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Abstract
________________________________________________________________________________|
Introduction: The use of technology in physical education is increasingly recognized for its
potential to enhance student engagement and learning outcomes. Augmented Reality (AR)
offers immersive and interactive learning experiences that may improve cognitive, affective,
and psychomotor development.

Objective: This study aimed to analyze the impact of AR-based learning on cognitive
understanding, motivation, and motor skill performance among junior high school students.
Methodology: A true experimental Pretest-Posttest Control Group Design was used with 64
students (M = 14.0 years, SD = 1.2), selected through cluster random sampling. Participants
were divided into an experimental group (AR-based learning) and a control group (traditional
learning). Learning outcomes were assessed using validated cognitive tests, the Physical
Education Learning Motivation Questionnaire (PE-LMQ), and standardized psychomotor skill
assessments.

Discussion: Results showed that students in the AR group experienced significantly greater
improvements across all domains. Cognitive scores increased by 23.7 points versus 12.5 in the
control group (t=6.375,p < 0.001). Affective improvements were observed in motivation (+0.9
vs. +0.6), engagement (+0.8 vs. +0.5), and attitude (+0.7 vs. +0.4), all statistically significant (p
< 0.01). Psychomotor improvements included better dribbling (-2.2 sec vs. -1.1 sec), passing
and receiving (+2.5 vs. +1.3), and shooting accuracy (+23.8% vs. +13.1%), with p < 0.001.
Conclusion: AR-based learning proved more effective than traditional methods in enhancing
comprehension, motivation, and motor skills. Its integration into physical education curricula
is recommended to support innovative and impactful learning.

Keywords
___________________________________________________________________________________|
Augmented reality; physical education; cognitive learning; affective learning; psychomotor

skills; educational technology.

Resumen
_____________________________________________________________________________________|
Introduccién: El uso de la tecnologia en la educacion fisica es cada vez mas reconocido por su

potencial para mejorar la participacién estudiantil y los resultados de aprendizaje. La Realidad
Aumentada (RA) ofrece experiencias de aprendizaje inmersivas e interactivas que pueden
mejorar el desarrollo cognitivo, afectivo y psicomotor.

Objetivo: Este estudio tuvo como objetivo analizar el impacto del aprendizaje basado en RA
sobre la comprension cognitiva, la motivacién y el rendimiento de habilidades motoras en
estudiantes de secundaria.

Metodologia: Se utiliz6 un disefio experimental verdadero con pretest-postest y grupo de
control, con la participacién de 64 estudiantes (M = 14,0 afios, DE = 1,2), seleccionados
mediante muestreo aleatorio por conglomerados. Los participantes se dividieron en un grupo
experimental (aprendizaje basado en RA) y un grupo de control (aprendizaje tradicional). Los
resultados de aprendizaje se evaluaron mediante pruebas cognitivas validadas, el Cuestionario
de Motivaciéon para el Aprendizaje de la Educacién Fisica (PE-LMQ) y evaluaciones
estandarizadas de habilidades psicomotoras.

Discusidn: Los resultados mostraron que los estudiantes del grupo RA experimentaron mejoras
significativamente mayores en todos los dominios. Las puntuaciones cognitivas aumentaron
23,7 puntos frente a 12,5 en el grupo de control (t = 6,375, p < 0,001). Las mejoras afectivas
incluyeron la motivacién (+0,9 vs. +0,6), la participaciéon (+0,8 vs. +0,5) y la actitud (+0,7 vs.
+0,4), todas estadisticamente significativas (p < 0,01). Las mejoras psicomotoras incluyeron
mejor manejo del baldn (-2,2 seg vs. -1,1 seg), pases y recepciones (+2,5 vs. +1,3) y precision en
los tiros (+23,8% vs. +13,1%), con p < 0,001.

Conclusién: El aprendizaje basado en RA demostr6 ser mas eficaz que los métodos tradicionales
para mejorar la comprension, la motivacién y las habilidades motoras. Se recomienda su
integracion en el curriculo de educacién fisica para fomentar un aprendizaje innovador y
significativo.

