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I Abstract
Introduction and Objective. In recent years, load monitoring and analysis have become increasingly important in athletic
training. The aim of this study was to provide a background for businesses and institutes to prepare for the implementation
of load training and analysis in sports training, utilizing visual analysis of CiteSpace (CS) software.
Materials and method. A total of 169 original publications were obtained from Web of Science using a comprehensive
list for analysis with the CS scientometrics program. The parameters included range (2012-2022), visualization (display of
completely integrated networks), precise collection criteria (top 10%), node form (institution, author, area, reference cited;
referenced author, key words, and journal), and trimming (pathfinder, slice network).
Results. Visual analysis of load monitoring and analysis for use in athletic training showed that ‘questionnaire’ was the most
popular topic area in 2017 with 51 citations, while ‘training programmes’ emerged as a new area of study with 8 citations.
In 2021 and 2022, the terms ‘energy expenditure’, ‘responses’, ‘heart rate’, and ‘validity’ gained popularity, increasing from a
strength of 1.81 to 1.1. Liverpool John Moores University was the top institution, collaborating with 14 other organizations.
The leading authors in this field were Close, Graeme L., and Gastin, Paul B. Most publications were found in the ‘SPORTS
MED’ journal, with authors primarily based in the United Kingdom, the United States, and Australia.
Conclusions. The findings of the study highlight the potential frontiers of load training analysis in the research and
management of sports, emphasizing the importance of preparing businesses and institutes for the implementation of load
training, and analysis in athletic training.

1 Key words
CiteSpace, sustainability, sports, energy, load monitoring

1 Abbreviations
CS - CiteSpace; WOS — Web of Science; WOSCC - Web of Science Core Collections; PCA - Principal Component Analysis;
GPS - Global Positioning System; SPORTS MED - Sports Medicine (Journal); LLR - Log-Likelihood Ratio; MI - Mutual
Information; VO(2)max — Maximum Oxygen Uptake

INTRODUCTION monitoring can also help spot hazards before they cause

injuries. This may be done with the use of objective data

The analysis and tracking of training loads are crucial
for athletes. To ensure that players are adequately pushed
while reducing the risk of injury, it allows coaches and
athletes to measure the physical demands of training
and competition [1, 2]. Coaches can see trends and patterns
in an athlete’s performance over time by keeping track
of training load, both exterior (such as distance traveled
or weight lifted), and internal (such as heart rate and rating
of perceived effort) [3]. They may then use this information
to make educated decisions about whether to increase
or reduce training intensity, how to modify the training
programme to best meet the athletes needs, and what
recuperation methods to put into place. Load analysis and
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and athlete input, leading to better preventative strategy
for injuries.

In addition to soccer and football, load monitoring and
analysis may also be used in other performance-based sports.
Monitoring an athlete’s load can assist in gauging his or her
fitness for training or competition, seeing red flags indicating
a higher risk of injury, and crafting more effective workout
plans. Athletes’ physical and physiological capacities, and
how they influence performance, may be better understood
via load analysis [4].

Wearable technology has become more popular as a
method of measuring and analyzing training loads in the field
of sports. The training load of an athlete may be monitored in
real time with the use of wearable technologies, e.g. activity
trackers, heart rate monitors, and GPS-enabled gadgets.
This information may be gathered in real time throughout
training and tournaments, allowing coaches to modify an
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athlete’s workout in reaction to their physiological state. In
addition, enormous datasets created by load monitoring
and analysis in sports training may be understood with the
use of cutting-edge statistical approaches, such as principal
component analysis (PCA), machine learning algorithms,
and artificial neural networks. By using these techniques,
coaches and sports scientists may better grasp the connection
between training volume, output, and harm.

In conclusion, measuring and analyzing load is a potent
method for bettering athletic performance [5]. It helps
coaches anticipate injury risks and make well-informed
judgments regarding training intensity, individual demands,
and recovery procedures. Load monitoring and analysis may
help athletes perform better and avoid injuries, although
further study is needed to confirm this.

The long-term viability of monitoring and analyzing
training loads is essential. Sustainable sports training
prioritizes both the well-being of players and the survival
of the sport in the long run [6]. Athlete tracking, wearable
technology, and physiological monitoring can assist coaches
and trainers improve the health and well-being of their
athletes, while also maximizing their performance. From an
ecological point of view, sustainability is also crucial [7]. The
usage of energy, water, and equipment in sports training can
have serious consequences for the natural world. Coaches and
trainers may reduce the negative effects of sports training
on the environment by using load monitoring and analysis
to include sustainability concepts [8, 9].

There is a paucity of thorough bibliometric reviews that
synthesize the research in the subject of load monitoring
and analysis, despite the increasing popularity of the topic.
Because of this void, it is essential to conduct a comprehensive
literature assessment of the subject to identify research
trends, significant contributors, and research needs. As
such, this research aims to undertake a bibliometric study
of the existing literature on the topic of load monitoring
and analysis as it pertains to athletic preparation. This
research uses a thorough search approach in Web of Science
(WOS) to locate applicable papers. Load monitoring, athlete
tracking, wearable technology, and related topics were
all part of the search approach. The study also uses the
social network analysis tool CiteSpace (CS) visualization
to display and assess the research literature [10]. Using the
CS tool [11-13], researchers may get useful insights into the
research environment by identifying trends, notable authors,
institutions, nations, and co-citation linkages between
articles. The whole framework is shown in Figure 1.

