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Abstract. The early application of big data in the sports sector primarily fo-
cused on analyzing athlete performance and enhancing competitive abilities.
With the advent of advanced "big data technologies," powered by ICT innova-
tions such as the Internet of Things (IoT) and artificial intelligence (Al), it has
become possible to collect and analyze more detailed and diverse datasets.
These advancements have unlocked substantial value and potential for the use
of big data in sports content within smart environments. However, significant
challenges remain, particularly the lack of robust platforms to effectively man-
age and share sports content. To address these limitations, it is crucial to trans-
form how companies and organizations perceive sports content. This includes
fostering the development of professional talent skilled in big data applications
and adopting systematic policies to manage and leverage the vast data streams
generated by sports content. Addressing these issues will pave the way for
maximizing the potential of big data in the sports industry.
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1 Introduction

Big data refers to datasets that surpass the storage, management, and analysis capaci-
ties of traditional database systems. Its application across politics, society, economy,
culture, and technology generates valuable insights!!I”l, Creative utilization of big
data can further unlock untapped potential. According to a 2015 report by McKinsey
& Company, the adoption of big data technologies in areas such as public administra-
tion, healthcare, leisure, retail, and manufacturing could generate up to $700 billion in
societal benefits. As governments increase investments in technologies related to the
Fourth Industrial Revolution and industries deepen their understanding of big data,
the market for big data continues to grow!™,

Among the rapidly expanding big data markets, sports—a field characterized by
high public engagement and cultural significance—emerges as a sector with immense
potential for generating added value. Unlike other industries, the sports sector inte-
grates aspects of health, technology, and entertainment, making it uniquely positioned
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to leverage the transformative power of big data. This intersection of domains not only
enhances the competitive aspects of sports but also creates opportunities to reimagine
audience experiences, business models, and market dynamics.

Big data analysis offers unparalleled insights into various dimensions of the sports
ecosystem. For athletes, it enables precise tracking and optimization of performance
metrics, minimizing injury risks, and extending careers. For audiences and participants,
it provides a deeper understanding of behavioral patterns and consumption preferences.
Such data-driven insights empower stakeholders—athletes, organizations, sponsors,
and policymakers—to make informed decisions that align with evolving consumer
demands. Furthermore, these applications boost the profitability and scalability of the
sports market, cementing its role as a significant driver of economic growth.

In 2017, the global sports industry had a market valuation of approximately $1.3
trillion, underscoring its potential as a burgeoning growth engine. The integration of
technologies from the Fourth Industrial Revolution, including the Internet of Things
(IoT), artificial intelligence (Al), and advanced analytics, is accelerating the industry's
transformation. IoT devices, for example, facilitate real-time data collection from
wearables and smart equipment, while Al algorithms analyze this data to offer actiona-
ble insights. Such innovations extend beyond professional sports to amateur activities,
fitness regimes, and recreational pursuits, expanding the scope and accessibility of
sports for diverse populations.

Moreover, virtual reality (VR) and augmented reality (AR) have become integral to
the sports industry, revolutionizing the way audiences interact with sports content and
athletes train. VR and AR technologies provide immersive experiences, allowing fans
to "attend" events virtually or engage in interactive simulations of their favorite games.
These applications are particularly impactful in indoor sports experiences, esports, and
gaming, where physical constraints are eliminated, and engagement is redefined. Addi-
tionally, wearable devices equipped with advanced sensors enable personalized fitness
monitoring and training, making cutting-edge technology accessible to both elite ath-
letes and everyday users.

The interplay between these technologies and big data not only transforms tradi-
tional sports but also drives the creation of new market segments and revenue streams.
Emerging platforms for smart stadiums, data-driven fan engagement, and virtual com-
petitions highlight the shift toward a more interconnected and technologically ad-
vanced sports ecosystem. This transition requires stakeholders to adapt to a digital-first
environment, emphasizing innovation and collaboration.

