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Abstract

Introduction: The advent of Al and augmented reality revolutionizes physical education by of-
fering engaging, interactive methods and immersive experiences that boost student motivation
and learning outcomes.

Objective: The study rigorously evaluated Al and AR technologies' impact on student motiva-
tion, injury prevention, and pose estimation accuracy in physical education. It aimed to sub-
stantiate the educational benefits and practical implications of integrating these cutting-edge
technologies into educational settings.

Methodology: A controlled experimental design involved two student groups: one engaged with
Al and AR-enhanced learning environments, the other with traditional methods. Data on moti-
vation, injury incidents, and pose estimation accuracy were analyzed using t-tests, chi-square
tests, and ANOVA to compare the groups.

Results: The results revealed that students using Al and AR technologies reported significantly
higher motivation and lower injury rates compared to those who participated in traditional
physical education. additionally, the technology-enhanced methods demonstrated superior ac-
curacy in pose estimation compared to conventional observation techniques.

Discussion: These outcomes align with previous studies underscoring technology's positive im-
pact in education, enhancing engagement and learning experiences. Additionally, the reduction
in injury rates and improved pose estimation accuracy highlight Al and AR's potential to make
physical education safer and more effective.

Conclusions: The findings confirm that Al and AR technologies significantly enhance physical
education by boosting student motivation, reducing injury risks, and improving assessment ac-
curacy. This study advocates for their broader integration into educational curricula, highlight-
ing the importance of addressing accessibility and teacher training challenges.

Keywords
Physical education; student motivation; injury prevention; immersive learning; AR; Al
Resumen

Introduccién: La llegada de la inteligencia artificial y la realidad aumentada revoluciona la edu-
cacion fisica al ofrecer métodos atractivos e interactivos, asi como experiencias inmersivas que
aumentan la motivacién y los resultados de aprendizaje de los estudiantes.

Objetivo: El estudio evalu6 rigurosamente el impacto de las tecnologias de IA y RA en la moti-
vacidn de los estudiantes, la prevencién de lesiones y la precisién en la estimacion de poses en
la educacidn fisica. Su objetivo era fundamentar los beneficios educativos y las implicaciones
practicas de integrar estas tecnologias de vanguardia en los entornos educativos.

Metodologia: Se implementé un disefio experimental controlado con dos grupos: uno usando
entornos mejorados por IA y RA, y otro con métodos tradicionales. Se analizaron datos sobre
motivacion, lesiones y precision en la estimaciéon de poses usando pruebas t, chi-cuadrado y
ANOVA.

Resultados: Los resultados mostraron que estudiantes usando tecnologias de IA y RA tenian
mayor motivacién y menos lesiones comparados con métodos tradicionales. Ademas, estos mé-
todos tecnoldgicos demostraron mayor precision en la estimacién de poses frente a las técnicas
de observacién convencionales.

Discusidn: Estos resultados coinciden con estudios previos que destacan el impacto positivo de
la tecnologia en educacién, mejorando participacion y experiencias de aprendizaje. La reduc-
cion de lesiones y mayor precision en estimacion de poses evidencian cémo la IA y RA pueden
hacer la educacion fisica mas segura y efectiva.

Conclusiones: Los hallazgos confirman que la IA y RA mejoran la educacion fisica aumentando
la motivacién estudiantil, reduciendo riesgos de lesiones y mejorando la precisiéon de evalua-
ciones. Este estudio promueve su integracion en curriculos educativos, enfatizando la necesi-
dad de superar desafios en accesibilidad y formacién docente.

Palabras clave

Educacion fisica; motivacion estudiantil; prevencion de lesiones; aprendizaje inmersivo; RA; IA.
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Introduction
C_______________________________________________________________________________]
Physical education is fundamental in fostering healthy lifestyles and physical literacy among students,
contributing significantly to their overall well-being (Wang et al., 2024). Traditionally, physical educa-
tion has relied on direct instruction and demonstration, with educators leading students through vari-
ous physical activities (Artiluhung et al., 2024). While effective, these methods can sometimes lack the
interactivity and engagement necessary to fully captivate students and encourage sustained participa-
tion (Asare et al., 2023).

In recent years, the integration of technology in education has shown promising potential to enhance
learning experiences (Omarov et al,, 2024). Specifically, artificial intelligence (Al) and augmented reality
(AR) are emerging as transformative tools in various educational sectors, offering novel ways to engage
students and enhance learning outcomes (Al Balushi et al., 2024). Al provides adaptive learning envi-
ronments and personalized feedback, potentially increasing student motivation and engagement in
physical education (Li et al,, 2024). AR, on the other hand, offers immersive experiences that can make
physical activities more appealing and accessible, bridging the gap between theoretical knowledge and
practical application (Essa et al., 2023).

