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Abstract

Objectives. The current landscape of karate technology is beginning to mature, marked by an abundance of recent
studies. Previous analyses have primarily focused on original investigations, and mapping research trends in

karate through bibliometric analysis has not received adequate attention. Therefore, this study aimed to conduct a
bibliometric analysis of research trends in karate technology through the Scopus database for the period 2000-2025.
Materials and Methods. Data were collected using specific Boolean keywords in the Scopus database. A total of
122 RIS-format documents were retrieved and filtered using the Mendeley application, then visualized using the

VOSviewer and Biblioshiny applications.

Results. (1) Literature development, where productivity increased during 2021-2025, while journal citations tended to

fluctuate. (2) Journal performance, where the most productive journals were in applied sciences, engineering, and several
sports-related fields. (3) Author productivity, where the most active researchers published 10-13 articles, with the highest
citation counts ranging from 109 to 134. (4) Geographic distribution and collaboration patterns, where Poland and
Indonesia were the leading contributors to SCP and MCP, although overall international collaboration was not optimal.
(5) Popular keyword trends, where the dominant cluster focused on artificial intelligence, deep learning, and sensors,
comprising 40 keywords, while the use of virtual reality and augmented reality has also become increasingly common.
Conclusions. Although some aspects have improved, further research and technological development are needed,
along with increased demand in this area and stronger international collaboration. Modern karate requires both the

implementation and continuous improvement of technology to optimize learning and athletic performance.
Keywords: scientometrics, karate bibliometrics, karate technology, literature network visualization.

Introduction

Karate is a Japanese martial art that has developed around
the world. This art is known as an empty-handed martial art that
depends on the hands and feet as weapons in combat (Yudhistira
& Tomoliyus, 2020). Traditionally, karate has existed as a
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martial art that focuses on philosophical values, spirituality,
and mental toughness, not just physical aspects and methods
(Cynarski, 2019). Karate methods consist of movements (kata)
and fighting (kumite), but before learning these two aspects,
basic movements (kihon) should be practiced. Kihon serves
as a foundation for a karateka to improve in kata and kumite
(Dewangga et al., 2025). Over the years, karate has become a
competitive sport to achieve success.

The transformation of Karate into an Olympic sport
at the 2020 Tokyo Olympics has drastically shifted the
paradigm, transforming the preservation of traditional
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values into a science-based and measurable achievement
program. In modern karate, success at the top is not solely
determined by talent and consistent training. External
factors, such as infrastructure management, sports science
support, and digital technology, are crucial to achieving
peak performance on the tatami. These results are consistent
with the argument of Bompa and Buzichelli that internal
and external support in sport are crucial for optimizing
performance (Bompa & Buzzichelli, 2020).

Digital transformation has brought advanced devices to
the training and competition arenas (Sungkowo et al., 2024). In
other sports, the use of sensors and big data analysis has become
the gold standard for technological advancement in sports
science (Sungkowo et al., 2024, 2025). In karate, this potential
is beginning to be explored through several technologies, such
as video analysis and match review. The technologies are to
facilitate decision-making on points and fouls, the emergence
of high-quality karate apparel and equipment brands, as well
as virtual reality-based training tools to hone punch and kick
reaction skills (Witte et al., 2022)

As technological advancements offer significant
advantages in the area, substantial gaps remain. The
application and development of technology in karate is
still far from optimal, both in terms of study depth and
implementation in training settings. Regularly, studies on
technology in karate stop at prototype design and have
not advanced to the area of periodization and real-time
automated training programs. Therefore, technology tends
to be viewed as simply an add-on rather than a pressing
necessity in training management systems.

There are cultural challenges, as some practitioners believe
that digitalization diminishes the spiritual values of karate. This
creates uncertainty about how technology can be integrated
with karate philosophy without losing the essence of the martial
art, potentially hindering widespread adoption. Another issue
is the lack of literature to comprehensively map the extent
of digital transformation in modern karate. Without a clear
map, academics and practitioners struggle to determine how
technology will change in karate in the future.

Technological transformation is driven by two key
mechanisms: (1) practical efforts to shift from intuition-
based technical assessments to objective data such as match
statistics, and (2) a shift from tools like stopwatches to
wearables and machine learning capable of processing data
in real time. Through these mechanisms, technology is not
merely an addition of accessories, but an effort to redesign
training methods to help athletes achieve peak performance.

The ever-increasing complexity of study requires
a method to distill massive amounts of information into
meaningful patterns. Bibliometric analysis is a solution for
quantitatively mapping the scientific landscape. Moreover,
bibliometrics is a type of scientific method that aims to
identify study trends related to the number of publications,
authors, and popular countries on a particular topic
(Akhiruyanto & Yudhistira, 2024). This method is very
useful for identifying study gaps through structured pattern
mapping, enabling the process to be easier for analyses to
map topics for further study (Hafidz et al., 2024).

Previous studies on the bibliometric analysis of karate
have been conducted. For example, Gabriela et al. mapped
publications trends, relationships among topics, collaborations
between countries, and identified the most dominant study

clusters (Gabriela et al., 2023). Similarly, Kek et al. conducted
a bibliometric analysis, and found that leading countries,
particularly the United States, produced the highest number
of publications on karate-related injuries (Kek et al., 2023). A
study by Leonardo et al. conducted a review analysis of 450
original articles, with 67% published in the last 10 years. The
most frequently cited references in these articles were in the
fields of biodynamics and performance with a focus on sports
science (Mazzei et al., 2022). European authors published the
most works on karate, and the most frequent publications were
on injuries in karate (Mazzei et al., 2022).

