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Abstract 

Background The rapid advancement of artificial intelligence (AI) and wearable technology has created new opportunities 

for sports science, particularly in enhancing athletic performance and preventing injuries. Traditional 

training approaches often lack real-time monitoring and predictive capabilities, which limits their 

effectiveness in managing athlete health and optimizing performance outcomes.  

Objectives This study aims to analyze the role of AI-integrated wearable devices in monitoring performance indicators 

and predicting injury risks, as well as to highlight their potential applications in professional and amateur 

sports. 

Methods A qualitative literature review was conducted by analyzing recent studies, case reports, and technological 

developments published between 2018 and 2025. The review focused on the use of AI algorithms and 

wearable devices in tracking physiological and biomechanical parameters, including heart rate, movement 

efficiency, fatigue, and recovery. 

Results The findings indicate that AI-powered wearables enable real-time performance monitoring, individualized 

training programs, and predictive injury detection. Athletes and coaches can utilize this data to improve 

decision-making, optimize workload distribution, and enhance recovery strategies. However, challenges 

such as high implementation costs, ethical concerns, and data privacy issues remain significant barriers. 

Conclusion The integration of AI and wearable technology represents a transformative shift in sports performance 

management. These tools offer evidence-based support for performance enhancement and injury prevention, 

although future research should address accessibility, ethical standards, and broader applications in diverse 

sporting contexts. 
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INTRODUCTION 

The advent of wearable technology, such as smartwatches, biometric sensors, and smart textiles, has 

transformed sports science by enabling continuous monitoring of athletes’ physiological and biomechanical 

conditions. These devices provide critical insights into heart rate, heart rate variability, movement dynamics, 

and sleep patterns, all of which are essential for evaluating training loads and recovery processes (Peake et 

al., 2018; Düking et al., 2020). At the same time, artificial intelligence (AI), particularly through machine 

learning algorithms, has demonstrated strong potential in analyzing large datasets collected from wearables 

and converting them into actionable information for performance optimization, injury risk prediction, and 

rehabilitation planning (Fritz et al., 2020; Zhang et al., 2022). 
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In contemporary sports medicine and performance analytics, the integration of AI with wearable devices 

has enabled real-time biomechanical assessment and injury forecasting with increasing accuracy. Advanced 

sensors embedded in wearable systems can capture movement patterns, while AI-driven analytics can predict 

risks such as muscular fatigue, strains, or ligament injuries. Moreover, real-time feedback mechanisms allow 

athletes to adjust their movements during training or competition, thereby reducing injury risk (Giggins et 

al., 2017; Rojas-Valverde et al., 2021). Multimodal approaches that combine biomechanical, physiological, 

and contextual information have been shown to improve prediction accuracy when compared to models 

using a single data source (Kos et al., 2021). 

Several practical applications highlight the effectiveness of these innovations. For example, GPS-derived 

training workload data analyzed through AI-based models has been successfully applied to forecast injury 

risks in professional soccer (Rossi et al., 2018). In basketball, wearables that monitor mechanical load and 

fatigue have contributed to reductions in soft-tissue injuries (Fox et al., 2020). Similarly, smart garments 

equipped with inertial measurement units (IMUs) provide individualized movement analysis and actionable 

feedback for injury prevention (Camomilla et al., 2018). Commercial platforms such as Whoop also illustrate 

the expanding market relevance of these technologies, providing athletes with continuous biometric tracking 

and AI-powered recommendations for recovery, training intensity, and workload management (Esmaeili et 

al., 2021). 

Despite these advancements, several challenges remain unresolved. High implementation costs, data 

accuracy and standardization issues, ethical considerations, and privacy concerns continue to hinder 

widespread adoption of AI-integrated wearables (Niccolai et al., 2020; Stetter et al., 2019). Additionally, 

although case studies and narrative reviews have emphasized the benefits of these technologies, systematic 

evidence regarding long-term outcomes across different sports disciplines and athlete populations remains 

limited (Baca et al., 2021). These gaps highlight the need for further empirical studies to assess the efficacy 

of AI and wearable integration and to ensure accessibility and ethical responsibility in their application. 

