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Abstract

The study identifies critical socio-technical and geographic challenges specific to the region, including
limited technological infrastructure, uneven digital connectivity across hill districts, budget constraints,
lack of specialized faculty training in digital sports technologies, and resistance to replacing traditional
coaching methods. The integration of modern digital technologies under the framework of the National
Education Policy (NEP) 2020 has necessitated a structural reorientation across higher education
disciplines in India. Higher Physical Education (HPE)—comprising undergraduate (B.P.Ed.) and
postgraduate (M.P.Ed.) degree programs—traditionally relies on hands-on instructional methods, yet it
stands to benefit significantly from emerging technological tools. This study examines the integration of
Artificial Intelligence (AI) within the HPE curriculum across public universities in Uttarakhand, focusing
on identifying field-level opportunities, institutional challenges, and context-specific pedagogical
strategies for effective implementation. Using a mixed-methods research design, empirical data was
gathered through structured questionnaires and semi-structured interviews with university administrators,
physical education faculty, and research scholars across major institutions in the region, including Kumaon
University, Soban Singh Jeena University, Hemvati Nandan Bahuguna Garhwal University, and Sri Dev
Suman Uttarakhand University. The findings indicate substantial opportunities, demonstrating that Al-
powered applications—such as computer vision for movement and posture tracking, predictive
biomechanics modelling, automated performance analytics, and individualized recovery planning—
enhance practical training precision, literature synthesis, and objective assessment. However, the study
highlights key challenges specific to Uttarakhand's socio-geographic context, including the digital divide
between plain and remote hill campuses, inconsistent internet infrastructure, high equipment costs for
smart sports laboratories, limited digital literacy among sports educators, and data privacy concerns. To
bridge these operational gaps, the study presents actionable pedagogical strategies, including the
deployment of lightweight, low-bandwidth mobile AI diagnostic applications, regular Faculty
Development Programs (FDPs) on sports analytics, syllabus restructuring under NEP 2020, and strategic
resource-sharing models across institutions. This study offers a practical roadmap for higher education
policymakers and physical education faculties striving to implement digital technology within regional
and mountainous educational frameworks.
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1. Introduction

Higher education in India is undergoing a paradigm shift, largely driven by the policy mandates of the
National Education Policy (NEP) 2020. NEP 2020 emphasizes multidisciplinary learning, technological
integration, digital literacy, and skill-based practical training across all academic domains. While
disciplines within Science, Technology, Engineering, and Mathematics (STEM) as well as Social Sciences
have rapidly adapted to digital learning ecosystems, Higher Physical Education (HPE)—specifically
Bachelor of Physical Education (B.P.Ed.) and Master of Physical Education (M.P.Ed.) programs—has
historically remained centered on traditional face-to-face field instruction, manual movement observation,
and paper-based theoretical assessments.

The emergence of Artificial Intelligence (Al), computer vision, and wearable sports diagnostics presents
an opportunity to modernize HPE curriculum delivery. Al technologies allow real-time movement
trajectory capture, automated biomechanical error detection, customized athletic load planning, and data-
driven tactical analysis.

In the geographic context of Uttarakhand, a northern Himalayan state characterized by diverse terrain
ranging from plain regions (e.g., Haridwar, Udham Singh Nagar) to high-altitude hill districts (e.g.,
Pithoragarh, Chamoli, Rudraprayag, Almora), the implementation of Al tools in higher education presents
distinct institutional dynamics. While plain regions often benefit from better digital connectivity and
laboratory facilities, hill-campus institutions contend with geographical isolation, intermittent internet
infrastructure, and limited technological funding.

This paper investigates the integration of Al within the HPE curriculum across public universities in
Uttarakhand, systematically assessing the operational opportunities, socio-geographic and structural
challenges, and recommended pedagogical strategies for curriculum integration.

2. Literature Review

The application of technology in physical education and sports science has evolved from rudimentary

video recording to real-time predictive modeling.

o Alin Sports Science and Biomechanics: Computer vision algorithms, deep learning neural networks,
and wearable Inertial Measurement Units (IMUs) enable high-precision pose estimation and kinematic
analysis without requiring expensive marker-based laboratory systems. These technologies provide
instantaneous feedback on joint angles, velocity, and force distribution during athletic execution.

e Curriculum Modernization under NEP 2020: Studies examining NEP 2020 implementation stress
the need for credit-based technology courses across disciplines. However, literature specifically
mapping Al integration within Indian physical education departments remains sparse.

o Himalayan Regional Educational Dynamics: Research on educational technology adoption in
mountainous Indian states highlights persistent structural barriers, including the digital divide, lack of
specialized hardware, and low faculty technological self-efficacy.

While existing literature addresses Al in professional sports performance analysis, limited empirical

research exists on how public universities in mountainous regions can incorporate Al into undergraduate
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and postgraduate physical education curricula. This study addresses this literature gap within the context
of Uttarakhand.