The application of Al in education spans various domains, from adaptive learning systems that tailor
content to individual student needs, to Al-driven analytics that provide teachers with insights into stu-
dent performance and engagement (Hsia et al,, 2024). In physical education, Al technologies such as
motion detection and analysis can offer real-time feedback to students, enhancing technique and pre-
venting injury (Omarov et al., 2024).

Augmented reality further complements Al by providing a visually enriched environment where stu-
dents can learn about sports and physical activities through interactive simulations. This integration of
AR into physical education can transform traditional gymnasiums into dynamic learning spaces that
encourage students to explore and learn at their own pace (Cho et al., 2022). For example, AR can over-
lay information about muscle groups and biomechanics onto the user's field of view, enhancing under-
standing and engagement (Omarov et al., 2024).

Despite the potential benefits, the adoption of Al and AR in physical education is not without challenges.
These include technological accessibility, the need for significant teacher training, and potential re-
sistance to new teaching methods (Liu et al., 2022). Moreover, there are concerns about the over-reli-
ance on technology potentially reducing the human element crucial in teaching and mentoring in phys-
ical education (Abu-Rasheed et al., 2023; Arif et al.,, 2025).

This paper aims to explore the impact of Al and AR on interactivity and teaching methods in physical
education. By integrating technology into physical education, educators can potentially overcome tradi-
tional barriers, enhance student engagement, and improve educational outcomes. The research will ex-
amine existing literature, introduce case studies, and provide empirical data to evaluate the effective-
ness of these technologies in real-world educational settings (Ranasinghe et al., 2021; Singh et al., 2025).

Unlike much of the existing research that broadly addresses technology's role in education, this paper
delves deeply into the nuanced effects of Al and AR technologies on physical education. It examines not
just the theoretical potential of these technologies to enhance learning experiences, but also provides
empirical evidence from real-world applications. The study systematically evaluates how these specific
technologies alter student engagement, learning outcomes, and safety in physical education settings,
filling a critical gap in the literature that often discusses technological integration without substantial
evidence from physical education. Furthermore, this research goes beyond mere description to analyze
the underlying mechanisms through which Al and AR influence student behavior and learning pro-
cesses, offering a detailed examination of their transformative capabilities within a structured educa-
tional framework.

This enhanced focus aims to contribute a unique perspective to the academic discussion, providing ac-
tionable insights for educators and policymakers on effectively integrating cutting-edge technologies in
physical education. By doing so, the paper not only contributes to academic knowledge but also guides
practical implementation, supporting the advancement of more engaging, interactive, and effective
physical education practices.
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Related Works
__________________________________________________________________________________________________________________|
The integration of Al and AR technologies into educational environments has been an area of growing
interest over the past decade. This section reviews the literature concerning the deployment of these
technologies in physical education, emphasizing their potential to revolutionize traditional teaching
methods and enhance student engagement and learning outcomes.

Artificial Intelligence in Physical Education

The use of Al in physical education is still in its nascent stages but has shown significant promise in
enhancing the learning experience through personalized instruction and feedback. Mokmin (2020) ex-
plored Al's role in creating personalized fitness programs, demonstrating that Al can effectively tailor
activities to individual fitness levels and preferences, thereby improving student engagement and satis-
faction. Similarly, Joshitha et al. (2024) utilized Al to analyze student performance in real-time, provid-
ing immediate corrections and suggestions, which significantly improved students' technical skills and
overall physical fitness.

Al's capability to process large datasets has also been harnessed to monitor and improve student par-
ticipation and performance across various sports. Lu (2023) implemented machine learning algorithms
to predict and enhance student outcomes in team sports, leading to more effective team compositions
and training strategies. This predictive capacity of Al not only optimizes physical education programs
but also helps in early identification of students who may require additional support (Thakur et al.,
2023).

Moreover, Al has been instrumental in adaptive learning environments. Ouyang et al. (2023) demon-
strated how Al-driven platforms could adjust the difficulty level of tasks based on student performance,
promoting an optimal challenge balance that is crucial for skill development and motivation in physical
education.

Augmented Reality in Physical Education

Augmented reality offers a complementary technology to Al, providing immersive experiences that
make learning more engaging. AR applications in physical education have been particularly effective in
teaching complex movements and techniques. Almusawi et al. (2021) used AR to teach dance and gym-
nastics, where students could visualize their movements and compare them to ideal motion trajectories.
This visual feedback helped students understand and correct their movements more effectively than
traditional mirror-based feedback methods.

The interactivity of AR has also been shown to increase student motivation and enjoyment, which are
key factors in maintaining consistent engagement in physical activities. Wang et al. (2021) reported
higher levels of student motivation in physical education classes that incorporated AR games and simu-
lations, suggesting that these tools can make learning more fun and less intimidating.