A total of three scientific papers on karate bibliometrics
exist, leaving a scarcity of studies on karate bibliometrics. In
response to these studies, the bibliometric analysis conducted
is still general and focuses more on mapping the number of
publications and study collaborations (Gabriela et al., 2023).
Following the discussion, the bibliometric analysis in karate
still focuses on injury studies (Kek et al., 2023; Mazzei et
al., 2022). The diversity of references, journals, and authors
produces an abundance of knowledge, but there are gaps
in the areas of management, history, social sciences, and
current karate training methods (Mazzei et al., 2022).

Bibliometric analysis on mapping technological
developments in karate has not received special attention. This
mapping is very important to determine study trends, as well
as to provide follow-up and direction for future studies related
to sports technology in karate. Therefore, this study aims to
"conduct a bibliometric analysis of digital transformation in
karate based on the Scopus database from 2000 to 2025".
The focus of study questions (RQ) includes (1) literature
development, (2) journal performance, (3) author productivity,
(4) geographic distribution and collaboration networks, and
(5) trends in popular study topics. Through a systematic
bibliometric analysis of karate study trends, the present analysis
is expected to provide progress-based evidence on how karate
functions as an educational and scientific field. Furthermore, the
process is expected to provide information to karateka trainers
and practitioners in understanding and applying technology
in karate as a medium to advance higher achievements. The
operational limits of karate technology are presented in more
detail in Table 1.

Table 1. Operational Limitations of Karate Technology

Variable

Augmented reality,
virtual reality,
e-learning, big
data, information

Technology Pillar Main Focus

Administrative and
managerial efficiency,
software-based
training simulations

Digital system

systems
Biomechanical Assessment of Inertial sensors,
study physical condition, computer vision,
technique (kihon, kinematics,
kata, kumite), and electromyography,
injuries using digital ~ accelerometers
measurement tools
General Sports A combination Performance
Science of psychological analysis, exercise
and physiological monitoring,
principles, training instrument
methods that development,
support physical and behavioral
performance, and responses

technological aids
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Materials and Methods

This study was a bibliometric analysis that aimed to
map and analyze published trends by presenting quantitative
data. The data presented patterns, networks, keywords,
citation data, and author collaboration trends, helping to
identify thematic evolutions in previous studies (Donthu et
al., 2021). This method had great potential in the disciplines
of education, training, and exercise in the context of sport
(Oktavani et al., 2026). Specifically, the present study aimed
to analyze the bibliometrics of digital transformation in
karate using the Scopus database.

Data Collection Strategy

The Scopus database was selected due to its extensive
coverage across various disciplines, including health,
humanities, and education, as well as the advanced analytical
features for mapping articles using bibliometric analysis
(Oktavani et al., 2026). The data search process started on April
8, 2026, leading to a final dataset of 122 articles in RIS format.
The criteria used for the final dataset were shown in Table 2.

Data Screening Procedure

Data screening was conducted independently by three
expert karate reviewers, all doctoral academics. The three
reviewers possessed sufficient practical and theoretical
experience, ensuring the relevance as well as methodological
demand of the data during the selection process. Moreover,
the use of independent reviewers improved objectivity,
strengthened methodological transparency, and minimized
bias in data screening (Oktavani et al., 2026). The initial
screening process started with a search for relevant titles and
abstracts focused on karate topics related to the application of
training, analysis, and technological developments in karate.
Full texts were then reviewed, which served as inclusion

and exclusion criteria. Any disagreements between the
three experts were resolved through structured discussions
aimed at reaching a mutual agreement on the inclusion and
exclusion criteria. As a form of transparency, all inclusion
and exclusion decisions were documented throughout the
selection process. The experts followed predetermined
criteria regarding publication type, time, language,
methodology, and topic relevance. This data selection
procedure provided information that maintained internal
validity by following a structured, rigorous, and transparent
bibliometric analysis (Oktavani et al., 2026).

Data Extraction Procedure

Data were retrieved from scopus.com, which contained
bibliographic information such as name, author, title,
year, journal, affiliation, country, keywords, abstract, and
number of citations. Duplicate records were identified
using the Scopus website and manually checked using the
Mendeley desktop application to avoid word as well as
spelling disambiguations. Moreover, metadata was compiled
for quantitative analysis and network patterns to improve
the analysis. Data analysis preparation was assisted by the
VOSviewer and Biblioshny applications.

Bibliometric Indicators

The bibliometric analysis focused on quantitative results
regarding literature development, journal performance,
author productivity, geographic distribution, topic trends,
and collaboration networks. The outcomes of this analysis
were shown more visibly in Table 3.

Data Visualization

Study data visualization was conducted using
VOSviewer and Biblioshny applications (Borgohain et al.,

Table 2. Criteria for data collection through the Scopus database

No Item Description

Rationalization

1. Database source Scopus

2. Search field
3. Method type

Title, Abstract, and Keywords

Quantitative, Development
4. Language English

5. Boolean .
« »
accelerometer;

“karate” AND “inertial sensor” OR “IMU” OR

The database had high credibility, broad coverage
in the sports field, and was multidisciplinary.

To collect data relevant to the study topic.

To present collaborative networks, patterns, and
trends objectively through numerical data.

As an international language, it facilitated global
data retrieval.

Integrating the main keyword “Karate” with
various technology terminologies to find

Publication Year

Document Type
Data Export

“Karate” AND “computer” OR “kinematics” OR
“biometrics” OR “data mining””

“Karate” AND “exergaming” OR “virtual reality”
OR “augmented reality” OR “simulation””

2000-2025

Original article

RIS

extensive and comprehensive data.

Described the evolution of karate technology
from its early digital beginnings to modern
developments.

