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Innovative Developments in Basketball:
Utilization of Technology

Nagihan Kirikoglu®

Abstract

This research explores the transformative impact of the integration of
technology in basketball, both on and oft the court, from training and
performance enhancement for athletes, coaches and conditioners, to data
analytics for statistical coaches, administrators and spectator engagement. It
also highlights the importance of the use of technology in player development,
equipment development, injury prevention, pre-game and in-game strategies,
and team-fan interaction, as well as the fact that technology not only improves
the overall quality of basketball but also opens new avenues for growth and
innovation in sport.

INTRODUCTION

The integration of technology into sport is effective on improving
athletes’ training, performance, and strategy development methods. The
huge impact of technology on sport is closely related to multifaceted
developments, including athletes, coaching methodologies, management and
spectator involvement, as well as its implementation and currency. With the
advancement of technology, the variety and quality of equipment used in the
sports environment has increased (Ak, 2021), and many new technologies
that are of great importance to improve the technical performance level of
athletes, reduce sports injuries, increase game viewing, attract fans, and
promote the development of basketball-related industries have begun to be
applied in basketball training and competitions.

Basketball, a team sport characterized by high-intensity running,
displacements, accelerations, decelerations, sprints, continuous changes
of direction, jumping and special technical skills (Abdelkrim et al., 2007;
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Abdelkrim et al., 2009; McInnes et al., 1995), generally characterized by
increased physical demands, high intensity and fast movement patterns
(Deitch et al., 2006), is one of the most popular and widely played sports
in the world.

Basketball has a 130-year history, invented in 1891 by James Naismith,
a professor of physical education in Springfield, Massachusetts. In
particular, the National Basketball Association (NBA) is recognized as the
highest level professional basketball game in the world (Li, & Xu, 2021).
With the implementation of effective training strategies dependent on a
variety of factors influencing individualized external demands and internal
responses (Schelling and Torres-Ronda, 2013), it is crucial to promote
physiological adaptations that enhance performance (Akubat et al., 2014).
The fundamentals of competitive basketball are undergoing a process of
continuous development to improve and create basketball style and develop
areas of understanding (Li et al., 2021).

Much progress has been made over the years thanks to the integration
of technology into the discipline. Technological innovations offer various
opportunities for players, coaches, managers and analysts to explore the
intricacies of the game, recognizing their contribution to individual and team
performance, injury prevention, coaching strategies and the transformation
of the game. In particular, performance predictions using current and
previous data on players (Senderovich et al., 2018), knowledge of each
player’s advantages and disadvantages can provide added value, especially for
managers and coaches, in terms of roster formation, new signings, changing
the rhythm during games, and other vital qualitative and quantitative factors
(Sarlis et al., 2021).

Technological developments, which have positive effects such as
facilitating the lives of individuals and using time effectively (Camkiran et
al., 2021), have led to different and innovative training tools such as virtual
reality simulations, wearable devices, artificial intelligence and biofeedback
systems. These devices help players to improve their skills, increase their
stamina and monitor their performance metrics.

Tactical Strategies, Athlete Development Tracking, and Athletic
Performance Analytics

Technological developments that have positive effects such as making
individuals’ lives easier and using time effectively (Camkiran et al., 2021),
virtual reality simulations, wearable devices and biofeedback systems have
created different and innovative training tools. These tools help players to
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improve their skills, increase their endurance and monitor their performance
metrics.

In the context of basketball, various statistical techniques are applied for
a multitude of purposes, such as defining the fundamental characteristics
of a game in the simplest way through descriptive statistics (Kubatko et
al., 2007), predicting the outcome of a game (Manner, 2016; West, 2008),
as well as analyzing the performance of athletes (Deshpande & Jensen,
2016; Page et al., 2007) and resolving more complex situations, such as
determining and implementing optimal technical-tactical strategies.

With the advent of player tracking systems, teams can now capture large
amounts of data during live games. These systems record players’ movements,
positions, shooting accuracy and numerous other variables. The emergence
of advanced metrics and analytics in basketball has revolutionized the way
teams strategize, enabling data-driven decision-making in player selection,
game planning and in-game adjustments (Drazan et al., 2017). State-of-the-
art performance analyses (Weith et al., 2023), allow coaches and analysts to
make data-driven decisions, optimize player rotations, and develop more
effective game plans (Terner & Franks, 2021).