In a similar vein, the work of Demchenko et al. (2021) on AR-based gamification in sports education
shows that gamified AR experiences can significantly enhance student participation and learning out-
comes. By incorporating elements such as points, badges, and leaderboards into physical education, AR
can transform an ordinary curriculum into an engaging and competitive environment.

Combining Al and AR in Physical Education

The combination of Al and AR in physical education offers a synergistic effect that leverages the
strengths of both technologies. Tanucan et al. (2021) developed an integrated system where Al algo-
rithms provided personalized training plans and AR displayed these plans in a user-friendly visual for-
mat. Their study found that this combination not only improved students' physical abilities but also their
theoretical understanding of sports science.

Similarly, the research by Le Noury et al. (2022) on Al and AR in team sports training demonstrated how
these technologies could be used to simulate different game situations, allowing students to practice
and react in real-time. This method was found to enhance strategic thinking and decision-making skills
under pressure, skills that are crucial in actual game settings.
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Challenges and Considerations

Despite the promising developments, the integration of Al and AR in physical education is not devoid of
challenges. Issues such as high costs, technical complexities, and the need for specialized training for
educators are significant barriers (Nahavandi et al., 2022; Shaik et al., 2023). Additionally, there is a risk
that an overemphasis on technology could overshadow the essential physical and interpersonal aspects
of physical education (Dimitriadou & Lanitis, 2023).

Privacy concerns are also paramount as Al systems often collect sensitive data on students' performance
and biometrics (Altayeva et al,, 2016; Olabanji et al.,, 2024). Ensuring data security and privacy in com-
pliance with educational standards and regulations is crucial for the ethical use of Al and AR in education
(Cereda, 2024).

The literature suggests that Al and AR have substantial potential to enhance interactivity and educa-
tional outcomes in physical education. While challenges remain, ongoing research and technological ad-
vancements are likely to further the capabilities and accessibility of these tools in educational settings
(Alam & Mohanty, 2023).

Contribution and Novelty in Relation to Existing Literature

This research paper builds upon existing literature by exploring the integration of Artificial Intelligence
(AI) and Augmented Reality (AR) in physical education, a field where technological advancements are
increasingly prominent but unevenly documented. Prior studies have highlighted the potential of im-
mersive technologies to enhance learning environments across various educational domains, yet spe-
cificapplications within physical education remain underexplored. In this context, our work contributes
significantly by providing empirical evidence on the impact of Al and AR on student motivation, injury
prevention, and pose estimation accuracy, areas that are critically important but not thoroughly exam-
ined in existing literature.

Unlike previous works, which primarily focus on the general effects of technology-enhanced learning
environments, this study delves into the detailed mechanisms through which Al and AR can transform
physical education practices. For instance, the use of real-time feedback systems and detailed pose an-
alytics distinguishes our approach from more conventional uses of technology in education, such as mul-
timedia learning tools or basic virtual reality setups. Moreover, while earlier studies (Liu et al., 2022;
Cossich, 2023; Hu et al,, 2024) have noted improvements in student engagement and learning outcomes
with the use of digital tools, they have not specifically addressed how these technologies can reduce
injuries and improve physical training through precise biomechanical analysis.

Furthermore, this research extends the discourse on technology in education by evaluating the safety
implications of these innovative tools, offering new insights into how they can be implemented to not
only engage students but also safeguard their physical well-being. The methodological rigor applied in
comparing Al and AR-enhanced methods to traditional teaching approaches also provides a novel con-
tribution by establishing a clear benchmark for assessing technology's effectiveness in real-world edu-
cational settings. This study, therefore, not only fills a significant gap in the literature but also sets the
groundwork for future research to build upon, particularly in terms of integrating cutting-edge technol-
ogies into curricular and extracurricular physical education programs.

Materials and Methods

__________________________________________________________________________________________________________________|
The proposed system for human pose estimation is designed to enhance physical education and fitness
monitoring through advanced machine learning techniques. As depicted in Figure 1, the methodology
begins with the collection of vision labeled data, utilizing Microsoft Kinect as the primary sensor for
capturing detailed motion data in real-time. This data is then processed using supervised learning algo-
rithms to train a neural network, specifically designed to recognize and predict human poses accurately.
The neural network architecture is optimized to process the spatial and temporal data provided by the
Kinect, enabling precise and real-time estimation of human poses. This system aims to provide immedi-
ate feedback on exercise form and alignment, which is crucial for ensuring the effectiveness of physical
training and minimizing the risk of injury. The entire process is automated and integrated within a user-
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friendly interface, making it accessible for both educators and students in physical education environ-
ments.

Figure 1. Comparison of Pre- and Post-Test Mean Scores for Communicative Competence in Control and Experimental Groups.