To ensure data quality, it experienced a rigorous
review process.
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Table 3. Indicators and Objectives of Bibliometric Analysis

Category Indicator

Focus of Analysis

Literature development o Study productivity 2000-2025
o Average citations per year

Journal performance o List of most popular journals
o List of the most impactful journals

Author productivity o List of the most productive authors
o List of most impactful authors

Geographic distribution and «  List of countries of correspondence
collaboration networks o List of collaboration patterns

Popular keyword trends o Popular keyword patterns

Measuring publication volume and citation impact

Identifying relevant and influential publication sources
on karate topics

Mapping dominant individual study contributions and
citation rates

Analyzing study distribution and countries that were
centers for karate technology development, as well as
patterns of international study collaboration

Identifying popular keyword patterns to justify
developing technologies

2022; Chen et al., 2022). VOSviewer was used specifically
for co-occurrence analysis to identify topic trends and
technological focuses in karate studies. In addition, the
application was used for co-authorship analysis to visualize
collaborative networks among institutions, authors, and
countries in building global study partnerships. Biblioshny
was used for literature productivity analysis, including
the presentation of annual publication trends and average
citations per year. Additionally, the application was applied
in source and author performance analysis, including the
identification of popular and high-impact journals, as well as
the contributions of dominant studies in the field. Biblioshny
was also used for geographic distribution analysis to map
scientific production and identify countries that served as
major centers of technological development in karate studies.

Data Validity and Limitations

Data validity was maintained through a systematic

method to find objective and replicable results.

o Internal validity was conducted using a search
instrument developed using Boolean keywords
(AND, OR), integrating the primary keyword
“karate” with several relevant terms such as artificial
intelligence, internet of things (IoT), and inertia
sensors. This ensured that the searched data covered
the full scope of digitalization in karate.

o External validity, through the use of the Scopus
database, ensured credibility due to its rigorous scope
and review standards for each article included in the
database.

« Data consistency was ensured through independent
screening procedures to minimize subjectivity and
increase study transparency. Expert consensus was
used, where any discrepancies in inclusion and
exclusion criteria were resolved through structured
discussions and consensus. Moreover, technical
reliability using the VOSviewer and Biblioshiny
applications ensured consistent as well as accurate
data processing.

o Limitations: The researchers acknowledge that
“citation latency” in the 2024-2025 data is an
inherent limitation of Scopus-based bibliometric
research, which may influence the interpretation
of the urgency of the latest technological research.

Therefore, these trends should be interpreted with
caution and not viewed as an absolute measure of a
technology’s effectiveness in practice.

Protocol Registration

Protocol registration is not mandatory in a bibliometric
study. As protocol registration is commonly used in
systematic reviews or intervention studies to improve
transparency (Oktavani et al., 2026), it is not a standard
requirement in bibliometric studies. However, the screening
strategy and analysis framework are predetermined and
clearly reported to ensure methodological transparency in
accordance with established bibliometric study guidelines
(Donthu et al., 2021).

Results

RQT: Literature Development

Table 4. Study productivity 2000-2025

Period of the year Number of articles Percentage
2000-2010 2 1.6%
2011-2015 10 8.2%
2016-2020 35 28.7%
2021-2025 75 61.5%

Total 122 100%

Table 4 showed that publication growth in 2000-
2010 was still very limited at 1.6%. In addition, the initial
growth phase in 2011-2015 increased moderately to 8.2%,
the publication volume expansion phase improved sharply
to 28.7%, and the digital acceleration phase in 2021-2025
witnessed a peak in publications with a contribution of
61.5%. However, volume efficiency is inversely proportional
to citations (Table 5), which indicates citation latency—that
is, publications from 2024-2025 have not yet reached the
mature citation phase within the scientific community

Table 5 showed that 2007 recorded the highest average
citation impact, with 54.00 citations per document, followed
by 2011 with 42.33 and 2004 with 31.00, indicating the
strong influence of publications from these periods. The
growth trend from 2015-2020 showed an average of 27.75
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Table 5. Average citations per year

Mean Total

e L. N (total Mean total Citable
Year  Citations per article) Citations per year year
article
2025 0.54 13 0.54 1
2024 0.73 11 0.36 2
2023 6.89 9 2.30 3
2022 10.38 8 2.59 4
2021 12.00 8 2.40 5
2020 7.10 10 1.18 6
2019 21.00 6 3.00 7
2018 5.36 11 0.67 8
2017 17.40 10 1.93 9
2016 11.67 3 1.17 10
2015 27.75 4 2.52 11
2014 8.75 4 0.73 12
2013 14.67 6 1.13 13
2012 11.50 2 1.13 13
2011 42.33 3 2.82 15
2010 7.50 2 0.47 16
2009 0.0 0 0.00 0.0
2008 29.00 2 1.61 18
2007 54.00 1 2.84 19
2006 0.0 0 0.00 0.0
2005 0.0 0 0.00 0.0
2004 31.00 1 1.41 22
2003 0.0 0 0.0 0.0
2002 0.0 0 0.0 0.0
2001 0.0 0 0.0 0.0
2000 0.0 0 0.0 0.0

citations per document. By 2019, the average citation per
year reached 3.00, despite the total citations per article being
21.00. The latest dynamics in 2021 were 12.00 citations per
document, 2024 had 0.73, and in 2025, 0.54 citations were
achieved. These figures were low, particularly in 2000, 2003,
2006, and 2009, where the citations were 0.

RQ2: Journal Performance

Table 6. List of 10 popular journals

Total
No Journal Name Articles
1. Sensors 4
2. Applied sciences (Switzerland) 3
3. Journal of Sports Sciences 3
4. Journal of electromyography and kinesiology 3
5. Sport engineering 2
6. International journal of computer science in sport 2
7. Journal of strength and conditioning study 2
8. Plos one 2
9. Journal of physical education and sport 2
10. IEEE Access 2

Table 6 showed that Sensors was a popular journal,
producing 4 articles, followed by Applied Sciences
(Switzerland), Journal of Sports Sciences, and Journal of

Electromyography and Kinesiology, producing 3 articles.
Following the discussion, other journals had 2 documented
articles, as shown in the table.