Palabras clave

Realidad aumentada; educacion fisica; aprendizaje cognitivo; aprendizaje afectivo; habilidades
psicomotoras; tecnologia educativa.
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Introduction
C_______________________________________________________________________________]
Physical education plays a crucial role in enhancing students' motor skills, understanding of sports
concepts, and motivation to participate in physical activities (Habyarimana et al.,, 2022; Khudolii et al,,
2020; Umar et al,, 2023). However, traditional teaching methods in physical education often face
challenges such as limited visualization of biomechanical concepts, lack of instant feedback on students'
skills, and low student engagement in the learning process (Julianti et al., 2024). With the advancement
of digital technology, augmented reality has emerged as an innovation that can address these issues by
providing a more interactive and digitally enhanced learning experience (Festiawan et al., 2024).

Augmented reality is a technology that superimposes digital elements, including images, audio, and 3D
models, onto the physical environment using devices like smartphones, tablets, and AR-enabled glasses
(Ciloglu & Ustun, 2023; Georgios Lampropoulos et al., 2022; Olim, 2024; Wenk et al., 2023). Unlike
virtual reality, which creates a fully immersive digital environment, augmented reality enhances the real
world by integrating digital elements that users can interact with in real time (Volioti et al.,, 2022; Yousef,
2021). Augmented reality has been widely applied in various fields, including healthcare, engineering,
retail, and education (Alzahrani, 2020; Cevahir et al., 2022; Omarov, 2024; Orji, 2023). In the educational
sector, augmented reality is used to enhance student engagement, facilitate interactive learning, and
provide immersive experiences that improve comprehension of complex concepts (Avila-Garzon et al.,
2021; Majeed & ALRikabi, 2022).

The integration of augmented reality in physical education offers opportunities for students to visualize
sports techniques, gain a better understanding of biomechanics, and increase learning motivation
through a technology-based approach (Liang, 2023). However, while some studies have explored the
use of augmented reality in education, few have compared the effectiveness of traditional and
augmented reality-based learning methods in the context of physical education (Zhang, 2023).
Therefore, this study aims to explore the impact of augmented reality-based learning on students’
learning outcomes compared to traditional teaching methods in physical education.

Despite the benefits of physical education for students' physical and cognitive development, several
challenges in traditional teaching methods remain significant obstacles. Students often struggle to
understand abstract principles of biomechanics and game strategies because theory-based learning
does not provide direct experience in connecting concepts with actual movement (MacEachern et al.,
2022; Sgro et al, 2019; Yudanto, 2022). Demonstration methods performed by teachers are often
insufficient in providing a clear picture of specific sports techniques, particularly in sports requiring
complex coordination (Casey, 2024; Zulbahri, 2024). Additionally, many students show low interest in
physical education classes due to a lack of diverse teaching methods that could enhance their
engagement (Aliriad, 2024; Kogoya et al., 2023). Traditional methods also fail to provide real-time
feedback on students' technical performance, making the correction process slower and less effective
(Cafnabate et al., 2023; O’Brien, 2023; Salcines-Talledo et al., 2024).

