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Abstract

Introduction: Technological advancements have significantly influenced the field of sports, particu-
larly in performance assessment within tennis. However, the impact of technology integration on
assessment effectiveness, as well as the challenges associated with its implementation, remain unde-
rexplored.

Objective: This study aims to examine the role and impact of technology in tennis assessment, inclu-
ding athlete performance evaluation, training load monitoring, and injury risk prevention and mana-
gement, through a systematic review of recent literature.

Methodology: A systematic review was conducted using the PRISMA framework. Scientific articles
indexed in Scopus, Web of Science, PubMed, Google Scholar, and ScienceDirect were screened to iden-
tify studies on the integration of various technologies in tennis assessment. Articles published bet-
ween 2014 and 2024 that focused on technology, performance assessment, and tennis-related inju-
ries were included based on predefined inclusion criteria. Results: Findings from 20 relevant articles
indicate that the application of wearable sensors, video analysis, artificial intelligence, data mining,
and digital monitoring systems enhances the accuracy, efficiency, and objectivity of performance as-
sessment and injury detection. These technologies also support personalization, training load moni-
toring, and the optimization of athlete rehabilitation programs. Nonetheless, concerns remain regar-
ding data privacy, high costs, limited validation, and uneven technology adoption across different
levels of play. Conclusions: The integration of emerging technologies serves as a catalyst for innova-
tion and evidence-based progress in tennis assessment. Multidisciplinary collaboration between
sports science, engineering, and data analytics is recommended to sustainably support performance
optimization, injury prevention, and informed decision-making for athletes and coaches in modern
tennis.
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Resumen

Introduccién: Los avances tecnoldgicos han influido significativamente en el ambito deportivo, en
particular en la evaluacién del rendimiento en tenis. Sin embargo, el impacto de la integracién de la
tecnologia en la eficacia de la evaluacion, asi como los retos asociados a su implementacioén, siguen
sin explorarse.

Objetivo: Este estudio busca examinar el papel y el impacto de la tecnologia en la evaluacién del tenis,
incluyendo la evaluacion del rendimiento de los atletas, la monitorizacién de la carga de entrena-
miento y la prevencidn y gestion del riesgo de lesiones, mediante una revisidn sistematica de la lite-
ratura reciente. Metodologia: Se realizé una revision sistematica utilizando el marco PRISMA. Se re-
visaron articulos cientificos indexados en Scopus, Web of Science, PubMed, Google Scholar y Scien-
ceDirect para identificar estudios sobre la integracion de diversas tecnologias en la evaluacion del
tenis. Se incluyeron articulos publicados entre 2014 y 2024 centrados en tecnologia, evaluacién del
rendimiento y lesiones relacionadas con el tenis, segln criterios de inclusion predefinidos.
Resultados: Los hallazgos de 20 articulos relevantes indican que la aplicacién de sensores portatiles,
analisis de video, inteligencia artificial, mineria de datos y sistemas de monitorizacién digital mejora
la precisidn, la eficiencia y la objetividad de la evaluacién del rendimiento y la detecciéon de lesiones.
Estas tecnologias también facilitan la personalizacion, la monitorizacién de la carga de entrena-
miento y la optimizacién de los programas de rehabilitacién de los atletas. Sin embargo, persisten las
preocupaciones sobre la privacidad de los datos, los altos costos, la validacién limitada y la adopcién
desigual de la tecnologia en los diferentes niveles de juego.

Conclusiones: La integracién de tecnologias emergentes actiia como catalizador de la innovacion y el
progreso basado en la evidencia en la evaluacién del tenis. Se recomienda la colaboracién multidis-
ciplinaria entre las ciencias del deporte, la ingenieria y el analisis de datos para apoyar de forma
sostenible la optimizacién del rendimiento, la prevencién de lesiones y la toma de decisiones infor-
mada para atletas y entrenadores del tenis moderno.
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Introduction
___________________________________________________________________________________________________________________________|
The use of technological aids for sports is very necessary, given its significant impact on various aspects
of athletic activities. Technology enhances efficiency, accuracy, and overall experience in both training
and matches (Abdioglu et al., 2024; Ambarwati et al., 2024). Among the most notable developments are
wearable devices that monitor athletes’ health and fitness, as well as advanced analytical systems that
provide real-time performance data (De Fazio et al., 2023; Guppy et al., 2023). These innovations enable
coaches and athletes to maximize their potential. In addition, technology contributes to audience en-
gagement through digital charts and instant match analysis (Arrum et al., 2024).