Table 7. List of the 10 most impactful journals

No Journal Name Total Citations
1 Journal of electromyography and kinesiology 188
2 Journal of Sport Sciences 155
3  Plosone 82
4 Sports engineering 64
5  Sensors 59
6  Journal of strength and conditioning study 59
7 Biomedical signal processing and control 54
8  Journal of science and medicine in sport 58
9  IEEE access 38
10 Archives of Budo 34

Table 7 showed that the electromyography and
kinesiology journal, with 188 citations, and the sports science
journal, with 155 citations, were the journals with the most
citations. Meanwhile, the other journals had an average of
34 to 82 citations. The dominance of “Sensors and Applied
Sciences” (Table 5) confirms a sociotechnical shift in karate
research from the realm of pure sports toward engineering
in pursuit of global visibility. However, popular engineering
journals, such as the “Journal of Electromyography and
Kinesiology”, have become scientific authorities, indicating
that biomechanics remains the standard for sports science
research in karate.

RQ3: Author Productivity

Table 8. List of the 10 most productive authors

No  Author Name Total Article Fraﬁli.:)ilﬂiel:ze d
1.  Hachaj 13 7.83
2. Ogiela 10 4.33
3. Witte 7 1.85
4.  Petri 6 2.05
5. Quinzi 6 1.14
6.  Sbriccoli 5 1.35
7. Setiawan 4 0.85
8. Koptyra 4 1.25
9.  Masik 4 0.82
10.  Emmeracher 4 0.82

Table 8 showed that Hachaj was the most prolific author
with 13 articles, followed by Ogiela in with 10, indicating
individual central role in advancing study in this field. Other
authors, such as Witte, Petri, and Quinzi, each contributed
6 articles. Several other studies, including Sbriccoli, who
had 5 articles, and Setiawan, Koptyra, Masik, as well as
Emmeracher contributed 4 articles. Productivity does not
guarantee research impact; for example, while Hachaj leads
in the number of publications with 13 articles, Sfroza holds
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the lead in impact with 134 citations. The difference between
productivity (Table 8) and impact (Table 9) underscores
that technology research is still largely driven by individual
researchers and has not yet achieved a broad collective
consensus.

Table 9. List of the 10 most impactful authors

No Name ci’tI:gst h-index g-index M-index
1. Sforza 134 6 11 0.429
2. Zago 119 5 5 0.357
3. Sbriccoli 112 5 5 0.556
4. Quinzi 109 4 4 0.286
5. Witte 76 3 3 0.214
6. Hachaj 70 3 3 0.231
7. Petri 68 5 5 0.385
8. Vencesbrito 67 1 1 0.062
9. Dierick 67 1 1 0.062
10. Sayers 67 1 1 0.062

Table 9 showed that Sforza was ranked first with a total
of 134 citations, an h-index of 6, and a g-index of 11 (Sforza
etal,,2001). Zago obtained 119 citations with an h-index of 5
(M Zago et al., 2015, 2017; Matteo Zago, Giuriola, etal., 2016;
Matteo Zago, Piovan, et al., 2016)balance control represents
a key performance determinant. With the hypothesis that
high-level athletes display advanced balance abilities, the
purpose of the current study was to quantitatively investigate
the motor strategies adopted by elite and non-elite karateka
to maintain balance control in competition. The execution of
traditional karate techniques (kihon, and Sbriccoli obtained
112 citations. Interestingly, Sbriccoli had the highest m-index
of 0.556, reflecting a consistent acceleration of study impact
throughout his scientific career (Sbriccoli et al., 2010).
Quinzi observed the impact of 109 citations (Fiorilli et al.,
2020; Quinzi et al., 2013, 2014, 2015, 2016, 2018; Sbriccoli
et al., 2010)muscle fibre conduction velocity (MFCV, Witte
had 76 citations (Witte et al., 2022), Hachaj produced 70
citations (Hachaj, 2017; Hachaj et al., 2018, 2013), and Petri
achieved 68 citations (Pastel et al., 2023; Petri et al., 2019)
it is still unclear to what extent VR training tools can be
applied for motor learning of complex movements. Previous
VR studies primarily relate to realize performances rather
than learning motor skills. Therefore, the current study
compared VR with video training realizing the acquisition of
karate technique, the Soto Uke moving forward in Zenkutsu
Dachi, without being accompanied by a trainer or partner.
Further analyses showed whether a less lavished forearm
compared to a whole-body visualization in VR is necessary
to acquire movements’ basics sufficiently. Four groups were
tested: 2 groups conducted VR training (VR-WB: whole-
body visualization, and VR-FA having only visualized the
forearms. Following the discussion, Vencesbrito, Dierick,
and Sayers had 67 citations (Gavagan & Sayers, 2017; Pozo
etal., 2011; A. VencesBrito et al., 2019; A. M. VencesBrito et
al,, 2011)and (ii. Although the number of citations was the
same for all three, the h-index and g-index were low, namely
1, showing a large impact in one article.

RQ4: Geographic Distribution and Collaboration Network

Table 10. List of 10 countries of correspondence

No Countries N % SCP MCP % MCP
1. Poland 16 13.1% 14 2 12.5%
2. Indonesia 14 11.5% 12 2 14.3%
3. Italy 13 10.7% 10 3 23.1%
4. Germany 11 9.0% 9 2 18.2%
5. Japan 9 7.4% 8 1 11.1%
6. Brazil 8 6.6% 6 2 25.0%
7. Spain 6 4.9% 4 2 33.3%
8. Portugal 5 4.1% 4 1 20.0%
9. Russia 4 3.3% 4 0 0.0%
10. Serbia 4 3.3% 3 1 25.0%

Table 10 showed that Poland ranked first with 13.1%
(16) articles of single-country publications (SCP), but still
had a multiple-country publication (MCP) engagement
of 12%. Indonesia ranked second with 11.5% (14) articles,
with 12 SCP publications and a MCP percentage of 14.3%.
Germany followed with 10.7%, approximately 13 articles,
and 9.0%, about 11 articles. Japan, as the country of origin of
karate, ranked fifth with 9 articles, approximately 7.4%. Spain
showed the highest MCP collaboration at 33.3%, followed by
Israel with 25.0% and Serbia with 25.0%. Meanwhile, Russia
showed an MCP of 0.0%, signifying that technological study
is more often conducted independently in the country.

