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Abstract

Objectives. Although augmented reality (AR) is increasingly used in physical education, empirical evidence regarding
its contribution to secondary school students' physical literacy remains scattered across different research designs,
learning contexts, and outcomes. The purpose of this study was to synthesize empirical evidence regarding the use of
AR in secondary school physical education and to map its contribution to outcomes conceptually related to physical
literacy domains.

Materials and Methods. This study used a literature review design with reference to the PRISMA 2020 guidelines.
Article searches were conducted in six databases, namely Scopus, Web of Science, ERIC, SPORTDiscus, PubMed,
and Google Scholar. The search was limited to peer-reviewed journal articles published between 2015 and 2025. The
keywords used combined terms related to augmented reality, physical education, secondary school, and outcomes
related to physical literacy. A total of 1,061 articles were identified. After removing duplicate articles, screening titles
and abstracts, assessing full texts, and evaluating eligibility, 7 articles met the inclusion criteria. Data were analyzed
using narrative synthesis and thematic synthesis based on four domains of physical literacy: physical competence,
motivation and confidence, knowledge and understanding, and physical activity engagement or participation.
Methodological quality and risk of bias were assessed using the Mixed Methods Appraisal Tool (MMAT), and the
strength of evidence was mapped using explicit coding criteria.

Results. The findings indicate that AR may support several outcomes conceptually related to physical literacy in
secondary school physical education. AR-based learning can improve motor skills, sport-specific competencies,
motivation, self-confidence, understanding of movement concepts, learning engagement, and physical activity
participation. The strongest evidence was found in the domains of physical competence, motivation and self-
confidence, and knowledge and understanding. Furthermore, AR-based game-based learning and AR-based outdoor
activities also supported increased student engagement and physical activity. However, none of the included studies
measured physical literacy as a complete multidimensional construct, so the results should be interpreted as evidence
of physical literacy-related outcomes rather than direct evidence of overall physical literacy development.
Conclusions. AR has potential as a supportive pedagogical medium for promoting outcomes related to physical
literacy in secondary school physical education. However, its effectiveness is highly dependent on the learning design,
teacher preparedness, learning objectives, and the integration of AR with real-life physical activities. Future research is
expected to develop more structured and long-term augmented reality interventions that explicitly measure students'
physical literacy multidimensionally.

Keywords: augmented reality, physical education, physical literacy, secondary school, motor competence.

Introduction context, physical education serves not only to improve
physical fitness but also serves as a pedagogical space for
developing movement skills, cooperation, discipline, self-
confidence, and active lifestyle habits (Prabowo et al., 2025).
A study confirms that the provision of physical education,
physical activity, and sport in schools has the potential to
© Prabowo, T. A., Afifah, M., Indarto, A. V., Pahlavi, Z. Y. D.,  support adolescents’ mental health, well-being, and physical

Physical education plays a crucial role in supporting
the development of secondary school students, particularly
as adolescence is a transitional period marked by physical,
psychological, social, and behavioral changes. In the school
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education in secondary schools needs to be positioned as
an important part of a holistic education that helps students
build a foundation for participating in lifelong physical
activity.

In modern physical education, physical literacy has
become an important orientation because this concept views
movementabilities more broadly than simply mastering motor
skills. Physical literacy encompasses physical competence,
motivation, self-confidence, knowledge, understanding, and
engagement in meaningful physical activity. These domains
indicate that physical literacy is not a single performance
outcome, but a multidimensional construct that integrates
physical, cognitive, affective, and behavioral aspects of
participation in physical activity (Martinez-Lopez et al,,
2022). Scientific studies show that physical literacy has
become a significant focus in school physical education
and youth sports programs (Liu & Chen, 2021). However,
its definition, measurement, and forms of intervention are
still evolving, and school-based physical literacy promotion
requires learning experiences that integrate movement
competence, motivation, knowledge, confidence, and active
engagement (Grauduszus et al., 2024; Nita Peranita et al,,
2025; Nevitaningrum et al., 2026). Therefore, physical
education that is oriented towards physical literacy needs
to help students not only be able to perform movements,
but also understand, appreciate, and be motivated to actively
participate in physical activities.

However, despite its strategic role, its implementation
in secondary schools still faces various challenges. Another
problem is some students show low motivation, limited
confidence, unequal movement competence, or insufficient
engagement in movement-based learning. Scientific
evidence shows that barriers to physical activity among
secondary school and college students include lack of time,
low motivation, and limited access to places or facilities
that support physical activity (Silva et al., 2022; Alhroub
et al., 2024). In addition, student involvement in physical
education is greatly influenced by the quality of motivation,
learning environment support, and learning strategies used
by teachers (Cimenti et al., 2025; Terra et al., 2025). This
condition shows that physical education learning requires
a pedagogical approach that is more interesting, visual,
interactive, and adaptive to the needs of secondary school
students.

One approach that has the potential to address these
challenges is the use of augmented reality in physical
education learning. Augmented reality (AR) is a technology
that combines virtual objects with real environments to
provide more interactive, contextual, and immersive learning
experiences. In education, studies in review articles and meta-
analyses have shown that AR has a positive impact on various
learning outcomes because it can provide more concrete
visualization, interaction, and learning experiences (Chang
et al., 2022; Yefremenko et al., 2025; Topalska & Rumenov,
2025). In physical education, AR may support learning
through several mechanisms, including three-dimensional
movement visualization, interactive exploration, embodied
learning experiences, increased learner autonomy, and greater
motivational engagement. Previous studies also indicate
that virtual reality, augmented reality, and mixed reality
technologies have begun to be used to support movement
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learning, motivation, and engagement in physical education
contexts (K. E. Chang et al., 2020; Pérez-Muioz et al., 2024;
Omarov et al., 2024). With these characteristics, AR has the
potential to help students understand movement techniques,
visualize difficult concepts, increase motivation, and connect
conceptual understanding with physical activity practice.