A review of the literature shows that there are significant differences in
activity frequency and intensity between players at different levels of play
(Stojanovi¢ et al., 2018), examining the physical demands of basketball
using video-based motion analysis methodologies based on subjective visual
prediction of sport (Mclnnes et al, 1995; Oba & Okuda, 2008; Scanlan
et al.,, 2012; Scanlan et al., 2015), contributing to the field by aiming to
collect all appropriate analytics used in sports as state-of-the-art performance
indicators through sports data for decision making for basketball games,
teams and players (Sarlis & Tjortjis, 2020). Therefore, elite basketball
practitioners should be provided with reliable scientific data, while studies
on youth teams or semi-professional players should be interpreted with
caution (Svilar et al., 2019).

Through sophisticated statistical models (Geard et al., 2021) to assess
teams’ player performance, metrics such as player efficiency rating, true
shooting percentage and box plus-minus provide a deeper understanding
of players’ contributions beyond traditional statistics. Coaches and players
have access to real-time data during the game, allowing them to make
adjustments to strategies on the spot. Analytical dashboards provide insights
into shooting percentages, defensive coverage and ball possession efficiency,
aiding decision-making in critical moments (Lath et al., 2021).
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Wearable Technology in Basketball

With the changes and developments in science and technology, the use
of mobile technologies (Fang and Chang, 2016), smart systems have been
rapidly developed, and the availability and speed of use of wearable sensor
technology has also increased rapidly (Yuan et al., 2021). The availability
of this technology, reduced costs and ease of inclusion in different criteria
within sport are among the reasons for its widespread use.

Wearable technologies are small electronic and mobile devices that can
be worn on the body as part of devices, accessories or clothing, enabling
the collection of a wide range of data that can be processed and analyzed
by artificial intelligence systems (Chidambaram et al., 2022). These
technologies provide real-time data on players’ physical characteristics,
movement patterns and physiological responses during training sessions and
games (Russell et al., 2021; Vazquez-Guerrero et al., 2019). For example,
wearable devices based on GPS trackers, heart rate monitors, accelerometers
and flexible pressure sensors (Luo et al., 2020) have become an integral part
of modern basketball training and performance assessments (Facchinetti et
al., 2023). On the other hand, basketball shoes with state-of-the-art materials
and designs (Luczak et al., 2020) improve player safety and performance by
reducing risk and optimizing player movements (Du, 2021; Luczak et al.,
2020). Wearable technology can be used to detect sport-specific movements
by identifying repeated and recognizable events (Benson et al., 2018;
Chambers et al., 2015; Liu & Liu, 2023; Willy, 2018), which can provide
professional analytics for basketball games and better formulate defensive
and offensive strategies and tactical development, as well as reduce athletes’
injury risks (Ferioli et al., 2018). Coaches and trainers can also benefit from
this data. By analyzing data from wearables and training equipment, teams
can make informed decisions about rest periods, training intensity and
recovery strategies.

Technology has a very important role to play in injury prevention and
rehabilitation for basketball players. Biomechanical analyses, pedabarographic
analyses, and motion capture technology and wearable sensors, as one of
the critical sensing components, can be used for human medical diagnosis,
medical monitoring (Dai et al., 2022; Lee et al., 2019; Luo et al., 2020;
Aydos, 2023; Pekel and Aydos, 2022), helping to identify risky movement
patterns, enabling players and medical staft to address potential disability
issues before they escalate (Castro et al., 2008; Taylor et al., 2019). From
cryotherapy rooms to wearable recovery devices, technology plays a crucial
role in optimizing players’ recovery, reducing downtime and ensuring peak
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performance (Banfi et al., 2010; Jinnah et al., 2019). Injuries are the biggest
concern for teams, management and fans, especially the players, as they can
significantly affect overall team performance (Talukder et al., 2016).

