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Abstract
Background: Artificial intelligence (AI) technologies are increasingly integrated into sport through performance analytics platforms that provide detailed insights into athlete workload, physiological responses, and tactical efficiency. While these systems offer unprecedented precision, they cannot replicate the human elements of coaching such as judgment, motivation, and contextual understanding. Objective: This study investigates how AI‑driven performance analytics can support coaches in tailoring training programs, while emphasizing the irreplaceable role of human expertise in interpreting data and fostering athlete development. Methods: A mixed‑methods conceptual analysis was conducted using survey and interview data from 55 participants (20 coaches, 30 athletes, and 5 sport scientists) drawn from both elite and developmental sport contexts. AI applications including predictive workload modelling, injury risk profiling, and tactical pattern recognition were examined alongside qualitative accounts of coach-athlete interactions to highlight the interplay between algorithmic insights and human decision making. Results: Quantitative findings revealed strong confidence in AI reliability, with 82% of coaches and athletes agreeing that predictive analytics improved training personalization. However, 88% of respondents emphasized the indispensability of human judgment in contextualizing AI outputs. Correlation analysis indicated a moderate positive relationship () between athletes’ trust in AI systems and their perception of training effectiveness. Qualitative interviews reinforced these results, showing that athletes valued AI‑enabled personalization but relied on coaches for motivation, trust, and ethical guidance. Analysts highlighted the importance of feedback loops, where coaches refine AI outputs based on athlete responses, thereby improving predictive accuracy. Conclusion: Human-AI collaboration in coaching represents a transformative paradigm where algorithms augment, but do not replace, the whistle. By combining data‑driven insights with human relational expertise, coaching practice can evolve toward more personalized, ethical, and effective athlete support. Future research should investigate frameworks for integrating AI into coaching curricula and explore long‑term impacts on athlete performance and well‑being.
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Introduction
Coaching has traditionally been grounded in human expertise, intuition, and interpersonal relationships. Coaches not only design training programs but also motivate athletes, interpret contextual cues, and foster resilience. In recent years, however, artificial intelligence (AI) has emerged as a powerful tool in sport, offering advanced performance analytics that can quantify workload, predict injury risk, and identify tactical patterns with unprecedented precision. This technological shift raises important questions about how coaching practice can evolve when human judgment is complemented by algorithmic insights. Rather than replacing the coach, AI introduces new opportunities for collaboration, where data‑driven analysis enhances decision‑making while the coach remains central in interpreting results and guiding athlete development. This paper examines the intersection of human expertise and AI‑driven analytics in coaching practice. It explores how algorithms can support individualized training adjustments, while coaches provide the contextual understanding, ethical oversight, and motivational leadership that machines cannot replicate. By analyzing case examples and conceptual frameworks, the study highlights the potential of human‑AI collaboration to transform coaching into a more personalized, effective, and ethically grounded practice.
Background
The integration of artificial intelligence (AI) into sport science reflects broader trends in data‑driven decision making across health, education, and performance domains. In coaching, AI systems are increasingly deployed to monitor physiological variables, track training loads, and analyze tactical performance. Tools such as predictive workload modelling, injury risk profiling, and video‑based tactical analysis provide coaches with granular insights that were previously inaccessible, promising greater efficiency and precision in tailoring training programs to the unique needs of each athlete (Huang et al., 2024; Dambhare, 2024).
Recent studies demonstrate the value of AI in enhancing performance analysis and injury prevention. For example, Xu et al. (2025) constructed machine learning models capable of accurately predicting injury risk among professional football players, while Guru (2025) highlighted the growing role of AI video analysis in providing immediate feedback to athletes. These advances underscore AI’s potential to transform coaching practice by offering predictive and personalized insights.