Numerous previous studies and reviews have addressed
theuseofdigitaltechnologies,augmentedreality, virtual reality,
and mixed reality in physical education. However, the available
evidence remains scattered across contexts, educational
levels, technology types, learning materials, research designs,
and outcomes. This discrepancy suggests that AR studies in
physical education still largely focus on instructional design
and technology implementation options (Ariffin et al., 2022),
while other, broader evidence still discusses and compares
the use of virtual reality (VR), augmented reality (AR), and
mixed reality (MR) in physical education (Pérez-Muioz et
al., 2024). On the other hand, physical literacy in physical
education in schools still tends to focus on the motor skills
aspect, while the application of a multidimensional physical
literacy framework that includes motivation, self-confidence,
knowledge, and long-term engagement is still limited (Ridha
et al., 2025; Vieira et al., 2025). Moreover, many empirical
AR studies in physical education do not directly measure
physical literacy as a complete construct, but instead assess
outcomes that are conceptually related to its domains, such
as motor competence, motivation, confidence, knowledge,
engagement, physical activity, and fitness. Therefore, a
synthesis is still needed that specifically connects the use of
AR in secondary school physical education with the realm of
physical literacy.

Based on this gap, this study aims to conduct a literature
review on the use of augmented reality (AR) in physical
education at the secondary school level and its contribution
to outcomes conceptually related to physical literacy.
Specifically, this review aims to identify the forms of AR used,
the context of the physical education materials developed,
the results studied, and the contribution of AR to physical
competence, motivation and self-confidence, knowledge and
understanding, and engagement or participation in physical
activity. This review does not assume that all included studies
directly measured physical literacy as a multidimensional
construct; rather, it maps and synthesizes AR-related
evidence across domains that are theoretically aligned
with physical literacy. This literature review is expected
to provide a more comprehensive understanding of AR's
position as a pedagogical medium in physical education. In
addition, the results of this review are expected to be a basis
for physical education teachers, researchers, and learning
technology developers in designing AR-based learning that
is not only technologically attractive but also meaningful
for the development of physical literacy in secondary school
students.

Materials and Methods

Research Design

This study employed a literature review design to
identify, select, evaluate, and synthesize previous empirical
studies on the use of augmented reality in secondary school
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physical education. The review focused not only on studies
that directly measured physical literacy, but also on studies
that examined physical literacy-related outcomes, including
physical competence, motor competence, motivation,
confidence, knowledge and understanding, engagement,
physical activity participation, and fitness. The reporting
of this literature review refers to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines so that the process of searching, selecting,
and synthesizing articles can be carried out transparently,
systematically, and can be replicated (Page et al., 2021;
Kurniawan et al., 2024).

This literature review was chosen because the available
evidence on augmented reality in physical education is still
distributed across different learning contexts, intervention
designs, educational levels, and outcome measures.
Therefore, the review aimed to map the forms of AR used in
physical education, the types of learning materials involved,
the outcomes measured, and the extent to which these
outcomes were theoretically aligned with the domains of
physical literacy. In this study, physical literacy is understood
as a multidimensional construct that includes physical
competence, motivation, self-confidence, knowledge,
understanding, and engagement in physical activity. However,
because most included studies did not assess physical literacy
as a complete construct, the synthesis was framed around
physical literacy-related domains rather than direct evidence
of physical literacy as a whole.

The article selection process followed the main stages of
the PRISMA 2020 flow: identification, screening, eligibility,
and inclusion. The initial stage was the identification of
articles from all predetermined databases. Next, duplicate
articles were removed using a reference management tool.
Articles were then screened based on their titles and abstracts
to assess their initial relevance to the research topic. Articles
deemed relevant were then read in full to ensure compliance
with the inclusion and exclusion criteria. This process was
conducted to ensure that only studies meeting the predefined
criteria regarding AR use, secondary school context, physical
education or school-based physical activity, and physical
literacy-related outcomes were included in the final synthesis.

Article selection was conducted independently by two
reviewers. Any differences in decisions during the selection
process were resolved through discussion until consensus
was reached. Articles meeting all inclusion criteria were then
entered into the data extraction and synthesis phase. The
identification, screening, eligibility, and inclusion process is
presented in the form of a PRISMA flowchart. This procedure
was applied to improve transparency, minimize selection
bias, and strengthen the reproducibility of the review process.

Data Sources and Search Strategy

Article searches were conducted in six electronic
databases: Scopus, Web of Science, ERIC, SPORTDiscus,
PubMed, and Google Scholar. These databases were selected
because they encompass multidisciplinary publications in
education, physical education, sport science, health, physical
activity, and learning technology. Google Scholar was used
as a supplementary resource to identify relevant articles that
may not be indexed in the primary databases. The article
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search was limited to publications published between 2015
and 2025. The search was restricted to peer-reviewed journal
articles written in English and focused on studies involving
secondary school students or adolescent populations within
school-based physical education or physical activity contexts.
The search strategy was developed by combining four
groups of keywords related to augmented reality, physical
education, secondary school context, and physical literacy-
related outcomes. The keywords used included: “augmented
reality” OR “AR technology” OR “mobile augmented reality”
OR “AR application” OR “AR-based learning”; “physical
education” OR “school physical education” OR “PE class” OR
“physical educationlearning”; “secondary school” OR “middle
school” OR “junior high school” OR “senior high school”
OR “high school” OR “adolescent students”; serta “physical
literacy” OR “physical competence” OR “motor competence”
OR “movement skills” OR “motivation” OR “confidence”
OR “knowledge and understanding” OR “physical activity
engagement” OR “fitness”. The search strings were adapted
to the syntax of each database, while maintaining the same
conceptual structure across all searches. In Google Scholar,
searches are more selective, reviewing the most relevant
articles based on title, abstract, and compliance with research
criteria. The last search was conducted on June 10, 2026.

Inclusion and Exclusion Criteria

Articles included in this systematic review must meet
several inclusion criteria. First, the articles must have been
published between 2015 and 2025. Second, the articles must
be scientific publications in peer-reviewed journals. Third,
the articles must be written in English. Fourth, the articles
must discuss the use of augmented reality in the context of
physical education or school-based physical activity. Fifth,
the research subjects must be secondary school students,
such as junior high, senior high, or high school students.
Sixth, the articles must report either direct measures of
physical literacy or outcomes conceptually related to
physical literacy domains. In this review, physical literacy-
related outcomes were operationally defined as outcomes
associated with physical competence, motor competence,
movement skills, motivation, confidence, knowledge and
understanding, engagement, physical activity participation,
or fitness. Seventh, the articles must be available in full-text
or downloadable manuscript form.