In this rapidly evolving landscape, the sports industry is not just a passive benefi-
ciary of big data but an active contributor to its advancement. By adopting a proactive
approach to integrating data-driven technologies, the sector can unlock untapped po-
tential, foster economic growth, and enhance societal well-being. Consequently, big
data is more than a tool for analysis; it is a catalyst for reimagining the role of sports in
the modern era, bridging gaps between performance, entertainment, and community
engagement. This paradigm shift underscores the need for continued investment in
research, infrastructure, and policy frameworks to fully realize the transformative
power of big data in the sports industry.
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In sports, research on big data primarily focuses on text mining from social net-
working services (SNS) like Facebook and Twitter, as well as blogs and news plat-
formsB, In domestic contexts, studies on big data encompass areas such as sports
cognition®”], market demand analysis®I'%], event analyticsPI®I'Il121 and the percep-
tion of related products!'®l. However, existing research trends suggest that the applica-
tion of big data in sports remains at an early stage, limited to recording, awareness, and
outcome analysis.

In a smart environment, big data in sports holds immense untapped value. To secure
the future sports consumer market, content driven by spontaneous participation and
entertainment has become the key to generating added value. Therefore, it is crucial to
explore the current state, future applications, and activation strategies of sports content
based on big data, considering social and economic factors aligned with government
policies on the Fourth Industrial Revolution.

2 Changes in the Sports Environment and Big Data

Early applications of big data in sports primarily aimed to enhance athletic perfor-
mance through data analysis, such as predicting game outcomes, formulating strate-
gies, and assessing training adaptability. These efforts often relied on measurements
of athletes’ physical conditions!"" Currently, the application of big data varies across
sports, including baseball, soccer, rugby, tennis, and martial arts, as illustrated in Ta-
ble 1. Unlike traditional data-recording methods, modern sports require more dynamic
data collection and analysis. This shift is enabled by ICT advancements, facilitating
the collection and processing of detailed and diverse data through what is now termed
"big data technologies"!'”,

Table 1. Examples and Impact of Big Data in Sports

Sport Specific Examples Impact
Baseball Analyze batting averages and other Widening gap between rich
statistics to determine player value. and poor players.
Football Predict game outcomes by analyz- Upward standardization of
ing conditions such as player form soccer in underdog nations.
and climate.
Rugby Measure player movements to Preference for defensive strate-
reduce injury risks. gies over offensive strategies.
Tennis Predict winners based on historical Ability to logically explain
data. various upsets.
Martial Arts Classify players by individual Favorable for strategy formula-
characteristics and skill level. tion by weight class.

Key components of big data technology in sports include data acquisition via the
Internet of Things (IoT) and intelligent analysis using artificial intelligence (Al), which
provides actionable insights. IoT-enabled devices, such as smart wearables and sen-
sors, capture real-time data on metrics like heart rate, movement patterns, and exertion
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levels, offering a wealth of information for analysis. For instance, a study by Mar-
ketsandMarkets projects that the global sports analytics market will grow from $1.9
billion in 2021 to $5.2 billion by 2026, with a compound annual growth rate (CAGR)
of 22.0%, driven largely by the adoption of IoT and Al technologies.

Al plays a pivotal role in interpreting this data. Machine learning algorithms can
process vast datasets to detect patterns, make predictions, and provide actionable rec-
ommendations. For example, a research study published in the Journal of Sports Ana-
lytics highlighted that Al models achieved up to 87% accuracy in predicting soccer
match outcomes by analyzing historical game data, team form, and player statistics.

These data-driven insights are particularly impactful in coaching and management.
During a study conducted at Stanford University, researchers demonstrated that using
Al to analyze biomechanical data improved athletes' sprint performance by 5-10%
through tailored training recommendations!'®!. Additionally, professional teams like the
Golden State Warriors in the NBA have successfully used big data analytics to refine
their game strategies, resulting in measurable improvements in win rates.

Such analyses are typically relayed to coaches or management for post-game evalu-
ations, injury prevention planning, and real-time strategic adjustments during competi-
tions. For instance, the Premier League’s use of the "Player Load" metric—an ad-
vanced algorithm that calculates physical strain using loT-collected data—has helped
teams reduce injuries by up to 30%, according to research by Catapult Sports, a leading
sports technology company!'7),

These examples underscore the transformative impact of IoT and Al in sports ana-
lytics, paving the way for more data-driven and scientifically informed deci-
sion-making at all levels of competition.

