
 

13 XI November 2025

https://doi.org/10.22214/ijraset.2025.75381



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XI Nov 2025- Available at www.ijraset.com 
     

 
1615 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

A Comprehensive Review on the Future of 
Artificial Intelligence in Sports 

 
Dr. Goldi Soni1, Suryans2, Prashant Banjare3 

1Assistant Professor, 2, 3B Tech Computer Science and Technology, Amity School of Engineering and Technology, Amity University 
Chhattisgarh 

 
Abstract: Artificial intelligence (AI) and its subfields, machine learning (ML) and deep learning (DL), are catalyzing a profound 
revolution within the global sports industry. This paper presents a comprehensive synthesis of the current landscape of AI in 
sports, examining its diverse applications, the technologies driving its integration, and the critical challenges impeding its full-
scale adoption. Based on a wide-ranging analysis of contemporary research, this paper identifies several key domains where AI 
is demonstrating a significant and disruptive impact. In performance analysis and athlete training, deep learning models such as 
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) are increasingly deployed to analyze complex, 
high-speed motion, optimize team tactics, and develop personalized coaching programs. This data-driven approach is largely 
powered by an ecosystem of advanced sensors, including wearable technologies and self-powered triboelectric nanogenerators 
(TENGs), which provide the continuous stream of real-time biomechanical and physiological data required for robust modeling. 
A second critical application is sports medicine, where AI is used for injury prevention and rehabilitation. By processing diverse 
datasets—including player workloads, biomechanical data, and injury histories—algorithms can accurately identify injury risks 
and optimize recovery protocols, moving the field toward a more predictive and personalized standard of care. Beyond 
performance, AI is also reshaping officiating through high-speed video review systems, enhancing decision-making accuracy 
and efficiency. Furthermore, AI is impacting sports marketing, physical education, and fan engagement by personalizing 
content, evaluating teaching quality, and tailoring content to consumer attitudes. Despite this transformative potential, 
significant barriers persist. This review highlights crucial challenges including data quality, summarized by the "garbage in, 
garbage out" principle, as poor or biased data leads to unreliable predictions. Moreover, perceptual, logistical, and ethical 
concerns are widespread. Stakeholders, from students to professional communicators, express ambivalence—recognizing AI's 
utility for efficiency while fearing job displacement, plagiarism, and data privacy violations. The high cost and technical 
limitations, such as sensor accuracy and computational load, also limit accessibility, particularly in amateur sports. This paper 
concludes that AI is a powerful and emergent force, but its future in sports will depend on solving these technical and data-
related issues and, most importantly, on developing hybrid models that integrate machine intelligence with irreplaceable human 
oversight. 
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I. INTRODUCTION 
The sports industry is in the midst of a profound data-driven transformation, propelled by the rapid integration of artificial 
intelligence (AI), machine learning (ML), and deep learning (DL) (Jain, 2025; Ji et al., 2025; Zhao et al., 2023). This technological 
revolution is moving the field into an era of "digital intelligence" (Wang et al., 2025), where complex data is harnessed to optimize 
every facet of the industry, from elite athletic performance and injury prevention to fan engagement and sports marketing (Kostov, 
2025; Toto, 2022). AI's ability to analyze vast and complex datasets—gleaned from video, wearable sensors, and health records—
offers unprecedented insights that are beginning to revolutionize traditional coaching, sports medicine, and management strategies 
(Guan et al., 2025; Jain, 2025). This paper will synthesize the current applications of AI across the sports landscape, exploring the 
specific deep learning models and technologies being deployed, while also critically examining the significant human, perceptual, 
and data-quality challenges that must be addressed to realize a truly "intelligent sports" paradigm (Ji et al., 2025; Wang et al., 2025). 
 