With the emergence of augmented reality technology, various challenges in physical education can be
addressed through innovative approaches. Augmented reality can help students visualize sports
techniques directly, provide step-by-step guidance, and offer instant feedback on their performance
(Nelson et al., 2022; Urban et al., 2022). This technology can also boost learning motivation by offering
a more interactive and immersive experience compared to traditional methods (Cevahir et al., 2022;
Zhao etal., 2022). Several previous studies have demonstrated that augmented reality enhances student
learning outcomes. For example, (Baabdullah et al., 2022; Hidayat et al.,, 2021; Tuli et al., 2022)found
that using augmented reality in sports skill learning improved students' conceptual understanding and
motivation. (Dakeev, 2021; Majeed & ALRikabi, 2022) reported that augmented reality in physical
education enhanced students' motor coordination and spatial awareness. Similarly, (Lin et al., 2023;
Shen et al,, 2022) indicated that augmented reality-based learning is more effective than conventional
methods in developing technical sports skills. However, a research gap remains in comprehensively
understanding how augmented reality-based methods compare to traditional teaching methods in
physical education. Thus, this study is highly relevant in filling that gap by conducting a direct
comparison between these two learning approaches.
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The novelty of this study lies in several aspects. First, this study contributes by offering a direct
comparison between augmented reality and traditional methods, complementing earlier studies that
have explored the benefits of augmented reality, sometimes including comparative elements. Second, it
offers a comprehensive assessment of learning outcomes, including conceptual understanding, motor
skills, and student motivation. Third, by employing a mixed-methods approach, this study integrates
both quantitative and qualitative data, providing a more holistic perspective on the impact of augmented
reality in physical education. Consequently, this research contributes not only to the theoretical
development of physical education and educational technology but also provides practical
recommendations for educators in designing more effective and engaging teaching methods for
students.

Physical education faces various challenges in traditional teaching methods, such as difficulties in
visualizing concepts, low student motivation, and lack of instant feedback. Augmented reality
technology presents a potential solution to these challenges by introducing a more interactive and
digital reality-based approach to learning. However, limited research has directly compared the
effectiveness of augmented reality with traditional teaching methods in physical education. Therefore,
this study aims to investigate the differences in student learning outcomes between these approaches
and provide new insights into the field of technology-enhanced physical education.

Method
__________________________________________________________________________________________________________________|
This research utilizes a true experimental design with a Pretest-Posttest Control Group approach to
evaluate the effectiveness of augmented reality-based learning compared to conventional teaching
methods in physical education. The main goal is to examine the influence of augmented reality on
students' learning outcomes, encompassing cognitive, affective, and psychomotor domains.

Participants

The research population consisted of all students in grades VII, VIII, and IX at Junior High School 8
Purwokerto, totaling 953 students across 27 classes, with each grade consisting of 9 classes. A
representative sample was selected using cluster random sampling, in which entire classes were
randomly chosen rather than individual students. This approach ensured an unbiased selection process,
involving students from 2 classes (n = 64, age = 14.0 + 1.2 years, height = 157.5 + 7.0 cm, weight = 47.3
+ 9.0 kg). Each selected class consisted of 32 students. The two selected classes were then randomly
assigned to either the control group or the experimental group, ensuring that all students within each
class remained together during the intervention. The sampling technique enhanced the study's validity
by maintaining natural classroom settings, allowing for a realistic evaluation of learning interventions.

Procedure

Students were randomly allocated into two groups using cluster random sampling: the experimental
group, which engaged in augmented reality-based learning, and the control group, which received
traditional physical education instruction. Before the intervention, both groups completed a pretest
(01) to assess their initial levels of learning outcomes in terms of cognitive, affective, and psychomotor
aspects. The experimental group was then introduced to augmented reality-enhanced lessons (X),
incorporating interactive visuals and real-time feedback to enhance their learning experience.
Meanwhile, the control group continued with traditional teaching methods (C), relying on direct
instruction and physical demonstrations. After completing the intervention phase, both groups
undertook a posttest (02) to evaluate changes in the learning outcomes.

Table 1. Research Design

Group Assignment Pretest Treatment Posttest
Experimental Cluster Random 01 Augmented Reality (X) 02
Control Cluster Random 01 Traditional Learning (C) 02

Description:

01 : Pretest assessment of learning outcomes (cognitive, affective, psychomotor)
02 : Posttest assessment of learning outcomes (cognitive, affective, psychomotor)
X : Augmented Reality-enhanced physical education learning

C: Traditional learning methods (direct instruction and physical demonstration)
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Instrument