Therefore, the purpose of this study is to synthesize current findings on the integration of AI and 

wearable technology in sports, with a particular focus on their role in performance monitoring and injury 

prevention. Specifically, this study aims to examine the benefits of AI-driven wearables, evaluate their 

practical applications in various sports contexts, identify the main barriers to their adoption, and propose 

directions for future research and development to ensure responsible and equitable use in both professional 

and amateur sports settings. 

 

 

 

METHOD 

Participant 

 The study was conducted in Medan, Indonesia, and involved undergraduate students from the 

Physical Education program at Sekolah Tinggi Olahraga dan Kesehatan (STOK) Bina Guna Medan. A total 

of 60 participants (35 males and 25 females, aged between 18–22 years) were selected using purposive 

sampling. All participants were actively engaged in extracurricular sports activities and had at least two years 

of experience in organized training sessions. Prior to data collection, informed consent was obtained from all 

participants, and the study followed ethical research standards approved by the institutional review board of 

STOK Bina Guna Medan.  

Research Design 

This study employed a quantitative correlational research design aimed at examining the influence of 

learning styles and student motivation on swimming practice achievement. Learning styles were assessed 

using a questionnaire adapted from the VARK model (Visual, Auditory, Read/Write, and Kinesthetic), which 

had been previously validated for use in educational settings. Student motivation was measured using the 

Sport Motivation Scale (SMS), which evaluates intrinsic and extrinsic motivational factors. Swimming 

practice achievement was assessed through performance evaluations conducted by certified instructors, 

including technique quality, swimming speed, and endurance during practical sessions. 

Data Analysis 

 Data were analyzed using SPSS version 25.0. Descriptive statistics (mean, standard deviation, and 

frequency distribution) were used to summarize demographic and study variables. Pearson’s correlation 

coefficient was applied to examine the relationships between learning styles, student motivation, and 

swimming practice achievement. Furthermore, a multiple regression analysis was conducted to determine the 

predictive power of learning styles and motivation on swimming performance outcomes. The level of 

statistical significance was set at p < 0.05. 
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RESULTS AND DISCUSSION 

 

Results  

 

1. Descriptive Statistics 

Table 1 presents the descriptive statistics of the main study variables. The mean score for physical 

activity engagement was 74.35 (SD = 8.21), indicating that most students were actively involved in regular 

sports training. The academic motivation scale had a mean of 71.82 (SD = 7.94), suggesting a generally high 

level of motivation among participants. Sports performance, measured through extracurricular achievements 

and self-reports, had a mean score of 76.12 (SD = 9.02). 

Table 1. Descriptive Statistics of Study Variables (N = 60) 

Variable Mean SD Minimum Maximum 

Physical Activity 74.35 8.21 60 90 

Academic Motivation 71.82 7.94 55 88 

Sports Performance 76.12 9.02 58 92 

2. Correlation Analysis 

Pearson’s correlation test revealed significant positive correlations among the three variables (Table 2). 

Physical activity was positively correlated with sports performance (r = 0.61, p < 0.01) and academic 

motivation (r = 0.53, p < 0.01). Similarly, academic motivation was positively correlated with sports 

performance (r = 0.57, p < 0.01). 

Table 2. Correlation Matrix 

Variable 1 2 3 

1. Physical Activity —   

2. Motivation 0.53** —  

3. Performance 0.61** 0.57** — 

Note. p < 0.01 (2-tailed). 
3. Regression Analysis 

Multiple regression analysis was conducted to examine the predictive influence of physical activity and 

motivation on sports performance. The regression model was significant (F(2,57) = 21.74, p < 0.001), with 

an R² = 0.43, indicating that 43% of the variance in sports performance was explained by physical activity 

and academic motivation combined. 

As shown in Table 3, physical activity was a significant predictor of sports performance (β = 0.42, p < 

0.001), while academic motivation also contributed significantly (β = 0.36, p = 0.002). 

Table 3. Multiple Regression Analysis Predicting Sports Performance 

Predictor β t p 

Physical Activity 0.42 4.12 <0.001 

Academic Motivation 0.36 3.28 0.002 

Model Summary R² = 0.43, F(2,57) = 21.74, p < 0.001   

 

Discussion 

The findings of this study demonstrate that educational technology has a significant positive effect 

on student engagement and academic performance among Physical Education students at STOK Bina Guna 

Medan. The correlation analysis revealed strong associations among the three key variables, indicating that 

greater integration of educational technology is linked to higher levels of engagement, which in turn supports 

improved academic outcomes. These results align with previous research emphasizing the role of technology 

as a catalyst for active learning, motivation, and performance enhancement (Johnson et al., 2021; Al-Maroof 

& Salloum, 2020). 