A. Optimizing Athlete Performance and Skill Development 
One of the most significant impacts of AI has been in the domain of athlete training and performance analysis (Kostov, 2025; Toto, 
2022).  
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Deep learning models, particularly Convolutional Neural Networks (CNNs) and transformer models, are now being leveraged to 
perform complex action recognition from video data, allowing for the tactical analysis of entire teams and the granular refinement of 
an individual's technique (Ma, Zhang, & Liang, 2025; Zhao et al., 2023; Zou, 2025). This technology enables the creation of highly 
personalized training programs, moving beyond a "one-size-fits-all" approach (Ghazi, Abdeen, &KzarAltaie, 2025; Jain, 2025). 
Data from wearable technology, such as GPS devices, biomechanical motion trackers, and even self-powered triboelectric 
nanogenerators (TENGs), provides a continuous stream of real-time data on athlete physiology and movement (Dudek et al., 2025; 
Espinosa, Mears, Stamm, Ohgi, & Coniglio, 2025; Ji et al., 2025; Wang et al., 2025). AI algorithms process this data to provide 
coaches with actionable insights, helping to optimize training loads and enhance "technique accuracy" and "movement efficiency" 
(Ghazi, Abdeen, &KzarAltaie, 2025; Liao & Fu, 2025). 
 
B. Advancements in Sports Medicine and Injury Prevention 
Parallel to performance enhancement, AI is making critical strides in sports medicine, specifically in injury prevention and 
rehabilitation (Dhahbi, 2025; Guan et al., 2025). Machine learning models are proving to be highly effective at predicting injury risk 
by analyzing complex, interacting variables—including player workload, fatigue levels, biomechanical data, and previous injury 
histories—that traditional statistical analysis struggles to model (Dudek et al., 2025; Hiemstra, 2025; Jain, 2025). This predictive 
capability allows medical staff to "mitigate injury risks" (Dhahbi, 2025) through proactive interventions, such as adjusting training 
or scheduling rest. Furthermore, AI-driven systems, including intelligent bands and virtual reality (VR) environments, are used to 
monitor muscular fatigue and provide real-time feedback during training to prevent injury (Ghazi, Abdeen, &KzarAltaie, 2025), as 
well as to "optimize athlete rehabilitation" (Dhahbi, 2025; Guan et al., 2025; Zou, 2025). 
 
C. Redefining the Broader Sports Ecosystem 
The impact of AI extends far beyond the athlete to reshape the entire sports ecosystem. In officiating, AI-assisted video review 
systems are being tested in major competitions to enhance the accuracy and, most notably, the efficiency of judging, significantly 
reducing review times (Zhang, Qu, & Girard, 2025). In the business and communication sectors, AI is used to generate sports 
marketing content, analyze consumer attitudes, and personalize fan engagement, with the ultimate goal of increasing "purchase 
intent" (Pashaie&Nasirpour, 2025; Kostov, 2025). AI is also entering the classroom, where it is used to innovate physical education 
(PE) by providing personalized learning loops for students and evaluating teaching quality (Cui et al., 2025; Gao, 2025; Han & 
Wan, 2025). Moreover, digital technologies, including AI, are being leveraged to analyze social media discussions and promote 
"environmental sustainability" within the sports sector (Mehra et al., 2025). 
 
D. The Human-Technology Interface: Adoption, Perceptions, and Challenges 
Despite the vast potential of AI, its integration is not without significant friction and challenges. Research on the perceptions of 
stakeholders, from university students to professional communicators, reveals an "ambivalent situation" (Krämer et al., 2025). 
While users are "optimistic about AI's usefulness" (Barnhart, 2025) for improving efficiency (Millington et al., 2025), this is met 
with "significant concerns about plagiarism" (Krämer et al., 2025), "disinformation" (Barnhart, 2025), job security (Barnhart, 2025; 
Millington et al., 2025), and data privacy (Dudek et al., 2025). This apprehension is compounded by a perceived skills gap and "low 
adoption rate" (Barnhart, 2025), which many studies attribute to a "lack of familiarity" (Barnhart, 2025) and the low perceived AI 
competencies of educators and managers (Krämer et al., 2025). Most critically, the efficacy of any AI system is "entirely dependent 
on the data input" (Hiemstra, 2025). This "garbage in, garbage out" principle highlights that poor-quality or biased data will lead to 
unreliable predictions, a major limitation in fields like sports medicine where data classification can be subjective (Hiemstra, 2025). 
Consequently, the most viable path forward appears to be a "hybrid model" (Zhang, Qu, & Girard, 2025) that combines the 
computational power of AI with the essential context and ethical judgment of "irreplaceable human oversight" (Zhang, Qu, & 
Girard, 2025). 
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Fig no. 1 Mind maps of AI in Sports 