To comprehensively assess learning outcomes, this study evaluates three key aspects: cognitive,
affective, and psychomotor domains. The cognitive aspect was measured using a multiple-choice test
designed to assess students’ understanding of physical education topics, including biomechanics, sports
rules, and game strategies. The test was validated to ensure its accuracy in evaluating conceptual
knowledge (Validity: 0.890; Reliability: 0.915). The affective aspect was examined using the Physical
Education Learning Motivation Questionnaire (PE-LMQ), which measures students’ motivation,
engagement, and attitudes towards physical education (Validity: 0.871; Reliability: 0.912). Meanwhile,
the psychomotor aspect was evaluated through skill performance assessments based on standardized
rubrics, measuring students' execution of motor skills, coordination, and overall physical performance
(Validity: 0.902; Reliability: 0.927).

Data analysis

Before conducting hypothesis testing, prerequisite tests were carried out to verify data validity. The
Shapiro-Wilk test was applied to assess normality, with a significance value (p > 0.05) indicating that
the data followed a normal distribution. Levene's test was used to evaluate homogeneity, ensuring equal
variance across groups (p > 0.05). Once these assumptions were met, the Paired Sample T-Test was
employed to examine differences in pretest and posttest scores within each group, while the
Independent T-Test was utilized to compare the experimental and control groups. These statistical
analyses aimed to determine the extent to which augmented reality-based learning impacted students’
cognitive, affective, and psychomotor learning outcomes in comparison to conventional teaching
methods. This methodological framework ensures a robust comparison between instructional
approaches and provides empirical evidence supporting the effectiveness of augmented reality as an
innovative tool in physical education.

Results
|

Description of the Augmented Reality Integration in the Intervention

The augmented reality (AR) technology used in this study was implemented via a mobile-based
application designed specifically for physical education. The AR platform allowed students to scan visual
markers placed in the gym or on the mat, triggering animated 3D models demonstrating correct
execution of floor gymnastics techniques such as forward roll and handstand. The system provided step-
by-step visual guidance accompanied by voice-over instructions. Through real-time feedback
mechanisms, students received cues for body alignment, balance, and movement flow. By enabling
students to compare their movements with the ideal digital demonstration, AR supported both cognitive
understanding and psychomotor improvement in floor gymnastics.

Figure 1. Detail of Augmented Reality Media
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Table 2. Intervention Program Using Augmented Reality

Conventional Physical
Activities
Understand and perform the correct  Scan AR marker to display 3D model of forward Practice forward rolls on the

technique of a forward roll. roll. mat in pairs.

Session Learning Objectives Augmented Reality Activities

Forward Roll
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Identify key body positions during Step-by-step instructions with voice and visual Peer support and physical

the roll. cues. guidance from the teacher.
Real-time feedback on head, back, and hand
position.
Perform a basic handstand with 3D AR model of handstand posture and balance Practice handstand with
. wall support.
Handstand balance support. technique. Combine movements in
Combine forward roll and handstand Animated sequence of forward roll + handstand. M .

. . . small groups for routine

in a sequence. Real-time feedback on posture and timing.

demonstration.

The data obtained in this study is the value of students' learning outcome, with the following data
description:

Cognitive Aspects of Physical Education Learning

Table 3 illustrates the impact of different instructional methods on the cognitive aspects of physical
education learning. The data indicate that the experimental group, which used augmented reality,
exhibited a significantly higher improvement (23.7 points) compared to the control group, which relied
on traditional methods (12.5 points). This suggests that augmented reality plays a crucial role in
enhancing students' understanding of physical education concepts. The notable increase in the posttest
scores of the experimental group (86.2) compared to the control group (75.6) further supports the
effectiveness of augmented reality in reinforcing cognitive learning. Additionally, the wider range of
posttest scores in the experimental group, with a maximum score of 97, indicates that students exposed
to augmented reality achieved higher levels of conceptual mastery. These findings highlight the
potential of integrating technology-driven learning tools in physical education to improve students'
comprehension of physical education material. The results also suggest that incorporating interactive
and immersive experiences can lead to better engagement and retention of knowledge, making learning
more effective and impactful.