Despite the development of prevention and rehabilitation strategies,
injury rates are still high, so injury risks need to be predicted and reduced
(Kaplan et al., 2019). Biomechanical analysis equipment can help identity
movement deficiencies and potential injury risks, and when integrated into
training programs, can improve athletes’ performance and minimize the

likelihood of injury.
Intelligent Basketball and Video Analytics

Integrating sensors into basketballs allows precise monitoring of
shooting, dribbling and passing accuracy, providing valuable data for
training and technique improvement (Fan et al., 2021; Fan et al., 2022;
Huo, 2022). The use of dynamic sensors in sport can help improve
performance and develop personalized training plans by providing a precise
measurement of athletes’ activities and equipment dynamics (Straeten et al.,
2019). Basketball generally requires repetitive exercises based on the player’s
consistent movements (Guo et al., 2021), and a microcontroller attached to
the basketball can be used to make the measurements required for progress
monitoring (Fox et al., 2021). Several studies have been conducted to
determine training demands using time-motion analysis based on artificial
neural networks and mobile smart sensors (Abdelkrim et al., 2010; Bishop
& Wright, 2006; Conte et al., 2016; Hulka et al., 2014; Klusemann et al.,
2012; Klusemann et al., 2013; Narazaki et al., 2009; Torres-Ronda et al.,
2016; Yuan et al., 2021).

Advances in video analysis software allow coaches to assess players’ skills
and strategies (Garhammer and Newton, 2013), identify athletes’ strengths
and weaknesses, and develop specific strategies to improve individual and
team performance. Due to its rich multimedia content and commercial
availability (Chakraborty and Meher, 2013), the analysis of sports videos
focuses on the characteristics of computer vision techniques used to perform
the specific operations to which they are assigned, such as detailed complex
analyses such as the detection and classification of each player according to
his team (Naik et al., 2022).

In recent years, with the popularity of video capture devices and the
continuous development of computer vision techniques, sports experts agree
that the use of digital video analysis technology in sports can greatly improve
training efficiency (Chen & Wang, 2020). The use of computer vision and
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deep learning technologies has increased the number of applications of
depth cameras in human-computer interactions, automated driving, virtual
reality, etc. (Ma etal., 2021), and human action recognition datasets in RGB
image data and Depth data (RGB+D) format have also emerged (Zhang et
al., 2016).

Perhaps the most popular alternative for developing decision-making,
prediction and pattern recognition skills in team sports is the use of video
simulations in which athletes watch video replays of previous performances
and/or games played by professionals (Pagé et al., 2019). Through these
video simulations, the effectiveness of this training method has recently
been the subject of significant research (Broadbent et al., 2015; Cotterill
& Discombe, 2016). A wide range of sports data such as shots taken, fouls
committed, defensive measurements during the match, and kilometers
run, as well as many other parameters of the match can be tracked using
cameras (Sarlis & Tjortjis, 2020). In addition, sports video behavior
recognition technologies can achieve excellent results in the general visual
recognition problem based on images (Guo, 2021; Jalal et al., 2020; Wu
etal., 2019).

By embedding object tracking methods into the algorithm to mark
individuals (Wu et al., 2019), video content analysis has rapidly evolved in
the application of large datasets (Rana et al., 2014; Soomro et al., 2012).
In general, the technical action analysis algorithm based on video keyframe
can be used to evaluate the player’s motion technology, realize the high-
efficiency evaluation system of human-computer interaction, and improve
the evaluation efficiency of player action video (Chen & Wang, 2020). In
addition, high-resolution cameras and motion capture systems enable in-
depth analysis of players’ movements. By studying biomechanics, coaches
can identify inefficient or risky movements that can lead to injuries. This
information can help coaches design training programs that reduce the
likelihood of injury and improve performance.

Artificial and Virtual Reality - Avtificial Intelligence

Virtual reality technology is a kind of technology in which the computer
is used to create a simulated environment, and a lot of sensing equipment
is used to help users enter the environment to enable users to realize direct
natural interaction (Katz et al., 2006; Neumann et al., 2018; Suri et al.,
2023; Yao et al., 2012). As in many areas of society, an increasing amount of
data has been collected in all areas of sport, and automated data analysis has
become an important and rapidly developing field (Claudino et al., 2019).
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Perhaps the most popular alternative for developing decision-making,
prediction and pattern recognition skills in team sports is the use of video
simulations in which athletes watch video replays of previous performances
and/or games played by professionals (Pagé et al., 2019). Virtual training
platforms have emerged by providing immersive experiences for players
to fine-tune their skills, study opponents, and simulate game situations
(Tsai et al., 2020). Lorains et al. (2013) reported that a video simulation
training program was positive for team sports on the field. Such devices can
enable athletes to improve their technique and decision-making processes,
resulting in more versatile and adaptable players. Artificial and virtual
reality technologies offer immersive training experiences that allow players
to simulate game scenarios and practice decision-making in a controlled
environment (Pagé et al., 2019; Richard et al., 2022; Song, 2021). By
analyzing their movements, field awareness and tactical choices, players can
bridge the gap between training sessions and real games (Jiang & Zhang,
2022; Soltani & Morice, 2023).