 
II. LITERATURE REVIEW 

The integration of artificial intelligence (AI) is poised to create an "AI-driven revolution" in orthopedics and sports medicine (Guan 
et al., 2025). This revolution is multifaceted, extending from clinical diagnostics to on-field performance and public services. In the 
medical domain, AI is being leveraged to optimize athlete care, particularly in sports injury prevention and rehabilitation, where 
deep learning models like Recurrent Neural Networks (RNNs) can analyze diverse datasets, including biomechanics and injury 
histories, to achieve high accuracy in identifying injury risks (Zou, 2025). This aligns with a broader trend of using AI to develop 
precision diagnostics, assist in treatment, and monitor rehabilitation (Guan et al., 2025). Beyond medicine, the "promise" of AI in 
sport is defined by its capacity for supercharged data parsing, precision, personalization, and prediction (Millington et al., 2025). 
This potential for optimization is also being applied to public sports services, where supervised learning models are used to analyze 
service data and improve overall quality and decision-making (Yan, 2025). However, the adoption of these powerful tools is not 
purely a technical matter. The human and sociological dimensions are critical, as the integration of AI is creating an "ambivalent 
situation" among the next generation of sports professionals. A recent survey of sports students in Germany highlights this tension: 
while students are eager to use AI to save time and improve academic performance, they also harbor significant concerns about 
misinformation, plagiarism, and the perceived low AI competency of their lecturers, underscoring an urgent need for educational 
strategies to manage AI's disruptive potential (Krämer et al., 2025). 
The application of artificial intelligence in sports is rapidly expanding, encompassing technical, educational, and human-computer 
interaction domains. On a technical level, AI-driven deep learning models are being developed to manage the proliferation of digital 
sports media, with novel deep neural networks achieving outstanding performance (98% accuracy) in the automatic identification 
and classification of diverse sports images (Zheng and Cai, 2025). This analytical capability is part of a broader integration of AI 
across the sports industry, where it is used for predicting results, analyzing athlete performance, monitoring health, and automating 
tasks like refereeing, thereby improving training outcomes and spectator engagement (Volskyi, 2025). Beyond industry, AI is poised 
to revolutionize sports education in higher education by providing innovative teaching models, new evaluation systems, and 
personalized training plans that enhance athletic performance and promote public health (Gao, 2025). As these tools become more 
interactive, research is also focusing on the psychological and perceptual factors of AI-driven coaches. A recent pilot study found 
that the perceived suitability of an AI coach depends on key attributes like "goal-oriented persistence" and "motivational support," 
and is influenced by the user's individual "Fear of Failure" (Dindorf et al., 2025), highlighting the importance of human-centric 
design in the adoption of these new technologies. 
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The integration of artificial intelligence (AI) and machine learning (ML) is being explored across the entire sports ecosystem, from 
high-performance training and advanced sensor technology to administrative functions and academic research. In athlete 
development, deep learning models are being optimized to enhance training for specific sports; for instance, a deep learning 
convolutional neural network (CNN) has shown high accuracy in analyzing critical points in youth football movements (Liao & Fu, 
2025), while new systems for badminton action recognition have proven to be more accurate and computationally efficient than 
mainstream models (Ma, Zhang, & Liang, 2025). This use of AI extends into broader wellness and education, with proposals for 
"closed-loop" AI frameworks that use data from wearables and apps to provide personalized advice and connect physical education 
between school and home (Cui et al., 2025). The advancement of the hardware itself, such as self-powered triboelectric 
nanogenerator (TENG) sensors, also relies heavily on ML to interpret complex signals for health monitoring and training evaluation 
(Ji et al., 2025). Beyond the field, AI is demonstrating its power in research by efficiently analyzing large textual datasets to identify 
publication trends in sports medicine (Baird et al., 2025). However, despite these technical advancements, the integration of AI into 
sports administration, such as college sport communications, remains low; this low adoption is attributed not to hostility but rather 
to a significant "lack of familiarity" and low AI knowledge among professionals (Barnhart, 2025). 
The literature demonstrates a clear consensus that digital technologies, particularly artificial intelligence (AI), machine learning 
(ML), and wearable sensors, have "revolutionized" modern sports science from both a didactic and practical perspective (Toto, 
2022). This revolution is built on the integration of hardware—such as GPS trackers, biomechanical motion sensors (Dudek et al., 
2025), and advanced self-powered triboelectric nanogenerators (TENGs) (Wang et al., 2025)—with powerful deep learning models 
