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Abstract:

The purpose of this study was to develop a model of artificial intelligence functions for empowering coaches to optimize the performance of
elite track and field athletes. This study was applied in terms of purpose and exploratory in nature, using a qualitative grounded theory
approach based on Glaser’s emergent methodology. The statistical population consisted of university experts in sports management,
specialists in artificial intelligence, and professionals with experience in elite sports. Purposeful sampling was employed, and semi-structured
interviews were conducted with 20 experts until theoretical saturation was achieved. Data analysis was carried out simultaneously with data
collection through open, axial, and selective coding procedures. MaxQDA software was used to organize and analyze qualitative data. Finally,
a conceptual network of antecedents and consequences related to the use of artificial intelligence in coach empowerment and athlete
performance optimization was extracted, and the final research model was developed. The findings demonstrated that the antecedents of
using artificial intelligence could be categorized into 96 open codes, 8 axial codes, and one selective code. The most important dimensions
included technological and infrastructural readiness, coaches’ technological literacy, organizational support, athletes’ psychological
acceptance, competitive demands, specialized Al functions, cognitive empowerment of coaches, and multidimensional performance
optimization of athletes. Furthermore, the consequences of Al utilization were identified through 69 open codes and 8 axial codes, including
professional empowerment of coaches, improvement in training design and control, enhancement of technical and physiological performance,
injury reduction, improved coach—athlete interaction, increased motivation and psychological readiness, better sports management, and
development of sustainable international competitive advantage. Structural model analysis also confirmed a significant relationship between
Al functions and outcomes (T=16.763). The results indicated that artificial intelligence can function as a transformative tool in elite sports
coaching by enhancing data-driven analysis, personalizing training programs, predicting injuries, and improving scientific decision-making.
The systematic implementation of intelligent technologies can significantly empower coaches, optimize elite athletes’ performance, and
contribute to the international advancement and sustainable competitive advantage of track and field sports.
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Extended Summary

Introduction

Artificial intelligence (Al) has emerged as one of the most transformative technologies of the Fourth Industrial Revolution
and has significantly influenced multiple scientific and professional domains, including sport sciences. Al refers to a set of
computational technologies capable of simulating or augmenting human intelligence through data processing, pattern
recognition, predictive analytics, and adaptive learning systems (Svensson, 2024). In recent years, the rapid advancement of
machine learning, wearable technologies, biomechanical analytics, and intelligent monitoring systems has created new
opportunities for optimizing athletic performance and empowering coaches in elite sports environments (Souaifi et al., 2025).
The integration of Al into sports has fundamentally changed traditional approaches to coaching, performance analysis, training
design, and injury prevention.

O

Copyright: © 2027 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.



http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

J%JW}AW}E}&;}}AT4Q){'M

Elite athletics, particularly track and field, is among the most data-sensitive sport disciplines because even minimal
differences in performance can determine competitive success or failure. Consequently, coaches increasingly require precise
analytical tools capable of evaluating biomechanical, physiological, and psychological variables in real time (Mohammadi et
al., 2025). Al technologies provide coaches with the ability to analyze complex datasets, identify hidden performance patterns,
and generate evidence-based decisions that improve athlete preparation and competition outcomes (Nasiri et al., 2025). This
transition from intuition-based coaching to data-driven coaching represents a major paradigm shift in modern sport sciences.

One of the most significant applications of Al in sport involves biomechanical and movement analysis. Intelligent motion-
tracking systems, wearable sensors, and Al-assisted video analytics allow coaches to monitor movement efficiency, evaluate
technical execution, and detect performance deficiencies with unprecedented precision (Souaifi et al., 2025). Previous studies
demonstrated that Al-supported biomechanical analysis improves movement quality, enhances athletic efficiency, and reduces
injury risks in various sport domains (Barbosa et al., 2023; Millour et al., 2023). Similarly, research on trunk motion and
anterior cruciate ligament injuries highlighted the role of Al-driven analysis in detecting risky movement patterns and
preventing severe sport injuries (Song et al., 2023). These findings indicate that Al functions not merely as a performance
analysis tool but also as a preventive and strategic technology in elite sports.

