al and machine learning. Intelligent systems can analyze
students’ posture, movement efficiency, or health metrics and provide individualized feedback. This allows PE to evolve
from “one-size-fits-all” instruction toward adaptive, personalized learning.

Ontological Logic. Digital technologies blur the boundaries between physical and virtual realities. Hybrid learning
environments, combining VR-based simulations with in-person practice, expand the notion of what constitutes “physical
education.” Students can rehearse high-risk or technically complex actions safely in virtual spaces before applying them
in real contexts. Such immersive integration of the physical and digital cultivates experiential, embodied learning.

4 Challenges of Digital Transformation in University PE
4.1 Policy Gaps and Fragmentation

Despite strong national momentum toward education digitalization, policy implementation for PE remains
fragmented. Most institutional frameworks prioritize STEM or online learning while underestimating the specific
requirements of sports education. According to Wang and Cheng (2025), the absence of targeted guidelines on PE
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digitalization results in uneven investment, weak incentive mechanisms, and lack of accountability.
4.2 Underdeveloped Platforms and Infrastructure

Smart PE platforms are essential for enabling resource integration, data collection, and real-time analysis. However,
many universities struggle with fragmented systems, insufficient interoperability, and poor user experiences. The gap
between technological supply and pedagogical demand hinders the effective use of digital tools, leading to “form
without substance.”

4.3 Data Governance and Ethical Concerns

PE generates vast data streams—ranging from physiological indicators and video analytics to attendance and
engagement records. Without proper governance frameworks, such data risk being misused or underutilized. Moreover,
ethical issues concerning privacy, consent, and algorithmic bias must be addressed to ensure equitable and transparent
educational practices.

4.4 Uneven Digital Literacy

A persistent obstacle to PE digitalization is the uneven digital competence of teachers and students. Many educators
remain accustomed to traditional teaching paradigms and lack the training to design data-informed, technology-rich
lessons. Similarly, students may use digital tools passively rather than critically, limiting the pedagogical benefits of
intelligent technologies.

5 Opportunities and Transformative Potential
5.1 Smart Teaching Ecosystems

Digital transformation allows the construction of integrated “smart classrooms” where online resources, real-time
analytics, and physical activities converge. Blended teaching models combine the flexibility of digital instruction with the
authenticity of embodied practice. Qian (2024) notes that such hybrid models enhance both learning efficiency and
engagement, bridging theory and practice.

5.2 Intelligent and Multi-Dimensional Assessment

Traditional PE evaluation often relies on final physical tests. Digital transformation enables continuous and
multidimensional assessment—tracking physical fitness, participation, motivation, and learning reflection. Big data
analytics facilitate formative feedback loops, helping teachers tailor interventions and students monitor their progress
autonomously.

5.3 Immersive and Interactive Technologies

The application of VR/AR and wearable devices has transformed PE from an observation-based to an experiential
learning process. Through motion capture and virtual simulations, students can explore complex biomechanical
movements, receive instant corrective feedback, and visualize the connection between effort and outcome. These
immersive technologies also foster inclusivity by accommodating learners with varying physical abilities.

5.4 Interdisciplinary and Cross-Sectoral Integration

Digital PE provides a nexus for interdisciplinary innovation, connecting sports science, data analytics, psychology, and
health management. As Cheng (2024) emphasizes, the emergence of new quality productivity in youth sports
consumption demonstrates how digital transformation extends beyond the classroom into the sports industry, policy,
and public services.

6 Development Pathways for Digital PE Transformation
6.1 Strategic Policy Alignment

A coherent policy framework is the foundation for sustainable transformation. Universities should align their digital PE
strategies with national and international policies such as Healthy China 2030, Education Informatization 2.0, and
UNESCO’s Education for Sustainable Development. Institutional policies must define clear objectives, standards, and
accountability mechanisms for digital education in PE.

6.2 Infrastructure and Platform Integration

Building robust and interoperable smart PE platforms is critical. These platforms should integrate teaching, evaluation,
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and management functions while supporting data security and user privacy. Collaborative platforms shared among
universities can reduce redundancy and promote knowledge exchange.

6.3 Data Governance and Ethics

Establishing standardized data governance systems is essential for ensuring transparency and trust. Universities should
adopt ethical guidelines for data collection, emphasizing informed consent and algorithmic fairness. Interdisciplinary data
committees can oversee compliance and facilitate data sharing for educational research.

6.4 Digital Literacy and Professional Development

Systematic capacity-building programs are needed to improve the digital competence of teachers and students.
Professional development workshops should combine pedagogical design, technological proficiency, and ethical
awareness. Moreover, digital literacy must be framed not as a technical skill but as a critical cultural competence.

6.5 Research and Innovation Mechanisms

Universities should establish innovation laboratories for digital sports education, fostering collaboration among
educators, technologists, and policymakers. Research on human — computer interaction, gamification, and Al-driven
pedagogy can generate scalable models for digital PE transformation.

7 Conclusion and Future Directions

Digital transformation represents both a challenge and an opportunity for university physical education. While existing
barriers—policy fragmentation, platform immaturity, and uneven literacy—impede progress, the accelerating
development of intelligent technologies provides unprecedented potential for innovation. By embedding digital
transformation into the entire ecosystem of teaching, evaluation, and governance, universities can construct a new model
of smart physical education that is personalized, data-driven, and value-oriented.

Moving forward, digital transformation in PE should not be viewed merely as an operational modernization but as a
form of educational governance reform. It redefines the relationships among teachers, students, institutions, and
technology—transforming PE into a collaborative, reflective, and socially responsive learning process. The next phase of
research must focus on longitudinal impact assessment, exploring how digital technologies influence learning outcomes,
health behaviors, and equity in participation.

Ultimately, the integration of digital technologies into university PE marks a profound step toward the realization of
lifelong learning and holistic education in the digital era. It embodies the educational mission of cultivating both a strong
body and an intelligent mind—preparing students not only to adapt to but to shape the evolving digital civilization.
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