The function of technology application has an impact on training, game strategy, and performance eva-
luation. A prominent example is the Hawk-Eye system, which supports referees in determining the va-
lidity of shots, thereby enhancing fairness and objectivity in matches (Takahashi, 2023; Fitzpatrick et
al,, 2024). Other technologies, such as video analysis, tracking devices, and biomechanical sensors, pro-
vide valuable insights into player techniques and strategies, helping both coaches and players to opti-
mize performance (Prieto-Lage et al., 2023; Ye et al., 2024).

Integrating technology into tennis assessment generates multiple benefits, including greater accuracy
in evaluating player performance (Chen, 2022). Objective, data-driven analysis enables coaches to more
effectively identify strengths and weaknesses (Pan et al., 2022; Zhang, 2023). This reduces reliance on
subjective manual evaluation while streamlining training design. Moreover, technology helps prevent
injuries by offering detailed biomechanical analysis of player movements, thereby identifying and co-
rrecting potentially harmful techniques (Qi et al., 2024; Kovoor et al., 2024; Kurniawan et al., 2024).

A central research problem in this field is understanding the extent to which technology integration
improves the effectiveness of tennis assessment, as well as the challenges faced in its implementation.
This study seeks to explore and elaborate on the role of technology in tennis assessment through a sys-
tematic literature review. The findings are expected to provide recommendations for the development
and application of more effective technologies in the future, ultimately enhancing the quality and obje-
ctivity of tennis assessment (Frevel et al., 2022).

Method
|

Research Design

This study adopts a systematic review design aimed at synthesizing existing research on the role of te-
chnology in tennis assessment. This method was selected to provide a comprehensive and structured
overview of the latest technological advancements in this field (Pollock & Berge, 2018). The review fo-
llows the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses),
ensuring transparency, replicability, and scientific rigor at every stage (Rethlefsen et al., 2021).

Literature Search Resources and Strategies

Relevant studies were identified through searches of leading academic databases, including Scopus,
Web of Science, PubMed, Google Scholar, and ScienceDirect. The search was conducted in June - July
2025. The literature search was conducted using the main keywords, so complete search series used is
as follows:

("technology assessment” OR "sports technology” OR "wearable devices" OR "sensor technology" OR
"artificial intelligence"” OR "machine learning" OR "data mining" OR "video analysis" OR "motion cap-
ture" OR "loT" OR "digital assessment") AND ("tennis" OR "tennis player” OR "tennis court") AND ("as-
sessment” OR "evaluation" OR "monitoring” OR "performance analysis" OR "injury prevention" OR "bio-
mechanics").

A combination of keywords and Boolean operators was strategically used to obtain relevant results. In
addition to database searches, relevant articles were also collected in stages.
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Inclusion and Exclusion Criteria

The inclusion criteria in this study comprised original research articles or review articles that discuss
the role of technology in tennis assessment, whether in singles, doubles, or other relevant forms of ten-
nis. The articles had to be written in English, published between 2014 and 2024 (at the time of this
study), and available in full-text format. The exclusion criteria included editorials, letters to the editor,
shortreports, proceedings, abstracts without full-text, as well as studies that did not specifically address
technology in the context of tennis assessment or duplicate publications.

Study Selection Process

Article selection was conducted in three stage which are title and abstract screening, full-text review,
and resolution of disagreements between two independent researchers, with a third researcher invol-
ved when necessary. The selection process is illustrated using the PRISMA flowchart (Figure 1).