Another important capability of Al concerns the personalization of training programs. Traditional training methods often
rely on generalized protocols that inadequately address individual differences among athletes. Al-based systems, however, can
analyze physiological responses, biomechanical characteristics, recovery indicators, and psychological conditions to design
individualized training programs tailored to each athlete’s needs (Liu & Zhu, 2022). Such individualized approaches
significantly improve training effectiveness, optimize recovery, and enhance long-term athletic development (Peake et al.,
2018). Furthermore, Al technologies have been increasingly used in talent identification and performance prediction processes,
helping coaches and sport organizations recognize athletic potential more accurately (Haj Lotfalian et al., 2024; Nikoui et al.,
2024).

Al also plays a critical role in empowering coaches professionally and cognitively. Coaching in elite sport requires
continuous decision-making under conditions of uncertainty, pressure, and multidimensional complexity. Al-assisted systems
support coaches by transforming raw data into meaningful analytical insights, thereby improving evidence-based decision-
making and strategic planning (Jones et al., 2021). Studies have shown that coaches using intelligent technologies demonstrate
greater confidence in training decisions, enhanced analytical thinking, and improved coaching effectiveness (Hosseini & Rezaei,
2025). In addition, Al can facilitate continuous professional development by enabling coaches to evaluate training outcomes,
analyze athlete responses, and refine coaching strategies systematically.

The implementation of Al in sports has also contributed to improved athlete—coach interaction and psychological readiness.
Data-driven feedback systems increase transparency in coaching decisions and strengthen athletes’ trust in the training process
(Pietraszewski et al., 2025). Intelligent monitoring systems can enhance athlete motivation, reduce performance anxiety, and
improve mental focus by providing objective performance indicators and personalized progress evaluations (Hongxin et al.,
2024). Consequently, Al contributes not only to physical and technical performance but also to the psychological and
interpersonal dimensions of elite sport.

Despite these advantages, implementing Al in sport systems remains associated with several challenges, including

technological complexity, infrastructure limitations, ethical concerns, data privacy issues, and insufficient digital literacy
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among coaches and sport managers (Huang & You, 2023). In many sport organizations, especially in developing contexts, the
lack of adequate technological infrastructure and specialized knowledge restricts the effective integration of Al technologies
into coaching processes (Tohidi, 2024). Therefore, understanding the antecedents and consequences of Al implementation in
elite athletics is essential for developing comprehensive models capable of guiding future sport policies and coaching strategies.

Accordingly, the present study aimed to develop a model of artificial intelligence functions for empowering coaches and
optimizing the performance of elite track and field athletes.

Methods and Materials

This study was applied in purpose and exploratory in nature and was conducted using a qualitative research approach based
on Glaser’s emergent grounded theory methodology. The research focused on identifying the antecedents and consequences of
artificial intelligence functions in empowering coaches and optimizing the performance of elite track and field athletes.

The statistical population consisted of two groups: academic experts in sport management and specialists with professional
experience in artificial intelligence and elite sports. Participants were selected through purposive sampling using accessibility
and expertise criteria. Inclusion criteria included at least five years of professional experience in sport management or coaching,
familiarity with Al technologies in sports, and possession of at least a master’s or doctoral degree.

Semi-structured interviews were conducted with 20 experts. Interviews continued until theoretical saturation was achieved,
meaning no new concepts or categories emerged from additional interviews. Data collection and analysis occurred
simultaneously. Interview transcripts were coded through open, axial, and selective coding procedures. MaxQDA software was
used for organizing, categorizing, and analyzing qualitative data.

The analytical process involved identifying primary concepts, grouping similar codes into categories, and establishing
relationships among emerging themes. Ultimately, a grounded conceptual model explaining the functions of Al in coach
empowerment and elite athlete performance optimization was developed.

Findings

The findings revealed that the antecedents of Al implementation in empowering coaches and optimizing elite track and field
performance could be categorized into 96 open codes, eight axial categories, and one selective category.

The first major category involved technological and infrastructural readiness, including access to wearable devices,
biomechanical analysis software, motion sensors, GPS systems, intelligent monitoring tools, and real-time data processing
systems. Experts emphasized that technological infrastructure constitutes the foundation for successful Al implementation in
athletics.

The second category concerned coaches’ technological literacy and analytical competence. This dimension included digital
literacy, familiarity with Al concepts, ability to interpret analytical outputs, evidence-based decision-making skills, and positive
attitudes toward technological innovation. The findings showed that coaches with higher technological competence were more
capable of integrating Al into training processes effectively.

