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Abstract

This action research investigated the effectiveness of Al-driven gamified physical education (PE) activities in
enhancing students’ physical fitness levels and motivation. Traditional PE approaches often struggle to sustain
student engagement, resulting in reduced participation and suboptimal physical development. This study
introduced gamification elements — including leaderboards, point systems, and Al-supported fitness-tracking
applications such as Strava and Active Arcade — to transform PE sessions into interactive learning environments.
A pretest—posttest, single-group experimental design was used to measure changes in cardiovascular endurance,
flexibility, and agility over a 4— to 6-week intervention period. Data were gathered through standardized fitness
assessments, structured observation checklists, and post-intervention feedback surveys. The study is anchored in
Self-Determination Theory, Constructivist Learning Theory, and Behaviorist Theory. Paired-samples t-test results
showed statistically significant gains in cardiovascular endurance, flexibility, and agility (p <.05), and qualitative
feedback indicated heightened intrinsic and extrinsic motivation among participants. These findings support
gamification, when paired with Al-based tracking tools, as a viable strategy for modernizing PE pedagogy and
contribute to the growing literature on technology-enhanced physical education.
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INTRODUCTION

Physical Education (PE) plays a foundational role in fostering lifelong health, physical fitness, and general well-
being among students. However, declining engagement in traditional PE classes has become a growing concern
in contemporary instructional settings. Repetitive drills, limited personalization, and minimal integration of
technology often diminish student motivation and participation. Gamification — defined as the integration of
game elements into non-game contexts — has emerged as a promising pedagogical response, introducing rewards,
challenges, and feedback mechanisms that make physical activity more engaging and meaningful.

The integration of artificial intelligence (Al) tools and fitness applications such as Strava allows educators to track
performance, personalize feedback, and design data-driven interventions. This study examines how Al-driven
gamified PE activities affect student motivation and physical fitness outcomes, situating the inquiry within the
broader shift of PE frameworks toward learner-centered, technology-supported pedagogy.

Review of Related Literature

The integration of digital technologies into PE reflects a broader shift toward learner-centered pedagogical
paradigms. Contemporary PE frameworks increasingly move away from rigid, uniform routines toward adaptive,
technology-driven environments that foster intrinsic motivation, personalized goal setting, and lifelong fitness
habits. Within this shift, gamification — defined by Deterding et al. (2011) as the systematic application of game-
design elements (mechanics, dynamics, and aesthetics) to non-game contexts — has become a primary strategy
for positively influencing health behaviors and learning outcomes.

In PE contexts specifically, gamified activities have been shown to enhance student enjoyment, active
participation, and physical exertion. By converting structured physical tasks into interactive challenges,
gamification reduces the psychological barriers and monotony often associated with conventional fitness testing
and repetitive drills. Sun and Gao (2016) found that mechanics such as real-time leaderboards, digital badges, and
cooperative team challenges substantially increased student engagement and voluntary effort during physical
sessions. Consistent with these findings, Chen et al. (2018) reported that students in gamified fitness programs
achieved statistically significant gains in cardiovascular endurance, muscular strength, and joint flexibility relative
to peers in traditional PE instruction. More recently, Camacho-Sanchez et al. (2023), in a systematic review, and
Sailer and Homner (2020), in a meta-analysis, both concluded that game-based learning and gamification produce
consistent, though moderated, positive effects on engagement and performance across educational settings,
underscoring the need for continued context-specific research such as the present study.

Theoretical Framework
This investigation is grounded in three complementary learning theories.

Self-Determination Theory (Deci & Ryan, 1985) posits that optimal human functioning and intrinsic motivation
depend on satisfying three core psychological needs: autonomy (self-directed choices, such as selecting fitness
goals), competence (mastery developed through progressive tracking and real-time feedback), and relatedness
(social connection, peer support, and team-based objectives). Gamified PE addresses these needs by offering
personalized progress loops and collaborative challenges.

Constructivist Learning Theory (Piaget, 1954, Vygotsky, 1978) holds that learners actively construct knowledge
and physical skills through direct experiential engagement and social interaction. Gamification operationalizes
this principle through interactive, game-like scenarios — such as fitness quests or movement challenges — in
which students continuously adapt, problem-solve, and refine motor skills through active play and peer
collaboration.
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Behaviorist Theory (Skinner, 1953) emphasizes the role of external stimuli in conditioning desired behaviors. In

gamified PE, immediate reinforcement mechanisms — points, achievement badges, streak counters, and reward
tiers — provide positive feedback that reinforces consistent participation, increases exercise volume, and helps
establish habitual physical activity.