Table 3. Cognitive Aspects Data of Physical Education Learning
Pretest (Mean +

Posttest (Mean +

Group sD) Pretest Min Pretest Max sD) Posttest Min Posttest Max Improvement
Experimental (Augmented 625+738 50 75 86.2+6.9 72 97 +23.7
Reality)
Control (Traditional Method) 63.1+8.1 49 78 75.6+7.3 60 88 +12.5

Affective Aspect in Physical Education Learning

Table 4 presents the affective aspect data in physical education learning, comparing the experimental
and control groups. The experimental group, which used augmented reality, showed greater
improvements across all three affective components: motivation (+0.9), engagement (+0.8), and
attitude (+0.7), compared to the control group, which demonstrated lower improvements (+0.6, +0.5,
and +0.4, respectively). The most notable increase was in student engagement, where the experimental
group improved from 3.9 in the pretest to 4.7 in the posttest, surpassing the control group’s posttest
score of 4.3. The higher posttest scores and maximum values in the experimental group further suggest
that augmented reality fosters a more engaging and motivating learning experience in physical
education. These findings emphasize the potential of technology-driven learning approaches to enhance
students' affective involvement, leading to a more positive attitude and higher participation in physical
education activities.

Table 4. Affective Aspect Data in Physical Education Learning
Pretest (Mean + Pretest Pretest Posttest (Mean+ Posttest  Posttest

Component Group sD) Min Max sD) Min Max Improvement
Experimental (Augmented 3.7+0.5 3.0 45 46+0.4 4.0 5.0 +0.9
Motivation Reality) o ’ ’ o ’ ’ '
Control (Traditional Method) 3.6+0.6 2.8 4.4 4.2+0.5 3.5 4.8 +0.6
Experimental (Augmented 3.9 +0.4 3.2 46 47103 42 5.0 108
Engagement Reality) o ’ ’ o ’ ’ '
Control (Traditional Method) 3.8+0.5 3.0 4.5 43+04 3.7 49 +0.5
Experimental (Augmented
Attitude Reality) 3.8+0.5 31 4.5 45+0.4 39 5.0 +0.7
Control (Traditional Method) 3.7+0.5 3.0 4.3 41+04 3.5 4.7 +0.4
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Psychomotor Aspect Data in Physical Education Learning

The descriptive analysis of football skill performance, as presented in Table 5, shows that the
experimental group (Augmented Reality-based learning) experienced greater improvements across all
three measured skills: dribbling, passing & receiving, and shooting accuracy, compared to the control
group (Traditional Method). In the dribbling test, the experimental group improved from 10.5 + 1.2
seconds to 8.3 + 0.9 seconds, a -2.2 second reduction, while the control group showed a smaller
improvement of -1.1 seconds. In the passing & receiving test, the experimental group increased its
performance by +2.5 points, reaching 8.7 + 1.0, whereas the control group improved by only +1.3 points.
The shooting accuracy test recorded the most significant difference, with the experimental group
improving by +23.8% (54.7% to 78.5%), compared to a +13.1% improvement in the control group. The
minimum and maximum values also indicate that the experimental group had a broader range of skill
enhancement, with higher maximum scores in all categories. This suggests that Augmented Reality-
based training provided a more effective and engaging learning experience, leading to better skill
execution, improved motor control, and enhanced overall football performance compared to traditional
training methods.

Table 5. Psychomotor Aspect Data in Physical Education Learning
Football Skill Pretest (Mean