The inclusion of physical literacy-related outcomes was
necessary because many empirical studies on augmented
reality in physical education do not measure physical literacy
as a complete multidimensional construct. Therefore, studies
were considered eligible when their outcomes could be
theoretically mapped onto one or more physical literacy
domains, namely physical competence, motivation and
confidence, knowledge and understanding, and engagement
or physical activity participation. This operational criterion
was applied to avoid overclaiming while still allowing a
structured synthesis of evidence relevant to physical literacy
development.

Articles were excluded from the review if they met any
of the following exclusion criteria: (1) did not use augmented
reality; (2) only discussed virtual reality, mixed reality,
instructional videos, or general digital applications without
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augmented reality elements; (3) were not in the context of
physical education or school-based physical activity; (4)
the research subjects were not secondary school students or
adolescent students in a school-based setting; (5) the article
was in the form of an editorial, opinion piece, book chapter,
thesis, dissertation, or conference abstract without full text;
(6) did not report results relevant to physical literacy or
physical literacy-related outcomes; (7) was a duplicate article;
and (8) was not fully accessible.

Data Extraction

Data extraction was conducted systematically using a
structured data extraction form developed by the authors.
The extracted information included the author and year of
publication, article title, study design, sample characteristics,
educational level, form of augmented reality used, physical
education or school-based physical activity context,
intervention characteristics, comparison group, outcome
variables, key findings, and relevance to physical literacy-
related domains. The extraction process was conducted to
ensure that the information obtained from each included
study was comparable and relevant to the aims of the review.

The extracted outcomes were not limited to studies
that directly measured physical literacy as a complete
multidimensional construct. Because most included studies
examined specific outcomes related to physical literacy, the
extracted outcomes were categorized into four theoretically
aligned domains: physical competence, motivation and
confidence, knowledge and understanding, and engagement
or physical activity participation. This approach was used to
avoid overclaiming while still allowing a structured synthesis
of how AR may contribute to outcomes conceptually related
to physical literacy.

Data extraction was conducted independently by
two reviewers. Any discrepancies in extracted data were
discussed until consensus was reached. When necessary,
the reviewers returned to the full-text articles to verify the
accuracy of information related to the intervention, outcome
measures, and main findings. The final extracted data were
then organized in a synthesis table to support narrative and
thematic analysis.

Quality Assessment and Risk of Bias

The methodological qualityand risk of bias of the included
studies were assessed using the Mixed Methods Appraisal
Tool (MMAT) (Liao et al., 2021). MMAT was selected
because the included studies used varied empirical designs,
including quasi-experimental, comparative, pretest-posttest,
and experimental approaches. The use of MMAT allowed
the reviewers to evaluate the appropriateness of the study
design, sample characteristics, data collection procedures,
outcome measures, intervention implementation, and
clarity of reported findings according to the methodological
characteristics of each study.

The quality assessment was conducted independently by
two reviewers. Each study was first assessed using the MMAT
screening questions to determine whether the study had
clear research questions and whether the collected data were
appropriate to address those questions. After that, each article
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was appraised using the relevant MMAT criteria according to
its research design. The appraisal focused on several aspects,
including the clarity of participant selection, appropriateness
of measurements, completeness of outcome data, clarity of
intervention procedures, adequacy of comparison groups,
and consistency between findings and conclusions.

The results of the quality assessment were not used to
exclude studies from the review. Instead, they were used
to support the interpretation of findings and to indicate
the level of caution required when drawing conclusions.
Studies with clearer intervention procedures, appropriate
comparison groups, relevant outcome measures, and more
complete reporting were given greater interpretive weight
in the synthesis. Conversely, studies with methodological
limitations, unclear reporting, or indirect relevance to
physical literacy-related domains were interpreted more
cautiously.

Coding Procedure for Physical Literacy-Related Domains

A coding procedure was developed to classify the
contribution of each included study to the four physical
literacy-related domains used in this review: physical
competence, motivation and confidence, knowledge
and understanding, and engagement or physical activity
participation. This coding was necessary because most studies
did not directly measure physical literacy as a complete
construct, but instead reported specific outcomes that could
be theoretically mapped onto one or more physical literacy
domains.

Each included study was coded independently by two
reviewers based on the outcomes reported, the relevance
of those outcomes to the physical literacy-related domains,
and the clarity of the study findings. The classification used
four categories: strong, moderate, weak, and not reported.
A domain was coded as strong when the study directly
measured an outcome aligned with that domain and reported
clear positive findings. A domain was coded as moderate
when the study measured an outcome related to the domain
but did not provide comprehensive evidence, or when the
findings were positive but limited in scope. A domain was
coded as weak when the relationship between the reported
outcome and the domain was indirect, limited, or only briefly
addressed. A domain was coded as not reported when the
study did not include any outcome relevant to that domain.

The coding results were discussed until agreement
was reached between reviewers. This procedure was used
to make the classification in the evidence mapping table
more transparent and reproducible. Therefore, the strong,
moderate, and weak classifications in this review should not
be interpreted as effect sizes or statistical strength, but as the
degree of conceptual and empirical relevance between each
included study and the physical literacy-related domains.

The research analysis process using the PRISMA
guidelines is shown in Figure 1.

Based on Figure 1, the article selection process was
conducted based on the PRISMA 2020 guidelines. In the
identification stage, asearch ofarticles through six databases—
Scopus, Web of Science, ERIC, SPORTDiscus, PubMed, and
Google Scholar—resulting in 1,061 articles. After all articles
were collected, a duplication check was performed using a
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Fig. 1. Research framework based on the PRISMA method

reference management tool. A total of 318 duplicate articles
were removed, leaving 743 articles for the screening stage.

In the screening stage, the titles and abstracts of the 743
articles were reviewed for relevance to the research focus,
namely the use of augmented reality in physical education
at the secondary school level and its relationship to physical
literacy or outcomes relevant to physical literacy. From this
process, 681 articles were excluded because they did not
align with the research topic, did not use augmented reality,
were not in the context of physical education, did not involve
secondary school students, or did not report outcomes
relevant to physical literacy. Therefore, 62 articles proceeded
to the full-text search stage.