Statement of the Problem

This study evaluated the effectiveness of Al-driven gamified PE activities in enhancing student motivation and
physical fitness levels. Specifically, it sought to answer the following research questions:

1. How does the integration of Al-driven gamification elements (e.g., leaderboards, point systems, real-
time feedback) affect students’ intrinsic and extrinsic motivation to participate in physical fitness
activities?

2. Isthere a statistically significant difference in students’ cardiovascular endurance, flexibility, and agility
before and after participating in gamified PE interventions?

3.  Which specific gamification strategies and technological features are perceived as most effective in
driving student engagement and optimizing physical fitness outcomes?

Significance of the Study

Physical Education Teachers. The findings offer a practical guide for integrating digital tools, fitness
applications, and game-design mechanics into PE instruction, providing concrete strategies to optimize
participation, personalize feedback, and sustain engagement across fitness units.

Learners. Students benefit directly from interactive, adaptive, and personalized learning environments that
replace repetitive routines, enhancing intrinsic motivation and building cardiovascular and motor capabilities.

School Administrators. The study provides data-driven evidence to justify investment in digital infrastructure,
educational technology, and professional development for teaching staff.

Curriculum Developers and Policy Makers. The results offer an empirical basis for revising PE frameworks to
align curricula with technology-enhanced, student-centered instructional paradigms.

Future Researchers. The study contributes to the growing literature on sports technology and educational
gamification, establishing a baseline for future inquiry into Al applications, health-tracking systems, and
interactive interventions across learner demographics.

Scope and Delimitation

This study focused on evaluating the effectiveness of Al-driven gamified PE activities in enhancing student
motivation, active engagement, and specific physical fitness components — cardiovascular endurance, flexibility,
and agility — over a 4- to 6-week intervention period. The scope encompassed one selected PE class section
exposed to interactive, technology-enhanced instructional tools, including fitness applications and motion-
tracking platforms such as Strava, Active Arcade, and Jumpr. Data collection was limited to quantitative pretest—
posttest fitness assessments, structured observation checklists, and participant feedback surveys.

The study was delimited to a single class cohort within the selected institution, determined through purposive
sampling based on class availability and willingness to participate. Consequently, the findings reflect the
immediate experiences and performance of this specific group and may not generalize automatically to broader
student populations, different age groups, or institutions with varying technological infrastructure and baseline
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fitness levels. External factors such as students’ physical activity outside PE sessions, dietary habits, and baseline
technological literacy were not controlled within the scope of this research.
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METHODS
Research Design

This study employed a quantitative action research design using a single-group pretest—posttest experimental
framework to evaluate changes in students’ physical fitness parameters and motivation levels before and after the
Al-driven gamified PE intervention.

Participants and Sampling Technique

The target population comprised students enrolled in a higher education PE course. A purposive sampling
technique was used to select one intact PE class section to participate in the intervention. Selection criteria were
based on institutional accessibility, the scheduled integration of digital learning tools within the course syllabus,
and voluntary participant consent. This non-probability sampling strategy was deemed appropriate to ensure that
the selected cohort possessed the technical infrastructure and attendance consistency required for the pretest—
posttest design.

Intervention and Data Collection Tools

The intervention was conducted over a 4- to 6-week period, integrating gamification elements — point systems,
achievement rewards, competitive leaderboards, and fitness quests — with Al-supported tracking platforms such
as Strava and motion-capture applications like Active Arcade.

Physical Fitness Assessments. Standardized pre- and post-intervention tests evaluated key performance
parameters: the high kick test for flexibility, the timed jump rope test for cardiovascular endurance, and the laser
dodge test for agility.

Observation Checklists and Participant Surveys. Structured observation checklists tracked real-time student
engagement, behavioral participation, and task completion during sessions. Likert-scale feedback surveys and
qualitative questionnaires were administered post-intervention to assess participants’ subjective experiences,
perceived motivation, and attitudes toward the Al-driven gamified activities.

Data Analysis

Descriptive and inferential statistical methods were used to analyze the collected quantitative data, with statistical
significance set at a = 0.05.

Descriptive Statistics. Mean scores, standard deviations, and percentage changes were computed to summarize
baseline characteristics, pretest and posttest fitness performance, and survey responses regarding motivation and
engagement.