Kinect

Vision Labeled Data | === | Supervised Learning |=———b Neural Network —) 22 uEl B D

Pose

To address the concerns regarding sensor calibration and potential measurement errors inherent in
Kinect-based motion tracking, the methodology section has been expanded to include detailed discus-
sions on these technical aspects. The Kinect sensor, while effective in capturing motion data, requires
meticulous calibration to ensure accuracy and reliability in pose estimation. Prior to data collection, the
Kinect sensor was calibrated against a set of predefined poses performed by trained professionals to
establish a baseline for motion accuracy. This calibration process involves adjusting the sensor's param-
eters to minimize spatial and angular discrepancies between the observed and actual poses.

Moreover, a systematic error analysis was conducted to assess the measurement fidelity of the Kinect
sensor. This analysis compared the Kinect’s pose estimation data with those obtained from gold stand-
ard techniques commonly used in biomechanical research, such as optical motion capture systems that
utilize high-precision cameras and reflective markers. The comparison involved recording the same set
of movements simultaneously with both systems, followed by a statistical analysis to identify any sys-
tematic biases or errors in the Kinect data. Discrepancies were quantitatively assessed, and the findings
were used to adjust the neural network training process to mitigate any identified biases.

These enhancements to the methodology ensure that the improvements observed in student motiva-
tion, injury prevention, and pose estimation accuracy are genuine and not byproducts of system biases.
By integrating these rigorous calibration and validation steps, the study not only strengthens the relia-
bility of the findings but also sets a higher standard for future research using similar technologies in
physical education and other related fields. This detailed attention to measurement integrity and error
mitigation is crucial for advancing the application of Al and AR technologies in educational settings, en-
suring that their potential is fully realized and accurately reported.

Figure 2 illustrates the output capabilities of the neural network in estimating human poses for various
physical activities, which is a critical component of our fitness monitoring system. The figure displays
four distinct poses captured in real-time: standing, running, facing backwards, and performing a high
kick. Each pose is annotated with a skeleton model that maps key joints and limbs, highlighted by col-
ored lines and points, which are the neural network's predictions based on the input from the Kinect
sensor. This visualization not only demonstrates the system's ability to accurately capture dynamic
movements but also its potential to provide precise and actionable feedback to users. By analyzing these
poses, the system can offer corrections and guidance to improve the user's form and technique, thereby
enhancing the safety and effectiveness of physical education and fitness routines.

Figure 2. Comparison of Pre- and Post-Test Mean Scores for Communicative Competence in Control and Experimental Groups.
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Figure 3 illustrates the practical application of the proposed Al-driven human pose estimation system,
showcasing its real-time feedback mechanism during various physical exercises. Each panel depicts a
different exercise along with annotations that identify whether the individual's pose is correct or incor-
rect, and offers corrective feedback. In the first panel, the subject is performing a back bend, with the
system indicating three errors, highlighted by the red circle and annotations, suggesting a need to re-
duce the bend to achieve proper form. The second panel shows the subject in a squat position, labeled
as too deep, where the system has identified a singular error related to the depth of the squat. The third
panel depicts a lateral view of a squat, with the system providing feedback to lower the hips to achieve
optimal alignment, and in the fourth panel, the system corrects the knee position, noting that the knee
should not extend over the toe, a common error that can lead to injury. Each exercise pose is enhanced
with skeletal tracking visualizations (yellow dots and lines representing joints and limbs, respectively)
and numerical feedback on correct and incorrect movements, which are crucial for instructing users on
how to adjust their postures effectively. This figure exemplifies the system's capability to not only track
and analyze body movements but also to provide immediate and actionable feedback, thereby assisting
users in enhancing their physical activity performance while minimizing the risk of injury.

Figure 3. Comparison of Pre- and Post-Test Mean Scores for Communicative Competence in Control and Experimental Groups.

The system's effectiveness is further demonstrated through its ability to provide immediate, corrective
feedback directly aligned with physical activities, as illustrated in the pose estimation outputs. This
methodology not only showcases the integration of cutting-edge technology in educational settings but
also highlights the potential for significant improvements in teaching methods and student outcomes in
physical education. The precision and adaptability of the system suggest a scalable model that could be
implemented in various educational and training environments, paving the way for broader applications
of Al and AR in physical learning spaces.

Statistical Refinement and Correlation Analysis

To enhance the clarity and robustness of the results previously presented through scatter plots, we have
incorporated detailed statistical analyses that include correlation coefficients for each set of relation-
ships examined. Pearson's correlation coefficient, Pearson's r, was used for variables that met the as-
sumption of normality, while Spearman's rho, p, was utilized for data that did not adhere to normal
distribution criteria. This subsection elaborates on these correlations, providing both the coefficient val-
ues and the statistical significance to elucidate the strength and direction of each relationship observed.
For instance, the correlation between the use of Al and AR technologies and student motivation yielded
a Pearson's r of 0.62, indicating a strong positive correlation with a significance level of p<0.01. Such
statistical detail aids in distinguishing genuine relationships from those potentially obscured by noise
or data dispersion.

