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Abstract  The increasing adoption of augmented
reality (AR) in education has transformed traditional
teaching methods, particularly in skill-based sports like
basketball. AR offers real-time feedback, enhanced
visualization, and immersive learning environments,
making it a promising tool for improving skill acquisition
and performance. However, research on AR's role in
basketball education, especially for novice players in
educational settings, remains limited. This systematic
literature review aims to explore how AR is utilized in
basketball teaching, its impact on skill acquisition,
performance improvement, and engagement, and the
challenges associated with its implementation. Following
PRISMA guidelines, a comprehensive search was
conducted in Scopus and ERIC databases. Studies
published between 2014 and 2024 that focused on AR's
application in basketball teaching were included. A total of
17 studies were analyzed, with data extracted on
performance improvements, AR application types, and
participant demographics. Quantitative and qualitative data
were synthesized to answer key research questions. The
quantitative data indicated performance improvements
ranging from 12% to 25% across various AR applications,
with significant gains in free-throw accuracy, spatial
awareness, and decision-making skills. Qualitative data
showed that AR enhanced student engagement and
motivation, although some studies reported challenges
such as over-reliance on AR feedback and difficulties in
applying skills to real-world game situations. The review

revealed AR's potential to improve basketball teaching,
particularly through real-time feedback and immersive
learning. However, the findings also highlight a gap in
understanding AR’s long-term effectiveness and its
integration in dynamic game environments. This study fills
a gap by focusing on novice players in educational settings,
providing insights into AR's broader pedagogical value.
For educators and coaches, AR should be used as a
complementary tool alongside traditional methods to
maximize its benefits. Stakeholders must balance the use of
AR to avoid over-reliance on technology and ensure skills
transfer to real-world scenarios.
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1. Introduction

The rapid development of technology, particularly in
augmented reality (AR), has opened new pathways for
transforming traditional teaching methods, especially in
sports education [1]-[3]. AR enables the overlay of digital
information onto the physical world, offering unique
opportunities to enhance teaching strategies and facilitate
the acquisition of complex motor skills, which is especially
valuable in sports like basketball [4]. Although online
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learning effectively enhances conceptual understanding,
developing practical skills remains a challenge. A potential
solution involves leveraging technology that allows
students to collect motion data from home, which can be
integrated into virtual learning environments to help
instructors assess their skills. Moreover, augmented reality
(AR) offers an immersive approach to practical learning. In
team sports like basketball, AR can effectively teach
techniques and strategies, even in an online learning
context. Integrating this technology makes learning more
holistic, combining conceptual understanding with
practical skills [5]. Given basketball’s reliance on spatial
awareness, technical precision, and split-second
decision-making, the use of AR holds great promise for
improving these critical skills [6].

Despite its potential, research on the use of AR in
basketball teaching, particularly in educational settings,
remains limited. Most existing studies focus on AR’s
application in elite-level training or professional sports
environments, with a primary focus on improving specific
skills like free-throw accuracy and defensive tactics [7].
Although these studies demonstrate AR’s effectiveness in
enhancing performance, there is a noticeable gap in the
literature regarding its integration into structured
basketball teaching for novice players in schools or
coaching programs [8]. AR offers a more personalized and
engaging learning experience by addressing the limitations
of traditional methods, which often depend on repetitive
drills and observational feedback. These methods are
time-consuming and limited by the instructor’s capacity to
monitor multiple players simultaneously [9]. AR, on the
other hand, provides real-time visual cues and performance
metrics, enabling immediate feedback that accelerates the
learning process [10]. Additionally, AR simulations allow
students to practice decision-making skills in controlled yet
realistic game environments, which further enhances
learning outcomes [11].

However, despite the evident potential of AR in sports
education, systematic reviews focusing on its application
in basketball teaching are virtually non-existent [12], [13].
This gap underscores the need for a comprehensive review
to explore the benefits and challenges of AR within an
educational basketball context. The current study aims to
address this gap by conducting a systematic review to
assess how AR can be effectively utilized in basketball
teaching, focusing on both the advantages and limitations
[14].

This review will examine how AR has been applied in
basketball teaching, particularly for novice players, and
investigate its impact on skill acquisition, performance
improvement, and engagement. The study also seeks to
identify the challenges and limitations encountered when
using AR in basketball education, thus providing valuable
insights for future research and practical applications.

In essence, this study aims to bridge the gap between
technology-enhanced learning and physical education.