Inferential Statistics. A paired-samples t-test was conducted to compare pre- and post-intervention fitness
metrics (cardiovascular endurance, flexibility, and agility) and to test the null hypothesis (Ho) that no significant
difference existed between pretest and posttest scores.
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RESULTS AND DISCUSSION

The quantitative and qualitative analyses revealed significant positive changes across all measured physical fitness
indicators and student engagement metrics following the Al-driven gamified PE intervention.

Pretest and Posttest Physical Fitness Performance

An evaluation of participants’ performance before (pretest) and after (posttest) the 4- to 6-week intervention
revealed substantial gains across all three fitness components:

Cardiovascular Endurance. Performance on the timed jump rope assessment increased by 50.0%, from the
pretest mean to a significantly higher posttest mean.

Flexibility. As measured by the high kick protocol, participants showed a 21.0% improvement in joint range of
motion.

Agility. Results from the laser dodge assessment reflected a 25.0% increase in movement speed and spatial
coordination.

Inferential Analysis of Fitness Parameters

To determine whether the observed gains were statistically significant, a paired-samples t-test was conducted at o
=0.05. Results are summarized in Table 1.

Table 1. Inferential Analysis of Pretest and Posttest Fitness Scores

Variable t-value p-value Statistical Interpretation
Endurance 2.85 .010 Statistically Significant
Flexibility 2.40 .020 Statistically Significant
Agility 3.10 .005 Statistically Significant

As shown in Table 1, all computed p-values fell below the designated alpha level. Cardiovascular endurance (t =
2.85, p =.010), flexibility (t =2.40, p = .020), and agility (t=3.10, p =.005) each showed statistically significant
improvement. Accordingly, the null hypothesis (Ho) — which posited no significant difference in physical fitness
levels following the gamified intervention — is rejected. These findings indicate that the observed performance
gains are attributable to the structured intervention rather than random variance.

Discussion of Quantitative and Qualitative Findings

These statistical improvements align with existing literature on the efficacy of technology-supported physical
education. The substantial gain in cardiovascular endurance (50%) suggests that game-design mechanics —
particularly real-time feedback and point accumulation — drive sustained physical exertion during cardio-
intensive routines. The parallel improvements in flexibility (21%) and agility (25%) further indicate that gamified
movement challenges effectively engage diverse muscle groups and dynamic motor skills.

These quantitative outcomes were reinforced by qualitative feedback gathered through student surveys and
observation checklists.
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Motivational Dynamics. Participants consistently cited gamification features — point systems, achievement
badges, and competitive leaderboards — as primary drivers of increased intrinsic and extrinsic motivation. These
elements transformed routine exercises into interactive challenges, prompting greater voluntary effort.

. Achieving the SDGs.

Role of AI and Performance Visibility. Real-time progress tracking via platforms such as Strava and Active
Arcade heightened self-monitoring and goal orientation. Students reported that immediate visual feedback on their
performance helped them better understand their progress, reinforcing the competence and autonomy dimensions
of Self-Determination Theory.

Implementation Challenges and Refinements. Despite the overall positive reception, qualitative data revealed
operational constraints. A subset of participants reported technical difficulties, including occasional motion-
tracking latency and app compatibility issues across mobile hardware. Several respondents also expressed a desire
to balance gamified digital routines with traditional team sports, such as basketball and volleyball. Addressing
hardware accessibility and integrating gamified movement with conventional sports activities represent important
directions for future instructional design.

Conclusion

This study demonstrates that Al-driven gamified Physical Education serves as an effective pedagogical framework
for enhancing student motivation, active participation, and physical fitness outcomes. By integrating game
mechanics — points, badges, leaderboards, and interactive challenges — with Al-based tracking technologies,
educators can transform traditional PE environments into dynamic, personalized, and meaningful learning spaces.

The significant gains observed in cardiovascular endurance, flexibility, and agility, together with heightened
intrinsic and extrinsic motivation, underscore the transformative potential of technology-enhanced instruction.
Rather than relying on repetitive fitness routines, Al-supported gamification actively engages learners, satisfies
core psychological needs for autonomy and competence, and fosters sustainable health habits. These findings
provide empirical support for modernizing PE curricula and encourage educational leaders and policymakers to
institutionalize data-driven, interactive digital tools that promote lifelong physical wellness among learners.
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