Table 11. Popular collaboration patterns

Total

No Category Collaborator Name collaboration

1. Cluster 1/Red Bandow, brunnet, 12
burger, danneberg,
droste, emmermacher,
masik, pastel, petri,
ritter, witte, zhang

2. Cluster 2/Dark Blue Balashov, bocharov, 5
bublikov, khasanshin,
labintsev

3. Cluster 3/Yellow Camomilla, di mario, 5
felici, quinzi, sbriccoli

4. Cluster 4/Purple Ciprandi, galvani, 4
sforza, zago

5. Cluster 5/Light Blue Hachaj, koptyra, ogiela, 4
piekarczyk

6. Cluster 6/Orange Kim, terada, tsuchida, 4
tsukamoto

7. Cluster 7/Brown Franchini, goethel, 3
robalino

8. Cluster 8/Light Borysiuk, blaszczyszyn, 3

Purple kaczmarski

9. Cluster 9/Pink Ferreira, martins, 3

piemontez
10. Cluster 10/Green Echeverria. santos 2

Table 11 showed that the largest collaborative hub was
red cluster 1, with 12 collaborators, as the network density
showed strong study integration. Meanwhile, subsequent
clusters ranged from 2 to 5 collaborators, which could not be
considered optimal in terms of collaborative study networks
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Table 12. Popular keyword patterns

No Category

Keyword Pattern

Total

1. Cluster 1/Red

Accelerometers, accelerometry, algorithm, algorithms, artificial intelligence, 40

classification, classification of information, community detection, community
detection algorithm, complex networks, computer vision, convolutional neural
network, computer vision, convolutional neural network, deep learning, description
languages, dynamic time warping, human motion analysis, image processing, image
recognition, information systems, karate, kinetic, kinematic, kinematic analysis,
kinematics, kumite, learning algorithms, learning systems, machine learning, motion
analysis, motion capture, multilayer neural network, physical activity, population
dynamic, punch, reliability, sensor signal averaging, training process, wearable sensors

wearable technology
2. Cluster 2/Green

Arm, athlete, athletes, athletic performance, electromyography, hip, human 18

experiment, joint characteristics and functions, priority journal, range of motion

articular, skeletal muscle, skill
3. Cluster 3/Blue

Adolescent, adult, biomechanical phenomena, biomechanics, body mass, comparative 17

study, knee functional, martial art, martial arts, motor performance, motor skills,
physiology, principal component analysis, sport, velocity,

4.  Cluster 4/Yellow

Combat sport, combat sports, e-learning, karate kumite, performance, personnel 13

training, quality control, reaction time, response behavior, three-dimensional
computer, virtual reality, virtual reality training, visualization

5. Cluster 5/Purple

Acceleration, ankle, body equilibrium, controlled study, lower extremity, lower limb, 10

middle-aged, pathophysiology, postural balance

since the clusters remained fragmented in individual studies,
as shown in Figure 1.

RQ5: Popular keyword trends

Table 12 showed that Cluster 1 (red) was dominated by
digitalization and artificial intelligence keywords, totaling
40. Cluster 2 (green) was dominated by athlete performance
and biomechanics keywords, totaling 18. In addition, Cluster
3 (blue) was dominated by physiology and basic movement
keywords, totaling 17. Cluster 4 (yellow) was dominated
by technology simulation and combat response keywords,
totaling 13. Moreover, Cluster 5 (purple) was dominated by
body balance and pathophysiology keywords, totaling 10, as
shown in Figure 2.

Discussion

This study maps the transition of karate from a
traditional pedagogical sport to a science- and technology-
driven sport. The researchers frame this shift not merely as
an increase in the use of technology, but as a process in which
traditional karate values begin to interact within measurable
biomechanical, physical, and psychological parameters.
This framework explains why the shift in key terms from
motion tracking in the 2000s to artificial intelligence in the
2020s is not merely a trend, but a systemic response to the
need for objectivity in decision-making during training and
competition.

RQ1: Development of literature

The results showed a 61.5% increase in publications
between 2021and 2025. This confirms that the transformation
of karate into an Olympic sport at Tokyo 2020 has shifted the
paradigm from preserving traditional values to measurable,

science-based achievements. This is not only a result of
karate’s status as an Olympic sport but also a reflection of
the maturity of the research infrastructure. This situation
is further supported by the increased availability of inertial
measurement units (IMUs), enabling researchers from
developing countries to analyze the biomechanical aspects
of karate without the need for large laboratories. Although
study productivity on technology in karate had increased
significantly, the average citation rate in the final year of
2024-2025 remained relatively low, at only 11-13 citations.
As a result, annual study productivity did not guarantee
impactful publications, as showed by high citation counts.
Publication productivity was an important benchmark
for assessing the performance of studies (Fischer etal., 2012).
Scientificpublicationsinanyfield wereasource ofinformation
for societal advancement (Wahid et al., 2021). Relating to the
discussion, publications aim to create and transform new
knowledge as well as stimulate innovation (Wahid et al,,
2021). In an academic context, publications and citations
influenced individual career development and recruitment
(Wahid et al., 2021). Study productivity was primarily
influenced by time, academic rank, and collaboration, but
had less impact by position as well as mentorship (Wahid
et al.,, 2021). In an institution, the environment, situation,
funding, and electronic infrastructure significantly
influenced publication productivity (Wahid et al., 2021).
Based on the description above, publication productivity
was not directly proportional to publication impact, which
was characterized by the number of articles cited by other
studies. In this case, the present study was needed, or similar
studies that would need to be conducted. Several categories
were available thatinfluenced the increase in average citations
each year. First, factors related to the article , including
novelty, paper quality, popularity, interest of studies,
characteristics of the discipline, methodology, study design,
and documents. Other factors comprised results, discussion,
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use of images, characteristics of the title, abstract, and
keywords, characteristics of references, page length, article
age, initial citations, and citation rate, as well as accessibility
(Tahamtan et al., 2016). Second, factors about the journal,
including the prestige of the journal, journal language,
scope, and publication form (Tahamtan et al., 2016). Third,
factors about the authors, including the number of authors,
author reputation, previous citations, author academic rank,
gender, race, age, productivity, organizational features, and
grant funding received (Tahamtan et al., 2016).