Load Training and Analysis
of Sport
¥

Sustainability aspect _

MATERIALS AND METHOD

Web of Science. When it comes to bibliometric research, the
Web of Science (WOS) is often considered to be exceptional
[14]. Therefore, data from the Web of Science Core Collections
(WOSCC) was used for the research. The ‘11-year’ data used
in this analysis was collected on 20 December 2022. Multiple
key words were explored to discover the most relevant papers
in the field of load training and analysis in sports training.
Examples of popular key word codes are shown in Table 1.
Key words searched for in the records extraction procedure
from WOS for conducting searches and retrieving data
from WOS databases. List of key words used in the search:
‘load measures’, ‘load monitoring’, ‘load analysis’, ‘training
load’, ‘athlete tracking’, ‘wearable technology’, ‘physiological
monitoring’, ‘performance analytics’, ‘data-driven coaching’,
‘injury prevention’, ‘load periodization’, and ‘soccer’,
‘football’, ‘sports training’, ‘performance assessment’, ‘athlete
monitoring’, ‘sports performance’, ‘athlete optimization’,
‘training optimizatio’, ‘performance enhancement’, and
‘energy’, ‘cost’, ‘environment’, ‘sustainability’, ‘life cycle
engineering’, ‘life cycle assessment’, ‘product quality’, which
means that available articles, and with such words found in
the key words, titles, or abstracts, were downloaded. and
found 249 articles. The authors found 219 articles (2012-2022)
containing 219 articles, including 6 early access, 6 proceeding
papers, 30 review articles, 1 editorial material, 1 meeting
abstract, 2 chapters,1 book, and 1 book review. Next, 173
articles were selected from 173 articles The authors then
selected English language and found 169 articles. A flow
chart was devised depicting the arrangement of items used
in the study (Fig. 2)

Table 1. Key words searched for in the records extraction procedure
from WOS

No. Key word Code Result

‘Load measures’, load monitoring’, ‘load analysis’, ‘training
load’, ‘athlete tracking’, ‘wearable technology’, ‘physiological
monitoring’, ‘performance analytics’, ‘data-driven coaching’,
‘injury prevention’, ‘load periodization’, and ‘soccer’, ‘football’,

1 ‘sports training’, ‘performance assessment’, ‘athlete monitoring’, 249
‘sports performance’, ‘athlete optimization’, ‘training optimization’,
‘performance enhancement’, and ‘energy’, ‘cost’, ‘environment’,
‘sustainability’, ‘life cycle engineering’, ‘life cycle assessment’,

‘product quality’.

2 Refine to the last 10 years - 2012-2022 219
3 After selection of only articles 173
4 Only English articles 169

| 249 papers found H

¥

|-—| 219 research papers

¥

| Original Articles only |‘—| 169 research papers H Select English language:

CiteSpace analysis
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| 2012-2022

Records identified through WOS database (n = 249)
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Records after setting duration (2012-2022) (n = 219) Records with only original articles (n = 173)
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‘ Co-Authorship analysis | | Co-citation analysis
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Figure 1. Flowchart demonstrating the activities for the current study

Studies inchded in qualative synhesis (n = 169)

Figure 2.Flow chart showing the items used in study activity of the methodology
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CiteSpace Visualization. Research visualization in the
area of social network analysis is an emerging subfield in
bibliometrics [15]. The CS, invented by Chen Chaomei of
Drexel University in Philadelphia, USA [16], is an open-
source Java research software suite for the natural sciences. Its
potent and well-respected qualities have led to its widespread
adoption and acclaim on a global scale. Therefore, CS was
utilized to display and assess the existing literature on load
monitoring and analysis.

Data was collected and visually analyzed using the CS
as the primary analytical procedure (6.1.R6). In the first
step, the comprehensive WOS list was used to develop a
proposed project for a ‘load training & analysis project that
referenced a simple CS text instruction. Due to a constraint
in the CS programme, the authors were only able to employ
WOSCC, despite their best efforts to use many research
collections in tandem with WOSCC. Next, the range was
defined from 2012-2022, with one-year slicing co-authorship,
the visualization (showing the combined network), the
specific assortment criteria (the top 10%), the node form
(author, institution, section, reputable source cited; cited
author, key words), pruning (such as the pathfinder and
slicing network), and the selection process, which included
the top 10%.

Co-authorship, co-citation, and assessment of co-
occurrences with one or more occurrences were all integral
to the CS’s operation, as was the acquisition of a network and
data displaying authors, organizations, and countries with
multiple article publications, journal, and author cited twice
or more. Data and networks were correlated for visualization
of results of this study, which were then shown.

The current CS-based research can be highly useful for
future research because it identifies the most relevant research
topics, hotspots, and boundaries in load training research to
develop sports technology in a range of applications.

Sustainability aspects. The measurement and analysis of
training loads are fundamental practices in every sport. It
helps coaches and players monitor and control the emotional
and mental strains of competition. Technology advancements
in load monitoring and analysis have transformed sports
training by giving coaches and trainers access to real-time
information on an athlete’s physical condition, leading to
more targeted workouts boosting performance and reducing
risk of injury [17, 18]. However, the long-term viability of
these innovations has been generally disregarded.

