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ABSTRACT

Innovation in sports learning is increasingly important to enhance athlete
ARTICLEINFO performance through advanced technologies and personalized training
’;ZZZ?I;?%_ZO% methods. Research in this area explores effective strategies to integrate
Accepted: 31-10-2025 technology for optimized sports education. This study aims to investigate the
Andika Marsuki role and impact of technology-based innovations in sports learning to improve
andika.marzuki@un athlete performance. The study employed a library research approach, which
v involves systematically collecting and analyzing existing literature, journals,
and academic sources related to sports learning innovation. Library research
Keywords: enables a comprehensive review of current knowledge and trends without new
Innovation, experimental data collection. Findings indicate that technological tools such as
Sports Learning, video analysis to virtual reality, artificial intelligence, and mobile applications
Technology significantly enhance athletes learning experiences and performance outcomes
by enabling personalized and accessible training. The integration of technology
also fosters interactive and immersive learning environments supporting better
skill acquisition and motivation. The study highlights the necessity of adopting
innovative technological methods in sports education to meet athletes
individual needs and improve training effectiveness. It also emphasizes library
research as a critical method to synthesize existing knowledge for advancing
sports learning innovation. However, challenges such as the availability and
accessibility of technology and complex data management still need to be
addressed. Thus, technology will continue to drive progress in sports training

and help athletes and coaches in the future.
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INTRODUCTION

To enhance the learning experience and performance of athletes, innovation in sports
learning has become a major focus. Sports learning methods have undergone significant
changes as a result of technological advances. One of the key innovations is the use of
technology to make the learning experience of athletes more interactive and effective.
Sophisticated hardware and software allow athletes and coaches to utilize real-time data to
analyze and improve their performance. Sports learning technology also makes training
materials more accessible. Athletes can access various learning resources, tutorials, and
instructions anytime and anywhere through online platforms and mobile applications. Thus,
online learning systems not only provide flexibility and convenience for athletes, but also
open up access to broader resources and support independent learning. This allows athletes
to develop holistically, both in sports and academics.

Technology has revolutionized the way we learn and practice sports, enabling
unprecedented personalization and customization (Fonna, 2019). By utilizing in-depth data
analysis, coaches can design more personalized, effective, and efficient training programs.
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This ultimately helps athletes reach their maximum potential and achieve higher performance
(Mirhan, 2016). It ensures that each athlete receives the right attention, optimizing learning
and skill development (Munajah & Supena, 2021). Giving each athlete the right attention not
only improves learning effectiveness but also encourages overall skill development. With a
personalized approach, athletes can reach their maximum potential in sports.

The use of Al, simulation, and virtual reality is another innovation in sports learning
(Jamil, 2018). Technologies such as Virtual Reality (VR) and Augmented Reality (AR) have
revolutionized the way athletes train, allowing them to practice in realistic and immersive
environments without having to leave their training grounds (Endarto & Martadi, 2022). This
helps athletes prepare for difficult situations when playing in the real world by practicing
challenging scenarios, such as extreme weather or specific game scenarios (Muthmainnah,
2024). By utilizing technology and data analysis to simulate difficult situations, athletes can
better prepare themselves to face challenges in real-world competitions. Training in
controlled conditions helps them develop strong adaptation, decision-making, and mental
skills, enabling them to perform optimally when facing real pressure and challenges (Aprilo,
2024; Tolle & Al Huda, 2023).

At the same time, achieving optimal performance requires a training process that is
systematically organized and structured. As emphasized in recent research, “a systematic and
structured training process is necessary to achieve optimal results (Ahmad et al., 2024).” This
highlights the importance of adopting learning innovations such as digital monitoring tools
and data-driven training systems to ensure that training activities remain well-planned and
aligned with athletes' developmental needs.

Overall, innovations in sports learning supported by the use of technology have enabled
athletes to have a more personalized, efficient, and enjoyable learning experience (Sani, 2022;
Yulianto et al., 2025). This not only improves athletes performance but also makes them more
motivated and engaged in the learning process. With the continuous development of
technology, we can expect to see more exciting innovations in the future that will continue to
enhance the learning experience and development of athletes (Jamaludin, 2024). We can
anticipate further changes in how we view, train, and enhance athlete performance in the
future by continuing to apply the latest technological advancements (Hanafi & Prastyana).
The future of sports will be greatly influenced by technological developments. With wise and
responsible application, technology can help athletes reach their maximum potential, enhance
their training experience, and make sports more exciting for spectators. However, it is also
important to remember that technology is only a tool. Factors such as natural talent, hard
work, and a strong mentality remain the keys to success in sports.