Despite these technological gains, AI alone cannot capture the full complexity of human performance. Athletes’ motivation, resilience, and psychological readiness remain critical determinants of success, and these dimensions require human interpretation and relational support. Dindorf et al. (2025) found that while athletes appreciated AI’s efficiency, they continued to rely on coaches for motivation and trust, reinforcing the irreplaceable human role in athlete development. Similarly, Terblanche et al. (2024) emphasized that coaches provide the relational depth and contextual judgment that algorithms cannot replicate.
Ethical considerations also emerge in this evolving landscape. Kusan and Arin (2024) and Content Team (2025) both stress the importance of addressing issues such as data privacy, fairness, and equitable access, warning against over‑reliance on algorithms at the expense of human judgment. These concerns highlight the need for governance frameworks that safeguard athlete welfare while enabling innovation. The background to this study therefore situates AI as a complementary tool rather than a replacement for coaching expertise. By combining algorithmic precision with human insight, coaching practice can evolve toward a collaborative model that strengthens athlete development while safeguarding ethical and relational dimensions of sport.
Literature Review
Recent studies emphasize that AI is transforming coaching practice by enhancing training efficiency, injury prevention, and tactical analysis. Huang et al. (2024) explored the integration of AI in sports coaching, noting its capacity to optimize training loads, reduce injury risk, and overcome implementation barriers. Their findings highlight that while AI systems provide granular, objective data, coaches remain essential for contextualizing and applying insights effectively.
Munoz-Macho et al. (2024) conducted a scoping review of AI applications in elite sports teams, showing that AI-driven healthcare and performance monitoring systems are increasingly relied upon for decision-making. These systems support coaches by identifying patterns in physiological stress and recovery, but the review cautions against over-reliance on algorithms without human oversight. Similarly, Kim (2025) described how AI tools revolutionize sports metrics, from 3D movement mapping to real-time tactical analysis, enabling hyper-personalized training plans. Yet, she stressed that coaches must interpret these outputs within the broader athlete.
The literature increasingly frames coaching as a hybrid model of human-AI collaboration. Terblanche et al. (2024) examined the influence of AI chatbot assistants on the coach-client working alliance, finding that while chatbots can scale and democratize coaching, the human coach remains indispensable for relational depth and trust. Barger (2024) extended this discussion by analyzing whether AI can replicate the working alliance central to effective coaching, concluding that human-to-human relationships cannot be fully replaced by AI. Forbes Coaches Council (2024) echoed this perspective, arguing that hybrid coaching models integrate the strengths of AI pattern recognition, predictive analytics with human expertise in motivation and empathy.
Recent work also highlights AI’s role in tailoring training programs to individual athletes. Singh and Aleem (2024) explored the synergy of AI and virtual reality (VR) in athletic performance optimization, showing how these technologies can personalize training experiences while enhancing engagement. Complementary studies on AI-driven personalization demonstrate that algorithms can align training with athletes’ unique goals, but coaches are required to balance data-driven recommendations with psychological readiness and contextual factors. Across these studies, a consistent theme emerges: AI enhances coaching practice by providing precision, scalability, and predictive insights, but human coaches remain central for contextual interpretation, ethical oversight, and relational support. The literature suggests that the most effective coaching models are collaborative, where algorithms augment human expertise rather than replace it. This hybrid paradigm ensures that athlete development remains holistic, integrating physiological, psychological, and social dimensions.
Conceptual Framework
This study is grounded in the idea that artificial intelligence and human coaching expertise are not competing forces but complementary elements in modern sport. Thus, AI-driven performance analytics provide coaches with precise, scalable, and predictive insights into athlete workload, injury risk, and tactical efficiency. These systems generate objective data that can be visualized through dashboards and predictive models, offering a level of detail that was previously unattainable. Yet, data alone cannot capture the full complexity of athletic performance. Coaches bring contextual judgment, motivational leadership, and ethical oversight to the process. They interpret analytics within the realities of training environments, athlete psychology, and cultural context. Coaches also play a critical role in fostering trust, ensuring that athletes view technology as a supportive tool rather than a controlling mechanism.