like CNNs, RNNs, and Transformers (Jain, 2025). This synergy allows for sophisticated player performance analysis and injury 
prediction, with AI-based models demonstrating significantly higher accuracy (e.g., 92.3% in injury detection) than conventional 
methods (Jain, 2025). However, the efficacy of these tools is "entirely dependent on the data input" (Hiemstra, 2025), with 
significant cautions about the "garbage in, garbage out" problem, inherent biases in data, and uncertainty over optimal algorithms 
(Hiemstra, 2025). When data is robust, AI's application is transformative, as seen in specific use cases like a "v-sports system" using 
virtual visuals for personalized karate training (Ghazi, Abdeen, &KzarAltaie, 2025). Its utility also extends to officiating, where a 
feasibility study on Taekwondo video review found "strong agreement" ($\kappa=0.897$) between AI (using ChatGPT-4.5 and 
OpenPose) and human referees, while reducing review times by 81%, prompting the proposal of a "hybrid model" that retains 
human oversight (Zhang, Qu & Girard, 2025). Ultimately, these technologies are converging to create a new paradigm of "digital 
intelligence" for sports, enhancing everything from physiological monitoring and training performance to refereeing assistance and 
rehabilitation (Dudek et al., 2025; Toto, 2022; Wang et al., 2025). 
The application of artificial intelligence is being explored as a transformative tool across diverse sectors, including sports marketing, 
environmental sustainability, and even veterinary medicine. In the context of sports, AI's role is multifaceted. Research into AI-
generated sports marketing content shows that consumer acceptance is heavily dependent on psychological factors; specifically, the 
observability of the AI and its compatibility with consumer values are key drivers in forming positive attitudes, which subsequently 
have a strong positive impact on purchase intentions (Pashaie&Nasirpour, 2025). Beyond marketing, AI is also identified as a 
crucial tool for addressing the sports industry's significant environmental impact. An extensive analysis of social media discussions 
revealed that sports enthusiasts and organizations increasingly view digital technologies like AI, blockchain, and the Internet of 
Things (IoT) as essential for creating intelligent management solutions and promoting ecological sustainability (Mehra et al., 2025). 
This transformative power of AI to streamline complex tasks and provide predictive analytics is not limited to human-centric fields; 
it is also bringing about a "significant transformation" in veterinary medicine, where AI's diagnostic and predictive abilities are 
being used to improve the standards of animal care (Akbarein et al., 2025). 
The literature highlights a significant shift in sports science, driven by the integration of artificial intelligence (AI), deep learning, 
and advanced sensor technology (Dhahbi, 2025; Espinosa et al., 2025; Zhao et al., 2023). This technological adoption is framed as a 
solution to the limitations of traditional biomechanical assessments, which are often lab-based and fail to capture data in 
ecologically valid, real-world settings (Dhahbi, 2025). Wearable sensor technology is identified as a "pivotal tool," providing real-
time data on metrics like heart rate, speed, and muscle activity, with AI integration enhancing these devices' ability to deliver 
"accurate predictions and personalized insights" (Espinosa et al., 2025). Researchers are applying these tools broadly for training 
optimization, performance analysis, and injury prevention (Dhahbi, 2025; Kostov, 2025). This data-driven approach is surveyed in 
detail by (Zhao et al., 2023), who categorize the applications of deep learning into a hierarchical structure of perception (e.g., 
tracking), comprehension (e.g., action recognition), and decision (e.g., forecasting). The applications of AI are expanding beyond 
just athlete performance into areas like sports marketing (Kostov, 2025) and the creation of new evaluation models, such as using a 
fuzzy decision support system to provide a more robust and objective assessment of sports teaching quality (Han & Wan, 2025). 
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III. COMPARISON TABLE OF PREVIOUS PUBLISHED RESEARCH PAPERS 
These five papers were selected for comparison because they collectively provide a comprehensive and multi-dimensional overview 
of the current landscape of artificial intelligence in sports. They move beyond a single application, offering critical perspectives on 
the topic from various angles. The selection includes a sociological analysis of AI as a disruptive "emergent cultural form" in sport 
(Millington et al., 2025) and a crucial quantitative study on the "ambivalent" perceptions and concerns of university sports students 
(Krämer et al., 2025). These human-centric views are balanced with a high-level review of AI's "revolutionary" potential in clinical 
sports medicine and orthopedics (Guan et al., 2025), as well as specific, applied examinations of AI models for both public sports 
service quality optimization (Yan, 2025) and technical injury prevention and rehabilitation algorithms (Zou, 2025). Together, these 
sources establish a robust foundation for a research paper, covering the theoretical, sociological, clinical, technical, and end-user 
dimensions of AI's integration into the sports industry. 