In the eligibility stage, 62 articles were searched and
checked for full-text availability. Of these, 8 articles could
not be retrieved in full text, resulting in a complete eligibility
assessment of 54 articles. Full-text assessment was conducted
based on established inclusion and exclusion criteria. Forty-
seven articles were excluded for the following reasons: not
explicitly using augmented reality, not in the context of
physical education or school-based physical activity, not
involving secondary school students, not reporting outcomes
related to physical literacy, not being empirical articles,
unclear research methods, having publication issues, or
sharing data with other, more comprehensive articles.

Based on the entire selection process, seven articles met
all inclusion criteria and were included in the final synthesis.
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These seven articles are Chang et al. (2020), Moreno-Guerrero
et al. (2020), Orozco (2022), Kurniawan et al. (2025), Liang
etal. (2023), Omarov et al. (2024), and Martinez-Ldpez et al.
(2022). The identification, screening, eligibility, and inclusion
process is presented in the PRISMA flowchart.

Results

Based on the article selection process using the PRISMA
2020 guidelines, seven articles met the inclusion criteria
and were analyzed in this systematic literature review. These
articles examined the use of augmented reality in secondary
school physical education or school-based physical activity
contexts and reported outcomes conceptually related to
physical literacy. The characteristics of the included studies,
forms of AR use, physical literacy-related outcomes, key
findings, and synthesis meaning are presented in Table 1.

As shown in Table 1, the included studies varied in
design, sample characteristics, AR implementation, learning
context, and outcome measures. Most studies used quasi-
experimental, comparative, or pretest-posttest designs, while
the AR interventions included 3D movement models, mobile
AR applications, AR-assisted sport skill learning, AR game-
based environments, and outdoor AR activity. Importantly,
none of the included studies measured physical literacy
as a complete multidimensional construct. Therefore, the
findings were interpreted as evidence related to physical
literacy-related outcomes rather than direct evidence of
overall physical literacy development.

The included studies most frequently reported outcomes
related to physical competence, motor skills, learning
motivation, knowledge and understanding, engagement,
physical activity participation, and fitness. This pattern
indicates that AR research in secondary school physical
education is still more strongly focused on specific learning or
behavioral outcomes than on comprehensive physical literacy
assessment. Consequently, the synthesis in this review maps
the evidence onto physical literacy-related domains to clarify
how each study may contribute conceptually to physical
literacy without overstating the findings.

To strengthen methodological transparency, all
included studies were assessed for methodological quality
and risk of bias. The appraisal focused on the clarity of
research questions, appropriateness of collected data,
participant selection, outcome measurement, completeness
of outcome data, consideration of confounding factors,
and clarity of intervention implementation. The results of
the methodological quality and risk-of-bias assessment are
presented in Table 2.

As shown in Table 2, all included studies had clear
research questions and used data that were generally
appropriate toaddress their stated objectives. However, several
methodological concerns were identified, particularly related
to non-randomized designs, limited reporting of participant
allocation, incomplete control of confounding variables,
and variation in intervention contexts. Most studies were
therefore interpreted as having moderate methodological
concerns. One study with a pretest-posttest design without
a comparison group was interpreted with higher caution
because causal inference was more limited. These appraisal
results were not used to exclude studies, but they informed
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Table 1. Characteristics of included studies and physical literacy-related outcomes

Title (author and Design AR Form Outcome related to Key Findings Meaning of Synthesis
year) and Sample Physical Literacy

Applying Quasi- AR was used to teach  Physical AR-assisted instruction AR helps students

augmented experimental; movement skills competence, motor is more effective understand

reality in physical ~ Grade 7 students; through 3D models skills learning, than video-assisted movement in a more

education on comparing combined with books/ learning motivation. instruction, especially  visual, interactive,

motor skills

AR-assisted

learning objects. The

for learning more

and concrete way,

learning (K. E. instruction with ~ material included basic difficult motor skills. contributing to
Chang et al., 2020) video-assisted running movements improved movement
instruction. and more complex competency.
Mark workout
movements.
Augmented reality Quasi- AR used the Aurasma  Knowledge- AR-based learning is AR not only
as a resource experimental application to teach understanding, effective in physical enhances material
for improving post-test; 140 spatial orientation in ~ motivation, education, particularly ~comprehension but
learning in the high school physical education. autonomy, for mastering spatially  also strengthens
physical education students The activities were interaction, oriented content. The student motivation,
classroom in physical conducted in two problem solving, largest difference was  learning autonomy, and
(Moreno-Guerrero education. learning sessions. spatial orientation.  found in motivation. engagement in Physical
et al., 2020) Education learning.
Augmented Comparative AR was used as a Knowledge- The AR group achieved AR strengthens
Reality As A study with learning strategy understanding, higher post-test scores  students'
Teaching Strategy  control and for basic volleyball technical skill than the traditional understanding of
To Strengthen experimental techniques, including ~ knowledge, group; the experimental sports technique
The Technical groups; 44 Grade overhand passing, motivation, average was 4.41 and concepts before they
Fundamentals Of 9 students: 22 underhand passing, sport-specific the control average was are internalized, thus
Volleyball (Orozco control and 22 serving, blocking, and  competence. 3.50, with a p-value of ~ supporting physical
etal, 2022) experimental. spiking. 0.001285. literacy in terms of
movement knowledge
and sports competency.