Sustainability considerations for advances in sports
training load monitoring and analysis. The growth of
electronic devices used to measure and analyse athlete
performance is directly attributable to the development of
load monitoring and analysis technology. There is a rising
environmental concern caused by electronic trash, which
can be exacerbated by the disposal of these gadgets after
they reach the end of their useful life. It’s important to urge
coaches and athletes to discard or give their old gadgets to
groups that can reuse or recycle them [19].

Sensors, computer programmes, and other hardware
and software used in load analysis and monitoring systems
use up a lot of power. It’s important to encourage coaches
and athletes to adopt low-power gadgets and programmes.
In addition, gadgets and software should be made to be
easily upgradable so that athletes and coaches may avoid

repeated replacements and upgrades, which add to the energy
consumption associated with the manufacture and disposal
of electronic devices [20].

Components of load monitoring systems. Plastic, the
material most commonly used in load monitoring sensors,
is not biodegradable and can take hundreds of years to
disintegrate in landfills. Load monitoring equipment
used by coaches and players should be produced from
environmentally friendly materials, such as bioplastics or
recycled plastics [21].

Data privacy and security. Sports performance data
is collected by load monitoring and analysis systems.
The confidentiality of this information is of the utmost
importance. There are threats to data privacy and security
that coaches and athletes should be aware of and prepare
for by utilizing secure communication channels and secure
passwords [22].

Threats to human health and safety, despite the fact that
load monitoring and analysis technologies have the potential
to boost sports performance, also present some dangers to the
users. Athletes and coaches should be aware of the dangers
of employing load monitoring and analysis technology,
including exposure to electromagnetic radiation, and take
precautions to reduce such risks, such as using equipment
with lower radiation levels and reducing exposure time.

Ethics Issues. There is a real danger that load monitoring
and analysis technology might provide coaches and players
with a major performance edge. However, there are ethical
considerations that arise from the usage of these technologies,
such as the possibility of coaches misusing data to gain an
unfair advantage over their opponents, and the possibility of
athletes having uneven access to these technology. The ethical
implications of load monitoring and analysis technologies
should not be ignored, and coaches and athletes should take
steps to ensure that they are used in a responsible manner [23].

Load monitoring and analysis systems can be expensive,
placing them out of reach for some sports teams and coaches.
Open-source software and do-it-yourself load monitoring
devices are two examples of low-cost alternatives that coaches
and athletes might consider [24, 25].

RESULTS AND DISCUSSION

CiteSpace is a programme that helps researchers examine
and visualize information found in scholarly journals.
Bibliometric techniques are widely employed in the study
of scientometrics, which aims to quantify and assess the
progress made in the scientific and technical domains.

Co-authorship load monitoring and analysis research
analysis. Load training via the analysis of enormous data
sets is successful and most recognized example of scientific
cooperation; this sort of activity requires cooperation on the
institutional and national levels. Co-authorship studies in
the field of load monitoring and analysis can shed light on
the interdependencies between different authors and help
researchers locate other experts in the field from all around
the world [26].
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Author co-authorship load monitoring and analysis
research analysis. Figure 3 shows the results of a group of
scholars who collaborated to produce a single academic work
by agreeing on a suitable threshold and a suitable analytical
unit. A node’s size is proportional to the aggregate number of
articles produced by its authors. When authors collaborate,
the bonds between them grow stronger. For example, a blue
background indicates an older publication, whereas a yellow
background indicates a more recent one.

The most renowned intellectual panel under the guidance
of Close and Graeme [27] is the biggest sub-network with
six nodes, Anderson, in one of their article [30], reported
on a study that compared the mental and physical demand
of Division I collegiate men’s soccer players during training
and games. The research contrasted the internal and the
external strains experienced by athletes during training
and actual games. These findings provided useful indicators
that might inform Division I collegiate soccer programmes’
approaches to fitness and workload management during
the season. Twenty-six male collegiate soccer players were
tracked using a GPS and heart rate telemetry device for two
full seasons. The author compared outdoor practice sessions
with actual games.

The second largest group consists of four nodes, under the
leadershipof Paul B. Gastin, and included Jill Cook in this
group., In their paper, [31] they claimed that they intended to
investigate whether there was any connection between levels
ofblood creatine kinase (CK), a proxy for muscle injury, and
certain measures of match load in professional Australian
football. Muscle injury from deceleration, acceleration, and
collisions is a major problem in professional Australian
Football. Asa result of the Australian Football League, there
was a surge in (CK) of between 129-152%. Muscle injury
was most reliably predicted by characteristics related to high
intensity running.

Table 2 displays the ten most prolific writers in terms of
the number of publications to which they have contributed
(Fig. 3). The Table additionally lists each author’s total number
of articles and the year of publication.

Table 2 Top 10 productive authors in the load monitoring and analysis
research study obtained by CS analysis.