The lack of innovation in sports education is one of the most common problems. One of
the biggest obstacles is an approach that is too monotonous, does not meet the specific needs
of athletes, and is not connected to technology. As a result, athletes motivation to participate
in active pursuits declines, and their potential cannot be fully developed. This new innovation
is expected to help athletes improve their physical and mental abilities in general sports
education and prepare them to become accomplished athletes at the school, regional, and
national levels.

How student-athletes' performance is influenced by well-designed sports learning
strategies is the main issue to be examined. The research focuses on learning methods, training
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methods, the use of technology, and the role of teachers or coaches in the process. Fitness
tracker applications, VR-based training simulations, and video analysis to assess movements
are some examples of recommended learning technologies.

The novelty of this article lies in the innovation of technology and individualized sports
learning methods. Many previous studies have concentrated on traditional approaches or
only emphasized the importance of physical training. This article attempts to combine
elements of technological innovation with a more adaptive and personalized pedagogical
approach. In addition, this article promotes data-based performance measurement, where
software and digital analysis can be used to objectively assess student learning outcomes and
athletic performance.

METHODS

This study employed a library research design with a descriptive qualitative approach.
Data were collected from secondary sources, including scientific journals, books, and research
reports related to technology-based sports learning innovations. The data collection process
involved systematic searching and selection through databases such as Google Scholar,
ScienceDirect, and ResearchGate, using keywords such as “sports learning innovation,”
“technology in sports education,” and “athlete performance improvement.” Articles published
between 2019 and 2024 were selected to ensure the relevance of recent technological
developments. The selected literature was then analyzed using a content analysis technique
to identify key themes, trends, and findings related to the effectiveness of technology in
enhancing athlete performance. The synthesis results were interpreted to highlight current
innovations, challenges, and future directions in technology-based sports learning.

RESULTS

This section presents the findings from ten previous studies related to technology-based
innovations in sports learning. The results were grouped according to their main focus areas,
such as Artificial Intelligence (Al), Virtual/ Augmented Reality (VR/AR), Mobile and Online
Learning Platforms, and Personalized Feedback and Motivation.

The summary of relevant studies is shown in Table 1, which outlines each research’s
focus and main findings.

Table 1. Summary of Previous Studies Related to Technology-Based Sports Learning
Innovations

No Year Author(s) & Journal Research Findings

1. 2024 Robin Owen, Julian A. Owen, Technologies such as Al-based training systems, VR
Seren L. Evans. Optimizing Young  environments, and wearable sensors significantly improved
Tennis Players’” Development: young players’ technical skill acquisition. Regular physical
Exploring the Impact of Emerging training supported by Al technology proved more effective than
Technologies on Training weekly plans without it.

Effectiveness and Technical Skills
Acquisition. PLOS ONE, 2024.

2. 2023 Hu, W. The Application of Artificial ~ The study aimed to enhance athletes’ performance through
Intelligence and Big Data Technology ~ movement analysis. However, this article was later retracted, and
in Basketball Sports Training. therefore it is not recommended for citation.

EAI Endorsed Transactions on
Scalable Information Systems.
3. 2020 Mali, N. P., & Dey, S. K. The This review examined how technological applications in sports

Impact of Technology on Sports
Training and Performance. The

learning improve athlete performance. The authors found that
tools such as video analysis software and motion sensors
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No Year Author(s) & Journal Research Findings
Knowledge Engineering Review, significantly ~ influence training outcomes and athletic
2019. performance.

4. 2021 Shiging Wei, Puquan Huang, Rui ~ The study explored the role of mobile learning apps in supporting
Li, Zhiguo Liu, Yuepei Zou. sports education. Surveys and interviews revealed that mobile
Enhancing Sports Coaching Through  applications provide easier access to training materials, improve
Mobile Learning Applications. flexibility, and facilitate communication and feedback between
Complexity (Wiley), 2021. coaches and athletes.

5. 2021 Bin Zhang, Ming Lyu, Lei Zhang, = Focused on improving the accuracy of movement recognition and
Yang Wu. Artificial Intelligence- player training using Al-based joint motion estimation to enhance
Based Joint Movement Estimation overall athletic performance.

Method for Football Players in Sports
Training. Mobile Information
Systems, 2021.

6. 2024 G. Syam Kumar, M. Dilip Kumar, =~ Provided an overview of algorithmic effectiveness in predicting
Sareddy Venkata Rami Reddy, B.  sports injuries and improving understanding of injury prevention
V. Seshu Kumar, Ch. Rami among athletes.

Reddy. Injury Prediction in Sports
Using Artificial Intelligence
Applications: A Brief Review.
Journal of Robotics and Control
(JRC), Vol. 5, Issue 1, 2024.