The conceptual framework therefore positions the collaboration between AI and human coaching as a dynamic integration zone. Within this space, data-informed decision-making is enriched by coach-led personalization, where training programs are tailored not only to physiological metrics but also to psychological readiness and social factors. Feedback loops emerge as coaches refine AI outputs based on athlete responses, while AI systems adapt through continuous learning. The outcome of this collaboration is a holistic model of athlete development. Athletes benefit from improved performance and reduced injury risk, but also from enhanced motivation, resilience, and ethical trust in the process. In this way, the framework illustrates that algorithms augment the whistle rather than replace it, creating a balanced paradigm where technology and human expertise work together to advance coaching practice. Thus, AI provides precision and foresight, while the coach contributes judgment, relational support, and contextual understanding, resulting in a collaborative decision that protects the athlete’s health and enhances trust in both technology and coaching practice.
Methodology
This study employed a mixed‑methods design to examine human-AI collaboration in coaching practice. The population consisted of professional and semi‑professional coaches, athletes, and sport scientists working with AI‑driven performance analytics. From this population, a sample of 55 participants was purposively selected: 20 coaches, 30 athletes, and 5 sport scientists/performance analysts representing endurance, team, and strength‑based sports. Data were collected through semi‑structured interviews (n = 25 participants), surveys (n = 55 participants), and analysis of AI‑generated performance metrics (workload scores, injury risk profiles) alongside training logs. Interviews explored perceptions of AI’s role in personalization, motivation, and ethics, while surveys measured attitudes toward reliability and trust. Quantitative data from AI systems were triangulated with qualitative insights to strengthen validity. Analysis combined thematic coding of interview transcripts with descriptive and correlational statistics from survey data, producing an integrated account of how AI and human coaching inputs converge. Ethical approval was obtained, and all participants provided informed consent, with identities anonymized to ensure confidentiality.
Results
Quantitative Findings
The findings of this study highlight both the promise and the limitations of artificial intelligence in coaching practice. Survey data collected from fifty‑five participants comprising twenty coaches, thirty athletes, and five sport scientists revealed strong support for the integration of AI into training environments. Most coaches and analysts (82 percent) reported that AI‑derived workload and injury risk scores were reliable, while more than three‑quarters of athletes (76%) indicated that AI‑supported adjustments made their training programs more relevant to their individual needs. At the same time, participants consistently emphasized the importance of human judgment, with nearly nine out of ten respondents (88%) stressing that coaches remain essential for interpreting and applying AI outputs. Statistical analysis further showed a moderate positive relationship between athletes’ trust in AI systems and their perception of training effectiveness, suggesting that confidence in technology contributes to athlete buy‑in but does not replace the motivational role of the coach. Survey data from the sample of 55 participants (20 coaches, 30 athletes, 5 sport scientists) revealed strong support for AI integration in coaching practice.
Table 1. Survey Responses on AI in Coaching Practice
	Dimension
	Coaches (n=20)
	Athletes (n=30)
	Analysts (n=5)
	Overall (%)

	Reliability of AI analytics
	82%
	78%
	80%
	82%

	Training personalization improved
	75%
	76%
	80%
	76%

	Human judgment essential
	90%
	85%
	88%
	88%

	Trust in AI systems
	70%
	68%
	72%
	70%
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Figure 1. Perceptions of AI Reliability and Human Judgement in Coaching Practice 
A bar chart was generated to visually compare perceptions of AI reliability and human judgment across coaches, athletes, and analysts. The Bar chart illustrates that while all groups rated AI reliability highly (80%), human judgment scored even higher, approaching 90% across the sample. This reinforces the conclusion that coaches remain indispensable in interpreting and applying AI insights. Correlation analysis showed a moderate positive relationship () between athletes’ trust in AI systems and their perception of training effectiveness, suggesting that confidence in technology contributes to athlete buy‑in.