No. Count Year Author
1 6 2015 Close, Graeme L
2 4 2015 Gastin, Paul B
3 4 2016 Di michele, Rocco
4 4 2016 Anderson, Liam
5 4 2019 Arent, Shawn M
6 4 2016 Drust, Barry
7 3 2018 Ayala, Francisco
8 3 2015 Cavanagh, Bryce P
9 3 2020 Bozzini, Brittany N
10 2 2015 Saw, Anna E

Institution co-authorship load monitoring and analysis
research analysis. The author-co-authorship network of
academic institutions engaged in load monitoring and
analysis is depicted in Figure 4. Each university’s node’s
size is relative to the number of articles it has published,

and the thickness of each link indicates the degree to which
institutions have worked together.

Figure 4 identifies the universities that have produced four
or more papers. The cooperative network is supported by
three major, geographically distributed subnetworks, and
a handful of widely-dispersed institutions. John Moores
University in Liverpool, UK, collaborated with a total of 14
institutions, some of which, however, are not shown in the
figures above. Federation University in Mt Helen, Australia,
has started collaborating with six institutions and has already
established publication relations with Griffith University in
Southport, Australia.

To better understand Figure 4, Table 3 gives a quick
rundown of the ten most prestigious universities from a
range of countries, arranged according to their total number
of publications.

Table 3. Top 5 productive institutions in load monitoring and analysis
research obtained by CS analysis.

No. Count Year Institution

1 14 2015 John Moores University, UK

2 6 2015 Federation University, Australia

3 6 2015 Deakin University, Australia

4 5 2014 University of North Carolina, USA

> > 2015 AAuASsrtlrzrizl-tjunsl;:is:/z;?t:l:ri;a:: stralia
6 4 2016 University of Bologna, Italy

7 4 2015 University of Cape Town, South Africa
8 4 2017 University System of Ohio, USA

9 4 2015 Monash University, Australia

10 4 2015 Menzies Health Institute, Australia

Country co-authorship load monitoring and analysis
research analysis. Figure 5 shows the global spread of
research on load monitoring and analysis by examining
the co-author networks of studies conducted in a single
country. The diameters of the circles represent the total
quantity of publications from each country. The density of
links and proximity of nodes show the level of collaboration
among countries. The size of the purple circle indicates the
importance of the node. Three countries, each with three or
more labels, are depicted in the diagram.

There are total of 45 networks in Figure 5. CS map of
countries co-authorship in load monitoring and analysis
research (density 0.12). The UK, USA, Australia, and Ireland
are in Europe, North America, and Oceania, respectively.
Spain and Italy are also in Europe, while the Peoples” Republic
of China is in Asia; Brazil in South America, and Switzerland
and Netherlands are in Europe. Based on a CS analysis,
Table 4. Top 10 productive countries in load monitoring and
analysis research obtained by CS analysis lists the top 10
nations in terms of research output related to load monitoring
and analysis. The Table lists the number of scholarly articles
published in the field for each country, together with the year
in which the articles were published.

In 2014, the UK had the largest number of research articles
in load monitoring and analysis, a total of 43, USA came
second, and Australia third with 33 publications in 2013.
With 15 publications in 2012, Spain ranked fourth, and Italy
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Table 4. Top 10 productive countries in load monitoring and analysis
research obtained by CS analysis

Table 5. Top 10 productive journals in load monitoring and analysis
research obtained by CS analysis

No. Count Year Country No. Count Year Journal
1 43 2014 UK 1 117 2012 SPORTS MED
2 39 2013 USA 2 11 2012 MED SCI SPORT EXER
3 33 2013 Australia 3 110 2012 BRIT J SPORT MED
4 15 2012 Spain 4 108 2012 J STRENGTH COND RES
5 12 2013 Italy 5 29 2012 J SPORT SCI
6 1 2017 Peoples Republic of China 6 96 2012 J SCI MED SPORT
7 9 2015 Brazil 7 84 2012 INT J SPORT PHYSIOL
8 9 2013 The Netherlands 8 74 2012 INT J SPORTS MED
9 8 2017 Switzerland 9 68 2013 SCAND J MED SCI SPOR
10 8 2015 Ireland 10 64 2013 AM J SPORT MED

ranked in fifth place with 12 works published in 2013. The
People’s Republic of China ranked sixth in terms of annual
publishing output in 2017 with 11 total works, both Brazil and
The Netherlands had nine publications in 2015, placing them
sixth and eighth, respectively. In 2017 and 2015, Switzerland
and Ireland tied for tenth place with eight publications each.

Co-citation load monitoring and analysis research analysis
- Journal co-citation load monitoring and analysis research
analysis. Figure 6. CS map of journal co-citation analysis in
load monitoring and analysis research. shows the network of
citation relationships between the various periodicals. There is
also a correlation between the size of the node and the overall
number of citations received by the article. The number of
pages in the journal is proportional to the shortest path
between any two nodes. The closer two journals are to one
another, and the larger their individual nodes, the more often
their articles are mentioned in one another’s publications.

Table 5 presents the top ten journals with the highest
productivity in load monitoring and analysis research, as
obtained by CS analysis. The Table provides information on
the count of research publications in the field for each journal,
together with the corresponding year of data.

With 117 articles published in 2012, ‘SPORTS MED’ was
theleading journal in load monitoring and analysis research.
The second most prolific journal was ‘MED SCI SPORT
EXER’, with 111 articles, while the third most prolific was
‘BRIT J SPORT MED’, with 110 articles. J STRENGTH
COND RES’ ranked fourth with 108 publications and ‘]
SPORT SCT ranked fifth with 99.