Augmented Quantitative AR-assisted instruction Cognitive, affective, There was a significant AR has the potential to
Reality (Ar)-Based pretest—posttest;  was used in learning ~ psychomotor increase from pre-test ~ enhance three domains
Learning on 32 junior high basic basketball outcomes, to post-test; N-Gain of physical education
Physical Education school students.  movements. motivation, was suggested to be learning outcomes:
Learning engagement, effective. AR provides  cognitive, affective, and
Outcomes conceptual an immersive learning  psychomotor, which
(Kurniawan et understanding. experience through align with the concept
al.,2025) 3D visualization and of physical literacy.

increases motivation,

engagement,

and conceptual

understanding.
The Effectiveness  Quasi- AR was developed with Motor skills, The AR group AR is superior to video
of Augmented experimental Unity 3D and used as  learning effect, demonstrated better because students can
Reality in Physical pretest-posttest;  a teaching material learning motivation, motor learning manipulate 3D models,
Sustainable two groups: 28 for movement skills confidence, outcomes, motivation,  view movements
Education students in the in health and physical  satisfaction, and motor skill from various angles,

on Learning

video group and

education. The control

learning behaviour.

performance than the

and learn more

Behaviour and 28 students in the group used video. video group. independently.
Motivation (Liang AR group.

et al., 2023)

Applying an Experimental AR game-based Motivation, The AR group AR-based games
augmented study; two learning environment  physical activity demonstrated higher ~ strengthen

reality game- groups of 30 in physical education/  level, engagement, levels of physical motivation and
based learning students each; sports classes. participation. activity and motivation active participation,

environment in
physical education
classes to enhance
sports motivation
(Omarov et al.,
2024)

the intervention
lasted for one
semester.

than the traditional
physical education

group.

thus supporting the
affective and behavioral
domains of physical
literacy.
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Table 1 (continued)

Title (author and Design AR Form Outcome related to Key Findings Meaning of Synthesis
year) and Sample Physical Literacy

Effects of the Comparative Use of the AR Physical activity, Pokémon GO players ~ AR-based outdoor

augmented reality ~design; 78 Pokémon GO game cardiorespiratory ~ walked a total of 52 km  activities can increase

game Pokémon students in the for 8 weeks in school  fitness, speed/ over 8 weeks and played physical activity

GO on fitness Pokémon GO and family contexts agility, muscular for an average of 40 and fitness, but its

and fatness group and 86 to increase physical strength, BMI, body minutes per day. There position as a stronger

students in the
control group;
students aged
12-15.

in secondary
school students
(Martinez-Lopez
etal., 2022)

activity. fat.

was an increase in
CRF and a decrease in
BMI; inactive students
experienced a 22.2%
increase in CRF and
an 11.3% decrease in
body fat.

supporter of the active
engagement domain is
stronger than formal
physical education
learning.

Table 2. Methodological quality and risk-of-bias assessment of included studies

Study Study design S1 S2 QNI QN2 QN3 QN4 QN5 Mainmethodological concerns  Overall
appraisal
Changetal.  Quasi- Yes Yes Yes Yes  Yes Partial Yes Non-randomized design; Moderate
(2020) experimental potential confounding was only  concerns
partly controlled.
Moreno- Quasi- Yes Yes Yes Yes  Partial Partial Yes Post-test design limits Moderate
Guerrero et experimental baseline comparison; potential ~ concerns
al. (2020) post-test confounding may remain.
Orozco etal. Comparative Yes Yes Partial Yes Yes Partial Yes Small sample size and limited Moderate
(2022) study information on participant concerns
allocation.
Kurniawan et Pretest-posttest ~ Yes Yes Partial Yes Yes No Partial Absence of a comparison group  Higher
al. (2025) quantitative study limits causal interpretation. concerns
Liang et al. Quasi- Yes Yes Yes Yes  Yes Partial Yes Non-randomized design; some  Moderate
(2023) experimental concerns regarding control of ~ concerns
pretest—posttest confounding variables.

Omarov et al. Experimental Yes Yes Partial Yes Yes Partial Yes Limited clarity on allocation and Moderate
(2024) study control of possible confounders. concerns
Martinez- Comparative Yes Yes Yes Yes  Yes Partial Yes Outdoor AR activity context Moderate
Lépezetal.  design may introduce uncontrolled concerns
(2022) behavioral and environmental

factors.

Note. S1 = clarity of research questions; S2 = appropriateness of collected data to address the research questions; QN1 = appropriateness of
participant selection; QN2 = appropriateness of measurements; QN3 = completeness of outcome data; QN4 = consideration of confound-
ing factors; QN5 = whether the intervention or exposure was implemented as intended. “Yes” indicates that the criterion was sufficiently
met, “Partial” indicates that the criterion was partly met or insufficiently reported, and “No” indicates that the criterion was not met. The
overall appraisal indicates the level of caution required when interpreting each study and should not be treated as a numerical quality score.

the interpretation of the synthesis and the level of caution
applied when drawing conclusions.

The extracted outcomes were then mapped onto four
physical literacy-related domains: physical competence,
motivation and confidence, knowledge and understanding,
and engagement or physical activity participation. Because
the included studies did not all directly measure physical
literacy, this mapping was used to identify the degree of
conceptual and empirical relevance between the outcomes
reported in each study and the physical literacy-related
domains. The evidence mapping is presented in Table 3.

Table 3 shows thatthestrongestevidence was concentrated
in three domains: physical competence, motivation
and confidence, and knowledge and understanding. In
the physical competence domain, Chang et al. (2020),
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Kurniawan et al. (2025), and Liang et al. (2023) provided
the strongest evidence because they directly reported motor
skill, psychomotor, or movement learning outcomes. These
studies suggest that AR may support movement learning by
making movement sequences, body positions, and technical
information more visible and easier to understand.

In the motivation and confidence domain, Moreno-
Guerrero et al. (2020), Kurniawan et al. (2025), Liang et al.
(2023), and Omarov et al. (2024) provided strong evidence.
These studies reported outcomes such as motivation,
confidence, satisfaction, autonomy, and learningbehavior. The
findings suggest that AR may enhance affective engagement
because it provides interactive, novel, and learner-centered
experiences that differ from traditional instruction or video-
based learning.
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Table 3. Evidence mapping of included studies across physical literacy-related domains

Artikel Physical

Motivation

Knowledge Engagement / Posisi dalam Review

Competence & Confidence & Understanding Physical Activity

Applying augmented reality in physical ~ Strong Moderate Moderate Moderate A core article explaining the
education on motor skills learning (K. impact of AR on motor skill
E. Chang et al., 2020) learning.

Augmented reality as a resource for Moderate Strong Strong Moderate A core article explaining the
improving learning in the physical impact of AR on motivation,
education classroom (Moreno- autonomy, and spatial
Guerrero et al., 2020) orientation understanding.
Augmented Reality As A Teaching Moderate Moderate Strong Moderate A key article explaining
Strategy To Strengthen The Technical AR in learning specific
Fundamentals of Volleyball (Orozco et sport techniques, namely
al., 2022) volleyball.