The increase in publications was also influenced by the
fact that publication indexing has tended to be more inclusive
of open-access journals over the past decade. Expanded
accessibility has acted as a catalyst for researchers in developing
countries to improve their publication performance, yet
citation latency has emerged as a factor. The data indicates a
drastic increase in publication volume from 2021 to 2025, yet
the average citation count has declined. This indicates literature
inflation, where the speed of publication is not matched by
sufficient time for evaluation, assimilation, and citation of the
work. Citation latency reflects a delay in practical adaptation;
that is, published technology often takes more than one or
two years to be adopted in real-world applications, resulting in
lower citation rates in the early years.

According to the results and citations above, productivity
as well as citations per year were indeed influenced by many
factors. However, when the focus was on technological
developments in karate, the most important influencing
factors were as follows. (1) The transition from traditional
karate to modern karate required holistic dissemination,
particularly for trainers. (2) The rise of academics who
focused on karate was still not optimal. (3) The academic
background was essentially from the field of sports, showing
that the innovation to develop technology was not optimal.
For example, collaboration with academics in the field of
computer science or educational technology was needed.

RQ2: Journal performance

The results showed that the Sensor journal was the
most popular with 4 articles, followed by Applied Sciences,
Journal of Sports Sciences, and Journal of Electromyography
and Kinesiology. This outcome showed that studies on karate
technology were increasingly shifting from sports journals to
engineering-based journals and applied sciences. Therefore,
karate was observed as an extremely complex biomechanical
and sensory study object. The journal with the highest
impact was characterized by the number of citations, where
the Journal of Electromyography and Kinesiology ranked
first with 188 citations. This reinforced the global trend of
technology validation through physical activity data being
more popular than just the use of digital devices. Another
journal, such as the Journal of Sport Sciences as the second
highest impact. There was a particular concern that journals
focused on sports became impactful to other studies besides
those relating to engineering. Third place was the Journal Plos
One with 82 citations that covered a wide scope, including
sports studies. However, the 10 influential journals were still
dominated by journals related to the engineering field.

The complexity of journal selection was influenced by
national and university policies, study funding factors, as
well as journal ranking systems, all of which were dynamic

and constantly changing (Rowley et al., 2022). Experience
publishing in specific journals, personal competencies, and
career objectives influenced journal selection (Rowley et al.,
2022). Other studies also provided different perspectives,
such as good relationships with journal staff, publication
reliability, and organizational willingness to sponsor
publication in a particular journal, or other reasons for
inviting submissions to a particular journal (Thompson,
2007). Following the discussion, the impact of the journal
was influenced by open-access journals. For example,
articles published twice a year were more expected to be
cited in 4-10 months and nearly three times more possibly
to be cited 10-16 months after publication compared to non-
open access journals (Mckiernan et al., 2016).

Journal selection is often determined by indexing.
Journals such as “Sensors” or “Applied Sciences” dominate
due to their open-access publication profiles, thereby
providing a solution for readers. However, researchers
must be more critical of the shift from sports journals to
engineering journals, which reflect the complexity of the
subject matter and high impact factors, yet often come
with excessively high publication costs. This creates a new
dichotomy: sports research related to engineering that is
expensive to publish, compared to sports research published
in pure sports journals with lower publication costs.

Based on the description above, journal performance
from a karate technology study perspective was related to
study funding, experience, and journal open access. The
performance was also according to the development of
karate study related to less well-known technologies, which
was different from other sports, such as games, namely
football, volleyball, and basketball. Individual martial arts
sports were still less interested in being explored. Meanwhile,
the relatively limited optimal development in martial arts,
particularly karate, had become an accessible and appealing
field for integration with technology, facilitating the
publication in reputable international journals. This process
was directly proportional, and when the productivity of the
journal in publishing articles was not high, citations would
also be less optimal in terms of citation impact. However,
certain topics related to technology in karate were interesting
and had relevant pragmatic value in other sports technology,
allowing the process to be dynamic. There was a possibility
that these topics would be widely referenced.

RQ3: Author productivity

The results showed that, among the 10 most productive
authors, Hachaj (13 articles) and Ogliela (10 articles) had
the highest production and became central figures. This
showed the effort and ambition to publish works related
to karate technology. Despite being the most productive
authors, the results of influential authors were not directly
proportional. Authors with the most citations were Sfroza
(134), Zagi (119), Sbriccoli (112), Quinzi (109), and others.
Hachaj was not included in the top 5 influential authors, and
Ogliela was excluded from the top 10. Therefore, the number
of publications did not necessarily signify the number of
citations.