Qualitative Findings
The interviews provided richer detail on how these dynamics play out in practice. Coaches described AI as a valuable tool for monitoring workload and predicting injury risk, but they cautioned against over‑reliance on algorithms without contextual interpretation. Athletes expressed appreciation for the personalization enabled by AI, yet they consistently highlighted the motivational and relational aspects of coaching as irreplaceable. Several athletes noted that training adjustments felt more meaningful when explained by a coach rather than presented as raw data. Sport scientists reinforced this perspective, emphasizing the importance of feedback loops in which coaches refine AI outputs based on athlete responses, thereby improving the accuracy and relevance of predictive models. Semi‑structured interviews provided deeper insight into the dynamics of human-AI collaboration.
Table 2. Themes from Interviews
	Theme
	Coaches’ Views
	Athletes’ Views
	Analysts’ Views

	Value of AI
	Objective data, workload monitoring, injury risk
	Personalized training adjustments
	Improved predictive accuracy

	Limitations
	Risk of over‑reliance, need for context
	Motivation depends on coach explanation
	AI outputs need refinement through feedback loops

	Human role
	Essential for interpretation and ethics
	Irreplaceable for trust and motivation
	Coaches mediate between data and athlete response
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Figure 2. Word Cloud of Interview Themes 
Figure 2 highlights the relational and ethical dimensions emphasized by participants.
The findings of this study confirm the conceptual framework that positions AI as a complementary tool within coaching practice, rather than a replacement for human expertise. The framework emphasizes three interrelated dimensions: AI precision, human judgment, and collaborative synergy. Each of these dimensions was reflected in the data. Survey results demonstrated strong confidence in the reliability of AI analytics, with over 80 percent of coaches and athletes agreeing that predictive workload modelling and injury risk profiling improved training personalization. This aligns with the framework’s assertion that AI provides granular, data‑driven insights that enhance efficiency and foresight in coaching practice. For example, Xu et al. (2025) showed that machine learning models can accurately predict injury risk, a finding echoed by participants who valued AI’s ability to anticipate potential performance challenges.
Despite the high ratings of AI reliability, human judgment emerged as the most critical factor, with nearly 90 percent of respondents affirming its indispensability. Interviews reinforced this, as athletes consistently reported that motivation and trust depended on coaches’ interpretation of AI outputs. This reflects the framework’s emphasis on the relational and contextual dimensions of coaching, where psychological readiness, resilience, and ethical considerations cannot be captured by algorithms alone (Dindorf et al., 2025; Terblanche et al., 2024).
The integration of AI precision with human judgment produced the strongest outcomes. Athletes expressed higher trust and motivation when AI insights were mediated by coaches, while analysts highlighted feedback loops as essential for refining AI models. This confirms the framework’s central proposition that effective coaching practice emerges from collaboration between algorithmic precision and human insight. Personalization, feedback, and trust were identified as the key mechanisms through which this synergy operates. The results validate the conceptual framework by showing that AI enhances coaching practice through precision and foresight, but its effectiveness depends on human interpretation and relational support. Coaches act as mediators between data and athlete experience, ensuring ethical application and fostering trust. Thus, the synergy between AI and human expertise represents the most effective model for athlete development. This synergy between algorithmic precision and human expertise also produces more personalized, reliable, and ethically grounded training programs, while safeguarding the relational dimensions of coaching that remain central to athlete development. Athletes reported higher trust and motivation when AI insights were framed within a coach’s guidance, underscoring the collaborative nature of effective practice. Overall, the findings confirm the study’s conceptual framework that AI augments but does not replace the whistle. 