Augmented Reality (Ar)-Based Strong Strong Strong Moderate A key article covering the
Learning on Physical Education cognitive, affective, and
Learning Outcomes (Kurniawan et psychomotor domains.
al.2025)

The Effectiveness of Augmented Strong Strong Medium Moderate A core article comparing
Reality in Physical Sustainable the effectiveness of AR with
Education on Learning Behaviour and video-based learning.
Motivation (Liang et al., 2023)

Applying an augmented reality Moderate Strong Moderate Strong A core article explaining
game-based learning environment in AR game-based learning
physical education classes to enhance on motivation and physical
sports motivation (Omarov et al., activity.

2024)

Effects of the augmented reality game =~ Moderate Moderate Weak Strong A supporting article

Pokémon GO on fitness and fatness in
secondary school students (Martinez-
Loépez et al., 2022)

explaining the contribution
of AR to students' physical
activity and fitness.

Note. Strong = the study directly measured an outcome aligned with the domain and reported clear positive findings. Moderate = the
study measured an outcome related to the domain but provided limited, partial, or indirect evidence. Weak = the study only indirectly
addressed the domain or provided limited evidence. Not reported = the study did not report outcomes relevant to the domain. These clas-
sifications indicate the degree of conceptual and empirical relevance to physical literacy-related domains and should not be interpreted as

statistical effect sizes.

In the knowledge and understanding domain, Moreno-
Guerrero et al. (2020), Orozco et al. (2022), and Kurniawan
et al. (2025) showed strong relevance. These studies indicate
that AR can support conceptual understanding in physical
education, including spatial orientation, sport technique
knowledge, and cognitive learning outcomes. This evidence
suggests that AR may function as a bridge between conceptual
explanation and movement practice by making abstract or
technical content more concrete.

In the engagement or physical activity domain, Omarov
et al. (2024) and Martinez-Lopez et al. (2022) provided the
strongest evidence. Omarov et al. (2024) showed that AR
game-based learning was associated with higher motivation
and physical activity levels in physical education classes.
Martinez-Lépez et al. (2022) showed that Pokémon GO
encouraged physical activity and improved selected fitness-
related outcomes. However, this evidence should be
interpreted carefully because AR-based outdoor activity does
not always represent formal physical education learning with
explicit pedagogical objectives.

Overall, the results indicate that AR may support
several outcomes conceptually aligned with physical literacy,
especially when AR is used to visualize movement, increase
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motivation, strengthen conceptual understanding, and
promote active engagement. Nevertheless, the evidence
remainslimited because the included studies mostly measured
domain-specific outcomes rather than physical literacy as a
complete multidimensional construct. Therefore, the findings
should be interpreted as evidence of AR’s contribution to
physical literacy-related outcomes, not as direct evidence that
AR improves physical literacy as a whole.

Discussion

The results of this literature review indicate that the use
of augmented reality in physical education at the secondary
school level has the potential to positively contribute to
students’ physical literacy-related outcomes. However, the
findings should not be interpreted as direct evidence that AR
improves physical literacy as a complete multidimensional
construct, because most included studies measured specific
outcomes related to physical literacy rather than physical
literacy itself. This contribution is seen in four main domains:
physical competence, motivation and confidence, knowledge
and understanding, and engagement or physical activity.
These findings suggest that augmented reality functions not
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only as a technological medium but also as a pedagogical
approach that can enrich the movement learning experience.
Through visualization, interaction, embodied learning, and
learner-centered exploration, AR may create conditions that
support outcomes conceptually aligned with physical literacy.
These results align with the development of research on
immersive technologies in physical education, which shows
that AR, VR, and MR are beginning to be used to support
student learning, motivation, engagement, and physical
activity (Pérez-Muioz et al., 2024; Jantanukul, 2024).

In the realm of physical competence, review results
indicate that AR can help students understand and master
movement skills more effectively. Studies by Chang et al.
(2020), Liangetal. (2023), Kurniawan etal. (2025),and Orozco
(2022) show that the use of AR can support learning in motor
skills, sports skills, and psychomotor domains. The advantage
of AR lies in its ability to display objects or movement models
visually, interactively, and observably from various angles.
This mechanism may help students observe movement
sequences, recognize body positions, compare correct and
incorrect techniques, and internalize technical information
before engaging in direct movement practice. This helps
students understand movement sequences, body positions,
and sports techniques before practicing them directly
(Antonopoulos, 2024). Therefore, AR can be a supporting
media that is relevant to physical education materials that
require movement control, coordination, and mastery of
motor skills. Nevertheless, the evidence should be interpreted
cautiously because several studies used non-randomized or
quasi-experimental designs, meaning that improvements in
motor-related outcomes cannot be attributed solely to AR
without considering the role of teacher instruction, practice
time, and initial student ability.

In the motivation and self-confidence domain, review
results indicate that AR can increase student motivation,
learning interest, self-confidence, and satisfaction in
physical education learning. Findings by Moreno-Guerrero
et al. (2020), Liang et al. (2023), Omarov et al. (2024), and
Kurniawan et al. (2025) indicate that students who learn
using AR tend to have better affective engagement compared
to traditional or video-based learning. This may occur
because AR provides a more novel, interactive, and enjoyable
learning experience. From a pedagogical perspective, AR may
influence motivation through several mechanisms, including
novelty effects, autonomy in exploring learning materials,
immediate visual interaction, game-based challenges, and
opportunities to learn at an individual pace. In the context
of physical literacy, motivation and self-confidence are
important aspects because students not only need to be able
to move but also need to have an internal drive to engage
in physical activity continuously (Martin-Rodriguez &
Madrigal-Cerezo, 2025; Prabowo et al., 2025). Therefore, AR
can be a relevant strategy to overcome low student motivation
in learning Physical Education, although its motivational
benefits may depend on how well the AR activity is integrated
with meaningful physical tasks rather than being used merely
as a technological attraction.