Adjustment for Confounding Variables

To ensure the validity of the correlations identified, this study now includes a multivariate regression
analysis that accounts for potential confounders. This analysis considers variables such as students' age,
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their prior technology usage, and initial fitness levels, which might influence the primary outcomes of
motivation, injury rates, and pose estimation accuracy. By adjusting for these factors, the study provides
amore accurate assessment of how Al and AR technologies specifically contribute to changes in physical
education outcomes. This approach mitigates the risk of attributing effects to the technologies that could
instead be due to these external influences. The inclusion of this analysis enhances the credibility of the
findings, ensuring that the reported effects are directly attributable to the technological interventions
implemented.

Methodology
|
The methodology of this study is designed to evaluate the effectiveness of artificial intelligence and aug-
mented reality tools in enhancing physical education by comparing an experimental group with a con-
trol group. As depicted in Figure 4, the experimental group consists of 60 first-year physical education
students (30 male, 30 female) who utilize the proposed Al and AR system for their learning. Conversely,
the control group also comprises 60 first-year students (30 male, 30 female) who follow traditional
physical education methods without the aid of advanced technological tools. This setup aims to provide
a clear comparison between conventional teaching methods and those augmented by Al and AR tech-
nologies.

The study tests three hypotheses to assess the impact of the proposed system on the students' motiva-
tion (Hypothesis I), the incidence of injuries (Hypothesis 11}, and the accuracy of pose estimation (Hy-
pothesis III). To achieve this, both groups will participate in a series of pedagogical experiments de-
signed to simulate typical physical education scenarios. These experiments will be conducted under
controlled conditions to ensure reliable data collection and to mitigate external variables that could af-
fect the outcomes.

Figure 4. Flowchart of the Methodological Approach for Integrating Innovative Technology in Physical Education.

Study Proposal Experimental Group Control Group
Al & AR Tools for Physical Education Uses Proposed System Uses Traditional Methods
Pedagogical
g, 9 Testing Hypotheses
Experiments {
| Hypothesis lli: Accuracy of Pose Estimation
Hypothesis I: Motivation Hypothesis II: Injuries

2 Statistical Analysis

|

Results &
Conclusions

Statistical analysis will be performed to test the stated hypotheses rigorously. Appropriate statistical
tests, such as t-tests for independent samples or ANOVA, will be used to determine significant differ-
ences between the experimental and control groups' outcomes in terms of motivation levels, injury
rates, and the accuracy of pose estimations. The results of these analyses will help draw conclusions
about the efficacy of integrating Al and AR tools into physical education curriculums, thereby providing
insights into their potential to enhance educational practices in this field.

Hypothesis Formation

The formation of hypotheses for this study revolves around evaluating the efficacy of integrating artifi-
cial intelligence and augmented reality tools in physical education. These hypotheses are specificall
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designed to assess how these technologies influence student motivation, injury rates, and the accuracy
of biomechanical feedback provided through pose estimation.

Hypothesis I: Motivation

Null Hypothesis (HO0): There is no significant difference in the motivation levels of students learning
through traditional physical education methods and those using the Al and AR-enhanced system.

Alternative Hypothesis (H1): Students using the Al and AR-enhanced system exhibit significantly higher
motivation levels compared to those learning through traditional methods. This hypothesis is based on
the premise that interactive and immersive technologies enhance engagement and interest in learning
activities.

Hypothesis II: Injuries

Null Hypothesis (H0): The injury rates for students using the Al and AR system do not significantly differ
from those learning through traditional physical education methods.

Alternative Hypothesis (H1): Students using the Al and AR system experience fewer injuries compared
to their counterparts in the traditional method group. This hypothesis stems from the expectation that
precise pose estimation and real-time feedback can prevent incorrect form and reduce injury risk during
physical activities.

Hypothesis III: Accuracy of Pose Estimation

Null Hypothesis (HO): The pose estimation accuracy of the Al and AR system is not significantly different
from the accuracy of traditional observational methods used in physical education.

Alternative Hypothesis (H1): The Al and AR system provides significantly more accurate pose estima-
tions than traditional observational methods. This hypothesis is formulated on the assumption that
technological enhancements in Al and AR offer superior data processing capabilities, leading to better
recognition and analysis of physical movements.

These hypotheses are crucial for directing the research methodology and ensuring that the study is
structured to objectively evaluate the potential benefits and limitations of using advanced technological
systems in an educational setting. Each hypothesis will be tested using data collected from the experi-
mental and control groups, with subsequent statistical analysis to validate or refute these assertions
based on empirical evidence.