7. 2022 Rory Bunker, Teo Susnjak. Virtual =~ Thisreview investigated the application of virtual reality in sports
Reality Training in Sports: A Review  training. Empirical analyses revealed that virtual simulations
of Current Status and Future enhance athlete engagement, provide realistic practice
Prospects. Journal of Artificial environments, and improve skill transfer to real-world
Intelligence Research, 2022. performance.

8. 2024 Andrea Pisaniello. The Game Al enhances performance analysis, injury prediction, tactical
Changer: How Artificial Intelligence  decision-making, and talent identification through machine
is Transforming Sports Performance  learning and computer vision algorithms. Major challenges
and Strategy. Geopolitical, Social include data privacy and trust in Al-generated recommendations.
Security and Freedom Journal, 2024.

9. 2023 Z. Baye & K. Yusuf. The Role of The use of VR and AR simulations in sports training effectively
Virtual Reality and Augmented improved athletes’ performance. Participants reported that
Reality in Sports Psychology: virtual environments helped them prepare better for real
Advancements, Applications, and competition situations, increasing engagement and confidence.
Implications. Revista de Psicologia
del Deporte / Journal of Sport
Psychology, Vol. 32(3), pp. 110-

118, 2023.
10. 2024 A. A. Mufioz-Macho, M. J. Evaluated the potential of Al to reduce sports injuries and predict

Dominguez-Morales, J. L.
Sevillano-Ramos. Artificial
Intelligence for Sport Injury
Prediction. Artificial Intelligence in
Sports, Movement, and Health, 2024.

risk factors, thereby improving athlete health and performance
outcomes.

Thematic Analysis of the Reviewed Studies

After analyzing the literature summarized in Table 1, four dominant themes emerged that

describe how technology enhances athlete learning and performance.

Artificial Intelligence (AI) for Performance Optimization
Studies by Owen et al. (2024), Zhang et al. (2021), and Pisaniello (2024) emphasized Al’s role in
analyzing athlete movement patterns, predicting injuries, and improving decision-making. Al-based

systems enable objective feedback and precision training, helping coaches adjust programs based on

real-time data. Collectively, these findings indicate that Al transforms coaching from intuition-based

to data-driven practice.
Virtual and Augmented Reality (VR/AR) in Skill Development
Research by Bunker & Susnjak (2022) and Baye & Yusuf (2023) highlighted that VR/AR-based
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training creates immersive environments where athletes can practice game scenarios safely and
repeatedly. This method enhances situational awareness, reaction time, and mental readiness, offering
benefits especially in high-pressure sports like soccer and tennis.

Mobile and Online Learning Platforms for Accessibility

Wei et al. (2021) and Leuwol et al. (2023) demonstrated that mobile learning applications
improve access to educational materials, facilitate two-way communication between coaches and
athletes, and support independent learning. This shows how digital platforms contribute not only to
flexibility but also to lifelong learning habits among athletes.

Personalized Feedback and Motivation

Hadiana et al. (2020) and Stemberger & Konrad (2021) found that personalized and technology-
assisted feedback enhances athlete motivation and engagement. Video Feedback (VFB) systems
provide detailed insights into performance, while digital literacy development improves overall
learning quality. Such personalization fosters both technical improvement and psychological
confidence.

Synthesis of Findings

From the four themes above, it can be concluded that technology-based sports learning
contributes to enhanced performance, motivation, and learning accessibility. While most studies agree
on the positive impact of Al, VR/AR, and mobile learning, they also highlight challenges related to
data security, infrastructure limitations, and digital competence of coaches.

Therefore, future research should focus on integrating multiple technologies into holistic
learning models and evaluating long-term outcomes of digital-based training interventions. This
synthesis demonstrates that the role of technology in sports learning is not only supportive but
transformative, shaping the future of athlete development.

Building on this synthesis, the following section elaborates on how specific technologies —such
as fitness applications, video analysis, and virtual simulations directly contribute to improving training
quality and learning effectiveness.

The application of technology in sports learning has become a significant research subject.
Various technologies used, their effects on athlete learning and performance, and their influence on
training practices are discussed in this study. The findings indicate that tools such as fitness apps, video
analysis, and simulation systems allow students to monitor progress, receive precise feedback, and
improve technical understanding thereby enhancing the overall quality of training and learning.

DISCUSSION

The Effectiveness of Technology in Sports Learning

Technology has transformed the way sports are taught by creating more data-driven,
interactive, and adaptive learning environments. Fitness applications enable athletes to track
their physical progress such as duration, intensity, and calories burned thus fostering self-
regulation and awareness of bodily responses. This process empowers athletes to make
evidence-based adjustments to their training, which in turn enhances performance outcomes.

Research by Stemberger and Konrad (2021) demonstrates that positive attitudes toward
digital technology improve both teachers” and students’ digital competence, thereby elevating
instructional quality. This indicates that technology not only provides tools for learning but
also stimulates cognitive engagement, as learners can visualize their progress and understand
the cause-effect relationship between effort and results.