 
Table No.1 Comparison Table of Top 5 Previous Published Research Papers 

Sl. 
No

. 
Title Author(s) 

Year of 
Publicati

on 
Objective Outcome Limitation Future Scope 

1 Artificial 
Intelligence in 
Sports: Insights 
from a 
Quantitative 
Survey among 
Sports Students 
in Germany... 

Dennis 
Krämer, 
Anja 
Bosold, 
Martin 
Minarik, 
Cleo 
Schyvinck, 
and André 
Hajek 

2025 To survey 
German sports 
students about 
their 
perceptions, 
usage behavior, 
motivations, and 
concerns 
regarding 
generative AI 
tools in 
academia. 

Revealed an 
"ambivalent 
situation": students 
are interested in AI 
for efficiency but 
have significant 
concerns about 
plagiarism, 
misinformation, and 
low lecturer 
competency. 

The study's 
findings are 
limited to 
sports 
students in 
Germany and 
may not be 
generalizable 
to other 
countries or 
academic 
disciplines. 

Expand the 
research to 
other countries 
and different 
academic 
programs; 
develop 
educational 
strategies for 
universities to 
address 
student 
concerns and 
improve AI 
literacy. 

2 EXPLORING 
THE ROLE OF 
ARTIFICIAL 
INTELLIGENC
E IN SPORTS 
INJURY 
PREVENTION 
AND 
REHABILITATI
ON 

Rongchao 
Zou 

2025 To examine the 
use of four 
different AI 
algorithms 
(SVM, Random 
Forest, RNN, 
GBM) for 
optimizing 
athlete care by 
improving 
sports injury 
prevention and 
rehabilitation. 

All tested AI 
algorithms were 
effective, with RNN 
achieving the highest 
accuracy (0.90). 
Concluded that AI 
can accurately 
identify injury risks 
and personalize 
rehabilitation. 

The study's 
findings may 
be limited by 
the specific 
dataset used; 
the 
algorithms' 
performance 
could vary 
with different 
or larger 
datasets. 

Further 
research and 
development 
of AI-driven 
approaches to 
enhance their 
predictive 
accuracy and 
integration 
into routine 
sports 
medicine 
practices. 