In the realm of knowledge and understanding, AR plays
arole in strengthening students' understanding of movement
concepts, sports techniques, spatial orientation, and the
relationship between theoretical knowledge and physical
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practice. A study by Moreno-Guerrero et al. (2020) showed
that AR is effective for learning spatial orientation, while
Orozco (2022) showed that AR helps students understand
basic volleyball techniques. Kurniawan et al. (2025) also
showed that 3D visualization in basketball learning can
improve students' conceptual understanding. These findings
align with the characteristics of AR, which can make abstract
concepts more concrete by combining virtual objects with
real environments (H. Y. Chang et al., 2022). In this way, AR
may serve as a cognitive bridge between verbal explanation,
visual representation, and physical execution, allowing
students to connect what they see, understand, and perform
in movement learning. However, the use of AR still needs
to be designed carefully because visualizations that are
too complex or unfocused can distract students from the
main learning objectives (Chamola et al., 2025; Albishri &
Blackmore, 2025). Thus, AR-based learning should include
clear instructional cues, simple visual displays, and teacher-
guided reflection to prevent unnecessary cognitive load.

In the domain of engagement and physical activity, AR has
the potential to increase student engagement in physical activity,
especially when developed in the form of game-based learning or
outdoor activities. A study by Omarov et al. (2024) showed that
AR game-based learning environments can increase students'
motivation and physical activity levels compared to traditional
physical education. Meanwhile, Martinez-Lopez et al. (2022)
showed that using Pokémon GO can encourage students to be
more physically active, improve cardiorespiratory fitness, and
reduce certain body composition indicators. These findings are
important because one of the challenges of physical education in
secondary schools is how to keep students active, engaged, and
enjoying physical activity (Cimenti et al., 2025; Prabowo et al.,
2025). However, the use of outdoor game-based AR needs to be
distinguished from formal physical education learning, because
not all AR activities automatically have a structured pedagogical
goal. Therefore, evidence from outdoor AR games should be
interpreted as supporting engagement or physical activity
participation rather than as direct evidence of formal physical
education learning or complete physical literacy development.

Importantly, the results of this review demonstrate that
the effectiveness of AR in physical education is determined not
only by technological sophistication but also by the quality of
pedagogical design. AR is most effective when used to support
clear learning objectives, appropriate movement materials,
targeted teacher instruction, and adequate opportunities for
physical practice (Ariffin et al., 2022; Antonopoulos, 2024;
Ridwan et al., 2025). On the other hand, AR can be less effective
if it is only used as an additional medium without strong
integration with motor learning (Yudiernawati et al., 2025).
The methodological quality assessment also indicates that
most included studies had moderate methodological concerns,
particularly related to non-randomized designs, limited
reporting of participant allocation, and incomplete control of
confounding variables. One study with a pretest-posttest design
without a comparison group required higher caution because
causal inference was more limited. Previous literature also
shows that technology integration in education can address
challenges such as device access gaps, limited teacher training,
digital content quality, cognitive load, and school readiness
(Martin-Rodriguez & Madrigal-Cerezo, 2025). Therefore,
AR should not be positioned as a substitute for teachers or a
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substitute for movement practice, but rather as a pedagogical
medium to strengthen physical education learning.

The implications of this literature review indicate that
physical education teachers can utilize AR to clarify reflection
techniques, strengthen understanding of movement concepts,
increase motivation, and encourage student engagement in
physical activity. For schools, the use of AR requires device
support, networking, teacher training, and integration
with the physical education curriculum. For learning
technology developers, the results of this review emphasize
the importance of designing AR applications that are simple,
easy to use, appropriate to the characteristics of secondary
school students, and support real-life physical activity. For
researchers, these findings open up opportunities to develop
AR interventions that explicitly measure physical literacy
multidimensionally, not just motor learning outcomes or
motivation. Thus, AR can be developed as a learning medium
that is not only technologically engaging but also relevant to
the goals of modern physical education.

This study has several limitations. First, only seven
articles met the inclusion criteria, so generalization of the
findings should be done with caution. Second, most articles
did not measure physical literacy as a whole, but instead
used outcomes related to physical literacy, such as motor
competence, motivation, knowledge, engagement, physical
activity, and fitness. Third, study designs, types of AR,
intervention duration, physical education materials, and
measurement instruments varied significantly across articles,
necessitating a meta-analysis. Fourth, some articles focused
more on school-based or outdoor physical activity than on
formal learning. Future research is expected to develop more
structured and long-term augmented reality interventions
that explicitly measure students' physical literacy across
multiple dimensions.

Conclusion

This review indicates that augmented reality (AR) has the
potential to support outcomes conceptually related to physical
literacy in secondary school physical education. Across the
seven included studies, AR was associated with improvements
in physical competence, motivation and confidence,
knowledge and understanding, and engagement or physical
activity participation. However, the evidence should be
interpreted cautiously because most studies did not directly
measure physical literacy as a complete multidimensional
construct. Instead, they reported domain-specific outcomes
such as motor skills, conceptual understanding, motivation,
physical activity, and fitness. The findings suggest that AR
may be useful when it is integrated with clear pedagogical
objectives, teacher guidance, appropriate movement tasks,
and opportunities for real physical practice. Therefore,
AR should be positioned as a supportive pedagogical tool
rather than a substitute for teachers or direct movement
experiences. Future studies should use stronger designs and
multidimensional physical literacy measures.
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Mera. He3Baxkaioun Ha 3pOCTaHHs BUKOPMCTAHHS TE€XHOJOTiN gomoBHeHoi peanpHOCTi (AR) y ¢dismuHOMY BMXOBaHHI,
pesynpTaT eMIipUYHMUX HOCTIIKEHb WIOLO iX 3aCTOCYBAHHA Cepejl YYHIB CepeflHbOl IUKOMM € HEOMHOPINHMMI 3a OU3aliHOM
HOCTIiKeHb, OCBITHIM KOHTEKCTOM i JOCIi/KyBaHMMI ITOKa3HMKaMy. MeTOI0 OC/Ii/PKeHHA OY/I0 CHCTeMaTH3yBaTy Ta y3araIbHUTI
emmipuyHi faHi mwoxno 3acrocypaHuA AR y pisuuHOMY BUXOBaHHI y4HIB cepeHbOI IIKO/IM Ta BUSHAYNTH 11 3B’ 30K 13 IOKa3HUKAMIL,
IO XapaKTepPMU3YIOTb OCHOBHI KOMIIOHEHTH (i3VYHOI IPaMOTHOCTI.