Figure 1. Number of visibility and gender fitness in PE Textbooks from Grade 1.
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Data Extraction

Data extraction was conducted using a standardized form, capturing article identity (title, author, year
of publication), study objectives, research design, type of technology examined, aspects of assessment
evaluated, research population, main findings, recommendations, and limitations. Extraction was per-
formed independently by two researchers to ensure objectivity.

Study Quality Assessment

The methodological quality of the included studies was evaluated using established instruments such as
Joanna Briggs Institute Critical Appraisal Tool for systematic reviews and qualitative studies, CASP Che-
cklist for review articles, and Cochrane Risk of Bias Tool for experimental studies. Only studies rated
medium to high quality were synthesized.

Data Analysis and Synthesis

Data analysis was conducted narratively, using a thematic synthesis approach. Findings were organized
into themes such as roles of technology, challenges of implementation, and opportunities for innovation
in tennis assessment. Where homogeneous quantitative data were available, meta-analysis was consi-
dered. However, emphasis was placed on producing a descriptive, in-depth narrative synthesis.
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Validity and Reliability

To ensure validity and reliability, all processes of selection and extraction were independently conduc-
ted with double screening. The entire procedure was documented to ensure transparency, repeatability,
and auditability. Methodological decisions and discussions were systematically recorded to reinforce
the study’s integrity.

Research Ethics

As this study relies exclusively on secondary data from published articles, no additional ethical approval
was required. All sources were cited according to scientific standards (e.g., APA style), and research
integrity was prioritized throughout the review process.

Results
|
After applying the inclusion and exclusion criteria, a total of 20 scientific articles were included in the
final analysis. The initial search identified 1,072 articles across major databases. Following the removal
of duplicates, 748 articles remained. Screening based on exclusion criteria further reduced the pool to
214 articles. Applying inclusion criteria resulted in a final selection of 20 articles.

Data from the 20 included articles were extracted using a standardized form as described in the research
methods section. The extracted data were then analyzed thematically to identify recurring patterns and
themes related to the role of technology in tennis assessment. This thematic analysis process involved
several steps: (1) Coding relevant data from each article, including the type of technology used, the as-
sessment aspects evaluated, and key findings; (2) Grouping codes with similar meaning or function into
broader categories; and (3) Developing conceptual themes that represented the primary focus of the
reviewed literature. This systematic approach ensured that the identified themes were derived directly
from the primary data, thus providing full transparency to the synthesis process.

These selected studies were analyzed according to their objectives, research design, technologies used,
participant samples, aspects of assessment evaluated, data collection methods, main findings, recom-
mendations, and limitations.

Table 1. Results of Relevant Article Selection

Data Implications/
Title (Author, Pur fth Technol A .
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20 Number of Times . ent, DBSCAN), video, . ) statistical
net ball crossing . recording clustering of match not
the Ball Passes . . comparati  drone drone accuracy of - .
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1. Based on Table 1, one study found that up to two to three technologies were used simulta-
neously. However, the researchers managed to identify five main themes based on similar fun-
ctions and purposes of technology:

RO 1
‘%@u j"’ 43




2026 (Febrero), Retos, 75, 38-49 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

2. Wearable Sensor & IMU (Inertial Measurement Unit): Aims to monitor physical condition, tech-
nique, training load (player load), swing speed, heart rate, and other physiological or movement
indicators.

3. Video Analysis, Motion Capture, & Image Recognition: Intended for engineering, motion, or ki-
nematic analysis using 2D/3D video, motion capture, image processing, and digital image.

4. Artificial Intelligence (Al), Machine Learning (ML), & Data Mining: Aims for technical or tactical
pattern recognition, outcome prediction, analysis automation, classification and clustering.

5. Advanced Biomechanical or Physiological Monitoring: Includes Force Plates, EMG (Elec-
tromyography), Thermography, and Ultrasonography (USG) for biomechanical monitoring,
force timing, vibration, and injury prevention and diagnosis.