Besides the J SCI MED SPORT’, which had 96 publications
in 2012, there were also many articles published in INT
J SPORT PHYSIOL (84), and ‘INT J SPORTS MED’ (74).
In 2013, ‘SCAND ] MED SCI SPOR’ ranked ninth with
68 articles, and ‘AM ] SPORT MED’ ranked tenth with 64
publications.

The significant number of articles published in these
journals is evidence of their importance in spreading research
in the subject ofload monitoring and analysis. These journals
publish the most recent findings on the subject, which makes
them valuable sources for academics and professionals
interested in load monitoring and analysis.

Document co-citation load monitoring and analysis
research analysis. The cited publications are the main source

of data, as demonstrated by the presence of a co-citation. In
order to identify the structure and development path of a
domain using training analysis literature review of a paper
asa ground for load training and analysis in sports training,
itis essential to choose some typical studies, merely as a topic
of analysis to an article’s co-citation link. Nodes representing
the various data sources were utilized to construct Figure 7.
CS map of document co-citation analysis in load monitoring
and analysis research in CS. All sources cited four times or
more have their first author and publication year listed. In
addition, the arrows depicting connections between nodes
signify sources that are cited by one another.

The findings by SAW Ae [4] proposed that an average
wellness score may be effective in spotting over-reaching;
nevertheless, despite the widespread adoption of wellness
in monitoring systems, these measures have shown only a
modest ability to distinguish between periodic variations
in load.

Figure 7 can be better understood in connection with
Table 6. Top 7 productive documents in load monitoring
and analysis research obtained by CS analysis, which lists
the seven most-cited publications, together with such
information as the total number of citations, the year of
publication, and the corresponding reference.

Table 6. Top 7 productive documents in load monitoring and analysis
research obtained by CS analysis

No. Count Year Document Reference

2016 Saw AE, 2016, BRIT J SPORT MED, V50, P281, 4]
DOI 10.1136/bjsports-2015-094758

Bourdon PC, 2017, INT J SPORT PHYSIOL, V12,

? 1020 P161, DOI 10.1123/1JSPP.2017-0208 [32]
Lo e ST e
e MR
P MRS
R
7 6 2017 Anderson L, 2017, INT J SPORT NUTR EXE, V27, (371

P228, DOI 10.1123/ijsnem.2016-0259

Source: Author co-citation analysis
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Analysis of the author’s co-citations may also reveal
the research areas of similar authors in the field, and the
distribution of their themes via a co-citation network. It
also makes it easier to track how often certain authors and
researchers are cited in the field’s literature.

In Figure 8, each node represents a different author, and
the line between any two authors shows their co-citation
connection, and additionally shows the authors who have
seven or more citations to their name. According to the
results of the CS study, Table 7 lists the 13 most prolific
co-cited authors in the subject of load monitoring and
analysis. The prevalence of citations attributed to these
authors in the literature attests the importance of the work
they have produced. Leading the group in 2012 with 41
citations is BUCHHEIT M, followed by HOPKINS WG’ in
2014 with 33 citations. Among the other authors on the list,
GABBETT TJ stands out with 29 citations in 2015, while
FOSTER C’ receives 27 and TMPELLIZZERI FM receives 26.
COUTTS AJ, OSGNACH C, VARLEY MC, AKENHEADR,
EKSTRAND J, MALONE JJ, BRADLEY PS, and HALSON
SL are also on the list because of the great number of times
their works have been cited.

Table 7. Top 13 productive co-cited authors in load monitoring and
analysis research obtained by Citespace analysis

No. Count Year Name of cited Author
1 41 2012 BUCHHEIT M

2 33 2014 HOPKINS WG

3 29 2015 GABBETT TJ

4 27 2015 FOSTER C

5 26 2015 IMPELLIZZERI FM
6 24 2013 COUTTS AJ

7 22 2015 OSGNACH C

8 22 2015 VARLEY MC

9 20 2015 AKENHEAD R
10 18 2017 EKSTRAND J
11 17 2016 MALONE JJ

12 17 2016 BRADLEY PS
13 16 2015 HALSON SL

These co-authors are widely recognized as having made
significant contributions to the development of the area of
load monitoring and analysis. The Table summarizes the
contributions of the most prominent researchers whose work
hasbeen frequently cited within the literature on the topic of
load monitoring and analysis. The authors listed on this Table
have all made significant contributions to the field of load
monitoring and analysis, and their work quoted extensively.