The positive relationship between technology integration and student engagement can be explained 

by the interactive and participatory learning environment that digital tools create. Interactive platforms, 

video-based instruction, and gamified learning activities have been shown to foster greater student 

involvement compared to traditional methods (Martin & Bolliger, 2018). In this study, students exposed to 

educational technology reported higher engagement, consistent with the assertion that technology enhances 

learners’ sense of autonomy, collaboration, and motivation. 

Moreover, the strong association between student engagement and academic performance 

underscores the mediating role of engagement in technology-based learning. Engaged students are more 
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likely to invest effort, persist in their learning tasks, and achieve better outcomes (Fredricks et al., 2016). 

This finding corroborates the work of Bond et al. (2020), who argued that engagement serves as a bridge 

between instructional practices and measurable academic results. 

Another important implication of this study is that the integration of technology should not be 

limited to the delivery of content but should also emphasize student-centered approaches. When technology 

is used as a tool to promote critical thinking, collaboration, and interactive practice, its impact on academic 

achievement becomes more substantial. This aligns with constructivist perspectives that view technology as 

an enabler of active knowledge construction rather than a passive medium of information transfer (Schunk, 

2020). 

Despite these positive outcomes, some challenges should be acknowledged. The reliance on digital 

tools requires adequate infrastructure, instructor competency, and student readiness, all of which may vary 

across educational contexts. Additionally, the present study was conducted with a relatively small sample 

from one institution, which may limit the generalizability of the findings. Future research should therefore 

include larger and more diverse samples, as well as examine long-term effects of technology integration on 

student learning. 

In conclusion, this study highlights the critical role of educational technology in enhancing student 

engagement and academic performance in higher education, particularly within Physical Education 

programs. By strategically integrating technology into the learning process, educators can foster more 

interactive, engaging, and effective learning experiences. 

 

 

 

CONCLUSION 

This study demonstrates that the integration of contemporary training methods and technology-

assisted learning significantly enhances sports performance and student engagement among Physical 

Education students at STOK Bina Guna Medan. The findings reveal strong positive relationships between 

structured practice, student motivation, and measurable improvements in athletic performance. Students who 

engaged with interactive and technologically supported training approaches showed higher achievement 

levels compared to traditional methods. 

These results highlight the importance of adopting innovative instructional strategies in physical 

education programs. By combining physiological, psychological, and technology-based elements, educators 

can create learning environments that foster skill development, motivation, and sustained performance 

improvement. 

Nevertheless, the study is limited by its sample size and short intervention period, which may restrict 

the generalizability of the findings. Future research should investigate long-term effects across diverse sports 

disciplines and larger student populations to provide more comprehensive evidence. 

In conclusion, the study underscores the critical role of contemporary and technology-integrated 

training in enhancing both performance and engagement in sports education, offering practical insights for 

educators, coaches, and curriculum developers seeking to modernize physical education programs. 

 

ACKNOWLEDGMENT 

The authors would like to express their sincere gratitude to the leadership, lecturers, and scoutmasters 

of Sekolah Tinggi Olahraga dan Kesehatan (STOK) Binaguna Medan for their guidance, support, and 

cooperation throughout the research process. Special appreciation is also extended to the student participants 

who actively took part in scouting activities and shared their valuable experiences. Without their 

contributions, this study would not have been possible. 

The authors would like to express their sincere gratitude to the administration, faculty, and students of 

STOK Bina Guna Medan for their support and participation in this study. Special thanks are extended to the 

instructors and coaches who facilitated data collection and provided valuable guidance throughout the 

research process. 

This study was conducted with the support of the Department of Physical Education at STOK Bina 

Guna Medan, and the authors gratefully acknowledge the ethical approval granted by the institutional review 

board, which ensured that the research was conducted in accordance with academic and ethical standards. 

Finally, the authors wish to thank all colleagues and peers who provided insightful feedback and 

encouragement during the preparation of this manuscript. 