Augmented Reality in Basketball Education: A Systematic Review on Teaching and Skill Development

While AR has been extensively studied in fields like
medicine and engineering, where immersive learning
significantly improves both knowledge retention and
practical skill acquisition [15], its application in sports
education, particularly in basketball, remains fragmented.
By systematically examining AR's pedagogical value in
basketball, this review offers critical insights for educators,
coaches, and curriculum designers aiming to incorporate
advanced technologies into their teaching strategies. The
integration of AR into basketball instruction represents a
major advancement in sports education. However, the lack
of comprehensive studies in this field highlights the need
for further research to fully understand AR’s long-term
implications and to optimize its use in educational settings.

2. Materials and Methods

This section outlines the systematic literature review
(SLR) approach used to investigate the application of
augmented reality (AR) in basketball teaching, particularly
for novice players in educational contexts. The review was
conducted following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines to ensure a comprehensive and transparent
analysis.

2.1. Research Design

This study employed a systematic literature review as
the research design. The primary aim was to gather,
evaluate, and synthesize existing research on the use of AR
in basketball education. A structured and replicable search
strategy was applied to identify relevant empirical studies,
ensuring methodological rigor.

2.2. Research Type

The research is descriptive and exploratory, focusing on
the identification of trends and findings in the current
literature. The review aims to describe the pedagogical
potential of AR in enhancing basketball skills, particularly
in structured teaching environments.

2.3. Research Duration

The systematic literature review was conducted over a
period of three months, from January 2024 to March 2024.
The literature search, data extraction, and analysis were
completed within this timeframe.

2.4. Inclusion/Exclusion Criteria

The inclusion and exclusion criteria were established to
ensure the selection of studies relevant to the research
objectives.



International Journal of Human Movement and Sports Sciences 13(2): 255-262, 2025

2.4.1. Inclusion Criteria

a) Studies focusing on the use of augmented reality in
basketball teaching or training.

b) Studies published between 2014 and 2024.

c) Studies that provide empirical data on skill acquisition,
performance improvement, or engagement through
AR.

d) Studies available in full text and written in English.

2.4.2. Exclusion Criteria

a) Studies focusing on virtual reality (VR) or mixed
reality (MR) without AR components.

b)  Articles not related to basketball teaching or training.

c) Opinion pieces, editorials, or studies lacking
empirical data.

2.5. Choice of Subjects

The subjects for this review were chosen based on their
relevance to basketball education. The studies selected
included various participant groups, such as novice
basketball players, elementary and high school students,
and more experienced players in educational and training
contexts. The choice of subjects in the included studies was
determined by each study’s design, which ranged from
random selection to convenience sampling.

2.6. Sample Collection

The sample collection for this review involved retrieving
studies from two academic databases, Scopus and ERIC.
The search focused on studies published between 2014 and
2024, ensuring that the findings are recent and relevant to

Table 1.
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modern AR applications in basketball teaching. A total of
25 articles were initially retrieved, and after applying the
inclusion/exclusion criteria, 17 studies were included in the
final analysis.

2.7. Processing

Each study was screened and processed based on its title,
abstract, and full text. Studies that met the inclusion criteria
were reviewed in detail, with key data extracted for further
analysis. The PRISMA flowchart (Figure 1) visually
depicts the screening and selection process, showing the
number of studies identified, screened, excluded, and
included in the review.

2.8. Statistical Analysis

Since this is a systematic literature review, no primary
data were statistically analyzed. However, the thematic
analysis approach was used to synthesize findings from the
included studies. Key themes identified included AR’s
impact on skill acquisition, engagement, and the use of
real-time feedback in basketball education. The findings
were grouped and analyzed to provide a cohesive
understanding of AR's potential in basketball pedagogy.

2.9. Use of Tables and Figures

Relevant tables and figures were used to illustrate the
findings and structure of the review. Table 1 summarizes
the demographics of the studies included, while Figure 1
provides a PRISMA flowchart outlining the study selection
process.