Marepianu Ta MeTogM. Y OCTiPKeHHI BUKOPUCTAHO U3aiiH OIJIARY JiTepaTypu 3 ypaXyBaHHAM pekoMeHpanit PRISMA 2020.
ITouryk crareit mpoBoANIN B IecTn 6a3ax ganux: Scopus, Web of Science, ERIC, SPORTDiscus, PubMed ta Google Scholar. ITorryk
0y710 06MeXXeHO pelieH30BaHNMI XXYPHAIbHUMM CTATTAMY, OITyOnikoBaHuMu B mepioy 3 2015 mo 2025 pix. BukopucraHi K104oBi
C7I0Ba IIOEJHYBAIN TEPMiHU, IIOB I3aHi 3 JOMIOBHEHOIO Pea/IbHICTIO, Gi3NYHIM BYXOBAHHAM, CEPEIHbOIO IIIKOJIO Ta Pe3y/IbTaTaMIi,
0B’ s13aHnMM 3 (PisvyHOI0 rpaMoTHicTIO. 3aranom Oyno BussteHo 1061 crarrio. Ilicis BupanenHs fyOmiKkaTiB, CKpMHIHTY Ha3B i
aHOTAIIiif, OL[iHIOBaHH: IIOBHUX TEKCTIB Ta IePeBipKY BifIOBIFHOCTI KpUTEPisM BKIIOUEHH [0 OIVIAAY OY/I0 BKIIOUEHO 7 CTaTeit.
JaHi aHamisyBanM 3a JOIIOMOTOI0 HAPATMBHOTO Ta TEMATWYHOTO CHHTE3y Ha OCHOBi YOTMPHOX JIOMEHIB (isMIHOI IpaMOTHOCTI:
GbisnyHa KOMIIETeHTHICTb, MOTMBAIlis Ta BIIEBHEHICTDb, 3HAHHSA Ta PO3YMiHH:A, a TAKOX 3a/Iy4eHICTb o isnuHOl aKTMBHOCTI 260
y9acTh Y Hiil. MeTOROMOTiUHY SIKICTD i pU3MK yIepemKeHOCTi oLiHoBamm 3a goromoroo Mixed Methods Appraisal Tool (MMAT),
a CUJTy JOKA3iB BU3HAYa/IM 3 BUKOPUCTAHHAM YiTKUX KPUTEPIIB KOMYBaHHA.

Pesynbraru. Pesynbraru cBigyaTh, mo AR Mo)ke CIIpyATY MOKpPAlleHHIO HU3KM MOKAa3HUKIB, KOHIIENTYa/IbHO OB A3aHMX i3
¢bisnuHOW0 rpaMoTHICTIO, ¥ (isMYHOMY BMXOBaHHI y4HiB cepefnboi mKkonu. HaByaHHA Ha ocHOBI AR MoOXe IOKpalyBaTy pyXxoBi
HaBUYKM, CrienudivyHi A1 OKpeMUX BUJIB CIIOPTY KOMIIETEHTHOCTI, MOTUBAIIil0, YIeBHEHICTh Y CO0i, pO3yMiHHA KOHIIEMIIIN PyXY,
3a/Iy4eHiCTb /10 HABYAHHA Ta y4acTb y (ismuHiit aktuBHOCTL. Hailnepexonnusimi gokasu 6y/n1o BUABIEHO B JOMeHax (isnuHOl
KOMIIETeHTHOCTi, MOTMBAIlil Ta BIIEBHEHOCTi B CO0i, @ TAaKO>X 3HaHb i posymiHHA. KpiM Toro, irpoBe HaBYaHHA Ta 3aHATTA Ha
BifIKpMTOMY HOBIiTpi Ha OCHOBI AR TaKoX CIpMs/IM MiABMIEHHIO 3aTy4eHOCTi y4HiB i piBHs isuuHOl akTMBHOCTI. OfHAK Y
JKOTHOMY 3 BKJIIOYEHVX JOCIi/KeHb (isSMUHY IPaMOTHICTD He BUMIpIOBaIM SK LIiCHMII 6araTOBUMIipHMIT KOHCTPYKT, TOMY
OTpMMaHi pesy/IbTaTu CIIifi IHTepIpeTyBaTH SK JOKa3M I[Ofj0 TIOKA3HMKIB, OB s3aHNUX i3 (i3MIHOI IPAMOTHICTIO, @ He SIK IPsIMi
IOKa3) pO3BUTKY (pi3M4HOI PAMOTHOCTI 3aTajIoM.

BucnoBkn. AR Mae ToTeHIIian AK TOMOMDKHMIT MeJaroTivHmit 3acib A CIPUAHHA pe3ynbTaTam, [IOB’sI3aHUM i3 Qi3NYHO0
IPaMOTHICTIO, ¥ pi3N9HOMY BUXOBaHHI y4HIB cepefHboi mKomu. OfHakK il epeKTUBHICTb 3HAYHOI MipOI0 3a/IOXXNUTH Bif AM3AIHY
HaBYaHHJA, [iITOTOBIEHOCTI BYNTeNs, HABYAIbHUX Iije Ta iHTerpanil AR i3 peanbHOI pyXOBOI aKTMBHICTIO. Y MaibyTHIX
HOCTIIKEeHHSAX HOL/TbHO PO3pOO/IATH OL/IBII CTPYKTYPOBaHi if ZJOBrOTPUBA/I BTPYYaHH i3 3aCTOCYBaHHAM IOIOBHEHOI peaIbHOCTI,
sAKi epe6a4aTuMyTh He3nocepesHe 6araToBuMipHe OL[iHIOBaHH: (PDiSMYHOI PAMOTHOCTI Y4HIB.

Kirouogi cnoBa: 1onoBHeHa peabHICTD, (i3nuHe BUXOBaHHS, GisuHa IPAMOTHICTD, CepeH LIKO/IA, PyX0Ba KOMIIETEHTHICTb.
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