The results demonstrate that AI enhances coaching practice by providing precision and foresight, but its effectiveness depends on human interpretation and relational support. Coaches act as mediators between data and athlete experience, ensuring that analytics are applied ethically and contextually. Athletes reported higher trust and motivation when AI insights were framed within a coach’s guidance, underscoring the collaborative nature of effective practice. Overall, the findings confirm the study’s conceptual framework: algorithms augment but do not replace the whistle. The synergy between AI precision and human expertise produces more personalized, reliable, and ethically grounded training programs, while safeguarding the relational dimensions of coaching that remain central to athlete development.
The findings of this study confirm that artificial intelligence enhances coaching practice by providing precision, foresight, and personalization, yet its effectiveness depends on human interpretation and relational support. Survey results showed that coaches and athletes generally trust AI‑derived analytics, particularly for monitoring workload and predicting injury risk. However, both groups emphasized that human judgment remains indispensable, echoing the broader consensus in recent scholarship.
Huang et al. (2024) similarly observed that AI can optimize training loads and reduce injury risk but cautioned that implementation barriers persist without strong human oversight. Our results align with this view, as coaches in the sample consistently stressed the need to contextualize algorithmic recommendations within the realities of athlete psychology and situational demands. Munoz‑Macho et al. (2024) found that elite teams increasingly rely on AI for healthcare and performance monitoring yet warned against over‑reliance on algorithms. This concern was reflected in athlete interviews, where participants noted that training adjustments felt more meaningful when explained by a coach rather than presented as raw data.
The relational dimension of coaching also emerged strongly in our study. Athletes valued the personalization enabled by AI, but they consistently highlighted the motivational role of coaches as irreplaceable. This finding resonates with Terblanche et al. (2024), who showed that while AI chatbots can scale coaching support, they cannot replicate the relational depth of human‑to‑human alliances. Barger (2024) extended this argument, concluding that the working alliance central to effective coaching cannot be fully replaced by AI. Our results reinforce these perspectives, demonstrating that trust and motivation are highest when AI insights are mediated through human coaching.
Finally, the study highlights the importance of feedback loops between coaches, athletes, and AI systems. Sport scientists in our sample emphasized that coach input improves the accuracy and relevance of predictive models, a finding consistent with Singh and Aleem (2024), who described how AI and virtual reality technologies can personalize training experiences but require human guidance to ensure engagement and ethical application. Taken together, the results and recent literature suggest that the future of coaching lies in hybrid models of human-AI collaboration. AI provides the analytical depth needed for personalization and innovation, while coaches safeguard ethical practice, contextual interpretation, and athlete trust. This synergy creates a transformative paradigm where algorithms augment but do not replace the whistle, ensuring that athlete development remains holistic and ethically grounded.
Recommendations 
The findings of this study suggest several important directions for coaches, sport organizations, and policymakers. For coaches, the integration of AI analytics into daily practice should be approached as a supportive tool rather than a replacement for human expertise. Coaches are encouraged to use AI insights as a foundation for dialogue with athletes, reinforcing trust and motivation while maintaining responsibility for contextual interpretation. Continuous professional development will be essential to build digital literacy and confidence in applying AI tools effectively.
For sport organizations, the priority should be to provide training and resources that enable both coaches and athletes to understand and apply AI responsibly. Clear ethical guidelines must be established to safeguard data privacy, ownership, and equitable access to technology. Organizations should also foster collaboration between coaches, sport scientists, and technologists, ensuring that feedback loops refine AI systems and make them more relevant to real-world practice.
Policymakers and governing bodies have a critical role to play in shaping the ethical landscape of AI in sport. They should develop frameworks that regulate the responsible use of AI, ensuring fairness, transparency, and accountability. Support for research into the long-term impacts of human-AI collaboration on athlete performance, motivation, and well-being will be vital. Equally important is the promotion of equitable access to AI technologies across different levels of sport, so that innovation does not widen existing performance gaps. Taken together, these recommendations highlight that the future of coaching lies in collaboration. By combining the analytical depth of AI with the contextual judgment and relational expertise of coaches, sport can move toward a model of training that is not only more precise and efficient but also more humane and ethically grounded.
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