Co-occurrence load monitoring and analysis research
analysis - key words co-occurrence load monitoring and
analysis research analysis. Search phrases may help reveal
the primary themes of the articles. Trending topics can be
deduced from search terms - repeatedly used key words -
and a knowledge map of keyword co-occurrence [38]. Figure
9. CS map of analysis of key words in load monitoring and
analysis research. was constructed with CS software, and
each node represents a separate phrase with a line showing
how often they occur together. CS analysis also yielded the

Table 8. Top 15 productive key words in load monitoring and analysis
research obtained by CS analysis

No. Count Year Key word
1 41 2015 training load
2 25 2017 performance
3 21 2013 reliability
4 18 2013 injury prevention
5 17 2017 players
6 17 2016 validity
7 16 2013 athlete monitoring
8 16 2017 sports
9 14 2017 injury risk
10 14 2014 soccer
1 13 2015 fatigue
12 13 2013 football
13 13 2015 exercise
14 13 2014 heart rate
15 12 2015 team sports

top 15 prolific key words in research on load monitoring
and analysis (Tab. 8). The term ‘training load’ appeared
41 times across the studies, with its prevalence peaking in
2015. Other frequently used terms included ‘reliability’ (21
instances in 2013) and ‘injury prevention’ (25 times in 2017
and 18 occurrences in 2013), ‘players’ (17 times in 2017) and
‘validity’ (17 times in 2016). There was also a high frequency
of discussion surrounding such topics as ‘athlete monitoring’
(16 times in 2013), ‘sports’ (16 times in 2017), and ‘injury
risk’ (14 times in 2017), ‘soccer’ (14 occurrences in 2014),
‘weariness’ (15 in 2015), ‘football’ (13 in 2013), ‘exercise’ (15
in 2015), ‘heart rate’ (13 in 2014), and ‘team sports’, are a few
more noteworthy terms (12 in 2015).

Training load management, performance evaluation,
injury prevention, and athlete monitoring are only some
of the important themes and areas of interest in research
on load monitoring and analysis, which are reflected by the
terms mentioned above. The overall meaning of these terms
within the context of load monitoring and analysis can be
better understood with this information. According to data
collected from CS, the year of occurrence reveals how often
certain terms were used in that year.

Novel frontiers clusters. The best N=50 slicing method
was chosen to produce the present status of CS research.
When top N=50 is used, the 50 most frequently-occurring
words and references are chosen from each paper. Figure
10 presents the whole bibliographic setting for the load
training reference network. Connected nodes represent
interconnected references. The Log-Likelihood Ratio (LLR)
and Mutual Information Method is used to determine cluster
labels (MI). LLR is considered as the gold standard since,
after many iterations, it always provides the best result of
a practical application. Clusters are shown one-by-one in
Table 9.

Figure 10 shows the concentration of papers, with the size
of the each cluster proportional to the number of publications
within it. Without a doubt, the most cutting-edge academic
discipline is the study of questionnaires. Each feasible cluster
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configuration is represented by a different number for the
silhouette, ranging from 0-1. The silhouette’s ability to cluster
is dependent on its importance. The year listed for a cluster
is the typical year of publishing of the articles contained
within that cluster. Emerging trends within a cluster may
be reflected in the centre of a cluster analysis, constructed
on the most recent data.

Cluster-ID 0 is the most active cluster, 51 light-years across,
with a silhouette score of 0.851, and a mean age of 2017
Analysis of loads placed on athletes is the focus of the studies
that make up this group. With alabel LLR of 8.35 at the 0.005
level, ‘questionnaire’ is the most prominent label associated
with this cluster, followed by ‘athlete monitoring’ (LLR: 5.58;
0.05 level), ‘pre-season’ (LLR: 5.55; 0.05 level), ‘well-being’
(LLR: 5.55; 0.05 level), and ‘training diary’ (LLR: 5.55; 0.05
level). Furthermore, ‘adaptation’, ‘effort perception’, and
‘sleep’ were the MI labels most strongly related with this
cluster, each with a value of 0.99.

Based on this grouping, it appears thatin 2017 researchers
interested in load monitoring and analysis in sports
performance paid particular attention to questionnaires,

athlete monitoring, preseason preparation, well-being
evaluation, and training diaries. Load monitoring and
analysis is strongly linked to adaptability, effort perception,
and sleep, as shown by this study. Research into these areas
might help fill gaps in our understanding of how to best
track and analyze athletic performance. When applied to
the realm of sports performance, this cluster emphasizes the
significance of knowing numerous elements connected to
load monitoring and analysis in order to maximize training
and enhance players’ health. Therefore, further investigation
into these areas may provide fresh insights and practical
uses in the future.

Research into the ‘iot platform and unified health
algorithm’ (5.4.2) is a relatively new area of study.

Cluster-ID 11 is a new cluster with a size of 8, a silhouette
score 0of 0.974, and a 2019 association. Training programmes,
VO(2)max (maximum oxygen uptake), multisport, VO(2)
max time, and the swimming flume are some of the most
studied concepts in this cluster. Training programmes (6.38,
0.05) and vo(2)max (6.38, 0.05) are the most relevant and
important research topics in this cluster, as shown by their



Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 2

361

Yang Xing, Jannat Bibi, Yuan Meng Zhang, Ray Tahir Mushtag. Analyzing the bibliometric progress of sustainable monitoring and analysis of sports training loads