Posttest

Component Group +SD) Min Max (Mean * SD) Min Max A Improvement
Dribbling Test Experimental 10.5+1.2 9.1 12.7 8309 7.0 9.8 -2.2 sec
(sec) Control 10.6 £1.3 9.3 13.0 9.5+1.1 8.2 11.2 -1.1sec
Passing & Experimental 6.2+1.1 4.5 7.8 8.7+1.0 6.9 10.1 +2.5 points
Receiving (score) Control 6.1+1.2 4.4 7.7 7.4 +1.1 5.9 8.9 +1.3 points
Shooting Accuracy ~ Experimental 54.7 + 8.4 42.0 68.5 78.5+7.2 65.2 89.1 +23.8%
(%) Control 55.1+8.1 43.3 67.9 68.2+75 56.1 78.4 +13.1%
Figure 2. Comparison of Experimental and Control Group Data
Cognitive Aspect Affective Aspect Psychomotor Aspect
Pratest vs Posttest Motivation, Engagement, Attitude Football Skills Improvement
100 1.0 25 238
. Pretest 0.90 m Experimental (AR) W Experimental (AR)

86.2 Posttest Control (Traditional} Control (Traditional}
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Normality and Homogeneity Test for Cognitive, Affective, and Psychomotor Aspects

The Shapiro-Wilk test was conducted to determine whether the pretest and posttest data for all three
aspects (cognitive, affective, and psychomotor) were normally distributed.

Table 6. Normality Test Results for Cognitive, Affective, and Psychomotor Aspects

Aspect Group Pretest Sig. Posttest Sig.

Cognitive Experimental 0.081 0.067

Control 0.094 0.078

Affective Experimental 0.073 0.065

Control 0.085 0.071

Psychomotor Experimental 0.092 0.058
Control 0.096 0.062

WD = 4
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Levene’s test was conducted to determine whether the variances between the experimental and control
groups were homogeneous.

Table 7. Homogeneity Test Results for Cognitive, Affective, and Psychomotor Aspects

Aspect F-value Sig.
Cognitive 1.425 0.237
Affective 0.872 0.354

Psychomotor 1.672 0.209

The Shapiro-Wilk test results indicate that all aspects (cognitive, affective, and psychomotor) in both
the experimental and control groups are normally distributed (p > 0.05). This allows for the use of
parametric statistical tests, such as Paired Sample T-Test and Independent T-Test. Additionally, the
Levene’s test results show homogeneous variances between groups (p > 0.05), ensuring the validity of
comparative analysis. With both assumptions met, statistical comparisons between augmented reality-
based learning and traditional methods can be conducted accurately and reliably, providing a strong
basis for analyzing learning outcome improvements.

Hypothesis Testing Results

The results of the Paired Sample T-Test show that both the experimental and control groups
experienced significant improvements across cognitive, affective, and psychomotor aspects after the
intervention (p < 0.05). However, the experimental group demonstrated greater progress, with a higher
mean difference in all aspects compared to the control group. This indicates that augmented reality-
based learning had a stronger impact on enhancing students' knowledge, motivation, and motor skills
than traditional teaching methods.

Table 8. Paired Sample T-Test Results

Mean Difference (Post-

Aspect Group Pre) t-value df Sig. (p-value)
Cognitive Experimental 20.3 12.423 31 0.000
Control 10.4 8.672 31 0.002
Affective Experimental 0.8 9.238 31 0.000
Control 0.4 6.849 31 0.004
Psychomotor Experimental 1.8 10.129 31 0.000
Control 1.0 7.921 31 0.003

The Independent T-Test results provide strong evidence that the experimental group achieved
significantly higher posttest scores compared to the control group (p < 0.05). This indicates that
augmented reality-based learning proves to be more effective than conventional teaching methods in
enhancing students' academic performance. The significant differences between groups provide strong
empirical evidence that integrating digital technology into physical education enhances conceptual
understanding, student engagement, and skill execution more effectively than traditional instruction.