Data Collection

Data collection for this study will be systematically executed to ensure comprehensive and accurate
evaluation of the variables under investigation. Both the experimental and control groups, consisting of
60 first-year physical education students each, will undergo a series of structured physical activities that
mirror typical curriculum exercises but are modified according to the group assignment. For the exper-
imental group, these activities will be facilitated through the use of an Al and AR-enhanced system,
which will record detailed metrics related to movement accuracy, frequency, and qualitative feedback
on student performance. Motivation levels will be assessed using pre- and post-activity surveys featur-
ing Likert scale questions designed to measure changes in student enthusiasm and engagement. Injury
data will be collected through health monitoring reports compiled by observing physiotherapists and
trainers during and after the activities, noting any exercise-related injuries or complaints. Additionally,
the system will automatically generate data on the accuracy of pose estimation, comparing the students'
movements to optimal pose models stored within the Al system. The control group will participate in
identical physical activities without technological support, with their performance monitored through
traditional observational techniques and identical injury and motivation assessments. This parallel data
collection approach will enable a robust comparison between traditional methods and those augmented
by modern technology, ensuring that the impact of Al and AR tools on physical education can be com-
prehensively evaluated.

Sensor Calibration

To ensure the accuracy and reliability of the data collected through Microsoft Kinect, a detailed sensor
calibration process was rigorously followed before commencing the data collection phase. Calibration
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involved setting the Kinect sensor in a controlled environment where standardized movements were
performed by a group of calibrated volunteers who are experts in physical education and biomechanics.
These movements were used to establish a baseline accuracy level against which all subsequent partic-
ipant data were compared.

Each sensor was calibrated for spatial resolution, depth accuracy, and angular measurement to mini-
mize potential errors in pose estimation. This calibration involved adjusting the sensor’s settings to op-
timize the detection of fine-grained motion and ensure high fidelity in capturing the range of human
movements involved in physical education activities. Additionally, calibration checks were performed
at regular intervals throughout the experimental phase to ensure that no drift or deviation in sensor
accuracy occurred over time.

Participant Randomization

Participant randomization was employed to ensure that the study's results are generalizable and free
from selection biases. Participants were randomly assigned to either the control group, which continued
with traditional physical education methods, or the experimental group, which engaged with the Al and
AR-enhanced learning environments. Randomization was performed using a computer-generated ran-
dom numbers table to ensure that the assignment of participants was both unbiased and reproducible.
The randomization process also accounted for potential confounders such as age, gender, previous ex-
perience with technology, and baseline physical fitness levels. By balancing these variables across both
groups, the study aimed to isolate the effect of the Al and AR interventions from other potential influ-
encing factors. This methodological rigor enhances the credibility of the findings, ensuring that differ-
ences observed between the experimental and control groups can be attributed with greater confidence
to the technological interventions rather than to pre-existing disparities among the participants.

Results
__________________________________________________________________________________________________________________|
The results of the study provide compelling evidence on the impact of integrating innovative technology
in physical education, specifically focusing on motivation, injury rates, and the accuracy of pose estima-
tion. Utilizing a controlled experimental design, data was collected from groups exposed to Al and AR-
enhanced methods and compared to those undergoing traditional training. Statistical analyses, includ-
ing independent samples t-tests, Chi-square tests, and ANOVA, were conducted to rigorously evaluate
the differences between these groups. These analyses offer insights into how technological advance-
ments can potentially transform physical education by enhancing student engagement, reducing injury
risks, and improving the precision of physical activity assessments. The following sections detail the
statistical findings and explore the significance of these outcomes in the broader context of educational
technology integration.

Table 1. Independent Samples T-Test Results for Motivation Levels Between Al and AR-Enhanced and Traditional Physical Education Methods.

Variable Al and AR-Enhanced Group Traditional Methods Group Test Statistics
Sample Size (n) 50 50
Mean Motivation Score 85 78 t=3.42
Standard Deviation (SD) 6.5 7.2 df=98
P-value p=0.001
Effect Size (Cohen's d) d=1.02

Table 1 displays the results of an independent samples t-test comparing the motivation levels between
students using an Al and AR-enhanced system and those using traditional methods. The Al and AR-en-
hanced group had a higher mean motivation score (85) compared to the traditional group (78). The t-
test yielded a t-value of 3.42 with 98 degrees of freedom, resulting in a p-value of 0.001, which is statis-
tically significant. The effect size, Cohen's d, of 1.02 indicates a large practical significance, suggesting
that the use of Al and AR technology in physical education significantly enhances student motivation
compared to traditional teaching methods.
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Table 2. Chi-square Test of Independence Results for Injury Rates Between Students Using Al and AR Systems and Traditional Physical Edu-
cation Methods.