Table 9. A brief summary of the top 11 clusters

Cluster- _. Silhou- Mean
D Size ette  (Year) Label (LLR) Label (MI)
questionnaire (8.35, 0.005); adaptation
athlete monitoring (5.58, 0.05); © 95)‘ offort
0 51 0.851 2017 pre-season (5.55,0.05); well- érce' tion
being (5.55, 0.05); training diary z) 99)‘pslee
(5.55,0.05) Srlisieep
monitoring (11.24, time-motion
0.001); perceived exertion (7.47, analysis (0.53):
1 34 0.852 2016 0.01); metabolic power (5.17, trimy © 5?;). !
0.05); heart rate (5.17, . p .53);
stiffness
0.05); energy cost (3.99, 0.05)
children (7.21, load
0.01); health (7.21, monitoring
2 28 0.983 2017 0.01); anterior cruciate ligament (0.58);
(6.7,0.01); injury risk (3.75,0.1);  adolescents
biomechanics (3.75, 0.1) (0.58); fronta
injury prevention (20.86,
neuromuscular
1.0E-4); neuromuscular (5.18, (0.21); first aid
3 26 0917 2016 0.05);firstaid (5.18, 0.05); knee (0.21)t knee
injuries (5.18, 0.05); movement in:ur '
patterns (5.18, 0.05) jury
global positioning system (8.75,
0.005); speed
periodization (8.75, 0.005); zones (0.35);
4 23 0879 2018 externalload (5.17,0.05); speed physiological
zones (4.36, 0.05); physiological response
response (4.36, (0.35);
0.05)
American football (11.03, 0.001); video analysis
video analysis (5.48, 0.05); 0.17) Y
functional movement screen Y
5B 0903 2017 5 48 0.05); ankle injuries (5.48, :zszggt
0.05); lean body mass (5.48, screen
0.05)
burden (6.43,
0.05); training monotony (5.02,  training
0.05); impact (5.02, 0.05); monotony
6 23 0855 2018 Australia (5.02, (0.23); impact
0.05); adult (5.02, (0.23); Australia
0.05)
coping strategies (9.82, 0.005);
time-of-day (9.82, coping
0.005); athletic performance strategies
7 12 0972 2012 (7.06, (0.02); time of
0.01); training (6.03, 0.05); day (0.02)
athlete monitoring (0.17, 1.0)
artificial intelligence (7.82,
0.01); atmospheric fine
particles (7.82,0.01); research artificial
8 10 0.996 2020 developments(7.82,0.01); deep intelligence
learning (7.82, (0.04)
0.01); lung function (7.82,
0.01)
training response (8.29, 0.005);
progressive statistics (8.29, training
0.005); assessing changes (8.29, response (0.03);
o 9 0992 2014 0.005); heart rate recovery (8.29, progressive
0.005); endurance sports (8.29,  statistics
0.005)
training programmes (6.38,
0.05);
vo(2)max (6.38, programmes
11 8 0974 2019 0.05); multisport (6.38, 0.05); (0.09);

time at vo(2)max (6.38,
0.05); swimming flume (6.38,
0.05)

vo(2)max (0.09)

high mean label likelihood ratio (LLR) ratings. Multisport
(6.38,0.05), VO(2)max time (6.38, 0.05), and swimming flume
(6.38, 0.05) are other important areas of study in this group
(6.38, 0.05). The mutual information (MI) ratings of 0.09
and 0.09, respectively, for the most prominent labels in this
cluster further demonstrate the significance of these terms to
the studies conducted here. In general, this new community
is interested in studying training regimens, vo(2)max, and
associated themes within the frameworks of multi-sport,
VO(2)max testing over time, and swimming flume studies.

To fully grasp the findings and consequences of this new
area of research, it may be necessary, however, to do more
analysis and examination of the research papers contained
within this cluster. In conclusion, this grouping reflects
the most recent and significant research tendencies in the
field of load monitoring and analysis, particularly as they
relate to training programs and vo(2)max. Considerable
future progress may be expected in our knowledge of load
monitoring and analysis from the study into this cluster
as a whole. New discoveries, approaches, and practical
applications may emerge from more study in this area.

In the context of training programmes and vo(2)max,
this cluster may be of particular relevance to researchers
and practitioners interested in load monitoring and
analysis. Possible applications of this growing cluster
include developing more effective training plans, increasing
performance, and improving the health of athletes and others
who regularly engage in physical exercise. As a whole, this
new group of researchers sheds light on the cutting edge of
load monitoring and analysis, and may help guide future
efforts in this area. Researchers and practitioners alike need
to keep abreast of these developing trends in the area if they
intend continuing to play a leading role in its development.
(0.09); vo(2)max (0.09).

LLR and MI are statistical measures used to evaluate the
significance of the relationship between two study subjects
within a cluster. The strength of the connection between the
two subjects is measured by the LLR and MI scores. When
referring to a specific study topic in the cluster, the values
in parenthesis (e.g., 6.38, 0.05) indicate the average LLR or
MI score and the matching significance level (p-value). The
greater the average LLR or MI score, the more important
the topic is to study within the cluster. The likelihood of
generating a score as severe as, or more extreme than,
the observed score by chance alone is represented by the
significance level (p-value), with a lower p-value (e.g., 0.05)
indicating a higher degree of significance. It is essential to
consider the research field and the articles included in the
analysis when attempting to make sense of the LLR and MI
scores. It may be essential to perform additional analysis
and interpretation of the cluster results before any relevant
conclusions or implications may be drawn. For the most
complete and accurate picture of the study, readers should
always return to the primary sources.