There is a disconnect between productivity and impact:
for instance, the highly productive author Hachaj is not the
most cited researcher, while Sforza, with fewer publications,
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is the most cited researcher. This suggests that technological
research in karate still relies heavily on individual innovation.
Existing studies often stand alone without forming a
mutually supportive research ecosystem. One solution is
interdisciplinary collaboration between computer scientists
and karate experts to ensure that technology development
does not stop at prototype design but continues into the
long-term commercialization phase.

Studies showed that topic significantly influenced citation
rates, with only a limited number if areas in sports science,
such as injury and exercise physiology; receiving highly citation
impact (Gholampour et al., 2022). Highly cited articles were
often published in high-impact journals ranked in the top
quartile and were the result of collaborations across institutions,
studies, and countries (Gholampour et al., 2022). This action
was also dynamic, as not all articles published in high-impact
journals were highly cited (Chapman et al,, 2026). Other studies
had shown that international collaboration patterns had a
higher potential citation impact than domestic publications
(Wang et al., 2015).

Based on the description above, publication productivity
was influenced by both internal and external support
factors, including the presence of lecturers or academics
with doctoral degrees or professorial ranks, who provided
additional resources and facilitate study publication in
academic journals. However, the impact of authorship
on ongoing studies might be due to the need for relevant
analyses previously published by authors. In karate study,
particularly in relation to technology, citation practices
remained suboptimal, as most analyses had primarily
focused on physical training aspects that did not require
technology. A high level of study collaboration between
countries had an optimal impact on citation performance
for articles discussing karate technology.

RQ4: Geographic Distribution and Collaboration Network

The results showed that Poland and Indonesia were
among the most productive countries in terms of contributions
to single-country publications (SCPs) and multi-country
publications (MCPs). Other countries that followed included
Italy, Germany, Japan, Brazil, Spain, Portugal, Russia, and
Serbia. Poland and Indonesia showed strong ambitions of
domestic academics to advance karate sports science through
digital transformation. Japan was not among the top three
for MCPs, despite karate originating from the country. This
was probably due to the continued focus on SCP publications.
Another interesting result was that Russia had not published
MCP publications, which needed to be improved in its growing
study efforts. Therefore, the overall collaboration network in the
field of karate technology remained fragmented in a small group
of collaborators. There was no consensus on a single technology
platform, leading many studies to prefer SCP publications to
developing MCP prototypes. Without large-scale collaborative
research initiatives, karate technology will remain stuck in a
state of fragmentation, meaning that the innovations produced
will be difficult to replicate and implement on a global scale.

The action was shown by the largest collaboration hub
in cluster 1, showed in red, with only 12 associations. As the
value represented the largest cluster, it was not considered
quantitatively optimal. Subsequent clusters only had between
2and 5 collaborators, showing the strong correlation between

MCP and collaboration patterns. This process allowed the
present analysis to identify gaps in collaboration trends in
technology studies that needed improvement, as shown in
Figure 1.
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RQ5: Trends in Popular Keyword Patterns

The keyword pattern trend with cluster 1 in red
showed a digitalization and artificial intelligence form with
40 keywords. The outcomes showed that current karate
depended on subjective intuition, deep learning, and data
mining. In cluster 4 (yellow), responsive training methods
incorporated virtual reality applications and exergaming to
support learning and achievement. When examined across
different periods, the focus of literacy and studies in this field
has changed significantly. Between 2000 and 2010, studies
primarily focused on how to track movement using optical-
based methods. From 2011-2015, investigations shifted
toward kinematic and kinetic analysis of punching and
kicking through the application of an electrogoniometer.
During 2016-2020, developments included the introduction
of the iKaraate application, the use of inertial measurement
unit (IMU) sensors, and the early exploration of virtual reality
for responsive training. More recently, from 2021-2025,
studies have increasingly integrated artificial intelligence,
deep learning, augmented reality, and systems such as
Kumitron for performance monitoring and evaluation. The
rise of artificial intelligence and deep learning marks a new
phase in the automation of sports coaching. Underlying this
transformation is the urgent need for monitoring capabilities
that can handle the complexity of karate movements. Deep
learning mechanisms make it easier for coaches to perform
the laborious task of movement analysis, allowing them to
focus on tactical aspects rather than just technique. This
outcome showed the development of study trends that were
starting to increase, as shown in Figure 2.

Conclusions

It is concluded that karate is evolving into a
technology-driven sport, propelled by key drivers such
as (1) technological needs; the surge in publications
from 61.5% between 2021 and 2025 reflects researchers’
pragmatic response to the complexity of karate data,
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which cannot be analyzed manually. The dominance of
keywords such as artificial intelligence and deep learning
underscores that technology serves as a tool for coaches.
Additionally, the development of virtual reality, augmented
reality, and exergaming as training tools for karateka. (2)
methodological fragmentation: although productivity has
increased, citation rates have fluctuated, proving that the
quantity of publications does not correlate directly with
research impact. Although Poland and Indonesia show high
contributions to SCP and MCP, research remains confined
to small groups. Suboptimal collaboration patterns result in
technology research remaining uncertain, which explains
why innovations are difficult to commercialize. (3) A shift in
scientific authority; the dominance of engineering journals
such as “Applied Sciences” and “Sensors”, compared to sports
sciencejournalslike the “Journal of Sports Sciences’, indicates
that the legitimacy of karate technology is now validated
through precise biomechanical data and physical condition
metrics. Researchers with high productivity—10-13 articles
and 109-134 citations—have become the center of gravity,
indicating a shift in authority from pedagogy toward applied
science.