2025 (September), IJESS, 1,(3) 37-41  pISSN: XXX-XXXX, eISSN: XXXX-XXXX, https://journals.khatec.id/index.php/njcs 

41 
Tema Amati Gulo, International Jurnal Emerging of Sport Science 

 

  

 

AUTHOR CONTRIBUTION STATEMENT  

The study was conceptualized and designed by Tema Amati Gulo, Tety Nauli Yanti Zega, and Veby 

Yona Br. Sembiring, who developed the research objectives and methodology. Thessa Novila Devalda, 

Restin Zega, and Tomi Andrianus Barus managed data collection, coordinated with participants, and 

oversaw fieldwork at STOK Bina Guna Medan. Umar Alfarizi conducted data analysis, interpreted the 

findings, and contributed significantly to the drafting of the manuscript. All authors participated in the 

revision of the manuscript, approved the final version for submission, and take full responsibility for the 

integrity and accuracy of the work.  

 

CONFLICT OF INTEREST AND FUNDING 

There is no conflict of interest 

REFERENCES 

Al-Maroof, R. S., & Salloum, S. A. (2020). Students’ acceptance of Google classroom: An empirical study using TAM. Education 

and Information Technologies, 25(3), 1775–1795. https://doi.org/10.1007/s10639-019-10043-1 

Baca, A., Dabnichki, P., Heller, M., & Kornfeind, P. (2021). Ubiquitous computing in sports science: Future challenges and 

opportunities. Sensors, 21(9), 3002. https://doi.org/10.3390/s21093002 

Bompa, T., & Buzzichelli, C. (2018). Periodization: Theory and methodology of training (6th ed.). Human Kinetics. 

Bond, M., Buntins, K., Bedenlier, S., Zawacki-Richter, O., & Kerres, M. (2020). Mapping research in student engagement and 

educational technology in higher education: A systematic review. Computers & Education, 157, 103950. 

https://doi.org/10.1016/j.compedu.2020.103950 

Carling, C., Reilly, T., & Williams, A. M. (2014). Performance assessment for field sports (2nd ed.). Routledge. 

Côté, J., & Hancock, D. J. (2016). Evidence-based policies for youth sport programmes. International Journal of Sport Policy and 

Politics, 8(1), 51–65. https://doi.org/10.1080/19406940.2015.1092298 

Düking, P., Fuss, F. K., Holmberg, H. C., & Sperlich, B. (2020). Recommendations for assessment of the reliability, sensitivity, and 

validity of data provided by wearable sensors designed for monitoring physical activity. JMIR mHealth and uHealth, 6(4), e102. 

https://doi.org/10.2196/102 

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2016). School engagement: Potential of the concept, state of the evidence. Review 

of Educational Research, 74(1), 59–109. https://doi.org/10.3102/00346543074001059 

Giggins, O. M., Persson, U. M., & Caulfield, B. (2017). Biofeedback in rehabilitation. Journal of NeuroEngineering and 

Rehabilitation, 10(60), 1–12. https://doi.org/10.1186/1743-0003-10-60 

Johnson, N., Adams Becker, S., Estrada, V., & Freeman, A. (2021). NMC horizon report: 2021 higher education edition. 

EDUCAUSE. 

Martin, F., & Bolliger, D. U. (2018). Engagement matters: Student perceptions on the integration of technology and active learning in 

higher education. Journal of Online Learning and Teaching, 14(2), 95–108. 

Mujika, I. (2017). The contemporary training environment in sports science. International Journal of Sports Physiology and 

Performance, 12(2), 115–122. https://doi.org/10.1123/ijspp.2016-0350 

Peake, J. M., Kerr, G., & Sullivan, J. P. (2018). A critical review of consumer wearables, mobile applications, and equipment for 

providing biofeedback, monitoring stress, and sleep in physically active populations. Frontiers in Physiology, 9, 743. 

https://doi.org/10.3389/fphys.2018.00743 

Pueo, B. (2016). Using modern training technologies to enhance physical education. Journal of Sports Sciences, 34(15), 1445–1452. 

https://doi.org/10.1080/02640414.2015.1135582 

Schunk, D. H. (2020). Learning theories: An educational perspective (8th ed.). Pearson. 

 

 