Summary of Studies on Augmented Reality Applications in Basketball Training and Education

Study Year Sample Participant Demographics AR Application Focus

Size
Lin & Singh [16] 2021 20 Experienced basketball players  Free-throw shooting, real-time feedback
Ueyama & Harada [7] 2024 30 Novice players AR-based shot trajectory optimization
Santoso [10] 2018 50 High school students Markerless AR for basketball simulation
Bao & Yao [6] 2021 15 College athletes 3D image simulation for basketball training
Yinetal. [8] 2023 100 Elementary school students AR-assisted teaching for basketball fundamentals
Citraro et al. [9] 2020 25 Mixed-level basketball players ~ Camera pose estimation for AR sports applications
Tsai et al. [14] 2021 10 Basketball players AR and Al in decision-making training
Sumiya et al. [17] 2022 35 Novice players Virtual free-throw training with AR
Maglo et al. [18] 2022 40 Basketball players Court registration and tracking using AR
Gutierrez & Castellanos [19] 2018 30 Female basketball players AR for biomechanical analysis of free-throw shooting
Baudisch et al. [20] 2014 12 Basketball players AR for motion capture in basketball
Zhang & Shi [11] 2021 25 Basketball referees AR for referee training and decision-making
Lan et al. [21] 2018 60 University students Mixed reality (MR) for basketball shooting training
Mondellini et al. [4] 2020 20 Elderly participants Virtual fitness trail including basketball exercises
Hoda et al. [22] 2014 15 Patients needing rehabilitation AR for baskethall-based exergames
Pritom et al. [23] 2020 50 Smartphone users AR-based smartphone basketball simulation
Caio etal. [24] 2023 45 Sports analytics experts 3D basketball object localization using AR




258

Augmented Reality in Basketball Education: A Systematic Review on Teaching and Skill Development

Identification

Records identified from:
Scopus (nh = 25)

Screening Records excluded
Records screened 1 (n=9)
(n = 25)
Included

Studies included in review
(n=186)

ERIC Database

Studies included
(n=1)

Total Included

Total studies included in review
(n=17)

Figure 1. PRISMA Flowchart

This table captures the diversity of the studies,
illustrating how AR has been applied across various
educational levels and skill groups. While most studies
focused on younger or novice players, others explored AR
applications in more specialized contexts, such as referee
training, rehabilitation, and sports analytics. The consistent
use of AR for skill improvement, performance feedback,
and decision-making enhancement across these studies
demonstrates the technology’s broad potential in
basketball education.

This systematic literature review followed a rigorous
methodology, in line with PRISMA guidelines, to ensure a
comprehensive and high-quality analysis of AR’s
application in basketball teaching. By focusing on
empirical studies from Scopus and ERIC, and employing
stringent inclusion criteria, this review provides valuable
insights into how AR can enhance learning outcomes in
basketball education. The review synthesizes key findings
from the literature, offering a robust foundation for future
research and practical application in sports pedagogy.

2.10. Section Headings/Subheadings

The section was structured with clearly defined headings
and subheadings, following the recommended format of

numbered sections (e.g., 2.1, 2.2), to ensure clarity and
logical flow.

3. Results

This section presents the findings of the systematic
literature review, organized around the research questions.
Both quantitative and qualitative data were analyzed to
address each question, and the findings are supported by
critical interpretations. Tables are included to summarize
the key quantitative data, followed by qualitative insights
from the studies.

3.1. Utilization of Augmented Reality in Basketball
Teaching (RQ1)

Augmented reality (AR) has been employed in a variety
of ways to enhance basketball teaching, particularly for
novice players in educational settings. AR applications
were shown to support real-time feedback, skill acquisition,
and game simulation. Table 2 below provides a summary
of the performance improvements observed across the
reviewed studies, showcasing the diversity of AR tools
used in different educational contexts.
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Table 2. Performance Improvements in Basketball Skills Using Various Augmented Reality Applications

Study AR Application Focus Improvement in Performance (%) Sample Size
Lin & Singh [16] Real-time feedback for free-throw shooting 18% 20

Ueyama & Harada [7] =~ AR-based shot trajectory visualization 25% 30

Santoso [10] Markerless AR for basketball simulation 12% 50

Bao & Yao [6] 3D simulation for training efficiency 20% 15

Yin et al. [8] AR-assisted teaching for elementary school students 15% 100

Tsai et al. [14] AR and Al for decision-making in basketball 22% 10

The quantitative data indicate that AR enhances learning,
particularly in areas such as free-throw accuracy and
spatial awareness. Ueyama and Harada [7] reported the
highest improvement of 25% in performance, highlighting
AR's ability to project optimal shot trajectories in real-time,
allowing players to adjust their form more effectively.

Qualitative data reinforce these quantitative findings.
For instance, Lin and Singh [16] noted that participants
"expressed heightened awareness of body posture and
shooting form due to the immediate visual feedback
provided by AR." Similarly, Yin et al. [8] reported that
elementary school students found AR helpful for
understanding basketball techniques, with one participant
stating, "I could see how my movements were wrong and
fix them quickly during practice.”