This study provided an analytical overview of how
technology had started to develop in the implementation
of karate. Although karate was occasionally viewed as a
traditional sport in relation to the body and movement,
technological support played a crucial role in achieving
more optimal performance. Related to performance,
modern karate greatly requires technology for measurement,
justification, talent scouting, performance analysis, and
training program development. Academically, this study
contributes to how future analyses can be optimized related
to the development of technology-based applications,
international collaboration, and increased study productivity.
The analysis also contributes to how future studies can
implement applications that have been developed in the
scope of karate organizations and clubs to provide knowledge
and be able to use technology in training rooms. From the
perspective of a practitioner, it is important to understand
that the implementation of technology in karate is essential
to support physical and technical performance.
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CyuyacHun TexHonoriyHum naHawadT Kapare: 6ibniomeTpnuHe
KaptorpadyBaHHA Ta Bisyanisauia mepexi HayKoBOI
nitepatypu 3a gaHumm 6asm Scopus (2000-2025)

damxap ABanr IpaBan'*?cPE, [lepanrra IOpxicripa®*8“PE, Camcyp’agi**BCPF,
Heppi Anamcpax>*ABCPE, Hyryapi Cenakxam>P®

' lep>xaBHmit yHiBepcurer CemMapanra
*[lep>xaBuuit yHiBepcutet Cypabai
*Yuisepcurer IpiBimpkast
*Yuisepcurer Multi Data Palembang
*YuiBepcurer CpiHakxapiHBipoT

ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 12 ¢, 12 Tabi., 2 puc., 46 mxeper.

Merta. Cy4acHuil HanpsIM TeXHOJIOTiN y KapaTe IOYMHAE aKTMBHO PO3BMBATUCH, 1[0 MiATBEP/KY€ETbCA 3HAUYHOIO KiJTbKiCTIO
HeIo/IaBHiX gocmimkensp. [lonepenHi aHanisu nepeBa>kHO 6ym/1 30CepeyKeHi Ha OKpeMIX OpUTiHAIbHUX NOCTIIPKEHHAX, TOli AK
KapTyBaHHs TeHAEHLIN JOCI/PKeHD y raTysi TeXHOIOTIN KapaTe 3a JOIOMOT00 616/1i0MeTPUYHOrO aHaIi3y He OTPMMAJIO HaJIeX-
Hoi yBary. ToMy MeTOIO IIbOTO TOCTi/PKEHHA 6y110 poBefieHHs 6i6/ioMe TpIIHOTO aHaJIi3y TEHJEeHLIi JOCi KEeHb TEXHOIOTIN ¥
Kapare Ha OCHOBi 6a3u maHux Scopus 3a mepion 2000-2025 poxkis.

Marepianu Ta Metopu. [lani Oyu 3i6paHi 3a ;OIIOMOTrOX0 CIieriabHO cOPMOBAHMX HOUIYKOBYUX 3aIUTIB i3 BUKOPUCTAHHAM
norivyHux oneparopis Boolean y 6asi gannux Scopus. 3arasom 6yio Bigibpano Ta BigdinsrposaHo 122 gokymentn y popmati RIS
i3 BukopucTanHaM nporpamu Mendeley, mics doro ix Bisyamisaljito BUKOHaHO 3a forromoroto nporpam VOSviewer i Biblioshiny.

Pesynpraru. (1) Po3BuToK myOmiKariifHOI aKTMBHOCTI: MPOAYKTUBHICTD JOCTIIKeHb 3pocia y 2021-2025 pokax, Toai 5K
IIVITOBAHICTb )KyPHa/IiB Majla TEHJEHIIiI0 10 KoMuBaHb. (2) EdeKTUBHICTD KypHaIiB: HAMIIPOAYKTUBHILIMMY OYIIV )KypHA/IN Y Ta-
JTy3sX IPUK/IaTHNX HAyK, iH>KeHepil, a TaKoXX HU3Ka CIIOPTUBHMX >KypHaIiB. (3) IIpogykTuBHICTb aBTOpIB: HAMlaKTUBHIII ZOCITif-
HUKM omry6OnikyBamu 10-13 crareii, a Hait6inbIIa KibKICTb IXTYBaHb iXHIX Ipaub cTaHoBwWIa Big 109 fo 134. (4) Teorpadiunmit
posmoain i Mogerni criBnpani: ITonbina Ta [Hgonesis 6ymu npoBigHMMY KpaiHamu 3a KibKicTio ogHOKpaiHHyx (SCP) i MbkHapop-
Hux (MCP) my6mikariiit, Xo4a 3arajbHIIT piBeHb MDKHAPOIHOI CIiBIIpali 3anuiascsa HeffocTaTHiM. (5) TeHgeHMii KTI090BUX C/1iB:
IDOMIiHYI0UNMIT K/1acTep OYB 30Cepe/pKeHNit Ha IITYYHOMY iHTe/IeKTi, IMOOKOMy HaBYaHHI Ta CEHCOPax i 0XOIUTIOBaB 40 KII0YOBMX
CI1iB, TOJIi IK BUKOPUCTAHH:A TeXHOJIOT1il BipTya/IbHOI Ta IOIIOBHEHOI pealbHOCT] TaKO>K HabyBae Jefasi O/IbIIOro IOMMpPEeHHS.

BucnoBkn. He3paxkaioun Ha NMO3NUTHUBHI 3MiHM B OKpeMMX acIleKTaX, iCHye MmoTpeba y MOfaNbIINX TOCTIIKEHHAX i TeX-
HOJIOTIYHMX PO3p0o0OKax, 3pPOCTAHHI MOMUTY B Ll rajysi Ta mocmieHHi MbkHapogHOI criBmpani. CydacHe kapare motpebye
BIIPOBA/PKEHHsI Ta 6e3l1epepBHOrO BOCKOHA/IEHHs TEXHOJIOT1i [/Is1 ONTUMI3alil Ipoljecy HaBYaHHsI il Mi/{BUILEHHS CIIOPTUBHOI
Ppe3y/IbTaTMBHOCTI.

KirouoBi cmoBa: HaykoMeTpis, 6i6mioMeTpis kapaTe, TeXHOIOTII KapaTe, Bidyaisallisd Mepexxi HayKoBoi JliTepaTypu.
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