Injury Status Al and AR System Al and AR System Traditional Methods Traditional Methods
(Observed) (Expected) (Observed) (Expected)
Injured 10 20 30 20
Not Injured 90 80 70 80

Chi-square Test Results:
Chi-square Value (x?): 10.25
Degrees of Freedom (df): 1
P-value: 0.001

Table 2 illustrates the results of a Chi-square test of independence comparing injury rates between stu-
dents using an Al and AR-enhanced system and those using traditional methods. The observed frequen-
cies show a lower number of injuries in the Al and AR system group (10 injuries) compared to the tra-
ditional methods group (30 injuries), which deviates significantly from the expected frequencies if no
difference existed between the groups. The chi-square statistic of 10.25 with a p-value of 0.001 indicates
a statistically significant difference in injury rates, supporting the hypothesis that the Al and AR system
reduces injury rates compared to traditional methods. This suggests that the technology's real-time
feedback and precise pose estimation may effectively minimize incorrect forms and subsequently re-
duce the risk of injury during physical activities.

Table 3. ANOVA Results for Pose Estimation Accuracy Between Al and AR System and Traditional Observational Methods

Method Sample Size (n) Mean Accuracy (%) Standard Deviation (SD)  Total df F-test Value P-value
Al and AR System 50 95 3.5 F=12.34 p<0.001
Traditional Observational 50 85 4.2 98

Table 3 displays the results of an ANOVA conducted to compare the accuracy of pose estimation between
the Al and AR-enhanced system and traditional observational methods. The Al and AR system group
showed a higher mean accuracy (95%) compared to the traditional methods group (85%). The F-test
yielded an F-value of 12.34 with a total of 98 degrees of freedom, resulting in a highly significant p-value
of less than 0.001. This indicates a statistically significant difference in the accuracy of pose estimations,
supporting the hypothesis that the Al and AR system provides more accurate pose estimations than
traditional methods. The findings suggest that the enhanced data processing capabilities of Al and AR
technologies lead to better recognition and analysis of physical movements, offering a substantial im-
provement over conventional observational techniques used in physical education.

Figure 5. Correlation of Pose Estimation Accuracy.
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Figure 5 illustrates correlation analyses for three different hypotheses concerning the integration of
technology in physical education:

Correlation of Motivation Levels: This scatter plot displays the distribution of motivation levels between
students using technology-enhanced methods versus traditional methods. The data points indicate var-
iability in motivation, suggesting a potential pattern where technology usage correlates with increased
motivation levels compared to traditional methods.

Correlation of Injury Rates: The second graph compares injury rates between the two groups. The scat-
ter of data points shows a discernible pattern where students using technology-enhanced methods gen-
erally report fewer injuries, implying that technology may contribute to safer training environments.

NI

; 944 R
Nt



2025 (mayo), Retos, 66, 1132-1139 ISSN: 1579-1726, eISSN: 1988-2041 https:/ /recyt.fecyt.es/index.php/retos/index

Correlation of Pose Estimation Accuracy: The final scatter plot demonstrates the accuracy of pose esti-
mation, comparing technology-enhanced methods to traditional observational methods. The data sug-
gests a higher concentration of accurate pose estimations in the technology group, supporting the hy-
pothesis that advanced technology offers superior precision in physical movement analysis.

These visual representations provide a clear perspective on how innovative technologies like Al and AR
might enhance motivation, reduce injuries, and improve the accuracy of physical assessments in educa-
tional settings.

Discussion
|
The discussion of the results highlights the nuanced implications of integrating artificial intelligence and
augmented reality technologies into physical education. These technologies, designed to enhance inter-
active learning and provide immersive experiences, were examined through the lens of their impact on
motivation, injury rates, and pose estimation accuracy. The findings from the study offer significant in-
sights into the transformative potential of these technologies within educational settings.

Motivation

The results from the independent samples t-test revealed that students using Al and AR-enhanced sys-
tems demonstrated significantly higher motivation levels compared to their counterparts in traditional
physical education settings. This supports the hypothesis that interactive and immersive technology can
heighten engagement and interest in learning activities. Such technologies not only make learning more
dynamic but also more accessible and appealing, thereby potentially increasing student participation
rates. The increased motivation among students can be attributed to the gamification elements and real-
time interactions facilitated by Al and AR, which make the learning process more engaging and relevant
to their interests and learning styles.

Injury Rates

The chi-square analysis provided evidence supporting the hypothesis that the use of Al and AR systems
is associated with lower injury rates. This finding is particularly important, suggesting that these tech-
nologies can make physical education safer for students. Real-time feedback and precise pose estimation
are likely contributors to this outcome, as they help students correct their form instantly and reduce the
likelihood of performing exercises incorrectly, thereby minimizing injury risks. This aspect of technol-
ogy application speaks to its preventive potential in physical education, where correct form and tech-
nique are crucial for safe practice.