However, Santoso [10] found that while AR initially
increased student engagement, its effect on performance
was limited (12%). The novelty of AR appeared to
diminish over time, with students reverting to traditional
coaching methods after several sessions. This suggests that
while AR can provide immediate benefits, its long-term
impact may be limited unless integrated into a broader
teaching strategy.

3.2. Impacts of Augmented Reality on Learning
Outcomes (RQ2)

Quantitative data across the studies consistently
demonstrated improvements in skill acquisition and
performance, with an average increase of 19% in
performance metrics such as shot accuracy, defensive
movements, and spatial awareness (Table 3).

The qualitative data further illustrate AR's role in
enhancing engagement and focus during training. Bao and
Yao [6] found that participants "felt more engaged in
training sessions" because AR tools made learning more
interactive and personalized. Tsai et al. [14] reported that
AR improved decision-making skills, with one participant
stating, "The system helped me understand when to make a
pass or take a shot based on the AR feedback."”

Despite these positive results, the qualitative data also
revealed challenges in the long-term transfer of
AR-acquired skills to real game situations. Yin et al. [8]
found that while AR initially improved teamwork and
communication, the effect diminished over time. A teacher

in the study noted, "Students became reliant on AR
feedback and struggled to apply the skills in a real game
without it."

3.3. Challenges and Limitations in the Application of
AR (RQ3)

While the studies reviewed generally reported
performance improvements, challenges and limitations
were identified in the application of AR in basketball
teaching. The magnitude of improvement varied, with
Santoso [10] reporting only a 12% improvement compared
to Ueyama and Harada's [7] 25%. Technological issues,
such as AR systems struggling to track multiple players in
dynamic scenarios, were cited as a contributing factor.

Qualitative feedback from participants also revealed
practical challenges, such as the technology being
perceived as too complicated to be used in regular training
sessions. In addition, issues with slow sensors and
sub-optimal calibration sometimes hampered AR in
providing real-time feedback.

In addition, AR has proven effective for individual drills
such as free throws, but lacks the ability to follow the
dynamics of a live game. Experience shows that this
technology is useful in controlled situations, but still faces
challenges in handling the complexity of real-life games.

3.4. Summary of Results

In summary, the results show that AR has significant
potential to improve basketball teaching, particularly in
skill acquisition, engagement, and real-time feedback.
Quantitative data consistently demonstrated performance
improvements ranging from 12% to 25%, depending on the
study and AR application. However, qualitative insights
revealed challenges related to the technology's practicality,
long-term effectiveness, and integration with traditional
coaching methods.

This section presents the findings of the systematic
literature review, organized according to the research
questions. Both quantitative and qualitative data were
analyzed to answer each question, and a critical
interpretation of the findings is provided. A table
summarizes the key quantitative data, followed by a
qualitative analysis supported by quotes from the studies.
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Table 3.
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Performance Improvement Across Studies

Study

Skill Acquired

Improvement (%)

Lin & Singh [16]
Ueyama & Harada [7]
Tsai et al. [14]
Bao & Yao [6]
Yin et al. [8]

Free-throw accuracy
Spatial awareness
Decision-making

Defensive movements

Teamwork and communication

18%
25%
22%
20%
15%

4. Discussion

The findings of this systematic literature review
highlight the effectiveness of augmented reality (AR) in
basketball teaching, particularly in enhancing skill
acquisition, performance improvement, and engagement.
Quantitative improvements observed across studies,
ranging from 12% to 25%, align with prior research in
sports education that emphasizes AR's potential to provide
immediate, real-time feedback [25], [26]. AR's ability to
project visualizations of players'’ movements and
trajectories supports the core theoretical frameworks of
immersive learning, where learners benefit from
interactive and personalized environments [27]. However,
this review also reveals limitations and challenges,
particularly regarding AR's long-term effectiveness and
practical applicability in dynamic game situations, inviting
deeper theoretical and practical examination [28]-[30].

The findings corroborate prior research on AR's role in
sports, particularly its potential to improve motor skills and
spatial awareness through real-time immersive visual
feedback [31]. This interaction aligns with Situated
Learning Theory [32], which posits that learning occurs
more effectively when knowledge is contextualized within
real-world scenarios. AR bridges theoretical basketball
instruction with practical skill execution, allowing students
to immediately apply learned concepts. This accelerates
the learning process and deepens understanding of core
basketball techniques [32].

However, some studies report marginal improvements,

such as 12%, differing from the significant results in others.