3. Research Methodology

This study adopts a mixed-methods research design combining quantitative survey data with qualitative
semi-structured interviews to capture both broad empirical trends and contextual field realities.

3.1 Sampling and Data Collection

The sample comprised N = 320 respondents, including physical education faculty members (n = 40),
academic administrators (n = 20), and postgraduate/doctoral research scholars (n = 260) selected
through stratified random sampling from four major universities across Garhwal and Kumaun divisions:
1. Kumaon University, Nainital

2. Soban Singh Jeena University, Almora

3. Hemvati Nandan Bahuguna Garhwal University, Srinagar Garhwal

4. Sri Dev Suman Uttarakhand University, Tehri Garhwal

Primary data was collected using a structured 5-point Likert scale questionnaire (1 = Strongly Disagree to
5 = Strongly Agree) assessing perceived utility, institutional readiness, structural challenges, and
pedagogical feasibility. Qualitative insights were gathered through key informant interviews (n = 15).
3.2 Data Analysis

Quantitative data was coded and analyzed using descriptive statistics (Mean scores, Standard Deviations)
and percentage distributions. Qualitative interview transcripts were analyzed using thematic coding to
categorize core challenges and pedagogical recommendations.

4. Empirical Data & Results Analysis
The empirical findings are categorized into three core dimensions: perceived opportunities, structural and
regional challenges, and pedagogical strategies.

Table 1:
Perceived Opportunities of Al Integration in HPE (N = 320)

Real-time movement tracking and
automated posture correction using Al
vision apps

Automated generation of tailored | 4.28 0.74 85.6%
conditioning, load management, and
nutrition plans

Data-driven evaluation of practical | 4.15 0.81 83.0%
athletic skills replacing subjective
marking
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Al tools assisting postgraduate | 4.35 0.71 87.0%
scholars in literature review and
statistical processing

Predictive modeling to identify talent | 4.02 0.88 80.4%
from regional athletic datasets

Across all dimensions, the mean scores remain well above 4.0 with agreement rates exceeding 80%. This
indicates a overwhelmingly favorable outlook toward integrating Al in HPE, particularly in real-time
execution, personalized feedback, and research efficiency The data demonstrates that educators,
researchers, and practitioners view Al integration not merely as a modern convenience, but as an essential
upgrade to HPE. The high level of overall agreement confirms that Al is widely recognized for its potential
to reduce evaluation bias, optimize athletic performance, and streamline academic research. Moving
forward, successful implementation will depend on translating these favorable perceptions into practical
infrastructure, ensuring that Al tools complement—rather than fully replace—human oversight in
coaching and assessment.

Table 2:
Institutional and Regional Challenges in Uttarakhand (N = 320)

Intermittent high-speed internet and Critical
power supply in hill campuses

High cost of specialized wearable | 4.46 0.64 High
sensors, smart cameras, and software

licenses

Lack of formal training in sports | 4.22 0.79 High
technology, AI tools, and prompt

engineering

Outdated B.P.Ed./M.P.Ed. syllabi | 4.12 0.83 Moderate-
lacking credit allocation for sports tech High
Lack of guidelines regarding | 3.85 0.92 Moderate
biometric data security and academic

integrity

The data clearly shows that regional infrastructure constraints and high equipment costs present far greater
obstacles to Al adoption in Uttarakhand than institutional or regulatory hesitation. Addressing these
challenges requires a prioritized, regionalized strategy: institutions must initially adopt offline-capable
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mobile tools and shared infrastructure models, paired with targeted faculty upskilling, before
comprehensive digital curricular reforms can succeed.

5. Discussion

5.1 Opportunities for HPE Modernization

The data in Table 1 indicates strong agreement among faculty and scholars regarding the functional

benefits of AI. Computer vision tools enable students to record motion on standard smartphones and

receive immediate mathematical feedback on joint angles, release trajectories, and movement efficiency.

This transforms theoretical biomechanics into an interactive, diagnostic learning experience. Furthermore,

Al-assisted literature processing allows research scholars to synthesize vast volumes of sports physiology

research efficiently.

5.2 The Socio-Geographic Challenge in Uttarakhand

As highlighted in Table 2, the primary impediment to Al adoption is not pedagogical resistance, but

infrastructural inequity. Campuses situated in hilly terrain face frequent network disruptions, rendering

cloud-dependent Al platforms impractical during regular field instruction. Additionally, state university
departments operate under tight budgetary allocations, making high-end laboratory installations (such as
force-plate integrated motion capture suites) financially unfeasible without targeted intervention.

6. Strategic Framework & Pedagogical Strategies

To overcome regional infrastructure bottlenecks while capitalizing on Al's pedagogical advantages, a

phased implementation strategy is required.

To overcome regional infrastructure bottlenecks while capitalizing on the pedagogical advantages of

Artificial Intelligence (AI) in Health and Physical Education (HPE), a structured, phased implementation

strategy is required. This framework provides a pragmatic roadmap that aligns policy reform, technical

adaptation, and institutional capacity building, ensuring that technology integration remains sustainable
even in resource-constrained environments.