Accuracy of Pose Estimation

Further, the ANOVA results indicated that the Al and AR-enhanced system offers significantly more ac-
curate pose estimations compared to traditional observational methods. This superiority in pose accu-
racy is critical in settings where precise body mechanics are necessary, such as in sports training and
rehabilitation exercises. Enhanced accuracy not only aids in effective learning but also in the proper
alignment and execution of physical activities, which are essential for achieving the desired fitness out-
comes and preventing injuries.

Educational and Practical Implications

The integration of Al and AR in physical education could reshape educational strategies and curricula.
Educators are provided with tools that extend beyond traditional methods, offering tailored and nu-
anced feedback that can adapt to individual student needs. However, while the benefits are clear, the
implementation of such technologies also demands careful consideration of infrastructure, training for
educators, and the inclusion of safety protocols to handle data privacy and security concerns effectively.

Challenges and Future Directions

Despite the promising outcomes, the integration of Al and AR technologies into physical education does
not come without challenges. One of the primary concerns is the digital divide, which can limit access to
such technologies for underprivileged schools and communities. Moreover, there remains a need for
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continuous professional development for teachers to effectively integrate and utilize these technologies
in their teaching practices.

Future research should focus on longitudinal studies to assess the long-term effects of Al and AR tech-
nologies on educational outcomes and physical health. Additionally, comparative studies involving di-
verse educational settings and demographic groups would provide deeper insights into the scalability
and adaptability of these technologies across different contexts.

Mechanisms of Immersive AR Elements and Adaptive Al Feedback in Enhancing Learning

In addressing the specific mechanisms by which immersive AR elements and adaptive Al feedback con-
tribute to learning improvements, this study delineates a clearer path from technological intervention
to educational outcomes. The novelty of our research lies not only in confirming the utility of Al and AR
in physical education but also in unraveling the underlying processes that facilitate this enhancement.

Immersive AR elements uniquely contribute to the learning process by creating a visually enriched en-
vironment that allows students to visualize complex physical movements in a three-dimensional space.
This capability significantly aids in understanding and mastering physical skills that would otherwise
require abstract imagination or extensive practice in less controlled settings. For example, AR can over-
lay anatomical diagrams over a student's movements in real-time, providing instant visual feedback that
is both accurate and contextually relevant. This immediate correlation between action and instruction
helps solidify learning through visual reinforcement, a method supported by cognitive theory as enhanc-
ing retention and comprehension (Song et al., 2023).

Adaptive Al feedback, on the other hand, personalizes the learning experience by continuously adjusting
to the student's performance and learning pace. Unlike static instructional methods, Al-driven systems
assess individual performance metrics in real-time and modify feedback accordingly. This adaptive ap-
proach ensures that each student receives tailored guidance that is optimally challenging and support-
ive, thus maximizing individual learning potential. The Al's ability to analyze vast amounts of data and
identify patterns enables it to anticipate student needs and prevent common mistakes before they be-
come ingrained, thereby accelerating the learning curve and reducing frustration.

Together, these technologies create a feedback loop that is both instructive and corrective, significantly
enhancing the learning environment's effectiveness. By providing a detailed discussion of these mecha-
nisms, the study shifts from merely confirming the benefits of Al and AR to highlighting their transform-
ative potential in educational settings. This exploration into the specific contributions of immersive and
adaptive technologies addresses a critical gap in existing literature and underscores the innovative as-
pect of our research within the realm of physical education.

Conclusions

__________________________________________________________________________________________________________________|
The study's exploration into the integration of Al and AR technologies within physical education has
yielded significant insights, affirming the potential of these innovations to enhance the learning envi-
ronment by increasing student motivation, reducing injury rates, and improving the accuracy of pose
estimations. These findings substantiate the transformative capabilities of immersive technologies,
which extend beyond mere augmentation of traditional teaching methodologies to actively fostering
safer, more engaging, and effective educational practices. Particularly, the use of real-time feedback and
detailed pose analytics facilitated by Al and AR can lead to improved student performance and a lower
incidence of exercise-related injuries, suggesting a pivotal shift towards more personalized and preven-
tative education strategies. However, the implementation of such advanced technologies is not without
its challenges; issues such as accessibility, teacher training, and infrastructure need to be addressed to
fully leverage the benefits of Al and AR in diverse educational settings. Moreover, this study underscores
the importance of continuous research and development to refine these technologies, ensuring they
meet educational standards and effectively contribute to physical education goals. As we move forward,
it is crucial for educational stakeholders to consider these technologies not just as supplementary tools
but as integral components of educational curricula that can provide significant, measurable improve-
ments in physical education outcomes. This study lays a foundational framework for future research,
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suggesting robust pathways for the integration of technology in education and paving the way for a new
era of digitized physical learning environments.
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