Furthermore, digital data analysis tools and video feedback systems support reflective
learning, enabling athletes to identify technical errors and correct them through visual
feedback. This iterative process of observation, reflection, and correction explains how and
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why technology-based learning fosters deeper understanding, skill mastery, and motivation
compared to traditional methods.

In essence, technology strengthens learning outcomes because it integrates real-time
feedback, visualization, and personalized learning experiences. These elements work together
to enhance both technical performance and psychological engagement, making learning more
meaningful and effective for athletes.

Building on these insights, several specific tools have been identified as particularly
effective in improving performance evaluation and learning efficiency. One of the most
widely used is video analysis, which provides detailed and objective feedback on athlete
movement and technique.

One important tool for performance evaluation is video analysis. After recording
students' movements, teachers or coaches can find technical errors that are difficult to observe
directly. More specific feedback can help students correct their movements and improve the
efficiency of their training. In this context, technology not only serves as a tool, but also as a
means to transform teaching methods to be more modern and relevant to the needs of today's
students. In addition, technology enables learning to be more interactive. For example, the use
of virtual reality (VR)-based simulations provides a realistic training experience without the
risk of injury. This helps students understand technical concepts, such as game strategies, in
a safe and controlled environment. Research by Leuwol et al. (2023), shows that the use of
technology-based learning methods can significantly increase student motivation to learn.
Increased Motivation through Personalized Learning

Additionally, research findings indicate that technology enables sports learning to be
more unique and tailored to each athlete's needs. Data analysis of athlete performance allows
coaches to create training programs tailored to each athlete's needs and potential. This
enhances overall learning efficiency. Personalized learning methods make students feel that
lessons are tailored to their needs and abilities. Students who have weaknesses in certain
areas, such as technique or endurance, can receive training focused on those areas, which
boosts their confidence and encourages them to participate more actively. Sitorus (2021),
notes that training involving social interaction can increase participants' motivation to learn
and participate in activities.

Personalized learning also has a positive impact on students or athletes with great
potential. Research by Hadiana et al. (2020) shows that the application of video feedback
(VFB) in sports learning can increase student motivation by providing specific and relevant
feedback on their performance. This is in line with the principle of specialized learning, which
emphasizes the importance of individual feedback to increase student engagement. A more
individualized approach allows them to more quickly develop the specific skills needed to
compete at higher levels, such as regional or national tournaments. This method enables a
more structured training path to produce high-performing athletes.

Use of Simulation and Virtual Reality

VR allows athletes to experience game situations that are very similar to reality, even
before they set foot on the field. VR is particularly useful for sports that require quick decision-
making and adaptation to various conditions, such as soccer, basketball, or tennis. Athletes
can train their reactions to various scenarios, improve their ability to read the game, and make
more accurate decisions (Li et al., 2024). The use of simulation and virtual reality in sports
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training has also been proven effective in improving athlete performance (Baye & Yusuf,
2023). Athletes report that training in a virtual environment helps them better prepare for
actual game situations, increasing their engagement and confidence on the field.
Accessibility of Training Materials

Improved accessibility of training materials through technology has been one of the key
factors in improving Online platforms and mobile applications provide easy access to a
variety of training materials, such as sports technique tutorial videos, training instructions
from expert coaches, personalized training programs, and information on nutrition and
recovery (Sanita & Saparia, 2023). Athletes can access materials anytime and anywhere,
according to their needs. Technology allows athletes in remote areas or with limited time to
access high-quality training materials. Athletes no longer need to rely on coaches or limited
training facilities in their area. They can learn and train independently with guidance from
experts through online platforms (Susanti et al., 2023).

CONCLUSION

This literature review shows that technology-based innovations such as artificial
intelligence, virtual and augmented reality, mobile learning platforms, and video feedback
system play a crucial role in improving the quality of sports learning. These technologies
enhance athlete performance by enabling data-driven training, real-time feedback, immersive
simulation, and personalized skill development. Practically, coaches and educators are
encouraged to integrate tools that provide objective performance evaluation, promote
independent learning, and create safe simulated environments for tactical and decision-
making training. These approaches can help athletes develop technical mastery, cognitive
engagement, and greater motivation.

Despite the clear benefits, this review is limited by its dependence on secondary data
and the uneven methodological quality of the included studies. Most research focuses on
technologically advanced environments, which may not represent schools or sports
institutions with limited resources. Therefore, future studies should investigate the long-term
effects of technology-based learning, examine the accessibility and cost-effectiveness of digital
tools, and explore adaptations for resource-limited settings. Continued research is needed to
develop more inclusive, scalable, and evidence-based models for integrating technology into
sports learning.
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