Curricular Restructuring (NEP 2020 Framework)

The foundational phase focuses on institutionalizing digital technologies within the academic ecosystem

to ensure formal recognition and regulatory oversight.

e Core Course Integration: Under the provisions of the National Education Policy (NEP) 2020,
institutions must introduce a dedicated 2-credit core module titled "Sports Tech & AI" across
undergraduate and postgraduate physical education programs (B.P.Ed. and M.P.Ed.). This module
embeds fundamental digital competencies, biomechanical analysis techniques, and data literacy
directly into the formal curriculum.

o Ethical & Data Privacy Standards: To address potential risks associated with biometric tracking and
student evaluation, this phase establishes strict governance protocols. It mandates clear guidelines
regarding student data protection, biometric privacy, and standards for maintaining academic integrity
when using Al tools for assignments and performance assessments.

Pedagogical & Technical Adaptation

The operational phase focuses on adapting digital workflows to function effectively within local field

conditions and connectivity limitations.

e Edge-Al and Offline Deployment: To circumvent intermittent internet connectivity common in
remote and hill campuses, the framework prioritizes offline-capable and Edge-Al mobile
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applications (e.g., lightweight computer-vision pose estimation models like OpenCap). These tools
process visual and biomechanical data directly on local devices without requiring continuous cloud
synchronization.

e Hybrid Practical Workflows: Practical training transitions toward a hybrid learning model.
Traditional field activities are paired with digital field-practical workflows, allowing students to record
performance on mobile devices offline, generate immediate automated diagnostics, and sync
aggregated data whenever network access becomes available.

Institutional Capacity Building

The final phase addresses human resource capability and long-term financial sustainability through

collaborative state-level initiatives.

o State-Level Faculty Upskilling: To eliminate the digital literacy gap among educators, state
authorities must organize mandatory 1-to-2-week Faculty Development Programs (FDPs). These
training programs equip HPE faculty with practical skills in digital sports diagnostics, motion analysis
software, and the evaluation of Al-generated field assessments.

e Resource-Sharing & Cluster Lab Models: To resolve high capital and maintenance costs, the
strategy avoids equipping every individual campus with expensive hardware. Instead, it creates
centralized "Smart Sports Science Hubs" established through Public-Private Partnerships (PPP).
Affiliated institutions share access to these high-tech regional facilities, drastically lowering individual
capital expenditure while providing advanced diagnostic access to all students.

Table 3:
Actionable Pedagogical Strategies for Implementation

Adoption of lightweight | Faculty & | Enables practical motion
mobile AI apps (e.g., | B.P.Ed./M.P.Ed. capture in remote hill
OpenCap, vision-based | Students campuses without
pose models) operating continuous  high-speed
offline internet

Mandatory  1-2  week | Departmental Bridges the digital literacy
Faculty Development | Faculty &  Tech | gap and empowers faculty
Programs (FDPs) on digital | Trainers to evaluate Al-based field
sports diagnostics assignments

Inclusion of a dedicated 2- | University Establishes formal credit
credit course "AI and | Academic Councils | structure for technological
Digital Technologies in | & BOS training in HPE

Physical Education" under

NEP 2020

Creation of centralized | State Higher | Reduces individual
"Smart  Sports  Science | Education college  capital costs
Hubs" at central campuses | Department through shared laboratory
shared via PPP models access

IJFMR260589278 Volume 8, Issue 5, September-October 2026 6



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The implementation strategy transitions HPE from traditional physical training into a digitally-driven
academic discipline. By balancing low-tech local execution (offline mobile tools) with high-tech
centralized facilities (shared cluster labs) and backing them with formal curriculum reform and faculty
training, the model creates a sustainable, scalable framework for modernizing physical education across
varied regional contexts.

7. Conclusion and Policy Recommendations

This strategic framework follows a logical progression from policy formalization to field adaptation and

scalable infrastructure. By pairing offline-capable mobile technology with centralized resource hubs and

structured faculty upskilling, higher education systems can successfully modernize physical education,

ensuring that regional geographic and economic constraints do not limit technological progress. The

integration of Artificial Intelligence into the Higher Physical Education curriculum in Uttarakhand

represents a vital step toward aligning regional sports education with national standards established under

NEP 2020. While significant opportunities exist to enhance biomechanical analysis, pedagogical

assessment, and sports research synthesis, structural challenges related to geography, digital infrastructure,

and faculty readiness must be systematically addressed.

Policy Recommendations

1. Infrastructure Bridging: State educational authorities should prioritize offline-capable, edge-
computing software solutions for hill-campus physical education departments.

2. Targeted Funding: Allocate specific digital infrastructure grants under state research initiatives for
setting up lightweight mobile sports analytics labs in regional universities.

3. Curricular Standardization: Board of Studies (BOS) across Kumaon, SSJU, HNBGU, and SDSUU
should collaborate to standardize a uniform credit module on Al in Sports Science for all affiliated
B.P.Ed. and M.P.Ed. programs.
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