The third category related to organizational and strategic support within athletics systems. This included federation support,
digital transformation policies, financial investment in Al technologies, establishment of data analysis units, collaboration
between universities and sport organizations, and innovation-oriented organizational cultures.

The fourth category addressed athletes’ psychological and behavioral acceptance of Al-based systems. This dimension
involved trust in data-driven analysis, acceptance of Al-assisted training programs, willingness to participate in data collection

processes, and commitment to individualized training programs.
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The fifth category focused on the competitive and performance-related demands of elite athletics. Findings showed that
international competition pressure, the necessity of optimizing training loads, injury prevention requirements, and the need for
rapid decision-making increased the importance of Al technologies in athletics.

The sixth category involved specialized Al functions in athletics training, including movement analysis, fatigue prediction,
injury risk assessment, individualized training prescription, recovery monitoring, competition simulation, and physiological
response analysis.

The seventh category referred to the cognitive and professional empowerment of coaches. Results demonstrated that Al
technologies improved analytical thinking, reduced human error, enhanced evidence-based decision-making, increased
professional confidence, and strengthened coaching effectiveness.

Finally, the eighth category concerned multidimensional optimization of athlete performance. This included improved
individual records, enhanced movement efficiency, better recovery management, reduced injury rates, increased performance
consistency, and greater likelihood of international success.

Regarding the consequences of Al implementation, findings identified 69 open codes and eight axial categories. These
categories included cognitive empowerment of coaches, improved training design and monitoring, enhanced technical and
physiological performance, reduced injury incidence, improved athlete—coach interaction, greater psychological readiness and
motivation, improved sport management, and sustainable international competitive advantage.

Structural analysis further demonstrated a significant relationship between Al functions and performance outcomes,
indicating that systematic Al implementation positively influences both coaching processes and athlete development.

Discussion and Conclusion

The findings of the present study indicate that artificial intelligence has evolved into a multidimensional and transformative
component within elite athletics. Al no longer functions merely as a supplementary technological tool but rather as a strategic
mechanism capable of reshaping coaching methodologies, athlete preparation systems, and performance management
structures.

One of the central findings concerned the importance of technological infrastructure in Al implementation. Elite athletics
increasingly depends on precise biomechanical, physiological, and performance-related data, making wearable devices, motion
analysis systems, and intelligent monitoring technologies essential components of modern coaching systems. The findings
suggest that without adequate technological infrastructure, the effectiveness of Al-driven coaching approaches remains limited.

Another important finding involved the critical role of coaches’ technological literacy. Coaches capable of interpreting
analytical outputs and integrating data-driven insights into training processes demonstrated greater decision-making accuracy
and professional confidence. This finding reflects the ongoing transition from intuition-based coaching toward evidence-based
coaching models in elite sport environments.

The study also highlighted the significant contribution of Al to individualized training design. By analyzing athletes’
physiological responses, biomechanical characteristics, and recovery patterns, Al systems enable coaches to develop
personalized training programs that maximize performance efficiency while minimizing injury risk. Such individualized
approaches represent one of the most important advantages of Al implementation in elite athletics.

Injury prevention emerged as another major consequence of Al integration. Intelligent systems capable of predicting fatigue

accumulation, monitoring biomechanical asymmetries, and identifying risky movement patterns provide coaches with
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opportunities to intervene before severe injuries occur. This preventive capability is particularly valuable in elite athletics,
where injuries can significantly disrupt long-term performance development.

The findings further demonstrated that Al contributes positively to athlete—coach interaction and psychological readiness.
Data-driven transparency enhances athletes’ trust in coaching decisions and increases their motivation, engagement, and
commitment to training programs. Moreover, Al-assisted feedback systems improve athletes’ understanding of their own
performance patterns and progress trajectories.

At the organizational level, the findings suggest that Al can improve strategic decision-making, talent identification
processes, and overall sport management efficiency. Countries and sport organizations capable of integrating intelligent
technologies systematically may gain sustainable competitive advantages in international athletics competitions.

Overall, the study concludes that artificial intelligence possesses substantial transformative potential in elite athletics
coaching and performance optimization. Through advanced data analysis, individualized training prescription, injury
prediction, and evidence-based decision-making, Al can significantly empower coaches and enhance the performance of elite
track and field athletes. The development of systematic and scientifically grounded Al frameworks may therefore contribute to

sustainable advancement in elite sport systems and international athletic success.
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