6. Decision Support System & Notational Analysis: Aims to process and automate match statistics,
analyze game patterns, win probabilities, and record statistics.

Discussion

. ______________________________________________________________________|
The role of technology in the performance and health assessment of tennis athletes has entered the di-
gital revolution era, marking a fundamental change in how data is collected, analyzed, and used as a
basis for decision making. The integration of technology, from wearable electronics and multi-source
sensors to cloud computing and artificial intelligence (Al), has strengthened the foundations of sports
engineering, opening up opportunities for biomechanical, kinematic, and physiological assessment with
an unprecedented level of detail in tennis and other sports (Edriss et al., 2024).

Wearable technology has become a milestone in modern tennis assessment. Several studies highlight
the crucial role of IMUs, heart-rate monitors, and cloud-enabled devices in real-time monitoring of wor-
kload, swing speed, heart rate, and player load (Kramberger et al.,, 2022; Vancurik & Dale, 2022; Rebelo
etal, 2023; Seckin et al., 2023). Wearable devices not only provide coaches and athletes with objective
data that has long been difficult to obtain through conventional observation, but also enable the perso-
nalization of training programs, early detection of overtraining, and precise adjustment of workloads
over time. Furthermore, wearable data play a crucial role in injury prevention, as highlighted by Rebelo
et al. (2023), through metrics such as workload ratio and acute-chronic workload, which have been
shown to be relevant in predicting injury risk.

Video analysis and image-based technologies also represent essential innovations. Studies demonstrate
that 2D video and 3D motion capture effectively identify key kinematic parameters in tennis strokes
such as serve, forehand, and backhand (Skublewska-Paszkowska et al., 2016; Wood et al., 2023). Visua-
lization techniques, slow-motion playback, and marker-based analysis enhance technical evaluations
while minimizing subjectivity. Integrating machine learning (ML) into video analysis further automates
error detection and stroke classification, enabling real-time technical feedback (Huang & Deng, 2020;
Ruan & Zhang, 2022; Mei, 2023). Wu et al. (2022) combined IMU data with ML models for automated
skill-level assessment and stroke recognition, illustrating the potential of hybrid systems in perfor-
mance evaluation.

Artificial intelligence and big data analytics have become increasingly important in automating assess-
ments and deepening tactical insights. Decision tree algorithms (Chang & Qiu, 2022) can replicate coach
decision-making patterns, while advanced notational analysis (Prieto-Lage et al., 2023) integrates sta-
tistical models and Al to predict winning probabilities in elite matches. Other algorithms, such as clus-
tering and computer vision (Liu et al,, 2022), enable automatic ball-tracking and event classification,
significantly reducing manual workload for coaches. Emerging technologies, including augmented rea-
lity, virtual reality, and automated visualization tools are expanding cross-sport applications of perfor-
mance analysis (Cossich et al., 2023; Subramaniam et al., 2023).

In line with the digitalization of the sports industry, as highlighted by Zhang and Zhao (2023), the emer-
gence of the Internet of Things (IoT) and cloud-computing systems facilitates the seamless collection,
integration, and analysis of data between coaches, athletes, wearable devices, and the broader sports
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infrastructure ecosystem. Li (2021) demonstrated a data fusion and mobile computing-based monito-
ring system for injury warning, while Wu et al. (2022) introduced an integrated system combining IMU,
cloud, and machine learning (ML) to classify and assess playing levels and stroke techniques in real time,
thereby enabling instant on-court feedback for athletes.

Specifically, in the area of injury prevention and management, technology plays a central role through
two main pathways: monitoring physical load and detecting abnormal biomechanical /physiological bio-
markers. Amaro et al. (2019) and Yeh et al. (2019) utilized vibration sensors (HAV), infrared thermo-
graphy, surface electromyography, and racket-based vibration damping to monitor vibration transfer
and potential injuries such as tennis elbow. Reducing vibration and optimizing equipment were shown
to lower the risk of injuries and muscle fatigue. Similarly, Adamovi¢ et al. (2020) and Yupeng Li et al.
(2021) introduced biomechanical modeling approaches, including finite element methods, force-time
curves, and dynamic chain modeling, to detect and predict potential knee injuries or other biomechani-
cal risks during competition and intensive training.