From the spectator’s perspective, they can experience basketball games
like never before through virtual reality technologies, providing immersive
experiences and interactive engagement opportunities. Multiple camera
angles, instant replays and augmented reality overlays provide an immersive
viewing experience, bringing fans closer to the action. Virtual reality, a
visually-based computer simulation of a real or imagined environment
in which the viewer can interact with the simulation (Craig, 2013), can
enhance the visual fidelity of the video simulation and give viewers a greater
sense of immersion in the action (Pagé et al., 2019). For example, many
media now use virtual reality to present videos where the viewer can see
the entire 360-degree scene around the camera by wearing a head-mounted
display that adjusts the image in real time according to the orientation of the
viewer’s head (Brault et al., 2015; Craig, 2013; Miles et al., 2012).

In addition to artificial reality and virtual reality, artificial intelligence,
which is one of the biggest examples of advanced technology in recent times,
has recently become the main subject of research in sports sciences. Designing
and building intelligent agents that take orders from the environment and
perform actions that affect that environment (Helm et al., 2020) is defined
as a new technical science that researches and develops theories, methods,
technologies and application systems to simulate, extend and extend human
intelligence (Sukumaran et al., 2022; Taborri et al., 2021).

The United States is considered a pioneer in the use of Al in sport, both
in research and practice. Artificial intelligence has been used for game and
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player analysis for several years, especially in American football and baseball
(Li, & Xu, 2021), and is gradually leading technological development in
different disciplines. For example, research has shown that analyzing various
types of data can help support coaches’ tactical decision-making (Herold
et al.,, 2019) as well as training and competition planning (Me & Unold,
2011). This type of analysis has great potential to prevent injuries (Claudino
etal, 2019).

DISCUSSION AND CONCLUSIONS

The far-reaching impact of technological developments is evident in
different disciplines of sport. In this context, the integration of technology
in basketball is not only limited to the quality of the game, but also has an
important place in terms of player development, technical-tactical strategies,
injury reduction and fan enjoyment.

As technology continues to evolve, ushering in a new era of data-driven
performance and strategic decision-making, it will be crucial in ensuring a
bright and sustainable future for basketball. By providing players with state-
of-the-art training tools such as virtual reality simulations and wearables,
allowing them to improve their skills, increase their stamina and monitor
their progress, technology allows athletes to analyze their performance
data to identify areas for improvement and adapt their training routines
accordingly to perform better overall on the field. For coaches, advanced
analytics and sports simulation software can enable them to make data-
driven decisions, develop effective game strategies and adjust tactics based
on real-time performance data. Also, with advanced analytics and video
analysis tools, it has become easier to identify promising players and assess
their potential. From wearable devices, to athlete development, to technical-
tactical strategies for coaches, continued technological development has
made basketball more accessible worldwide, on and off the court. Together
with live streams, online tutorials and digital resources, players from
different regions can learn and improve their skills regardless of geographical
obstacles. As fan experiences become more effective through augmented
reality and virtual reality, a deeper connection between spectators and sports
can be established.

In conclusion, for the growth and development of basketball, the use of
technology in basketball plays a crucial role in pushing the boundaries of
what the sport can achieve, from enhancing athlete performance to technical-
tactical strategies and spectator engagement. By embracing technology
responsibly and addressing ethical considerations, basketball can continue
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to thrive, captivate audiences and inspire generations of athletes around
the world. Looking ahead, the potential for technology development in
basketball, advances in artificial intelligence, virtual reality and advanced
analytics, and the internalization of these innovations, along with further
studies on player performance and tactical strategies, will undoubtedly shape
the future landscape of basketball.
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