This discrepancy may stem from the "novelty factor,”
where initial engagement with AR tools diminishes over
time, highlighting AR's role as a complementary tool rather
than a standalone solution. This perspective aligns with
Cognitive Load Theory [33], suggesting that while AR can
reduce extraneous cognitive load, improper integration
may overwhelm learners.

Qualitative data, including feedback from students and
coaches, reveal AR’s influence on engagement and
motivation. Participants express enthusiasm for immersive
technologies like AR, which enhance decision-making and
performance. This aligns with Self-Determination Theory
[34], emphasizing the importance of autonomy,
competence, and relatedness in driving motivation. By
providing immediate feedback and interactive learning,

AR fosters a sense of competence and autonomy, boosting
engagement. However, excessive reliance on AR feedback
can hinder skill transfer to real-world scenarios,
underscoring the need to balance technology with
traditional methods [35].

A unique contribution of this study is its focus on novice
basketball teaching, filling a gap in research predominantly
centered on elite athletes [7], [10], The findings
demonstrate AR’s pedagogical value in educational
settings, highlighting its applicability in early skill
development. Despite its strengths in drills and individual
skill acquisition, AR systems face limitations in fast-paced,
multiplayer environments. Further research is needed to
optimize AR’s integration into dynamic game scenarios.

Several technical challenges must be addressed to
enhance AR’s effectiveness in educational settings. Setup
difficulties [6], [10], calibration issues, and sensor lag can
hinder learning processes. Simplifying setup procedures,
providing clear calibration instructions, and investing in
robust hardware and software are essential to improve user
experience and AR effectiveness in  dynamic
environments.

From a practical perspective, AR should be viewed as a
complementary tool rather than a replacement for
traditional coaching methods [36]. Coaches should
integrate AR into holistic training programs emphasizing
independent skill application, teamwork, and strategy
development without continuous technological reliance.
Educational institutions can benefit from AR’s potential to
create engaging physical education programs but must
account for practical limitations like technical challenges.
Developers should focus on enhancing AR’s usability in
real-time game settings to broaden its application.

Furthermore, AR’s versatility extends to supporting
distance learning in sports science education. By providing
immersive and interactive experiences, AR bridges gaps in
online education, particularly in skill-based training,
expanding the reach and effectiveness of sports education.

In conclusion, this study contributes to the growing body
of literature on AR in sports education by exploring its use
in basketball teaching for novice players. While AR offers
significant benefits in engagement and skill acquisition, its
long-term effectiveness depends on careful integration
with traditional teaching methods. Addressing current
limitations and advancing AR technology in dynamic game
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environments could revolutionize sports education,
offering immersive and effective learning experiences
across all levels.

Future research should explore long-term retention and
real-world transferability of skills acquired through AR.
While AR improves immediate performance, sustaining
these gains and ensuring their applicability in real-world
scenarios are critical. Integrating AR training with
traditional methods that emphasize independent skill
application and strategic thinking is essential to foster
competence and confidence in dynamic game situations.

5. Conclusions

This systematic literature review highlights the potential
of augmented reality (AR) as a powerful tool in basketball
teaching, particularly for enhancing skill acquisition,
performance, and engagement. AR’s ability to provide
real-time feedback and immersive visualization supports
the development of key basketball skills such as spatial
awareness, shooting accuracy, and decision-making.
However, the findings indicate that the technology’s
effectiveness is contingent upon its integration into broader
teaching practices. While AR significantly improves
learning outcomes, several studies noted issues related to
over-reliance on AR and technical limitations, especially in
dynamic, real-time game situations.

A key limitation identified in this review is the lack of
long-term studies assessing the sustainability of
performance improvements without continuous AR
support. The short-term focus of many studies, combined
with small sample sizes, reduces the generalizability of the
findings. Thus, while AR offers substantial immediate
benefits, its long-term impact on skill retention and
application in real-world scenarios remains unclear.

For educators, AR represents a valuable tool to engage
students and enhance basketball performance. However, it
should be viewed as a complement to, rather than a
replacement for, traditional coaching methods. Proper
integration of AR into existing curricula, along with
adequate training for educators, is necessary to fully realize
its potential.

Future research should address the current gaps by
conducting long-term studies to evaluate the sustained
impact of AR on basketball performance and skill transfer.
Furthermore, technological improvements in AR systems
are needed to enhance their usability in multi-player,
real-time game environments. Expanding the scope of
studies to include larger, more diverse populations will also
improve the generalizability of future research findings,
allowing for a broader application of AR in competitive
basketball settings.
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