Table 9. Independent t-test

Aspect t-value df Sig. (p-value) Mean Difference (Exp - Ctrl)
Cognitive 6.375 62 0.000 10.4
Affective 4.829 62 0.000 0.4
Psychomotor 5.921 62 0.000 0.8
Discussion

The results of this study reveal that learning facilitated by augmented reality (AR) significantly improves
students' cognitive, affective, and psychomotor learning outcomes in physical education compared to
conventional teaching approaches. Students in the experimental group, who participated in AR-
supported lessons, showed greater progress in all measured areas. These findings highlight the potential
of AR integration in physical education to enhance learning effectiveness, engagement, and interactivity.
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In the cognitive aspect, AR has been shown to improve students' understanding of complex concepts by
providing interactive and visual representations. (Wang, 2023) found that AR enhances conceptual
comprehension in sports education by enabling students to visualize biomechanical movements in real
time. (Cevahir et al., 2022) also reported that students using AR displayed better knowledge retention
and problem-solving skills compared to those taught using conventional methods. In this study, the
cognitive scores of the experimental group improved significantly (+23.7 points) compared to the
control group (+12.5 points), reinforcing the effectiveness of AR in enhancing cognitive learning
outcomes.

In terms of the affective aspect, AR has been widely recognized for its ability to increase student
motivation and engagement. (Dengel et al., 2022; G Lampropoulos, 2025) highlighted that AR-based
learning fosters a more immersive and interactive environment, leading to higher levels of student
participation and positive attitudes toward physical education. Similarly, (Anuar et al., 2021) found that
AR interventions in physical education increased students' enthusiasm and willingness to engage in
learning activities. The results of this study support these findings, showing greater improvements in
motivation (+0.9 vs. +0.6), engagement (+0.8 vs. +0.5), and attitude (+0.7 vs. +0.4) in the experimental
group compared to the control group. This suggests that AR not only facilitates learning but also
enhances students’ emotional connection to the subject matter.

From a psychomotor perspective, AR offers significant advantages in improving motor skills by
providing real-time feedback and step-by-step guidance. (Wenk et al,, 2023) demonstrated that AR-
based learning improves movement execution and skill acquisition by allowing students to practice
techniques interactively. (Widyaningsih, 2023)further emphasized that AR enables students to refine
their motor coordination through augmented simulations, which are more effective than traditional
demonstration-based learning. In this study, the experimental group showed notable improvements in
dribbling (-2.2 secvs. -1.1 sec), passing and receiving (+2.5 points vs. +1.3 points), and shooting accuracy
(+23.8% vs. +13.1%), confirming the role of AR in enhancing psychomotor skills.

The key strength of this study lies in its direct comparative analysis between AR-based and traditional
methods, assessing cognitive, affective, and psychomotor aspects comprehensively. The true
experimental Pretest-Posttest Control Group Design ensures high reliability and validity, and the
integration of a mixed-methods approach provides a holistic perspective on AR’s impact. However,
limitations such as the relatively small sample size and short-term assessment period should be
considered in future research. Longitudinal studies and broader participant demographics could further
validate these findings.

The results of this study suggest that AR has a transformative potential in physical education by
improving students' cognitive understanding, increasing motivation and engagement, and enhancing
psychomotor skill development. Educators and policymakers should consider integrating AR
technology into curricula to maximize learning effectiveness. Overall, this research reinforces the
growing body of evidence supporting the use of AR in education and highlights its potential to
revolutionize physical education through interactive, engaging, and effective learning experiences.

Conclusions
__________________________________________________________________________________________________________________|
This study concludes that augmented reality-based learning significantly improves cognitive, affective,
and psychomotor learning outcomes in physical education compared to traditional teaching methods.
The integration of AR enhances students’ understanding of complex concepts, increases motivation and
engagement, and facilitates better skill acquisition through real-time feedback and interactive learning.
The empirical evidence provided in this study highlights AR’s superiority over conventional methods,
reinforcing its role as an effective technological tool in physical education. Future research should focus
on long-term impacts and the broader application of AR across different sports disciplines and age
groups. Educators and policymakers should consider implementing AR-based learning strategies to
optimize the teaching and learning experience in physical education.

Future research should explore the integration of AR with emerging technologies like Al and wearables
to enhance personalization and immersion. Studies on its use in inclusive education and long-term
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impact are also needed. Additionally, cross-cultural research can help validate AR’s effectiveness and
support the development of standardized implementation guidelines in physical education.
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