Novel research frontiers of load monitoring and analysis
for future research. Emerging trends in load monitoring
and analysis are illuminated by the studies characterized
with the burst key words. Table 10 shows the leading 27
load monitoring and analysis key words expected to have
substantial increase between 2012-2022. The blue line
represents the total time, and the red line represents duration
of the burst.
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Table 10. Top 27 key words with the Citation Bursts

Key words Year Strength Begin End 2012-2022
basketball 2013 1.17 2013 204
anterior cruciate ligament 2014 1.99 2014 2017 —
injury 2014 1.79 2014 2015 —
aerobic fitness variables 2014 1.04 2014 2016 —
energy cost 2013 2.38 2015 2016
costs 2015 1.1 2015 2016 s
children 2016 0.9 2016 2017 —
balance 2016 0.9 2016 2017 —
elite soccer 2015  0.28 2016 2017 e ——
recovery 2015 2.19 2017 2018 —

risk factors 2017 1.94 2017 2019 —
metabolic power 2013 1.51 2017 2020 o ——
clinical assessment tool 2017 0.9 2017 2018 —

team sports 2015 0.53 2017 2018 — —
soccer players 2015 2.55 2018 2019 e ——
injury risk 2017 1.24 2018 2019 J—
burden 2018  0.87 2018 2019 —
burnout 2018  0.87 2018 2019 —
football 2013 079 2018 2019 o m—
epidemiology 2017 1.29 2019 2020 e —
reliability 2013 1.03 2019 2020
energy expenditure 2020 1.8 2020 2022 —
responses 2015 1.41 2020 2022 e —
heart rate 2014 1.26 2020 2022 e —
validity 2016 111 2020 2022 e —
distance 2020 0.9 2020 2022 —
coaches 2020 0.9 2020 2022 —

The following are the major research frontiers in load
monitoring and analysis with a strength of 1.8-1.02 for 2021
and 2022.

Energy expenditure. The goal of studying athletes’ energy
expenditure is to gain insight into the relationship between
the amount of energy used during various activities and
the subsequent effects on performance and recuperation.
Wearable devices or metabolic carts are two examples of
innovative methods for measuring energy expenditure
that could be explored in the future, together with studies
examining the effects of varying training loads on energy
expenditure in different populations, such as elite athletes,
recreational athletes, and special populations [39, 40].

Responses. Learning how athletes adapt to varying training
loads is another major step forward in load monitoring and
analysis. Research in this area looks at the physiological,
psychological, and behavioural effects of various training
loads on athletes. In the future, researchers may be able to use
individual differences in response to training loads to pinpoint
possible biomarkers or signs of exhaustion or over-reaching.
There is room for investigation into how varying training loads
affect performance, recuperation and health over time [41,42].

Heart rate. In sports science and exercise physiology,
measuring heart rate (HR) has been standard practice for

decades. The intricate connection between HR and workload
is currently poorly understood. Improved methods for
monitoring HR, such as heart rate variability analysis or non-
invasive measurements of cardiac function, might be a subject
for future study. Heart rate responses to training loads are
important for optimizing performance and avoiding injury;
further study might examine how hydration, nutrition, and
sleep affect these responses [18, 43, 44].

Validity. The load monitoring and validity of analysis is
also very important. The validity of load measurement
tools, such as accelerometers, GPS trackers, and self-report
questionnaires, relates to their precision and dependability
[45]. The accuracy and reliability of various load monitoring
systems in various sports, demographics, and training
environments, might be investigated in future studies. The
potential for mistake or bias in load monitoring systems
might also be studied, with the aim of developing solutions
to address these issues [46].

SUMMARY AND FUTURE RESEARCH

This bibliometric study set out to assess the state of knowledge
about the use of massive datasets in epidemic management.
In recent years, there has been a great deal of interest in the
application of load monitoring and analysis to the realm of
sports training. With the use of CiteSpace (CS) visual analysis,
this study was able to identify emerging patterns in the field
of load training research, which may be used by academics
to direct future studies, and by businesses to provide the
groundwork for accommodating the field’s expected expansion.

The results of the visual analysis of load monitoring and
analysisin sports training were provided, based on the analysis
of 169 original publications acquired from the Web of Science
(WOS) employing CS factors, including range, visualization,
selection criteria, node shape, and pruning. With 51 citations,
‘questionnaire’ was the most popular topic of study in 2017,
while ‘training programmes’ was a new area of inquiry. In 2021
and 2022, ‘energy expenditure’, ‘responses’, ‘heart rate’ and
‘validity’ were 1.61-to-1.1-strength emerging key words. John
Moores University in Liverpool, UK, was found to have the
most partnerships in this area — 14, while Close, Graeme and
Gastin were found to be the most prominent authors. Articles
on this subject originated mostly from the UK, USA and
Australia, and were published in ‘SPORTS MED’ magazine.
Additional study in this area may help progress the field of
sports science and lead to better overall athletic performance.

The visual results provide fresh perspectives and insights
that may be informative for future research, policies,
and choices in the field of load monitoring. The authors’
familiarity with the data and its context was much improved
by the visualizations which, in turn, facilitated analysis and
comprehension of the results. This helped gain insight into
the data and select meaningful patterns and correlations. The
data is depicted graphically, providing a clear and concise
image of the information that will help the reader understand
the key findings of the study and the relevance of those
findings in the real world. Although the findings pleased the
research community and the medical business. To obtain the
CS research articles for analysis, the authors relied solely on
the WOSCC. It is suggested that this should be extended to
include more research libraries, such as Scopus, PubMed, etc.
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