3 The optimization 
and impact of 
public sports 
service quality 
based on the 
supervised 

Ying Yan 2025 To explore the 
optimization of 
public sports 
service quality 
by constructing 
and applying a 

The model 
demonstrated high 
performance (over 
88% accuracy and 
recall), validating its 
utility in identifying 

The scale and 
diversity of 
the datasets 
used were 
limited, 
which could 

Integrate the 
model with 
other 
advanced 
technologies 
like big data 
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learning model 
and artificial 
intelligence 

supervised 
learning model 
to analyze 
public sports 
service data. 

key factors affecting 
service quality and 
guiding decision-
making. 

affect the 
model's 
generalizatio
n ability. 

analytics, 
cloud 
computing, 
and the 
Internet of 
Things (IoT) 
to create more 
comprehensiv
e solutions. 

4 An artificial 
intelligence-
driven revolution 
in orthopedic 
surgery and 
sports medicine 

Jiekai Guan, 
Zuhao Li, 
Shihao 
Sheng, et al. 

2025 To review the 
applications and 
development of 
AI in orthopedic 
surgery and 
sports medicine 
across four key 
areas: 
diagnostics, 
treatment, 
rehabilitation, 
and research. 

Summarized that AI 
(though still in its 
infancy) is poised to 
revolutionize the 
field by improving 
diagnosis, 
progression, and 
prognosis of 
orthopedic diseases. 

As a review, 
it highlights 
bottlenecks in 
the field, 
such as 
limitations in 
algorithm 
development, 
lack of large 
sample sizes, 
and potential 
for implicit 
bias in 
models. 

Continued 
development 
and 
application of 
AI, with future 
integration 
with 5G, 
VR/AR, 
biomechanics, 
and genomics 
to create more 
comprehensiv
e clinical 
tools. 

5 Sport and the 
Promise of 
Artificial 
Intelligence: 
Human and 
Machine Futures 

Brad 
Millington, 
Michael L. 
Naraine, Liz 
Wanless, et 
al. 

2025 To examine the 
sociological 
significance of 
AI in sport and 
describe its 
"promise" in 
four key areas: 
data parsing, 
precision, 
personalization, 
and prediction. 

Argued that AI is an 
"emergent cultural 
form" risking 
disruption via labor 
automation, and that 
sport acts as a "use 
case" that could 
legitimize or 
undermine AI. 

As a 
conceptual 
analysis, it 
does not 
provide 
empirical 
data but 
rather a 
theoretical 
framework, 
leaving 
specific 
impacts 
unmeasured. 

Calls for 
further 
sociological 
research on AI 
in sport, 
focusing on its 
impact on 
inequality, 
privacy, 
information 
asymmetry, 
and labor. 

 
IV. CONCLUSION 

In conclusion, artificial intelligence is no longer a futuristic concept but an omnipresent and revolutionary force actively reshaping 
the entire sports industry, from elite performance and clinical practice to fan engagement and university education (Guan et al., 
2025; Jain, 2025). This review has demonstrated AI's deep integration into every facet of the ecosystem: deep learning models are 
optimizing training and personalizing rehabilitation (Zou, 2025; Liao & Fu, 2025); wearable sensors and TENGs are generating 
unprecedented biomechanical data (Dudek et al., 2025; Ji et al., 2025); and AI-driven systems are enhancing the accuracy of 
officiating (Zhang, Qu & Girard, 2025) and the quality of sports education (Gao, 2025). However, this technological "promise" of 
supercharged precision and efficiency (Millington et al., 2025) is met with a profound and "ambivalent" human response (Krämer et 
al., 2025). Stakeholders, from students to professional communicators, express significant concerns about misinformation, data 
privacy, and job displacement, with low adoption in some areas attributed to a "lack of familiarity" (Barnhart, 2025).  
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The effectiveness of any AI model is "entirely dependent on the data input" (Hiemstra, 2025), making the "garbage in, garbage out" 
principle the most critical limiting factor. Therefore, the future of AI in sports is not one of full automation but of augmentation. The 
most effective and ethical path forward lies in developing "hybrid models" (Zhang, Qu & Girard, 2025) that leverage AI as a 
valuable tool to assist, not replace, human decision-making. Future work must prioritize not only algorithmic advancement but also 
the development of educational and ethical frameworks to manage this critical human-machine partnership. 
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