The scope of big data applications in sports has expanded significantly due to
changing environments!'®l. The proliferation of smart devices and their increasing use
have driven the evolution of intelligent media environments. Social networking ser-
vices, such as Twitter and Facebook, have amplified the visibility of broader audience
interests, propelling sports to the forefront as high-value content. Sports content occu-
pies a prime position in the diverse media and commercial content markets. VR tech-
nologies offer immersive experiences that transcend time and spatial limitations, pre-
senting new possibilities for smart media environments!'”’,

Moreover, changes in the sports environment have diversified online sports content.
From home training programs for personal fitness and weight loss to sports courses
covering yoga, golf, swimming, and more, the e-learning segment of sports is gaining
increasing attention.

3 Scope and Understanding of Big Data Analysis and
Applications in Sports Content

Sports content holds a prominent economic position not only in traditional media
markets but also in the burgeoning online media landscape. As dynamic and engaging
media content, sports have the potential to attract diverse consumer groups across
multiple levels. For example, Alibaba Sports, a subsidiary of China’s leading IT



36 B. Yue et al.

company Alibaba Group, launched the innovative "Sports Bank" in 2017. It intro-
duced a virtual currency called "Calorie Currency," designed to motivate users to
engage in physical activities. By using connected sensors and devices during exercise,
users could accumulate points redeemable at Alibaba Sports-operated gyms, sporting
goods stores, and other affiliated services (see Figure 1).

! "' RSt 2

Fig. 1. Alibaba Group's Sports Innovation Summit [2%]

Leveraging the vast amount of user-generated data, Alibaba Sports has developed a
wide range of services and products. In recent years, it has collaborated with architec-
tural firm Populous to transform traditional sports venues into connected smart stadi-
ums (see Figure 2). Alibaba’s sports business model extends beyond conventional
advertising at sports events. Utilizing its Over-The-Top (OTT) platform and other in-
ternet content distribution capabilities, it provides novel sports experiences that tradi-
tional television broadcasts cannot achieve, driven by big data analytics?],

Fig. 2. Alibaba Group and Populous Smart Stadium (21

4 Integration of Virtual Reality and Sports Content

Virtual reality (VR) technology is revolutionizing how sports are experienced and
consumed. With growing concerns over air quality and unpredictable weather, the
demand for indoor sports activities has significantly increased. A successful case is
"Golfzon," where users can perform motion analyses on indoor screens and compete
in virtual sports environments using 3D and VR technologies, delivering highly real-
istic experiences. Through big data analysis, such applications not only replicate real
training effects but also reduce injury risks, making them widely adopted in profes-
sional team training. For instance, six NFL teams and 12 collegiate football teams in
the U.S. have incorporated STRIVR’s VR solutions into their training programs (see
Figure 3)!'4],
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Fig. 3. STRIVR (STRIVR Labs) Training(Source: https://www.sporttechie.com)

5 Limitations and Countermeasures in Big Data Applications
for Sports Content

Despite the growing attention to big data applications in sports content and the re-
sultant surge in research, several limitations remain. First, while the proliferation of
smart media has transformed the sports landscape and generated an abundance of
sports content, platforms for effectively managing and sharing this content are notably
lacking. Second, there is limited capacity to analyze big data to understand consumer
preferences and deliver tailored content services, highlighting that the core of big data
analysis lies not in amassing vast datasets but in collecting and interpreting meaning-
ful data.
To address these challenges, the following measures are essential:

5.1 Reconceptualizing Content Providers' Roles

Companies and organizations delivering sports content must shift their perspectives
and invest in developing talent proficient in big data technologies to enrich sports
content offerings.

5.2 Policy Support for Systematic Platforms

Governments should actively foster policy development to create systematic plat-
forms capable of managing and utilizing large-scale sports content datasets.