As noted by Rebelo et al. (2023), force plates and biomechanical wearables have become essential tools
for detecting fatigue, supporting recovery programs, and enriching rehabilitation and injury-prevention
data in high-risk sports such as tennis, soccer, and volleyball. By integrating workload, fatigue, and in-
jury-risk analyses through technology, athlete training and rehabilitation programs have shifted from
relying primarily on coach intuition to being grounded in scientific evidence.

The transformation of sports assessment is inseparable from the need for multidisciplinary collabora-
tion. Fury et al. (2022) emphasized the importance of integrating sports medicine, sports analytics, and
sport science to ensure that granular data from wearables, tracking systems, and big data platforms can
effectively translate into training design, return-to-play monitoring, and long-term athlete health mana-
gement. The challenges of algorithm validation, data interpretation, and translating research findings
into actionable protocols underscore the need for stronger interdisciplinary synergy.

Despite the demonstrated benefits of objectivity, precision, and granularity, several challenges remain,
including data privacy, acquisition and maintenance costs, user comfort, data security, and improving
device accuracy and personalization (Seckin et al., 2023). Furthermore, some systems still require vali-
dation in larger populations, practical testing across different competition levels, and continuous algo-
rithm updates to suit the characteristics of specific sports and user cultures.

The future of tennis assessment, and sports assessment more broadly, will be strongly shaped by ad-
vancing cutting-edge technologies, from increasingly miniaturized wearables and Al-driven sensor fu-
sion to immersive VR/AR-based training. All of these are supported by IoT ecosystems that enable digi-
tal coaching, remote rehabilitation, personalized recovery, and comprehensive data-science-driven per-
formance evaluation. Accordingly, technology is no longer merely an auxiliary tool but has become, and
will continue to be, the cornerstone of modern athletes’ and teams’ strategic decision-making, spanning
injury prevention, performance enhancement, and long-term career management.

Findings from this systematic review demonstrate that integrating technologies such as wearable sen-
sors, video analysis, artificial intelligence, and digital monitoring systems provides high levels of objec-
tivity and efficiency in performance assessment and injury management in tennis. These findings serve
as a foundation for developing data-driven training practices and policy innovations in sport science,
particularly in supporting coaches’ decision-making while enhancing athlete safety and performance.
Nevertheless, this study has several limitations, including the predominance of laboratory-based re-
search with small samples, heterogeneity in technological applications, and the lack of long-term vali-
dation in real-world or large-population contexts. Therefore, further research is needed to evaluate
these technologies’ effectiveness, usability, and long-term impact in actual tennis training and competi-
tion settings.

Conclusions
|

This systematic review concludes that emerging technologies, including wearable sensors, video
analysis, artificial intelligence, data mining, and digital monitoring systems, transform tennis perfor-
mance assessment and injury management. Devices and techniques such as IMUs, EMG, thermography,
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and ML-based algorithms enable objective, real-time evaluation of technical execution, workload, reco-
very, and injury risk. These advances enhance the accuracy, efficiency, and personalization of training
and rehabilitation while empowering coaches and athletes with evidence-based decision-making. At the
same time, integrating big data, cloud computing, and IoT platforms strengthens monitoring capabilities
and opens new opportunities for rapid, data-driven feedback. Nevertheless, this study highlights several
limitations, including the dominance of laboratory-based studies, small sample sizes, heterogeneity in
technologies, and the limited validation of tools in real-world competitive settings. Future research
should focus on validating these technologies in diverse, real-world tennis contexts, while addressing
challenges related to data security, cost-effectiveness, user comfort, and long-term effectiveness. Multi-
disciplinary collaboration between sports science, engineering, and data analytics will be crucial in en-
suring that technological innovations in tennis assessment continue to support performance optimiza-
tion, injury prevention, and sustainable athlete development.
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