5.3  Privacy Protection in Big Data Applications

Big data applications must mitigate risks associated with personal information leak-
age, such as exposing users’ daily activity patterns. This requires implementing
measures like limiting the scope of personal data usage, anonymization, or
de-identification. Additionally, in-depth discussions involving social experts, civil
organizations, and stakeholders should guide the establishment of legal and policy
frameworks for privacy protection.
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5.4  Exploring Specific Technical Implementations

When discussing the application of big data technology, it is also important to analyze
specific technical implementation details. For instance:Machine Learning Algorithms:
Machine learning models can be employed for athlete performance analysis, enabling
precise identification of strengths, weaknesses, and potential injury risks based on
historical and real-time data.

IoT Devices: Internet of Things (IoT) devices play a pivotal role in data collection
by capturing diverse metrics such as player movements, heart rates, and environmental
conditions during training and competition. These devices serve as a foundation for
generating actionable insights through advanced data processing.By delving into these
technical applications, stakeholders can better understand how big data technologies
directly contribute to optimizing sports performance and fan engagement.

6 Conclusion

This study, based on the policy framework of the Fourth Industrial Revolution, pro-
vides an in-depth analysis of the current state, challenges, and future directions of big
data applications in the field of sports content. The application of big data in sports
has evolved from an initial focus on enhancing athletic performance to encompassing
a wide range of fields and levels. In its early stages, big data was primarily used to
analyze athletes' physical conditions, develop training strategies, and predict game
outcomes, assisting coaches and teams in optimizing competitive performance. How-
ever, with the rapid development of information and communication technologies
(ICT), particularly the Internet of Things (IoT) and artificial intelligence (AI), the
capacity for data collection and processing has significantly improved, driving the
diversification and intelligent transformation of sports content.

Currently, the application of big data in sports extends beyond traditional competi-
tive domains, permeating areas such as market demand analysis, event management,
audience behavior research, and sports education. For example, social big data ob-
tained through platforms like Twitter and Facebook enables sports organizations to
better understand audience preferences, optimize event planning, and create more en-
gaging sports content. Furthermore, the integration of virtual reality (VR) and aug-
mented reality (AR) technologies has broken through time and space limitations,
providing immersive entertainment experiences. For instance, VR has been incorpo-
rated into training programs for the National Football League (NFL) and collegiate
teams in the United States, enhancing training efficiency and reducing injury risks.

Despite the immense potential of big data in sports content, significant challenges
persist. First, the lack of systematic platforms for data management and sharing limits
the efficient utilization and full realization of data value. While many sports organiza-
tions possess extensive datasets, the prevalence of data silos hinders comprehensive
analysis and cross-platform collaboration. Second, data privacy issues are becoming
increasingly prominent. The collection of large-scale data to optimize sports content
introduces risks of personal information leakage. Sensitive information such as user
activity patterns and health data, if misused, can lead to privacy violations and dimin-
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ish user trust. Lastly, there is a notable gap between the demand for and supply of
skilled professionals in big data technology, constraining organizations' ability to ana-
lyze and apply data effectively.

To address these challenges, this study offers several recommendations. First, pro-
viders of sports content should redefine their roles and prioritize the cultivation of pro-
fessionals skilled in big data technologies. Through technological innovation, content
offerings can be enriched. For example, integrating Al technology enables deep analy-
sis of user behavior, providing personalized recommendations and enhancing user
engagement. Second, governments should play an active role in formulating policies to
support the establishment of systematic platforms for managing and sharing sports big
data. These platforms should possess robust data storage and analysis capabilities,
facilitating collaboration across stakeholders and laying a solid technical foundation
for the sports industry. Third, stricter privacy protection mechanisms must be imple-
mented to address data security concerns. Measures such as data anonymization, lim-
ited usage scopes, and enhanced cybersecurity protocols are essential. At the same
time, legislative and policy reforms should be driven by broad societal discussions,
forming a consensus to establish effective regulations for privacy protection.

In conclusion, the application of big data in sports content not only enhances indus-
try efficiency and market value but also drives the deep integration of sports and tech-
nology, injecting new momentum into the intelligent development of the sector. Look-
ing ahead, with further technological advancements and an optimized policy environ-
ment, sports content is poised to achieve broader innovation and higher levels of de-
velopment under the influence of big data. Systematic policy support, technological
advancements, and robust privacy safeguards, coupled with multi-stakeholder collabo-
ration, will serve as critical driving forces for propelling the sports industry into a new
era of intelligent development.
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